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Message

| am delighted to extend my appreciation to India Smart Grid Forum (ISGF) for their exceptional
demonstration project, which tested the viability of implementing Time of Use (ToU) tariff for
electricity in Uttar Pradesh. In today's era, marked by the proliferation of renewable energy resources,
understanding the intricate interplay between demand, generation capacity, and Consumers’
willingness-to-pay has become imperative. These factors play a crucial role in effective planning of
distribution operations and the design of tariff structures that align with the evolving energy
landscape.

As we witness a significant increase in the deployment of distributed energy resources (DER) such as
solar photovoltaic (PV) and wind power, coupled with the growing adoption of electric vehicles (EVs),
utilities are going to experience unforeseen surge in demands. This creates considerable strain on the
grid infrastructure. Real-time dynamic tariffs can help to enhance demand flexibility by responding to
real-time price signals. This will also help to flatten the load curve and will contributes to deferring the
infrastructure augmentation cost.

ISGF's pioneering pilot project has effectively substantiated these hypotheses, providing an invaluable
resource for regulators and utilities alike. It equips them with the means to scrutinize an array of
scenarios linked to peak load management via pricing signals and gauge their impact on utility revenue
and customer billing.

| congratulate ISGF for this visionary initiative and wish them success in their future endeavours.

Pankaj Kumar
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Preface

Reji Kumar Pillai
President, India Smart Grid Forum
Chairman, Global Smart Energy Federation

The pricing of electricity poses a complex challenge when it comes to ensuring the smooth and efficient
operation of the power sector. In India, electricity tariffs often fall short of accurately reflecting the
genuine cost incurred in the processes of electricity generation, transmission, and distribution. To
effectively plan the supply of electricity and create suitable tariff structures, it is imperative to possess
a comprehensive understanding of the intricate relationship between demand and pricing, consumers'
willingness to pay for electricity, and the ability to make precise demand forecasts.

As the utilization of distributed energy resources (DER) continues to grow, the power system must
adapt to newfound requirements on both the supply and demand fronts. This adaptation is crucial for
effectively managing peak demand and addressing the inherent intermittency associated with DERs.
Unfortunately, the existing flat tariffs in place today fail to incentivize customers to shift their energy
consumption to non-peak hours. Additionally, Time of Day (ToD) tariffs, currently applicable to
commercial and industrial customers in select states, have proven to be less effective in managing
demand, especially in light of the increased presence of intermittent DERs and the evolving patterns
of peak demand due to shifting weather conditions and lifestyle changes.

Therefore, the need for a real-time or dynamic tariff for electricity becomes essential, and such a tariff
would offer benefits to all stakeholders involved. ISGF, in this context had undertaken a study project
titled "Design of a Robust Time of Use Framework for Electricity Tariff in Gujarat” in 2019-2020. This
project rigorously examined the feasibility and potential impacts of implementing Time of Use (ToU)
tariff scheme in the state of Gujarat. As part of that study, ISGF has developed a specialized ToU Tool
that utilities, regulators, and other stakeholders can utilize to simulate various "what-if" scenarios with
real-time tariffs. These scenarios included evaluating the extent to which peak load can be shifted and
the consequential effects on utility revenue, reductions in peak power purchase costs, and impacts on
customer bills. Furthermore, the project provided a comprehensive implementation framework and a
practical roadmap for the adoption of ToU tariffs in the state. The study also delved into the utilization
and consequences of the policy on peaking power plants and the reduction in the reliance on DG sets,
which are typically employed to meet peak loads.

Based on the findings of that study in Gujarat and with support of Uttar Pradesh Electricity Regulatory
Commission (UPERC) and Uttar Pradesh Power Corporation Limited (UPPCL), ISGF undertook the pilot
demonstration of ToU tariff scheme to a set of customers in Lucknow City having smart meters (or
AMR) who participated voluntarily in the pilot project. This included 50 customers (residential-30,
commercial -17, and industrial-3) with a cumulative load of 24 MW. The ToU scheme was conducted
for these customers from September 2022 to July 2023. The pricing signals for the 15-minutes intervals
(96 blocks) for the following day was communicated to the participating customers before the
midnight of the previous day. ToU prices were linked to the actual prices in the power exchange for
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the day and the pricing signals offered rebates and surcharges in each 15-minute blocks based on the
supply-demand balance on the grid. These rebates and surcharges were over and above the existing
tariffs for these customers. It was observed that typically in the afternoon hours on most days, there
was surplus power on the northern region grid and we could offer rebates of Rs 1.00 to Rs 4.00 per
kWh; and during evening/morning peaks we applied surcharges of Rs 1.00 to Rs 4.00 per kWh.
Customers could shift their variable loads such as cooling, water pumping, welding, washing etc during
the periods of rebates; and reduce the loads during the peak hours when surcharge is applied. End of
each month, we prepared shadow-bills for the participating customers based on their actual
consumption per ToU price signals and found most customers could save substantial amounts in their
electricity prices. We have also estimated huge savings for UPPCL from the ToU scheme as they will
no longer need to buy electricity at a higher price from the market and distribute at the regulated
tariffs which are lower than the market prices. In this scheme, the utility will be communicating the
real-time prices in advance and offer the chance for the customers to shift their consumption to low
tariff periods. During peak hours they will be paying surcharge which will adequately compensate the
utility for the power bought from the market. From the results of this pilot demonstration, we estimate
that 5% of the peak load can be shifted and about 30% of the total load can be moved to ToU scheme.
Based on these we estimated an annual benefit to the tune of Rs 690 crore for UPPCL.

The project was very timely as Government of India has decided to move to variable tariff for
commercial and industrial customers from April 2024 and complete customers (except agricultural)
from April 2025. This policy suggests up to 20% rebates during high-solar generation hours and up to
20% surcharge during peak hours.

ToU tariffs hold immense potential for smoothing demand profiles, allowing power suppliers to reduce
their investments in capacity addition, and facilitating more efficient planning of electricity generation
and distribution. This real-time dynamic tariff scheme enables demand flexibility, flattening the load
curve, improving asset utilization, and contributing to reduced emissions — a win-win scenario for all
stakeholders involved.

Reji Kumar Pillai
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Executive Summary

In June 2023, Government of India (Gol) has introduced two changes to the electricity tariff system,
through an amendment to the Electricity (Rights of consumers) Rules, 2020. These changes are
introduction of Time of Day (ToD) Tariff, and rationalization of smart metering provisions. Under the
ToD tariff system, tariff during high-solar hours of the day should be 10%-20% less than the normal
tariff, while the tariff during peak hours should be 10%-20% higher. ToD tariff would be applicable for
commercial and industrial customers having maximum demand of 10 kW and above, from 1st April,
2024 and for all other customers (except agricultural), latest from 1st April, 2025. ToD tariff should be
made effective immediately after installation of smart meters.

Under the ToD scheme, separate tariffs for peak hours, high-solar hours, and normal hours will be
communicated to consumers in advance to manage their load according to the tariff. With awareness
and effective utilization of ToD tariff mechanism, consumers can reduce their electricity bills by shifting
their interruptible loads to high-solar hours. Since solar power is cheaper, the tariff during the high-
solar hours will be less, which will result in reduced power bills. During non-solar hours thermal and
hydro power as well as gas-based capacity is used, their costs are higher than that of solar power, this
will be reflected in ToD tariff. With the proposed new tariff scheme, consumers can plan their
consumption in order to reduce their power costs and planning more activities during high-solar hours
when power costs are less. Most of the State Electricity Regulatory Commissions (SERCs) have already
implemented ToD tariffs for large commercial and industrial consumers in the country. With
installation of smart meters, the ToD metering at domestic consumer level will be introduced as per
the new Tariff Policy mandate. ToD tariff, is recognized globally as an important Demand Side
Management (DSM) tool which is used as a means of incentivizing consumers to shift a portion of their
loads from peak times to off-peak times, thereby improving the system load factor by reducing the
demand on the system during peak periods.

ISGF had undertaken a study project titled "Design of a Robust Time of Use Framework for Electricity
Tariff in Gujarat” in 2019-2020. This project rigorously examined the feasibility and potential impacts
of implementing Time of Use (ToU) tariff scheme in the state of Gujarat. As part of that study, ISGF has
developed a specialized ToU Tool that utilities, regulators, and other stakeholders can utilize to
simulate various "what-if" scenarios with real-time tariffs. These scenarios included evaluating the
extent to which peak load can be shifted and the consequential effects on utility revenue, reductions
in peak power purchase costs, and impacts on customer bills. Furthermore, the project provided a
comprehensive implementation framework and a practical roadmap for the adoption of ToU tariffs in
the state. The study also delved into the utilization and consequences of the policy on peaking power
plants and the reduction in the reliance on DG sets, which are typically employed to meet peak loads.

Based on the findings of that study in Gujarat and with support of Uttar Pradesh Electricity Regulatory
Commission (UPERC) and Uttar Pradesh Power Corporation Limited (UPPCL), ISGF undertook the pilot
demonstration of ToU tariff scheme to a set of customers in Lucknow City having smart meters (or
AMR) who participated voluntarily in the pilot project. This included 50 customers (residential-30,
commercial -17, and industrial-3) with a cumulative load of 24 MW. The ToU scheme was conducted
for these customers from September 2022 to July 2023. The pricing signals for the 15-minutes intervals
(96 blocks) for the following day was communicated to the participating customers before the
midnight of the previous day. ToU prices were linked to the actual prices in the power exchange for
the day and the pricing signals offered rebates and surcharges in each 15-minute blocks based on the
supply-demand balance on the grid. These rebates and surcharges were over and above the existing
tariffs for these customers. It was observed that typically in the afternoon hours on most days, there
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was surplus power on the northern region grid and we could offer rebates of Rs 1.00 to Rs 4.00 per
kWh; and during evening/morning peaks we applied surcharges of Rs 1.00 to Rs 4.00 per kWh.
Customers could shift their variable loads such as cooling, water pumping, welding, washing etc during
the periods of rebates; and reduce the loads during the peak hours when surcharge is applied. End of
each month, we prepared shadow-bills for the participating customers based on their actual
consumption per ToU price signals and found most customers could save substantial amounts in their
electricity prices. We have also estimated huge savings for UPPCL from the ToU scheme as they will
no longer need to buy electricity at a higher price from the market and distribute at the regulated
tariffs which are lower than the market prices. In this scheme, the utility will be communicating the
real-time prices in advance and offer the chance for the customers to shift their consumption to low
tariff blocks. During peak hours they will be paying surcharge which will adequately compensate the
utility for the power bought from the market. From the results of this pilot demonstration, we estimate
that 5% of the peak load can be shifted and about 30% of the total load can be moved to ToU scheme.
Based on these we estimated an annual benefit to the tune of Rs 690 crore for UPPCL. Similar benefits
would have accrued to the customers as well in savings on their monthly electricity bills.

This pilot project examined the technical feasibility of implementing real-time pricing, including the
necessary infrastructure, communication systems, and data management capabilities. It evaluated the
reliability and accuracy of real-time price signals and ensured effective coordination between the
utility, consumers, and relevant stakeholders. The results and findings from the pilot demonstration
of real-time pricing served as a valuable foundation for future decision-making regarding the
implementation of real-time pricing on a larger scale. The data collected, along with consumers
feedback and utility performance evaluations, contributed to formulating effective policies,
regulations, and market mechanisms to support the transition to dynamic pricing framework. The pilot
demonstration of real-time pricing held immense potential to transform the energy landscape by
incentivizing energy efficiency, demand response, and renewable energy integration. Through this
pilot project, valuable insights were gathered, and the groundwork was laid for a more sustainable
and responsive energy future. The project aimed to comprehensively analyse the ToU Pilot Project
conducted at the Uttar Pradesh Power Corporation Limited (UPPCL), which served as a testing ground
for new tariff designs using a regulatory sandbox approach.

Layout of this Report: The report comprises of following chapters:

Chapter 1 lays out the foundation of the project and provide context and the current smart metering
status in UPPCL. It also elaborates the project scope, objectives, approach, and methodology of the
project.

Chapter 2 of the report discusses the benefits of the ToU tariff and outlines the survey conducted in
the MVVNL area to identify willing participants. It covers customer onboarding, engagement,
enrolment, and training on understanding and using the ToU tariff to save electricity consumption.

Chapter 3 focuses on the design and consultation process with UPPCL/MVVNL, UPERC, and SLDC,
highlighting their valuable suggestions and guidance. It provides an overview of the existing tariff
structure and involvement of key stakeholders and their collaboration in designing the Time of Use
(ToU) tariff for the project.

Chapter 4 depicts the design of Time of Use (ToU) pricing signals and shadow bills. It explains the
process of market data analysis and the design of ToU pricing. It further details the data extraction
from the Indian Energy Exchange (IEX) to gain insights into the regular demand and supply scenario
during the project's duration. It also discusses the methodology employed for calculating pricing and
how it was communicated to Consumers in advance. Additionally, it explains about the existing
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structure of the UPPCL energy bills and the preparation of shadow bills, enabling Consumers to analyse
their potential savings in a comprehensible manner.

Chapter 5 describes the analysis of the Time of Use (ToU) pilot project results. It presents the obtained
load curves, which provide valuable insights into the electricity consumption patterns during different
time periods. Furthermore, the chapter highlights the potential cost saving and advantages that UPPCL
may obtain in future, including improved grid management and reduced peak demand. It also
discusses the positive impact of ToU pricing on reducing carbon footprint and achieving societal
benefits, contributing to a more sustainable and environmentally friendly energy system.

Chapter 6 gives the infrastructure requirement required for the successful implementation of ToU. It
provides a comprehensive roadmap, beginning with Consumers enrolment, outlining the
infrastructure needed, and concluding with feedback mechanisms. This chapter also recommends on
the regulatory interventions and comprehensive roadmap for the implementation of Time of Use
(ToU) tariffs, emphasizing the infrastructure requirements for a successful rollout.
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1 Introduction

1.1 Background

The problem of climate change is affecting everyone including the most powerful and influential
economies as well as the developing ones in a way never. Rapid growth and urbanization have brought
new challenges for the humanity. Electricity sector is one among the biggest emitters of the
greenhouse gases. Countries across the globe are promoting renewable energy (RE) to decarbonize
the power sector. Though demand side management (DSM) is an effective tool to reduce and manage
the energy consumption at the Consumers end, Time of Use (ToU) or real-time tariffs can catalyse the
DSM efforts. Traditionally popular methods for managing peak loads in India are the use of peaking
power plants and/or load shedding and at prescheduled hours at select locations/regions. Usually, the
goal of DSM is to encourage the Consumers to use less energy during peak hours, or to move the time
of usage of certain appliances/equipment to off-peak times such as late night and holidays. Peak
demand management does not necessarily decrease total energy consumption, but could be expected
to reduce the need for load shedding and investments in networks upgrade and peaking power plants
to meet the uncapped peak. Peaking plants are usually fossil fuel powered which emit pollutants. Same
is the case with load shedding which trigger usage of diesel generators by customers. So, both these
measures to control the peak load result in higher emissions. Also, the cost of power from peaking
plants is very high owing to low utilization (few hundred hours per/year) of these peaking power
plants.

Typically, in any city or utility, the last 100 MW of the peak load in a year is experienced for less than
100 hours. In order to service that load enhancement in generation, transmission and distribution is
not commercially viable. One of the most innovative and economical DSM tools to reduce peak load
as well as increase consumption during off-peak hours is the implementation of ToU or real-time tariff
for electricity.

ToU tariff is a scheme in which higher, normal, or lower tariff are applied based on the real time load
on the network instead of fixed daily hours as in the case of Time of Day (ToD) Tariff. In order to
implement ToU tariff successfully, automated meter reading system with two-way communication
facilities between the utility and the customers and related IT systems are required.

According to the latest International Energy Agency (IEA) projections, the Indian power system is set
to grow to 823 GW by 2030 and 1584 GW by 2040; and 869 GW (out of the 1584 GW) is expected to
be RE resources by 2040. Considering the larger share of RE in the generation portfolio, IEA estimates
+85% flexibility for the Indian power system by 2040 which will be a huge challenge to manage. All grid
modernization being undertaken henceforth should be designed to enhance the capability of the grid
to support flexibility in both generation and demand. ToU tariff or real-time pricing is an effective
mechanism for creating flexibility — load reduction during peak hours and demand creation during
periods of surplus generation. Today in India with over 125 GW of RE resources connected to the grid,
there are several time slots during the days when there is surplus power. Though pricing signals (of
rebates) customers can be incentivized to Consumed more electricity during such periods rather than
curtailing RE generation. Customers can pre-cool their buildings, pump water, schedule cooking,
washing and other industrial activities when electricity is cheap. With most middle-income households
connected to internet, they can connect their appliances through smart plugs (which cost less than
one thousand rupees) and remotely control the operation of the appliances. This will set forth a
revolution of electrification and increase the share of electricity in the energy mix as well as help
scaling up and integration of RE.
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1.2 Purpose of the Pilot Project

Uttar Pradesh (UP) is one of the leading states of India for renewable energy in terms of existing
generation capacity as well as future potential. As of May 2023, the total RE installed capacity stood
4.78 GW which includes 2.5 GW of solar power and 2.2 GW of biomass. UP has a Time of Day (ToD)
tariff in place and the adoption of Time of Use (ToU) or real-time pricing is proposed as a test case to
review the effect of real-time pricing of electricity on Consumers’s behaviour and the subsequent
impact on generation, transmission, and distribution DISCOMs, their assets, and revenues. Further, UP
is also planning to upgrade its renewable portfolio by several thousand megawatts in line with the
Government of India’s ambitious target of 500 GW of renewable power by 2030. The ToU tariff could
play a pivotal role in integrating and adopting renewable energy into the energy mix efficiently and
contribute towards reducing the carbon emissions' footprint.

The elements of an economically efficient tariff fit for addressing the current and expected network
challenges can be derived from long-established principles of good tariff design. Those principles
dictate that tariffs should:

o Reflect long-run marginal costs

e Focus on usage-driven components

e Provide Consumers the information, the opportunity, and the incentive to Consumed in a
manner that optimizes the utilization of grid infrastructure

e Besimple, predictable, and understandable

e Where possible and appropriate, provide for the recovery of system costs based on how much
a customer uses, when they use it, and where they are located

A brief about the Uttar Pradesh power system is presented below:

Uttar Pradesh Regulatory Commission
HOLDING COMPANY

» UP Rajya Vidyut Utapadan Niga
GENERATION ¢ UP Jal Vidyut Nigam Limited

* Independent Power Producers

Uttar Preadesh
New and
Renewable
Energy
Development
Agency

TRANSMISSION

s 8 7

dhy
£

Purvanchal Vidyut Vitaran Nigam d
Pashchimanchal Vidyut Vitaran Nigam Limited
* Kanpur Electricity Supply Company
* Lucknow Electricity Supply Administration
* Torrent Power Limited
* Noida Power Corporation Limited

Figure 1-1: Power System Structure of Uttar Pradesh State
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1.3 Smart Metering Status in Uttar Pradesh

Through Smart Meter National Program (SMNP), Energy Efficiency Service Limited (EESL) has installed
11,83,608 smart meters across Uttar Pradesh. Out of which 3,80,731 smart meters have been installed
in Madhyanchal Vidyut Vitran Nigam Ltd (MVVNL) area in UP, which has led average revenue increase
of INR 321 per month per meter for the MVVNL.

1.4 Project Objectives

The objective of this project is to examine the feasibility of real-time tariff for electricity based on near
real-time pricing signals to customers through a pilot project in the retail market within the present
legal framework of the Electricity Act, 2003. ToU tariff is recognized globally across electricity
industries as an important DSM measure used to incentivize Consumers to shift a portion of their loads
from peak times to off-peak times, thereby improving the system load factor by reducing the demand
on the system during peak periods. It is expected that ToU tariff will reduce peak demand which will
reduce the power purchase cost of the utility as the cost peaking power is very high. The purpose of
this project is to pilot a new tariff mechanism under regulatory sandbox approach for enhancing the
demand consumption of renewable energy and providing necessary recommendations to the
regulator for large scale implementation. Key objective of implementing ToU Tariff were defined as
below:

e Load balancing, promoting distributed energy resources

e Optimal network utilization, reduction in AT&C losses

e Consumers engagement and bill reduction opportunities

e Increased market adoption of innovative technologies

e Improved grid stability

e Reducing investments in grid reinforcement and peak capacity infrastructure
e Reduction in cost of power purchase as well as cost to serve

1.5 Project Scope

The scope of this project involved the identification and selection of customers with smart meters and
interruptible loads who participated in testing the ToU tariff scheme. The methodology employed a
regulatory sandbox approach to pilot and evaluate new tariff designs, leading to policy
recommendations for the implementation of ToU tariffs in Uttar Pradesh. The pilot encompassed a
thorough analysis of the outcomes of the ToU Pilot Project. It examined Consumers' load curve
patterns, revealing insights into their electricity consumption behaviour and usage patterns. This
analysis facilitated the identification of peak demand periods, off-peak hours, and overall load
distribution during the project. The study also explored the benefits experienced by Consumers
participating in the ToU tariff scheme, such as financial savings and improved energy efficiency.
Furthermore, it evaluated the advantages gained by UPPCL, including enhanced load management,
optimized grid utilization, and the potential for revenue generation. The project scope also extended
to the societal benefits derived from the ToU scheme, emphasizing its contribution to reducing carbon
footprints and achieving sustainability goals. The scope of the pilot focused on implementing ToU tariff
schemes in Uttar Pradesh. It utilized a comprehensive methodology, including the selection of
customers with smart meters and interruptible loads, a regulatory sandbox approach for testing new
tariff designs, and an analysis of the project's outcomes to provide policy recommendations. The
project also highlighted the societal benefits achieved through the ToU scheme, underscoring its role
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in reducing carbon footprints and promoting sustainable practices. India Smart Grid Forum (ISGF)
proposed to undertake a pilot Implementation of Time of Use (ToU) Tariff in Uttar Pradesh (UP) and
created a practical implementation framework for the DISCOMs to implement ToU in their territories.
This pilot was implemented under the regulatory sand-box approach where the regulator would
provide permission for the customers who voluntarily participated in the project to use the ToU tariff
scheme for a specified period. The proposed pilot project tested the effectiveness of ToU tariff by
producing shadow bills under the ToU scheme. The shadow bills shown the customers their savings
had the ToU been applied for actual billing. The pilot would also help the utility to determine how
much load shifting can be achieved through ToU, reduction in power purchase cost and the difference
in revenue. The pilot also tested customers willingness to participate in ToU and test “ideal” range of
incentives and penalties for motivating customers to participate in ToU scheme.

The pilot project also calculated the carbon footprint reduction potential from the estimated peak
demand shifting and reduction in number of hours of load shedding. The demand reduced/shifted
during peak hour is from a thermal power plant and the emission reduction calculated based on the
average emission per kWh of electricity produced from thermal plants in Northern India. Capacity of
diesel generator (DG) sets being used by the customers participated in the ToU pilot is not known
accurately. However, the DG sets capacities of other customers in the project area who have
benefitted by reduced load shedding cannot be surveyed under the scope of this project. But certain
data available in the public domain and with UPPCL relating to DG set penetration in the project area
compiled and these data used for estimating the carbon footprint reduction from reduced usage of
DG sets.

This pilot project will help with detailed feasibility analysis, potential impacts, and policy
recommendations for ToU Tariff in the state of UP. An implementation framework and effective
roadmap has created for the DISCOMs to understand the procedure and required infrastructure to
implement ToU.

The scope of the pilot project covered:

e Identification and selection of customers having smart meters and interruptible loads; and
connected to feeders that are overloaded during peak hours
e Customer engagement and education
o ldentification of potential customers for voluntary participation
o Training to customers
e Onboarding of the selected customers voluntarily for the ToU pilot project
e ToU tariff design in consultation with UPPCL/MVVNL, Uttar Pradesh Electricity Regulatory
Commission (UPERC) and State Load Dispatch Centre (SLDC)
e Pricing signal for participating customers, mobile application/SMS for sending real-time price
signals for participating customers on their mobile phones
e Generation of shadow bills for the participating customers for the visibility of potential savings
according to ToU price signals
e Communication of shadow bill with customer
e Detailed analysis on load reduced/shifted during peak hours, savings in power purchase cost for
the distribution company (DISCOM), savings for the customers etc.
e Policy recommendations for ToU tariff implementation in Uttar Pradesh
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1.6 Approach and Methodology

The pilot demonstration of real-time pricing aimed to assess the feasibility and effectiveness of
implementing dynamic pricing strategies in Uttar Pradesh. The focus was on evaluating the impact of
real-time pricing on Consumers behaviour, load management, grid utilization, and energy efficiency.
During the pilot, a select group of customers with smart meters and interruptible loads participated in
the program. These customers were exposed to real-time pricing, where electricity rates varied based
on the time of day and the demand-supply dynamics of the grid. The objective was to observe how
Consumers responded to price signals and adjusted their electricity consumption patterns accordingly.

The pilot employed a controlled environment to test and evaluate the effects of real-time pricing. The
data collected during the pilot period provided valuable insights into load curve patterns, peak demand
periods, and off-peak hours. This information helped identify opportunities for better load distribution
and improved grid management. The results of the pilot demonstrated several benefits of real-time
pricing. Consumers who actively engaged with the pricing signals were able to optimize their electricity
usage and make informed choices about when to Consumed electricity. This resulted in financial
savings for Consumers and increased energy efficiency overall. The utility company also experienced
advantages, including improved load management, better utilization of the grid infrastructure, and
the potential for revenue generation through innovative tariff structures. Furthermore, the pilot
demonstrated the societal benefits of real-time pricing, particularly in terms of reducing carbon
emissions and promoting sustainability.

By incentivizing Consumers to shift their electricity usage away from peak demand periods, the pilot
contributed to a more efficient and environmentally friendly energy system. The pilot demonstration
of real-time pricing provided valuable insights into the feasibility and benefits of implementing
dynamic pricing strategies. The program involved a select group of customers, monitoring their
response to real-time pricing signals and evaluating the impact on Consumers behaviour, load
management, and energy efficiency. The results demonstrated the potential for real-time pricing to
optimize electricity usage, improve grid management, and contribute to sustainability goals.

A well-designed research methodology was adopted for this project as outlined below:

Step 1: Identification of the Target ToU Customers: The project identified the 17 commercial
customers, 30 residential customers and 3 industrial customers with significant load who have
interruptible loads that could be shifted by a few hours — either prepone or postpone. ToU customers
selected on feeders with maximum congestion during peak hours.

Step 2: Data Collection: Past consumption data of selected customers and feeder loading data of
previous 1-3 years collected and fed into ToU Tool. This will help simulate scenarios and estimate load
shifting potential of different customers.

Step 3: Customer Engagement and Training: Since the ToU tariff is a tool to help manage the load
efficiently on the electric grid. Majority of the customers do not understand their electric bills. To reach
customers more effectively, it is important for DISCOMs to know their customers and communicate
how new rate structures can benefit them. With usage data analytics, DISCOMs can determine from
anindividual customer’s electricity usage patterns and created an alternative bill if they had subscribed
to various DSM programs and energy efficiency practices. This strategy known as shadow billing is very
effective. It is one of the best tools that DISCOMs have, because it gives the information based on their
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usage. ISGF has formulated different customer engagement programs through social media and direct
contact programs to educate them the benefits of ToU scheme.

Step 4: Enrolment of Customers: Identified and selected customers has contacted and invited them
to voluntarily join the ToU pilot program and they enrolled manually.

Step 5: Pricing Signal for Participating Customers: Day-ahead market data was fetched from IEX. An
algorithm was formulated to compare the grid price with the market price. As a result, Time of Use
(ToU) pricing was generated. Ultimately, a pricing chart was meticulously prepared, showcasing the
ToU price, market price, and grid price.

Step 6: Communication of Pricing Signals: The ToU pricing signal chart, which includes incentives and
surcharges, were communicated to customers through WhatsApp at mid-night every day.

Step 7: Generation of Shadow bills: Shadow bills of 50 Consumers were prepared showing ToU saving
on a monthly basis from Sept 2022.

Step 8: Communication of Shadow Bill with Customer: The shadow bills, were shared with
participating customers through both WhatsApp and emails.
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2 Stakeholder Engagement and Collaboration

In FY 2020, ISGF undertook a study on “Design of Robust Time of Use (ToU) Tariff for electricity in
Gujarat” with support from Shakti Sustainable Energy Foundation, a first of its kind study in India. This
study examined the detailed feasibility and the possible impacts of the ToU tariff policy in the state of
Gujarat. As part of this project, ISGF developed a ToU Tool that DISCOMs and regulators can use for
analysing different “what-if” scenarios on how much peak load can be shifted and what impact it
would have on the utility revenue, reduction in peak power purchase cost and impact on the
customer's bills. An implementation framework and practical roadmap was also given in the ToU
report. The study also assessed the use and the impact of the policy on peaking power plants and
reduction in the use of DG sets that are used to meet peak loads.

ISGF, with the approval of the Uttar Pradesh Electricity Regulatory Commission (UPERC) and Uttar
Pradesh Power Corporation Limited (UPPCL), implemented a pilot project on ToU tariff amongst the
customers of Madhyanchal Vidyut Vitran Nigam Limited (MVVNL) in Lucknow Area in FY 2022-23.

To ensure effective participation and gather valuable insights from a wide range of stakeholders, ISGF
organized a Stakeholder Consultation Workshop on August 18, 2022, in Lucknow, Uttar Pradesh. The
workshop brought together officials from UPERC, UPPCL, State Load Dispatch Centre (SLDC), State
DISCOMs (Distribution Companies), Consumers Forums, various associations, and other stakeholders
in the state. The objective of the workshop was to create a platform for open and constructive
dialogue, where stakeholders could share their perspectives, concerns, and suggestions related to the
implementation of the ToU program. It provided an opportunity for stakeholders to contribute their
insights, expertise, and experiences, helping to shape the development and refinement of the
program. By organizing the Stakeholder Consultation Workshop, ISGF fostered collaboration and
engagement among key stakeholders, enabling a more inclusive and comprehensive approach to the
implementation of the ToU program in Uttar Pradesh.

ISGF organized multiple workshops with the aim of raising awareness among stakeholders about the
ToU program. These workshops served as platforms for identifying and selecting customers who would
be suitable for participating in the program. ISGF focused on engaging and onboarding these
customers, ensuring their active involvement in the ToU implementation. Additionally, ISGF provided
the necessary training to the selected customers to equip them with the knowledge and skills required
to effectively participate in the ToU program. The training sessions covered various aspects of the
program, including understanding the pricing structure, interpreting the price signals communicated
through the WhatsApp group, and optimizing their energy usage accordingly. By conducting these
workshops and training sessions, ISGF undertook many initiatives to build awareness, facilitating
customer selection, and preparing customers for successful participation in the ToU program.

The key discussion points of the workshops were as follows:

e Knowledge about the demand-price relationship for electricity, Consumers “willingness-to-
pay” for electricity, and demand forecasts are necessary for DISCOMs to plan their supply and
tariff structures

e While flat rates provide customers with predictable and stable electricity bills, they may
necessitate expensive additions to the generation capacity
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e Effective scheduling of electrical load can help Consumers to reduce their electricity bills by
increasing consumption when prices are low and reducing consumption when prices are high
e Demand patterns and elasticity of demand vary from Consumers to Consumers and thus
segmentation of the electricity market can prove to be helpful
e Suppliers can offer suitable pricing schemes in properly segmented markets to boost their
revenue
e Supporting technologies can further bridge the demand-supply gaps in electricity markets

2.1 Benefits of Time of Use (ToU) Tariff Scheme

ToU Tariff for electricity is a new concept in which customers are given price signals in advance (one
hour or more) about the electricity tariff so that they can decrease or increase their electricity
consumption. Typically, in a day there are time slots when electricity demand is more than available
supply (peak-hours) which forces the utility to resort to load-shedding. There are also several time
slots when the power on the grid is surplus. Customers with loads that can be interrupted or shifted
for few hours can take advantage of the ToU scheme. During peak hours the utility will levy a surcharge
to the normal tariff and during off-peak hours or surplus periods, the utility will offer a rebate. So,
customers can switch off some of their machineries/appliances during peak hours and run them during
off-peak hours when the rates are lower. This will help the utility to avoid load-shedding and reduce
procurement of costly power during peak-hours at market rates. Thus, the ToU scheme will help
reduce the monthly electricity bill of customers as well as power purchase cost of the utility.

The successful implementation of ToU tariff scheme can reduce the carbon footprint and lead to a
cleaner environment in the following ways:

e Reduction in peak demand will avoid generation of electricity from peaking power plants
which typically use coal or oil creating GHG emissions

e DISCOMs often resort to load shedding when they are unable to meet the peak demand which
forces customers to run diesel generator (DG) sets. ToU scheme’s potential to shift peak
demand could reduce load shedding considerably which will reduce the use of DG sets and
greenhouse gas (GHG) emissions

e Reduced load-shelling would avoid (or reduce) use of kerosene lamps and other alternate
lighting arrangements which will reduce GHG emissions

e Reduced load-shedding and more reliable grid power will motivate customers to use electric
vehicles and electric cooking which will in turn reduce GHG emissions

e Reduced load-shedding and more reliable grid power will motivate farmers to use electric
irrigation pump (IP) sets instead of diesel engine/tractor powered IP sets for agricultural
purposes

e More reliable power supply from the grid will help electrification of village level industries (rice
and flour mills, diaries, medicine storage etc) which are otherwise supported by power from
DG sets

e Reduced load-shedding and more reliable grid power will motivate entrepreneurs to setup
repairs shops/service centres, photocopying and documentation centres, medical testing
facilities etc. in rural areas which will prevent village people travelling to nearby towns. This
will again reduce carbon footprint from reduced travel by people in the rural areas

e Increased flexibility of the grid through better demand management which will help
integration and scaling up of renewable energy (RE) resources on the grid

e Reduction in AT&C losses by avoiding overloading of the feeders
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e Reduction in power purchase cost for the DISCOMs (cost of power from peaking plants are
much higher owing to their low plant load factor and high fuel charges)

e Deferral of transmission and distribution infrastructure upgrades (to meet the peak loads that
are experienced for few hours in a day or few hundred hours in a year)

e Enhanced income for the utility from higher tariff during peak hours (from customers who are
not participating in ToU scheme and not reducing their load according to the price signals)

e Avoidance of inverters and lead acid batteries at customer premises owing to reduced outages

e The inclusion of renewable energy (RE) as a base load through demand management
according to ToU price signals.

2.2 Identification and Selection of Customers

MVVNL DISCOM, which took over the distribution of electricity in twenty-one districts from UPPCL in
July 2003, is one of the seven distribution companies operating in Uttar Pradesh. Covering an area of
82472 sqg. km, MVVNL is responsible for supplying electricity to 9 million customers across the twenty-
one districts. As of March 2023, MVVNL has installed 3,72,000 smart meters within its jurisdiction.
Given the presence of smart meters and the relative familiarity of customers with smart technologies,
ISGF selected Lucknow for the ToU Pilot Demonstration Project.

ISGF, in collaboration with MVVNL, conducted a survey in Lucknow to identify potential customers for
the ToU program. The survey aimed to find customers who already have smart meters or AMR meters
and possess load flexibility for specific appliances. A total of 50 customers were identified, including
17 commercial customers, 30 residential customers, and 3 industrial customers. These customers own
appliances such as air conditioners, water pumps, welding equipment, and cutting loads that can be
adjusted by a few hours to optimize their energy usage. The load details of the customers are
mentioned in the below Table 2-1

Table 2-1: Load details of Selected Customers

Commercial Consumers
1 cc1 1980
2 CcC2 4279.5
3 cc3 1600
4 cc4 501
5 CC5 660
6 CC6 800
7 cc7 880
8 CC8 2200
9 Ccco 830
10 CCc10 350
11 cC11 1425
12 CC12 383
13 CC13 600
14 CC14 750
15 CC15 889.6
16 CC16 1332
17 cCc17 440
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Residential Consumers
1 RC1 5
2 RC 2 10
3 RC3 5
4 RC4 2
5 RC5 10
6 RC 6 20
7 RC7 3
8 RC 8 4
9 RC9 1
10 RC 10 10
11 RC11 2
12 RC 12 2
13 RC13 2
14 RC 14 2
15 RC 15 5
16 RC 16 13
17 RC 17 14
18 RC 18 10
19 RC 19 8
20 RC 20 15
21 RC 21 10
22 RC 22 8
23 RC 23 12.5
24 RC 24 18
25 RC 25 15
26 RC 26 15
27 RC 27 10.4
28 RC 28 18
29 RC 29 7.95
30 RC 30 3
Industrial Consumers
1 IC1 1917
2 IC2 144
3 IC3 2000
Total 24221.95

2.3 Engaging and Onboarding of Customers

ISOF

India Smart Grid Forum

ISGF undertook various customer engagement initiatives, both through social media platforms and
direct contact, to raise awareness and educate customers about the ToU tariff scheme. The aim was
to inform customers about the benefits of participating in the ToU program and encourage their active
involvement. As part of these efforts, ISGF created a dedicated customer guide specifically for the
‘Pilot Project on Time of Use Tariff for Electricity in Uttar Pradesh.” This comprehensive guide provided
customers with detailed information about the program, including its advantages and how they could
actively participate. Through targeted communication strategies, ISGF successfully onboarded
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customers to voluntarily join the ToU program, ensuring they understood the concept and actively
worked towards optimizing their energy usage.

Figure 2-1: Interaction Session for Onboarding Customers for the Pilot Project

The snapshots of Customer Guide English and Hindi versions are given in Appendix — A and Appendix
-B.
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2.4 Customer Enrolment and Training

ISGF in coordination with MVVNL identified and enrolled 50 customers. The voluntary enrolment form
used is presented here at Figure 2-2:

Uttar Pradesh

ISOGF

India Smart Grid Forum

(D= ] 7= o [SO——
Enrolment Form for Voluntary Participation in Time of Use Electricity Tariff
Pilot Project in MVVNL, UP

We/l, Son/Daughter/
Wife/Manager(or designation) of Resident of /
located at do hereby

declare that We/ | are/ am willing to participate in the pilot project for testing the time of use
(ToU) tariff for electricity in MVVNL being conducted by India Smart Grid Forum (ISGF). We/ |
have read the customer guide for this pilot project.

We/ | understand that the ToU tariff will be implemented a pilot basis for 9-12 months, and
there will not be any financial implications on participation in this pilot project on our/ my
electricity bills. But we/ | shall get a shadow bill which will be prepared according to ToU tariff
signals and it will help us/ me understand what would have been our/ my savings if the ToU
tariff scheme was in force.

We/ | understand that MVVNL/ISGF will be sending price signals few times every day and they
expect us/ me to reduce or increase the electrical load according to the price signals. However
We/ | understand that we/ | are/ am not obliged to change our/ my electrical load as per the
price signals. The contact details of our/my representative in charge of the building/ factory
/ electrical system operations and management is given below:

Name:
Designation:
Mobile:

E-mail:

We/I hereby give consent to add the mobile number and email of the above person to the
group of selected customers of MVVNL participating in the pilot project for sending pricing
signals and other project-related information.

We/ | wish all the best for this pilot project
With Regards,

Name: Signature:
Organization/Company: Meter No:

Address: E-mail:

Mobile: Customer ID/Account No:

Figure 2-2: Enrolment Form for Voluntary Participation in the Pilot Project

ISGF organized training sessions for customers to provide them with a comprehensive understanding
of the ToU scheme and guide them on how to effectively utilize its benefits. Customers were
familiarized with the scheme's details, enabling them to leverage it to their maximum advantage. To
communicate the daily pricing information, price signals were shared with customers through a
dedicated WhatsApp group at midnight (00:00 hrs). These signals included information about the
rebate or surcharge on normal electricity rates for the upcoming 24 hours, divided into 96 blocks of
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15 minutes each. During peak hours, a surcharge was applied on the normal rates, while off-peak hours
offered a rebate on the normal rates. For instance, customers would receive a message indicating a
rebate of INR 2 per unit (kWh) from 2 pm to 5 pm on the normal rates, or an additional surcharge of
INR 2 per unit (kWh) from 6 pm to 9 pm above the normal rates. Based on these price signals,
customers had the flexibility to shift their interruptible loads, such as air conditioners, water pumps,
welding and cutting machines, washing machines, and dishwashers, to different time periods. They
could pre-cool buildings, pump water, or perform laundry during rebate hours, while reducing
electricity usage during peak hours by temporarily switching off air conditioning and other equipment.

During the pilot implementation phase, which took place from September 2022 to June 2023,
customers received two types of electricity bills. The first bill was the regular bill based on the existing
tariffs set by UPPCL. The second bill, referred to as the "shadow bill," was prepared by ISGF and
reflected the ToU rates. However, as this was a pilot trial, customers were only required to pay the
normal bill and were not obligated to pay the shadow bill.

The purpose of implementing the ToU tariff scheme on a pilot basis was to assess the potential for
peak load reduction, determine the extent of savings in peak power purchase costs for the utility, and
evaluate the impact on carbon emissions. By analysing the data and comparing the regular bills with
the shadow bills, it was possible to estimate the effectiveness of the ToU scheme in reducing peak
demand and its associated costs, as well as its contribution to reducing carbon emissions.
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3 ToU Tariff Design in Consultation with UPPCL/MVVNL, UPERC and SLDC

3.1 Existing Time of Day (ToD) Tariff in Uttar Pradesh

The Time-of-Day (ToD) tariff has played a significant role in developing pricing mechanisms for setting
up generation plants in Uttar Pradesh (UP) that can meet the system's peaking power requirements.
During the day, when power demand is typically high, the ToD tariff helps discourage Consumers from
using excess energy by imposing higher costs. This pricing strategy aims to balance the demand and
supply dynamics during peak periods. Conversely, during the night, the ToD tariff incentivizes
Consumers to utilize electricity by offering lower costs since power demand is relatively lower at that
time. By implementing the ToD tariff, UP has been able to effectively manage its power resources,
optimize energy usage, and promote a more balanced distribution of electricity throughout the day.
The ToD tariff as applicable for major Consumers categories in Uttar Pradesh is summarized in the
below table:

Table 3-1: Time of Day (ToD) Tariff in Uttar Pradesh

Time of Day (ToD) Tariff for Uttar Pradesh

Applicable Months Normal Hours Peak Surcharge Off-Peak | Rebate on
Category Hours on Energy Hours Energy
LMV-3 (Public 06:00- 20%
Lamps) 18:00 hrs
LMV-6 (Small Summers | 11:00 hrs to 17:00 hrs | 15% of 05:00 15% of
and Medium 1-Apr to 17:00 hrs and to 23:00 | energy hrs to energy
Power) 30-Sep 23:00 hrs to hrs charges 11:00 charges
05:00 hrs (next hrs
day)
Winters 05:00 hrs to 17:00 hrs | 15% of 23:00 15% of
1-Oct to 17:00 hrs to 23:00 | energy hrs to energy
31-Mar hrs charges 05:00 charges
hrs
S\ EESA Summers | 11:00 hrs to 17:00 hrs | 15% of 05:00 15% of
Charging) 1-Apr to 17:00 hrs and to 23:00 | energy hrs to energy
30-Sep 23:00 hrs to hrs charges 11:00 charges
05:00 hrs (next hrs
day)
Winters 0500 hrs to 1700 | 17:00 hrs | 15% of 23:00 15% of
1-Oct to hrs to 23:00 | energy hrs to energy
31-Mar hrs charges 05:00 charges
hrs
HV-2 (Large Summers | 1100 hrsto 1700 | 17:00 hrs | 15% of 05:00 15% of
and Heavy 1-Apr to hrs and 2300 hrs | to 23:00 | energy hrs to energy
Power) 30-Sep hrs charges charges
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to 0500 hrs (next 11:00
day) hrs
Winters 0500 hrs to 1700 | 17:00 hrs | 15% of 23:00 15% of
1-Oct to hrs to 23:00 | energy hrs to energy
31-Mar hrs charges 05:00 charges
hrs

As per the submissions made by UPPCL in ToD tariff the entire day is divided into four slots of six hours
each. In the summer, from 11:00 hrs to 17:00 hrs and 23:00 hrs to 05:00 hrs there is a normal tariff,
however there is a rebate of 15% on the normal tariff, from 05:00 hrs to 11:00 hrs and there is a
surcharge of 15% on the normal tariff from 17:00 hrs to 23:00 hrs. For winters, from 05:00 hrs to 11:00
hrs and 11:00 hrs to 17:00 hrs there is a normal tariff, there will be a rebate of 15% on the normal tariff
from 23:00 hrs to 5:00 hrs and there will be a surcharge of 15% on the normal tariff from 17:00 hrs to
23:00 hrs as mentioned in Table below.

For Industrial Consumers the day is divided into four ToD slots, namely ToD slot 1, ToD slot 2, ToD slot
3 and ToD slot 4. The energy charges are different in different slots. Below table shows all ToD slots
and their timings during summer and winter months along with the energy charges (in Rs/kWh) for
industrial Consumers:

Table 3-2: ToD slots and their timings during summer and winter months for Industrial Consumers

Hours % of Energy Charges | Energy Charges (Rs/kWh)

05:00 hrs — 11:00 hrs | (-) 15% 6.04
11:00 hrs — 17:00 hrs | 0% 7.10
17:00 hrs — 23:00 hrs | (+) 15% 8.10

23:00 hrs — 05:00 hrs

0% 7.10

Hours % of Energy Charges | Energy Charges (Rs/kWh)

05:00 hrs —11:00 hrs | 0% 7.10
11:00 hrs —17:00 hrs | 0% 7.10
17:00 hrs —23:00 hrs | (+) 15% 8.10
23:00 hrs —05:00 hrs | (-) 15% 6.04

For Residential and commercial Consumers, the energy charges remain same throughout the day.
Energy charges for residential and commercial Consumers are 6.50 Rs/kWh and 7.50 kWh respectively.

3.1.1 Tariff Design Consultation with Stakeholders

As part of the time of use (ToU) Project conducted in Uttar Pradesh, a crucial aspect was to engage in
comprehensive consultations with various stakeholders to ensure a well-informed and inclusive tariff
design process. The primary objective of the tariff design consultation was to gather valuable insights,
perspectives, and recommendations from stakeholders in Uttar Pradesh. By involving stakeholders,
such as electricity Consumers, industry representatives, regulatory bodies, and distribution companies,
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the study aimed to develop a tariff structure that aligns with the needs and priorities of the state while
promoting efficient and sustainable electricity consumption.

3.1.2 Stakeholders Involved

A comprehensive list of stakeholders was identified, including but not limited to:

e Residential, commercial, and industrial electricity Consumers
e Uttar Pradesh Electricity Regulatory Commission (UPERC)

e Madhyanchal Vidyut Vitaran Nigam Ltd. (MVVNL)

e Uttar Pradesh Power Corporation Ltd. (UPPCL)

e Uttar Pradesh State Load Despatch Centre (UP SLDC)

3.1.3 Utility Load Curve

Uttar Pradesh from Uttar Pradesh Power Corporation Limited (UPPCL) which has a net total generation
of around 2,000 MW in 2020-21. However, the peak demand recorded in 2023 was around 28,000
MW. A load curve is plotted for the summer season as shown in below Figure.

LOAD CURVE

18000

g

DEMAND IN MW
g 8

1234567891012345678PRR2VLVRV2ABEBARBE3EBBANUANNNNAANGEESISSEEEFEEEDIETEEEVIVIZIIVITIBEBEBEBEBEIOEDI DN D6

Figure 3-1: Utility Load Curve (April — October Month)

3.1.4 Time of Use (ToU) Tariff Design

With the help of utility load curve, the average load for the utility is calculated. To understand the real
time load variance the load factor is calculated which describes the load deviation against the ideal
load condition for the utility. Further the load factor is used to calculate the ToU tariff for ToD
Consumers and non-ToD Consumers. For incentivising Consumers, the load factor is increased during
non-peak hours. Unscheduled Interchange (Ul) charges can help to understand actual benefit to the
utility.

Load Factor = (Actual Demand — Average Demand)/ Average Demand*100)

The price of electricity has been assumed INR 6 for non-ToD Consumers whereas the ToD is calculated
by applying surcharges and incentives across different time slots.
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Off Peak Tariff
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Table 3-4: Calculated ToU tariff
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ToD Cons. Non ToD Con.
SLOT TIMESLOT |Demandin MW]|Avg. Dmd.MW Load FactoIToD Tariff |TOU Tariff |ToU Tariff |Ul Charges
1 00:00 -00:15 17250 15040 14.69 6 7.76 7.76
2 00:15 - 00:30 17150 15040 14.03 6 7.68 7.68
3 00:30 -00:45 17000 15040 13.03 6 7.56 7.56
4 00:45 - 01:00 16900 15040 12.37 6 7.48 7.48
5 01:00-01:15 16800 15040 11.7 6 7.4 7.4
6 01:15-01:30 16700 15040 11.04 6 7.32 7.32
7 01:30-01:45 16600 15040 10.37 6 7.24 7.24
8 01:45 -02:00 16500 15040 9.71 6 7.17 7.17
9 02:00-02:15 16450 15040 9.38 6 7.13 7.13
10 [ 02:15-02:30 16400 15040 9.04 6 7.08 7.08
11 [ 02:30-02:45 16350 15040 8.71 6 7.05 7.05
12 02:45-03:00 16300 15040 8.38 6 7.01 7.01
13 [ 03:00-03:15 16250 15040 8.05 6 6.97 6.97
14 [ 03:15-03:30 16150 15040 7.38 6 6.89 6.89
15 [ 03:30-03:45 16150 15040 7.38 6 6.89 6.89
16 | 03:45-04:00 16000 15040 6.38 6 6.77 6.77
17 | 04:00-04:15 15900 15040 5.72 6 6.69 6.69
18 | 04:15-04:30 15800 15040 5.05 6 6.61 6.61
19 | 04:30-04:45 15700 15040 4.39 6 6.53 6.53
20 | 04:45-05:00 15550 15040 3.39 6 6.41 6.41
21 | 05:00-05:15 15350 15040 2.06 5.1 5.31 6.25
22 [ 05:15-05:30 15000 15040 -0.27 5.1 5.06 5.95
23 | 05:30-05:45 14750 15040 -1.93 5.1 4.8 5.65
24 | 05:45-06:00 14250 15040 5.25 5.1 4.3 5.06
25 | 06:00-06:15 14000 15040 6.91 5.1 4.04 4.76
26 | 06:15-06:30 13750 15040 -8.58 5.1 3.79 4.46
27 | 06:30-06:45 13550 15040 9.91 5.1 3.58 4.22
28 | 06:45-07:00 13350 15040 -11.24 5.1 3.38 3.98
29 | 07:00-07:15 13150 15040 -12.57 5.1 3.18 3.74
30 | 07:15-07:30 13000 15040 -13.56 5.1 3.03 3.56
31 07:30-07:45 13000 15040 -13.56 5.1 3.03 3.56
32 | 07:45-08:00 13050 15040 -13.23 5.1 3.08 3.62
33 | 08:00-08:15 13150 15040 -12.57 5.1 3.18 3.74
34 08:15-08:30 13250 15040 -11.9 5.1 3.28 3.86
35 | 08:30-08:45 13500 15040 -10.24 5.1 3.53 4.16
36 | 08:45-09:00 13750 15040 -8.58 5.1 3.79 4.46
37 09:00-09:15 14050 15040 -6.58 5.1 4.09 4.82
38 | 09:15-09:30 14050 15040 -6.58 5.1 4.09 4.82
39 | 09:30-09:45 14000 15040 -6.91 5.1 4.04 4.76
40 | 09:45-10:00 14000 15040 -6.91 5.1 4.04 4.76
41 | 10:00-10:15 14050 15040 6.58 5.1 4.09 4.82
42 | 10:15-10:30 14050 15040 -6.58 5.1 4.09 4.82
43 [ 10:30-10:45 14000 15040 -6.91 5.1 4.04 4.76
44 10:45-11:00 14000 15040 -6.91 5.1 4.04 4.76
45 | 11:00-11:15 14000 15040 -6.91 6 4.76 4.76
46 | 11:15-11:30 14000 15040 -6.91 6 4.76 4.76
47 11:30-11:45 14000 15040 -6.91 6 4.76 4.76
48 | 11:45-12:00 14000 15040 -6.91 6 4.76 4.76
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sLoT | TIMESLOT [Demand in MW|Avg. Dmd.MW Load Facto|ToD Tariff [TOU Tariff [ToU Tariff |Ul Charges|
49 | 12:00-12:15 14000 15040 -6.91 6 4.76 4.76
50 | 12:15-12:30 14000 15040 -6.91 6 4.76 4.76
51 | 12:30-12:45 14000 15040 -6.91 6 4.76 4.76
52 | 12:45-13:00 14000 15040 -6.91 6 4.76 4.76
53 | 13:00-13:15 14000 15040 -6.91 6 4.76 4.76
54 | 13:15-13:30 14000 15040 -6.91 6 4.76 4.76
55 | 13:30-13:45 14000 15040 -6.91 6 4.76 4.76
56 | 13:45-14:00 14000 15040 -6.91 6 4.76 4.76
57 | 14:00-14:15 14000 15040 -6.91 6 4.76 4.76
58 | 14:15-14:30 14000 15040 -6.91 6 4.76 4.76
59 | 14:30-14:45 14000 15040 -6.91 6 4.76 4.76
60 | 14:45-15:00 14000 15040 -6.91 6 4.76 4.76
61 | 15:00-15:15 14000 15040 -6.91 6 4.76 4.76
62 | 15:15-15:30 14000 15040 -6.91 6 4.76 4.76
63 | 15:30-15:45 14000 15040 -6.91 6 4.76 4.76
64 | 15:45-16:00 14000 15040 -6.91 6 4.76 4.76
65 | 16:00-16:15 13999 15040 -6.92 6 4.75 4.75
66 | 16:15-16:30 13950 15040 -7.25 6 4.7 4.7
67 | 16:30-16:45 13950 15040 -7.25 6 4.7 4.7
68 | 16:45-17:00 13900 15040 -7.58 6 4.64 4.64
69 | 17:00-17:15 13950 15040 -7.25 6.9 5.4 4.7
70 | 17:15-17:30 13900 15040 -7.58 6.9 5.33 4.64
71 | 17:30-17:45 14000 15040 -6.91 6.9 5.47 4.76
72 | 17:45-18:00 14250 15040 -5.25 6.9 5.81 5.06
73 | 18:00-18:15 14450 15040 -3.92 6.9 6.09 5.29
74 | 18:15-18:30 14750 15040 -1.93 6.9 6.5 5.65
75 | 18:30-18:45 14950 15040 0.6 6.9 6.78 5.89
76 | 18:45-19:00 15000 15040 -0.27 6.9 6.84 5.95
77 | 19:00-19:15 15550 15040 3.39 6.9 7.37 6.41
78 | 19:15-19:30 15750 15040 4.72 6.9 7.55 6.57
79 | 19:30-19:45 16950 15040 12.7 6.9 8.65 7.52
80 | 19:45-20:00 16950 15040 12.7 6.9 8.65 7.52
81 | 20:00-20:15 16900 15040 12.37 6.9 8.61 7.48
82 | 20:15-20:30 16850 15040 12.03 6.9 8.56 7.44
83 | 20:30-20:45 16800 15040 11.7 6.9 8.51 7.4
84 | 20:45-21:00 16800 15040 11.7 6.9 8.51 7.4
85 | 21:00-21:15 16800 15040 11.7 6.9 8.51 7.4
86 | 21:15-21:30 16750 15040 11.37 6.9 8.47 7.36
87 | 21:30-21:45 16750 15040 11.37 6.9 8.47 7.36
88 | 21:45-22:00 16700 15040 11.04 6.9 8.42 7.32
89 | 22:00-22:15 16700 15040 11.04 6.9 8.42 7.32
90 | 22:15-22:30 16700 15040 11.04 6.9 8.42 7.32
91 | 22:30-22:45 16700 15040 11.04 6.9 8.42 7.32
92 | 22:45-23:00 16650 15040 10.7 6.9 8.38 7.28
93 | 23:00-23:15 16650 15040 10.7 6 7.28 7.28
94 | 23:15-23:30 16650 15040 10.7 6 7.28 7.28
95 | 23:30-23:45 16650 15040 10.7 6 7.28 7.28
96 | 23:45-24:00 16600 15040 10.37 6 7.24 7.24
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4 Design of ToU Pricing Signals and Shadow Bills

4.1 Market Data Analysis and Design of ToU Price Signals

Market study analysis is an essential component of the ToU tariff design as it helps to identify trends
and patterns in Consumers behaviour that can inform the development of effective pricing strategies.
By analysing market data, ISGF identified peak demand periods, Consumers preferences, and other
factors that influence energy usage. This information has been used to design pricing plans that
incentivize Consumers to reduce their energy consumption during peak periods and shift their usage
to off-peak periods when electricity is less expensive. Effective pricing plans can help to reduce the
strain on the grid during peak periods and promote more efficient energy use, resulting in cost savings
for both Consumers and utility providers. Market study analysis is crucial for the success of ToU
project, as it provides the information necessary to design effective pricing strategies that promote
sustainable and efficient electricity use. ISGF, together with the Uttar Pradesh State Load Dispatch
Centre (UP SLDC) and other stakeholders, carried out a study to analyse the day ahead market prices
on the Indian Energy Exchange (IEX) website. This analysis aimed to investigate pricing signals and was
conducted using data collected every 15 minutes from the IEX website. The study focused specifically
on pricing signals for UP, with day ahead market (DAM) prices being updated at midnight in
megawatt/hour. The analysis found that the DAM prices on the IEX website are influenced by various
factors such as demand, supply, weather conditions, availability of resources, and grid stability. The
prices are updated in 24 blocks of15-minute intervals, and the data from IEX is extracted daily to help
make pricing signals for the ToU pilot project. This study provided valuable insights into the energy
market and helps in informed decision-making processes for energy traders, policymakers, and other
stakeholders. By understanding the dynamics of the electricity market and the factors that influence
pricing signals, stakeholders can make more informed decisions regarding electricity trading,
investment, and planning. This analysis by the ISGF and UP SLDC highlights the importance of
understanding the dynamics of the electricity market and how pricing signals are influenced by various
factors. It helped ISGF to explore the relationship between market prices and other factors that
influence pricing signals, including regulatory policies, technological advancements, and Consumers
behaviour.

4.2 Data Extraction from IEX

The IEX, as one of the leading energy trading platforms in India, meticulously maintains the Day-Ahead
Market (DAM) data on a region-wise basis. The DAM, which facilitates the buying and selling of
electricity a day in advance, is key to ensuring the reliability and efficiency of the power system. The
IEX organizes and handles this vast lake of data by dividing it based on different regional load dispatch
centers across the country. Each regional center's data includes vital information such as the electricity
demand, supply, cleared volume, and market clearing price. By organizing the DAM data in a region-
specific manner, the IEX enables electricity providers and Consumers to have precise and localized
insights into the electricity market, thereby allowing them to plan their power generation, distribution,
and consumption strategies more effectively. Furthermore, maintaining region-wise data helps in
identifying demand-supply patterns, price variations, and load changes specific to each region,
facilitating the development of more tailored and efficient energy solutions. Entire India is divided into
13 different regions. Below image and table explains all the 13 regions.
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Figure 4-1: Region wise division of 13 regions in India

Table 4-1: Details of regions with state names

1 N1 North Region Jammu and Kashmir, Himachal Pradesh, Chandigarh, Haryana
2 N2 North Region Uttar Pradesh, Uttaranchal, Rajasthan, Delhi
3 N3 North Region Punjab
4 E1l East Region West Bengal, Sikkim, Bihar, Jharkhand
5 E2 East Region Orissa
6 w1 West Region Madhya Pradesh
7 W2 West Region Maharashtra, Gujarat, Daman and Diu, Dadar and Nagar Haveli,
North Goa
w3 West Region Chhattisgarh
S1 South Region Andhra Pradesh, Telangana, Karnataka, Pondicherry (Yanam),
South Goa
10 S2 South Region Tamil Nadu, Pondicherry (Puducherry), Pondicherry (Karaikal),
Pondicherry (Mahe)
11 S3 South Region Kerala
12 Al North East | Tripura, Manipur, Mizoram, Nagaland
Region
13 A2 North East | Assam, Arunachal Pradesh, Meghalaya
Region
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Uttar Pradesh falls under N2 region. By selecting the area as N2, the website provides the market data
(i.e., energy rates) applicable in the N2 region for the day-ahead. The ISGF created a software program
to analyse the market data that was collected, which was then input into an Excel spreadsheet. In this
way the market data is extracted from IEX website every day. Below table shows the extracted data
from IEX for the N2 region which is applicable for dd/mm/yy. This table provides the market rates in
the N2 region for dd/mm. Rates are given for all the 96 slots of 15 min each for that specific day. The
prices which are in Rs/MWh is converted to Rs/kWh.

Table 4-2: Market Data Rates on IEX for a particular day

1 00:00 - 00:15 0.00600079 6.00
2 00:15 - 00:30 0.00567787 5.68
3 00:30 - 00:45 0.00503856 5.04
4 00:45 - 01:00 0.00500058 5.00
5 01:00 - 01:15 0.00500009 5.00
6 01:15-01:30 0.00494913 4.95
7 01:30 - 01:45 0.00478057 4.78
8 01:45 - 02:00 0.00478638 4.79
9 02:00 - 02:15 0.00453881 4.54
10 02:15-02:30 0.00453808 4.54
11 02:30 - 02:45 0.00450045 4.50
12 02:45 - 03:00 0.00450052 4.50
13 03:00 - 03:15 0.00454517 4.55
14 03:15-03:30 0.00453884 4.54
15 03:30 - 03:45 0.00453848 4.54
16 03:45 - 04:00 0.00453886 4.54
17 04:00 - 04:15 0.00454982 4.55
18 04:15 - 04:30 0.00494966 4.95
19 04:30 - 04:45 0.0047873 4.79
20 04:45 - 05:00 0.00462994 4.63
21 05:00 - 05:15 0.00458016 4.58
22 05:15-05:30 0.00454864 4.55
23 05:30 - 05:45 0.00500042 5.00
24 05:45 - 06:00 0.00598946 5.99
25 06:00 - 06:15 0.00550074 5.50
26 06:15 - 06:30 0.00760038 7.60
27 06:30 - 06:45 0.012 12.00
28 06:45 - 07:00 0.012 12.00
29 07:00 - 07:15 0.012 12.00
30 07:15-07:30 0.012 12.00
31 07:30 - 07:45 0.012 12.00
32 07:45 - 08:00 0.012 12.00
33 08:00 - 08:15 0.012 12.00
34 08:15 - 08:30 0.012 12.00
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35 08:30 - 08:45 0.01199982 12.00
36 08:45 - 09:00 0.00760031 7.60
37 09:00 - 09:15 0.00755975 7.56
38 09:15 - 09:30 0.00600045 6.00
39 09:30 - 09:45 0.00600083 6.00
40 09:45 - 10:00 0.00600086 6.00
41 10:00 - 10:15 0.00623076 6.23
42 10:15-10:30 0.00699831 7.00
43 10:30 - 10:45 0.00603117 6.03
44 10:45 - 11:00 0.00526091 5.26
45 11:00 - 11:15 0.00525287 5.25
46 11:15-11:30 0.00500056 5.00
47 11:30- 11:45 0.0050001 5.00
48 11:45 -12:00 0.00480076 4.80
49 12:00 - 12:15 0.00423537 4.24
50 12:15-12:30 0.00421061 4.21
51 12:30 - 12:45 0.00415428 4.15
52 12:45 - 13:00 0.00412777 4.13
53 13:00 - 13:15 0.00361861 3.62
54 13:15-13:30 0.00361862 3.62
55 13:30 - 13:45 0.00379086 3.79
56 13:45 - 14:00 0.00387032 3.87
57 14:00 - 14:15 0.00410068 4.10
58 14:15-14:30 0.0041104 411
59 14:30 - 14:45 0.00416933 4.17
60 14:45 - 15:00 0.00450035 4.50
61 15:00 - 15:15 0.00480084 4.80
62 15:15-15:30 0.00480041 4.80
63 15:30 - 15:45 0.00500025 5.00
64 15:45 - 16:00 0.0055006 5.50
65 16:00 - 16:15 0.00750908 7.51
66 16:15-16:30 0.00799809 8.00
67 16:30 - 16:45 0.00760093 7.60
68 16:45 - 17:00 0.00850074 8.50
69 17:00 - 17:15 0.00599951 6.00
70 17:15-17:30 0.00598921 5.99
71 17:30-17:45 0.00500025 5.00
72 17:45 - 18:00 0.00599934 6.00
73 18:00 - 18:15 0.00599985 6.00
74 18:15-18:30 0.00850003 8.50
75 18:30 - 18:45 0.012 12.00
76 18:45 - 19:00 0.012 12.00
77 19:00 - 19:15 0.012 12.00
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78 19:15-19:30 0.01199928 12.00
79 19:30 - 19:45 0.00699979 7.00
80 19:45 - 20:00 0.00684918 6.85
81 20:00 - 20:15 0.00599995 6.00
82 20:15 - 20:30 0.00599907 6.00
83 20:30 - 20:45 0.00599917 6.00
84 20:45 - 21:00 0.00599954 6.00
85 21:00 - 21:15 0.00649691 6.50
86 21:15-21:30 0.00599992 6.00
87 21:30 - 21:45 0.00598964 5.99
88 21:45 - 22:00 0.00540966 5.41
89 22:00 - 22:15 0.00526073 5.26
90 22:15-22:30 0.00731013 7.31
91 22:30 - 22:45 0.00550075 5.50
92 22:45 - 23:00 0.0064994 6.50
93 23:00 - 23:15 0.00526049 5.26
94 23:15-23:30 0.00540929 5.41
95 23:30 - 23:45 0.00565329 5.65
96 23:45 - 24:00 0.0056775 5.68

4.3 Calculation of Pricing Signals

In this system, the real-time cost of electricity is tracked by obtaining market prices from the IEX. Here,
the day is divided into 96 slots, each representing a 15-minute interval. The concept behind this is to
get a precise and accurate view of how electricity prices fluctuate throughout the day. This market
price is then compared with the grid price. The grid price is the rate at which the Distribution Company
(DISCOM) sells power to Consumers which is regulated by the respective state electricity regulatory
commissions (SERCs). The objective of this comparison is to understand the cost dynamics between
the wholesale electricity market (IEX) and the retail market. The algorithm we developed then
calculates an average price of the market and grid price. This average is referred to as the standard
Time of Use (ToU) price. This ToU price is important because it forms a baseline against which
Consumers usage costs can be compared and adjusted.

The grid price according to the regulated tariff and the market price from IEX were placed adjacent to
each other on a spreadsheet and an average of both prices was calculated to arrive at Time of Use
(ToU) price. A ToU chart was created that showed the market price, grid price, and ToU price. The ToU
chart shown below represents how the market price, Grid price and ToU price vary during the entire
day.
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@ Market Price (Rs/kWh) @ ToU Price (kWh) @ Grid Price (Rs/kWh)

Market Price (Rs/kWh), ToU Price (kWh) and Grid Price (Rs/kWh)

1200 AM 3:00 AM 600 AM 900 AM 12:00 PM 3:00 PM 6:00 PM 900 PM
Time

Figure 4-2: Variation in market price, Grid price and ToU price vary during the entire day

To arrive at the incentive and surcharge value, ‘Difference value’ is calculated. If grid price is greater
than the ToU price,

Difference value = Grid price — ToU price
And if grid price is less than or equal to the ToU price,
Difference value = Grid price — Market price

This Difference value is calculated for each of the 15 min slot and all the 96 slots of the day as shown
in table. Normalization of the Difference value is done to arrive at the incentive and surcharge values.
Below table represents the Market price, Grid price, ToU price and the Incentive and surcharge values
for each 15min slot and all 96 slots on 05 March 2023

Table 4-3: Market price, Grid price, ToU price and the Incentive and surcharge values for each 15min slot for all
96 slots on 05 March 2023

00:00 - 00:15 1 10.50 7.10 8.80025 -3.4005 -3
00:15 - 00:30 2 9.96 7.10 8.53115 -2.8623 -3
00:30 - 00:45 3 8.28 7.10 7.692395 -1.18479 -1
00:45 - 01:00 4 7.74 7.10 7.419965 -0.63993 -1
01:00 - 01:15 5 7.24 7.10 7.17222 -0.14444 0
01:15-01:30 6 6.77 7.10 6.935115 0.164885 0
01:30 - 01:45 7 6.00 7.10 6.549775 0.550225 0
01:45 - 02:00 8 6.00 7.10 6.54963 0.55037 0
02:00 - 02:15 9 5.02 7.10 6.058435 1.041565 1
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02:15 - 02:30 10 5.55 7.10 6.32295 0.77705 0
02:30 - 02:45 11 4.95 7.10 6.024655 1.075345 1
02:45 - 03:00 12 4.82 7.10 5.95996 1.14004 1
03:00 - 03:15 13 4.95 7.10 6.02465 1.07535 1
03:15-03:30 14 4.95 7.10 6.02487 1.07513 1
03:30 - 03:45 15 4.95 7.10 6.024565 1.075435 1
03:45 - 04:00 16 5.50 7.10 6.300055 0.799945 0
04:00 - 04:15 17 6.00 7.10 6.549615 0.550385 0
04:15 - 04:30 18 7.37 7.10 7.23273 -0.26546 0
04:30 - 04:45 19 7.37 7.10 7.23279 -0.26558 0
04:45 - 05:00 20 7.11 7.10 7.105075 -0.01015 0
05:00 - 05:15 21 6.50 6.04 6.26805 -0.4561 0
05:15 - 05:30 22 7.00 6.04 6.519715 -0.95943 -1
05:30 - 05:45 23 8.00 6.04 7.0193 -1.9586 -2
05:45 - 06:00 24 10.00 6.04 8.02 -3.96 -4
06:00 - 06:15 25 8.00 6.04 7.0194 -1.9588 -2
06:15 - 06:30 26 8.00 6.04 7.02019 -1.96038 -2
06:30 - 06:45 27 7.52 6.04 6.77983 -1.47966 -1
06:45 - 07:00 28 8.52 6.04 7.279835 -2.47967 -2
07:00 - 07:15 29 8.00 6.04 7.019415 -1.95883 -2
07:15-07:30 30 9.52 6.04 7.77975 -3.4795 -3
07:30 - 07:45 31 8.52 6.04 7.279695 -2.47939 -2
07:45 - 08:00 32 7.74 6.04 6.889845 -1.69969 -2
08:00 - 08:15 33 6.50 6.04 6.26833 -0.45666 0
08:15 - 08:30 34 7.43 6.04 6.7365 -1.393 -1
08:30 - 08:45 35 7.37 6.04 6.702525 -1.32505 -1
08:45 - 09:00 36 7.74 6.04 6.88977 -1.69954 -2
09:00 - 09:15 37 8.50 6.04 7.27019 -2.46038 -2
09:15 - 09:30 38 8.50 6.04 7.27022 -2.46044 -2
09:30 - 09:45 39 8.50 6.04 7.270065 -2.46013 -2
09:45 - 10:00 40 7.60 6.04 6.82022 -1.56044 -2
10:00 - 10:15 41 7.37 6.04 6.702715 -1.32543 -1
10:15 - 10:30 42 6.00 6.04 6.01975 0.02025 0
10:30 - 10:45 43 5.85 6.04 5.945105 0.094895 0
10:45-11:00 44 5.85 6.04 5.94502 0.09498 0
11:00 - 11:15 45 5.85 7.10 6.47542 0.62458 0
11:15-11:30 46 5.00 7.10 6.050405 1.049595 1
11:30-11:45 47 5.00 7.10 6.04926 1.05074 1
11:45-12:00 48 4.65 7.10 5.87287 1.22713 1
12:00 - 12:15 49 4.44 7.10 5.76925 1.33075 1
12:15-12:30 50 4.16 7.10 5.63133 1.46867 1
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12:30 - 12:45 51 4.08 7.10 5.59178 1.50822 1
12:45 - 13:00 52 3.82 7.10 5.4605 1.6395 1
13:00 - 13:15 53 3.70 7.10 5.40005 1.69995 1
13:15-13:30 54 3.56 7.10 5.331475 1.768525 1
13:30 - 13:45 55 3.60 7.10 5.350395 1.749605 1
13:45 - 14:00 56 3.50 7.10 5.300485 1.799515 1
14:00 - 14:15 57 3.77 7.10 5.43373 1.66627 1
14:15-14:30 58 3.82 7.10 5.460485 1.639515 1
14:30 - 14:45 59 4.00 7.10 5.54955 1.55045 1
14:45 - 15:00 60 4.15 7.10 5.62603 1.47397 1
15:00 - 15:15 61 4.50 7.10 5.80044 1.29956 1
15:15 - 15:30 62 4.54 7.10 5.8192 1.2808 1
15:30 - 15:45 63 4.80 7.10 5.9497 1.1503 1
15:45 - 16:00 64 4.78 7.10 5.940465 1.159535 1
16:00 - 16:15 65 5.00 7.10 6.05011 1.04989 1
16:15-16:30 66 5.00 7.10 6.05024 1.04976 1
16:30 - 16:45 67 5.00 7.10 6.050125 1.049875 1
16:45-17:00 68 4.98 7.10 6.039945 1.060055 1
17:00 - 17:15 69 4.98 8.10 6.53992 1.56008 1
17:15-17:30 70 4.62 8.10 6.35976 1.74024 1
17:30 - 17:45 71 4.57 8.10 6.335405 1.764595 1
17:45 - 18:00 72 5.00 8.10 6.550415 1.549585 1
18:00 - 18:15 73 5.00 8.10 6.550315 1.549685 1
18:15 - 18:30 74 6.00 8.10 7.049605 1.050395 1
18:30 - 18:45 75 6.00 8.10 7.05035 1.04965 1
18:45 - 19:00 76 6.52 8.10 7.309795 0.790205 0
19:00 - 19:15 77 7.37 8.10 7.732835 0.367165 0
19:15-19:30 78 7.11 8.10 7.605405 0.494595 0
19:30 - 19:45 79 9.19 8.10 8.645715 -1.09143 -1
19:45 - 20:00 80 7.74 8.10 7.919795 0.180205 0
20:00 - 20:15 81 7.52 8.10 7.80988 0.29012 0
20:15 - 20:30 82 7.37 8.10 7.732865 0.367135 0
20:30 - 20:45 83 6.98 8.10 7.539535 0.560465 0
20:45 - 21:00 84 6.98 8.10 7.539525 0.560475 0
21:00 - 21:15 85 6.52 8.10 7.309655 0.790345 0
21:15-21:30 86 6.00 8.10 7.05002 1.04998 1
21:30 - 21:45 87 6.00 8.10 7.049855 1.050145 1
21:45 - 22:00 88 6.00 8.10 7.04983 1.05017 1
22:00 - 22:15 89 7.00 8.10 7.54938 0.55062 0
22:15-22:30 90 7.65 8.10 7.87503 0.22497 0
22:30 - 22:45 91 8.00 8.10 8.05005 0.04995 0
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22:45 - 23:00 92 8.00 8.10 8.05018 0.04982 0
23:00 - 23:15 93 7.74 7.10 7.41995 -0.6399 -1
23:15 - 23:30 94 8.47 7.10 7.783775 -1.36755 -1
23:30 - 23:45 95 8.50 7.10 7.79994 -1.39988 -1
23:45 - 24:00 96 9.06 7.10 8.082465 -1.96493 -2

Now, depending on whether the grid price is more or less than this standard ToU price, Consumers
are given rebates or imposed surcharges penalties. If the grid price is higher, Consumers receive a
rebate, or incentive, per slot, based on the price difference. Conversely, if the grid price is lower,
Consumers face a surcharge, or penalty, per slot, also based on the price difference. The aim here is
to encourage efficient use of electricity by incentivizing use during off-peak hours (when the demand,
and therefore the cost, is lower) and penalizing use during peak hours (when the demand and cost is
higher). A portion of the difference between the market price and grid price is given to Consumers as
incentives.

This is intended to motivate them to shift their electricity use to periods of low demand. Conversely,
during high demand periods, Consumers are charged according to the higher market price. This
discourages them from using electricity during these peak hours. Though incentives and surcharges
are influenced by the market price, they are structured in such a way that Consumers end up with a
lower electricity bill at the end of the month. To facilitate the time-of-use pilot, both residential and
industrial Consumers adopted several energy-saving practices. During the pilot, Consumers proactively
pre-cooled their buildings and conducted water pumping tasks during off-peak hours. This approach
aimed to minimize electricity consumption and reduce the reliance on appliances during on-peak
hours when the demand is higher.

Smart Plugs to Monitor and Automate the Load for Residential Consumers

Additionally, to simplify the process for selected residential Consumers, ISGF provided smart plugs.
These smart plugs automated the load shifting process, eliminating the need for manual adjustments
to manage electricity usage effectively. These initiatives collectively contributed to optimizing energy
utilization and promoting more efficient electricity consumption patterns during the pilot phase.

16Amp Smart Plug

Electric

Figure 4-3: Smart Plug, App to automatically shift load and Online Monitoring
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ISGF provided 16Amp smart plugs to some of the residential customers who wanted to actively
participate in this pilot project. These smart plugs offered advanced features and capabilities to
enhance electricity control within households. Residential customers effectively utilized these smart
plugs by connecting their appliances to them and connecting the smart plugs with the internet at
home. Through the accompanying smartphone app or central hub, customers could remotely monito
and control their connected devices, enabling them to conveniently turn them on or off as needed. By
leveraging the functionality of the smart plugs, residential customers were able to shift some of their
demand to time slots when the ToU rebates were maximum.

A pricing signal chart was also prepared that showed the time slot against the incentive and surcharge
values. Below is the pricing signal chart for 16" March, 2023.

16 Mar 2023
Blot No. | Time slot Incentive/Surcharge [slot No. Time Slot Incentive/Surcharge [Slot No. Time Slot Incentive/Surcharge [slot No. | Time slot Incentive/Surcharge

1 00:00 - 00:15 o 25 06:00 - 06:15 -1 49 12:00 - 12:15 1 73 18:00 - 18:15 1

00:15 - 00:30 o 26 06:15 - 06:30 -1 50 12:15 - 12:30 1 74 18:15 - 18:30 o
3 00:30 - 00:45 o 27 06:30 - 06:45 -2 51 12:30 - 12:45 1 75 18:30 - 18:45 -2
4 00:45 - 01:00 o 28 06:45 - 07:00 -2 52 12:45 - 13:00 1 76 18:45 - 19:00 -4
5 01:00 - 01:15 o 29 07:00 - 07:15 -2 53 13:00 -13:15 1 77 19:00 - 19:15 -4
6 01:15 - 01:30 o 30 07:15 - 07:30 -2 54 13:15 - 13:30 1 78 19:15 - 19:30 -4
7 01:30 - 01:45 o 31 07:30 - 07:45 -1 55 13:30-13:45 1 79 19:30 - 19:45 -1
8 01:45 - 02:00 1 32 07:45 - 08:00 -1 56 13:45 - 14:00 1 80 19:45 - 20:00 o
9 02:00 - 02:15 1 33 08:00 - 08:15 o 57 14:00 - 14:15 1 81 20:00 - 20:15 o
10 02:15 - 02:30 1 34 08:15 - 08:30 o 58 14:15 - 14:30 1 82 20:15 - 20:30 o
11 02:30 - 02:45 1 35 08:30 - 08:45 o 59 14:30 - 14:45 1 83 20:30 - 20:45 o
12 02:45 - 03:00 1 36 08:45 - 09:00 o 60 14:45 - 15:00 1 84 20:45 - 21:00 o
13 03:00-03:15 1 37 09:00 - 09:15 0 61 15:00 - 15:15 1 85 21:00 - 21:15 o
14 03:15 - 03:30 1 38 09:15 - 09:30 o 62 15:15 - 15:30 1 86 21:15 - 21:30 o
15 03:30 - 03:45 1 39 09:30 - 09:45 o 63 15:30 - 15:45 1 87 21:30 - 21:45 1
16 03:45 - 04:00 1 40 09:45 - 10:00 -1 64 15:45 - 16:00 1 88 21:45 - 22:00 1
17 04:00 - 04:15 1 41 10:00 - 10:15 o 65 16:00 - 16:15 o 89 22:00 - 22:15 1
18 04:15 - 04:30 1 42 10:15 - 10:30 0 66 16:15 - 16:30 0 90 22:15-22:30 o
19 04:30 - 04:45 o 43 10:30 - 10:45 o 67 16:30 - 16:45 o 91 22:30 -22:45 o
20 04:45 - 05:00 o a4 10:45 - 11:00 o 68 16:45 - 17:00 o 92 22:45 - 23:00 o
21 05:00 - 05:15 o 45 11:00 - 11:15 1 69 17:00 - 17:15 1 93 23:00 - 23:15 a
22 05:15 - 05:30 o 46 11:15 - 11:30 1 70 17:15 -17:30 1 94 23:15 - 23:30 o
23 05:30 - 05:45 o 47 11:30 - 11:45 1 71 17:30 - 17:45 1 95 23:30-23:45 o
24 05:45 - 06:00 -1 48 11:45 - 12:00 1 72 17:45 - 18:00 1 96 23:45 - 24:00 o

Incentive in X
Surcharge in

Figure 4-4: Pricing signal chart for 16" March 2023

The incentive value, shown in green, indicates off-peak hours when customers are encouraged to
Consumed more electricity, while the surcharge value, shown in orange, indicates on-peak hours when
customers can shift their interruptible loads to off-peak hours. Overall, the pricing signal chart provides
customers with a clear picture of when to shift their loads to save electricity and reduce costs. This is
an important step towards promoting sustainable and efficient energy use and can help to reduce the
strain on the grid during peak periods. The software program developed by ISGF provides a useful tool
for analysing market data and developing effective pricing strategies that promote sustainable energy
practices.

4.4 Communication of ToU Pricing Signal

ISGF created a WhatsApp group where 50 Consumers voluntarily participated in this pilot project. Each
night, when the day-ahead prices are updated on IEX, a pricing signal chart is created and sent to this
group. This chart highlights the surcharges and incentives offered in each 15 min slots, helping to
inform Consumers about the best times to use electricity. By receiving the price signals, customers can
shift their energy consumption from peak hours to off-peak hours. To facilitate this pilot program, ISGF
distributed smart plugs to several residential Consumers. These smart plugs enable users to control
their electrical appliances, such as air conditioners, washing machines and geysers remotely through
their smartphones. By adjusting usage based on the price signals chart, Consumers have been able to
achieve significant savings on their monthly electricity bills.
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4.5 Calculation of Adjustment Factor on Monthly Basis

The adjustment factor plays a crucial role in estimating the potential Additional Revenue to UPPCLs in
rupees for a Consumers under the Time of Use (ToU) tariff scheme. It acts as a multiplier that
determines the extent of savings based on the Consumers's electricity consumption in a given month.
To calculate the Additional Revenue to UPPCLs in rupees, the adjustment factor is multiplied by the
total billed units, measured in kilovolt-ampere-hours (kVAh), for that Consumers. This computation
provides an estimate of the potential amount that the Consumers can save in that particular month
by opting for the ToU tariff.

4.5.1 Adjustment Factor for Commercial and Residential Consumers

In Chapter 3, we discussed how pricing signals for commercial and residential Consumers are
determined for each 15-minute time slot, covering all 96 slots in a day. Consumers receive the pricing
signals regarding incentives or surcharges/penalties for their electricity usage in advance, specifically
in the midnight preceding the day to which the signals apply. This timely communication ensures that
Consumers are informed about the incentives or surcharges/penalties that will be applicable to their
electricity consumption during each specific time slot.

The provided data showcases the pricing signals sent to residential Consumers on a specific day, such
as March 16, 2023. The average of incentives and surcharges taken together for all 96 slots on that
day is calculated. This average represents the savings in rupees per kWh of electricity consumption.
Similarly, Average of Incentive and surcharge taken together is calculated for each day of the month.

Finally, the adjustment factor is computed by averaging the daily averages for the entire month. This
calculation process is applied to both residential and commercial Consumers, resulting in the
determination of the adjustment factor for that particular month.

16 Mar 2023
Elot No. | Time Slot Incentive/Surcharge |Slot No. Time Slot Incentive/Surcharge |Slot No. Time Slot Incentive/Surcharge |Slot No. | Time Slot Incentive/Surcharge
1 00:00 - 00:15 0 25 06:00 - 06:15 -1 49 12:00-12:15 1 73 18:00 - 18:15 1
2 00:15 - 00:30 0 26 06:15 - 06:30 -1 50 12:15-12:30 1 74 18:15-18:30 0
3 00:30 - 00:45 0 27 06:30 - 06:45 -2 51 12:30 - 12:45 1 75 18:30 - 18:45 -2
4 00:45 - 01:00 0 28 06:45 - 07:00 -2 52 12:45-13:00 1 76 18:45 -19:00 -4
5 01:00-01:15 0 29 07:00-07:15 -2 53 13:00-13:15 1 77 19:00 - 19:15 -4
6 01:15 - 01:30 0 30 07:15-07:30 -2 54 13:15-13:30 1 78 19:15-19:30 -4
7 01:30 - 01:45 0 31 07:30 - 07:45 -1 55 13:30-13:45 1 79 19:30 - 19:45 -1
8 01:45 - 02:00 1 32 07:45 - 08:00 -1 56 13:45 - 14:00 1 80 19:45 - 20:00 0
9 02:00-02:15 1 33 08:00 - 08:15 0 57 14:00 - 14:15 1 81 20:00 - 20:15 0
10 02:15 - 02:30 1 34 08:15 - 08:30 0 58 14:15 - 14:30 1 81 20:15 - 20:30 0
11 02:30 - 02:45 1 35 08:30 - 08:45 0 59 14:30 - 14:45 1 83 20:30 - 20:45 0
12 02:45 - 03:00 1 36 08:45 - 09:00 0 60 14:45 - 15:00 1 84 20:45 -21:00 0
13 03:00-03:15 1 37 09:00 - 09:15 0 61 15:00 - 15:15 1 85 21:00- 21:15 0
14 03:15-03:30 1 38 09:15 - 09:30 0 62 15:15 - 15:30 1 86 21:15-21:30 0
15 03:30 - 03:45 1 39 09:30 - 09:45 0 63 15:30 - 15:45 1 87 21:30 - 21:45 1
16 03:45 - 04:00 1 40 09:45 - 10:00 -1 64 15:45 - 16:00 1 a8 21:45 - 22:00 1
17 04:00 - 04:15 1 41 10:00 - 10:15 0 65 16:00 - 16:15 0 89 22:00-22:15 1
18 04:15 - 04:30 1 42 10:15 -10:30 0 66 16:15 - 16:30 0 90 22:15-22:30 0
19 04:30 - 04:45 0 43 10:30 - 10:45 0 67 16:30 - 16:45 0 91 22:30-22:45 0
20 04:45 - 05:00 0 44 10:45 - 11:00 0 68 16:45 - 17:00 0 92 22:45-23:00 0
21 05:00 - 05:15 0 45 11:00 - 11:15 1 69 17:00 - 17:15 1 93 23:00-23:15 0
22 05:15 - 05:30 0 46 11:15-11:30 1 70 17:15-17:30 1 94 23:15-23:30 0
23 05:30 - 05:45 0 47 11:30 - 11:45 1 71 17:30 - 17:45 1 95 23:30-23:45 0
24 05:45 - 06:00 -1 48 11:45-12:00 1 12 17:45 - 18:00 1 96 23:45 - 24:00 0
Incentive in X
Surcharge in X

Figure 4-5: Incentives surcharges applicable as on 16" March 2023
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Table 4-4: Calculation of adjustment factor for residential and commercial Consumers

Day 0 1 2 3 4 5 6 7 8 9
0 03 |05 (06 |019|08 (08 |0.79|0.4 |0.25
Day C 0 10 11 12 13 14 15 16 17 18
0 0.74 1 0.89 [ 0.96 | 0.79 | 0.61 | 0.92 | 0.14 | 0.35 | 0.49
Day © 0 19 20 21 22 23 24 25 26 27
0 0.53 1 0.72 | 0.54 | 0.92 | 0.69 | 0.62 | 0.57 | 0.84 | 0.97
Day © 0 28 29 30 31 Average
Adjustment
. 0.62 | 0.73 | 0.3 | 0.49 0.615

4.5.2 Adjustment Factor for Industrial Consumers

In Chapter 3, we discussed how pricing signals for Industrial Consumers are determined for each 15-
minute time slot, covering all 96 slots in a day. Consumers receive the pricing signals regarding
incentives or surcharges/penalties for their electricity usage in advance, specifically in the midnight
preceding the day to which the signals apply. This timely communication ensures that Consumers are
informed about the incentives or surcharges/penalties that will be applicable to their electricity
consumption during each specific time slot. The provided data showcases the pricing signals sent to
industrial Consumers on a specific day, such as March 2, 2023.

02 Mar 2023
Slot Mo Time Slat |IncentiverSurchargg Slot Mo Time Slot | IncentivetSurcharge | Shot Mo Time Slot | IncentivetSurchargs| Slat Mo Time Slot | IncentivetSurcharge
1 010:00 - 00:15 I i} 08:00 - 0615 1] L] 12:00 - 12:15 1 73 18:00 - 18:15 1
2 00:15 - 00:30 i 26 06:15 - 06:30 2 a0 1205 - 12:30 1 74 1815 - 18:30 i
3 00:30 - 00:45 1 o (620 - DE:45 0 3 1230 - 1246 1 fid 18:30 - 1945 -4
4 00:45 - 0100 1 28 0645 - 07:00 0 B2 | 12461300 1 7€ 18:45 - 1900 -4
5 0100 - 0115 1 pat] 0700 - 0715 0 i} 13:00 - 13:15 1 7 19:00 - 1%:15 -4
[ 01:15 - 01:30 1 30 07:15- 07:30 0 54 1308 - 13:30 1 78 19:05 - 13:30 -4
7 01:30 - 0145 1 3 0730 - 07:45 0 95| 13301345 1 73 18:30 - 1945 0
[ 1:45 - 0200 1 32 0745 - 0200 0 BE | 13451400 1 a0 18:45 - 20:00 i
k] 02:00 - 0215 1 33 08:00 - 0815 1] a7 14:00 - 14:15 1 # 20:00 - 20:15 1
10 02:15 - 0230 1 M 08:15 - 08:30 0 i 1415 - 14:30 1 a2 20:15 - 20:30 1
11 02:30 - 02:45 1 i) 0830 - 02:45 0 B9 | Mh3I0- 1445 1 23 20:30 - 20:45 1
12 02:45 - 0300 1 36 0245 - 03:00 -2 B0 | 41500 1 24 20:45 - 2100 1
13 03:00 - 0315 1 ki 03:00 - 0315 -2 &1 16:00 - 1%:15 1 35 2100 - 2115 1]
14 03:15 - 03:30 1 38 03:15 - 05:30 0 62 15:15 - 15:30 1 36 2145 - 21:30 1
15 03:30 - 0345 1 3 0920 - 03:45 0 B3 | 15301545 1 a7 2130 - 2145 1
15 03:45 - 04:00 1 40 03:45 - 10:00 0 B4 | 15451600 0 28 21:45 - 22:00 1
17 04:00 - 04:15 1 Ll 10:00 - 10:15 0 i) 16:00 - 16:15 i 33 2200 - 2215 1
18 04:15 - 04:30 1 12 10:15 - 10:30 =] i3 16:15 - 16:30 -1 a0 2215 - 22:30 i
13 04:30 - 04:45 1 43 10:30 - 10:45 0 67 | 16:30-16:45 -1 k]l 2200 - 22:45 1
20 04:45 - 05:00 1 H 10:45 - 11:00 0 62 | 1646-17.00 -1 9z 2246 - 2300 0
il 015:00 - 06:15 I 45 1100 - 115 1] i) 17:00- 1715 1 93 2300 - 2218 I
22 05:15 - 05:30 0 46 1115 - 11:30 1 il 1705 - 1730 1 34 2315 - 23:30 0
23 05:30 - 0545 0 H 1130 - 1145 1 Fil 1730 - 1746 1 95 2330 - 2345 0
24 05:45 - 0E:00 I 48 1145 - 12:00 1 72| 17461800 1 96 2346 - 24400 I
| | Incentive in¥ |
| | Surchargein% |

Figure 4-6: Incentives surcharges applicable as on 2" March 2023
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To calculate the adjustment factors for industrial Consumers, the day is divided into four ToD slots as
shown below:
Table 4-5: ToD Slot Duration and Timing for Industrial Consumers

ToD Slot 1 | 05:00 hrs —11:00 hrs
ToD Slot 2 | 11:00 hrs —17:00 hrs
ToD Slot 3 | 17:00 hrs —23:00 hrs
ToD Slot 4 | 23:00 hrs —05:00 hrs

Each ToD slot has a duration of 6 hours, divided into 24 slots of 15 minutes each. To determine the
average of incentives and surcharges combined, we calculate this for each ToD slot. Specifically, we
denote these averages as averagel, average2, average3, and average4, representing ToD Slot 1, ToD
Slot 2, ToD Slot 3, and ToD Slot 4, respectively, for a single day.

Similarly, we calculate the average of incentives and surcharges for each ToD slot on a daily basis
throughout the month. Consequently, we obtain 30 averages for each ToD slot. To derive the
adjustment factors, we take the average of these 30 daily averages for each ToD slot. This process
results in four final averages: average ToD slotl, average ToD slot2, average ToD slot3, and average
ToD slot4.

These four averages serve as adjustment factors for their respective ToD slots. To calculate the savings
in rupees for each slot, we multiply the average calculated for a single slot over the entire month by
the total electricity consumption for that slot during the entire month. Similarly, we perform this
calculation for all four ToD slots. Consequently, the Additional Revenue to UPPCLs (in rupees) for an
industrial Consumers is the sum of the savings for all four slots across the entire month.

Table 4-6: Calculation of adjustment factor for each ToU Slot
0

1 2 3 4 5 6 7 8 9 10 11

O 0.125 | 0.54 | 0.2 |0.2 0.5 0.16 | 0.33 | 0.5 |0.20 | 0.37 | 0.83
0 0.14 | 0.625 | 0.04 | 0.29 | 0.9 058 |1 0.83 | 0.95 | 0.87 | 0.87
0 0.25 |0.08 |045 |0.25 |0.375 |0.75 |04 |0.2 |0.29 | 0.20 | 0.33
J0s1 091 (075 |02 (079 (029 |05 |037 01 |0.28 |0.83 |0.70

12 13 14 15 16 17 18 19 20 21 22

0 054 029 |02 |[029 |058 |08 |09 |06 |06 |07 |0.71
0 033 |0.79 |09 |0.75 0.83 0.7 |0.75 | 0.6 16 |0.6 |0.67
0 075 |0.08 |02 |058 |029 |05 |025 (|03 |03 |03 |[0.38
U1 0.08 | 037 |05 |0.625 | 0.45 08 |[021 |07 |05 |04 |06
23 24 25 26 27 28 29 30 31 Average
Adjustment

0 058 092 |05 |0.6 0.5 0.7 [0.79 |0.75 | 0.3 0.51
0 0.71 | 0.8 03 |05 079 |01 |046 |05 |05 0.65
0 0.79 |0.67 |06 |0.63 0.92 05 (05 |04 |04 0.41
1 041 | 017 |08 |05 0.83 08 |0.79 |05 |0.6 0.52
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4.6 Shadow Bills

The MVVNL shared the original bills of 50 Consumers with ISGF on a monthly basis. Based on these
original bills, a shadow bill was created for each Consumers that displayed the adjustment factor and
the potential savings from the Time of Use (ToU) tariff scheme. The monthly adjustment rate was
calculated and then multiplied by the units of energy Consumedd to derive the savings realized with
the implementation of the ToU scheme. This saving amount was then deducted from the original bill's
payable amount, resulting in the net bill amount. This net amount represented the Consumers's final
bill after the ToU savings had been applied. The creation of these shadow bills and the computation of
the ToU savings offered the Consumers to see the tangible benefits of shifting their energy
consumption to off-peak hours, as encouraged by the ToU tariff scheme.

4.6.1 Existing Bill Analysis

The analysis of existing electricity bills involves examining and evaluating current bills to gain insights
into energy consumption, costs, and patterns. It is a critical component in understanding energy usage,
efficiency, and optimization. The MVVNL shared the original bills of 50 Consumers with ISGF on a
monthly basis. These bills provide valuable information such as the total energy consumption in
kilowatt-hours (kWh), billing period, tariff rates, and any additional charges or incentives.

The analysis process begins by organizing and summarizing the data from the electricity bills. This
includes calculating the average energy consumption per billing period, identifying peak usage periods
for industrial Consumers, and analyzing variations in energy consumption over time. Seasonal patterns
and energy usage comparisons across different customer segments are also examined.

The next step involves studying the cost structure of the electricity bills. This involves identifying fixed
charges, variable charges based on energy usage, and any demand-based charges. Researchers may
calculate the average cost per unit of electricity (kWh) and assess the impact of tariff structures on
overall costs.

The analysis of existing electricity bills plays a crucial role in understanding energy consumption
patterns, costs, and efficiency levels.

Electricity bill of Residential and Commercial Consumers

Structure of the bill for commercial and residential Consumers is same. A sample bill of a residential
Consumers is provided in the image below. The bill is divided into multiple sections (1, 2, 3, 4, and 5)
to facilitate understanding and clarity.

State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 45




ISOF

India Smart Grid Forum

# \ ‘C ; , ! NIG rm € We wer wf For Assistance Dist 1912
/"y| MADHYANCHAL VIDYUT VITRAN NIGAM LIMITED oo * Femer = o st
e Rgn e o (e
g @owe [Eloctricity 8@
. e N B rE— TO00 FABIANAREIV 1355 =
- e MANDEER BAIAS . s o1 oyt by et e e ot
O s BALTET SNGH DA e 20w
= Assems Bex A 50 steares
> FLAT WO 10 GOMT! ENCLAVE NR OGP
OFFICE, CUALIBAGH LKD. . LUCKNOW S T e
g
et TP Gagey Tyve "
i — o0
v i e pre— P | e 3
[ —pr—
i i [ Csmracsion Dum ol 2
T . T O o™= T e Oue e (==
! » | ™ovnuncm. CeAPR-3 ot €mteTdas Davars ne « 5% o% 97 Dius Dabe Ratat rense
T B Ve pr ) Y ey was t4 i5e ou o Pagudie By Das Cute 15422
e P e Nt D et 2300 5oL A Loyt e Armt ° oo G4 Comciomoc 3ot Couna 24 apm a3
Thin 5wl Tm coraead S nobee e scaon 171 of Savey Code SOV3 SeTe ot T8 Geremcind 8 Svy SH8 O aon pepTer o S Ome
9 T ) il e 005 ) w174 & et e At s e ) e g @ P e g e o
Details Amoust Detats Avows
Tooas fove | Setmery | Semeurt
ot e E vy Chasges 15338 00 18000 | 2315800 | S mrminierest on Secusty 200
Nan e ot Faws Dwmanrs Charges 1640 33 000 | 165033 | &% Sve Due Secusty
rom v W Charoe [ ) U00 | & 0 7% wiIDS Ameat
e w ety Oty 74043 | S e ou rWICS Aveont
—— &4 vt P Crwan EC S0 | @ % ow HOCST
WP % T € acens Durruns Punadty 005 | 9 ® wm 2SCST °
=0 o sreiow P F S 000 | when Mawe wease s0mn Cusent_LPSC [ <
T e — 000 | % whe ox Net Cunere B 15549 %
T aw e Tu i Acyalmerts 000 | ©% 9% g= sxparwn PrevDus Dute Rabain AS 140
AN (Cowait U.00 | wwrw wwwis Arrwar Amoiant 40
e Duer S | St s wvey s Svey Avvar LPSC LY
Wtn P Mise Chuangues 0.00
| srieie )
SR R Comomraaton Arrd % TR P wyaibe Amorant 15550
ey 000 | outt £ e Werss Fifioun Thousand Eive Huscbas Fity Bupews Orty
VT % Dhahorar Charaoe °
wdts ver Dhatcrey Charge S
e VS —
e e s S e o s St & o € & ok St £ & & e by e o trs o ATREUTRY heaaaA SRS Senn
i == = o -t == ] = == = —=
sy = -
o == o e— = T = = — el =
s — —— = — o _— =
7 | cosmsessanren A =1 2318 SR s nas ' 2248 o
Cote3e 148200 A e 227584 S 220844 2203 ' 2200 WA o
Corie i = B D FYSTo7) =
e e Ansasand Unit | Opening Sumphas Seter I a I Cicaing Serpine Sctar Ueea Innl B~ I )
I SRR T T
e e e e b et st s g s e o
P L LT J——r—— Mot aac OwITes: Puyae
Cia ==
e - o)
S Ove A _8C Ouientuiion e st 5t [ )
p—~ere — R T [ty —-— ™ -
g e -
FRctnn Susecy Zuseay Nout Erercy e
Rutne Amvent ey Amant Charge —meeu
- e e N

Figure 4-7: Sample Bill of a Residential/Commercial Category by UPPCL

Section 1 contains Consumers details such as name, address, contact information, account number,
meter number, connection type/supply type, sanctioned load, and division and subdivision details.

Section 2 includes bill details like bill number, bill date, bill month, net billed units in kVAh, due date,
and the amount payable by the due date.

Sections 3 and 5 provide a breakdown of the components comprising the payable amount. These
sections explain how the total amount payable is calculated and include details such as energy charges,
fixed demand charges, net current bill, and arrears.

Section 4 is the last section, which displays the meter readings, dates on which the readings were
taken, and the total meter units for the billing period. It presents meter units in terms of Absolute
Active Total kWh and Absolute Apparent kVAh.

Electricity bill of Industrial Consumers

The bill structure for industrial Consumers differs from that of commercial and residential Consumers.
Below is a sample bill for an industrial Consumers, divided into multiple sections (1, 2, 3, and 4) to
facilitate understanding and clarity.
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£} MADHYANCHAL VIDYUT VITARAN NIGAM LTD. LUCKNOW

Figure 4-8: Sample Bill of an Industrial Category by UPPCL

Section 1 includes Consumers details such as name, address, contact information, bill number, meter
number, connection type/supply type, sanctioned load, and division and subdivision details.

Section 2 presents the meter readings, dates of the readings, and the total meter units recorded for
each Time of Day (ToD) slot during the given billing period. The meter units are provided in terms of
Absolute Active Total kWh and Absolute Apparent kVAh.

Section 3 covers any arrear details and provides information about the consumers' last payment
status.

Section 4 comprises the bill details and provides a breakdown of the components contributing to the
payable amount. This section explains the calculation of the total amount payable, including energy
charges for each ToD slot, fixed demand charges, additional charges etc.

The provided sections in the bill for industrial Consumers allow for a comprehensive understanding of
Consumers details, meter readings, payment status, and the breakdown of charges for accurate billing
and transparent communication.

4.6.2 Creation of Shadow Bills
As part of our time-of-use project, we have developed a system to generate shadow bills alongside the

regular bills for each Consumers. These shadow bills were specifically created to analyse the impact of
consumption patterns on energy costs.
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was calculated for all

Consumers (i.e., residential, commercial, and industrial), we incorporated this factor into the shadow

bill calculations.

agan & foy = &t/ For Assistance Dial 1912
MADHYANCHAL VIDYUT VITRAN NIGAMLIMITED T vt e o For sisien
s foegd faawor e fro
foera @i [Electricity Bill
@ Account No. s @z Division EUDD_GOMTINAGAR(DV362622) Scan & Pay your Bill
7 Name XHOOO0KKKNK 9 Subdivision SD03626221 e Y 3 A e 1 e
fo/afa &1 A .
Father/Husband name i MR Sanctioned Lad o0k
gal /Address XXOOXXKXKXXKX Hiet 79 @1 /Meter S.No XXXXXX
e [Tariff HV1
e 28 /Supply Type H11
S A Security Deposit 800400
sz 22 Mobile No xx0xx0707 A 0w / Bill Lattude : 0
T 237/ Bl Longitude : 0
& [Email Xxoxoxv@marriott com e /Connection Date 16-FEB-2015
fa &= /Bill No XXX Taw 3mm/Bill Basis oK Za Tl Due Date 15-APR-2023
faw 1 Ff/Bill Date 01-APR-2023 faw gmiz/Billed Demand 521.20 Zx 7 7% gel Due Date Rebate 22027.87
& @Bl Month APR-2023 TR a2 Progressive Subsidy & faf 7% 7% Payable By Due Date 2346020
Fefam gt Net Billed Unit 237821 TR T Inoperative Amount 0 Tt T Disconection. Date 22-APR-2023
This bill will be construed as final notice under section 171 of Supply Code 2005. Supply can be disconnected at any date on non-payment of old dues.
Euicakl iz 2005 #1 <m 171 % Tgd e AR A SO | T T F A A FA 9 e o o 9w el wé s awd 21
Details Amount Details Amount
Gross Amt Subsidy Amount
sty [Energy Charges 1978670.72 0.00 197867702' wicrsfr z@mi/Interest on Security 0.00
v i o Fixed/Demand Charges 22411600 000 | 21180 | o st Due Securiy 0
=z ww IMin Charge 0.00 0.00 0.00 | &3 gw al/TDS Amount 0
faa = /Electricity Duty 165209.00 | i ga AfWTCS Amount 0.00
i st 4 /Green_EC 0.00 | # it & &CGST 0
FHfeifs i 7R /Excess Demand Penalty 0.00 | va st @ &SGST 0
74 1t 7% 3itew/Low P.F. Surcharge 0.00 | e foist *pram sifew/Current LPSC 5152
3ifd wRisH/Provisional Adjustment 0.00 | e =¥z faw INet Current Bill 2368047.24
#fex o /Tariff Adjustments 0.00 | & faf¥ gz wmisH/Prev. Due Date Rebate Adj. -19043.14
e [Credit 0.00 | s swfdt /Arrear Amount 19043.56
3fae/Debit 0 | 9 faea 1 3R /Prev. Amear LPSC 0.00
fafaer yea Misc Charges 0.00
e/Rebate 0
A i /Compensation Amt &7 it /Payable Amount 2368048
famd/Installment 0.00 | =i 3 /in Words : Twenty Three Lakh Sixty Eight Thousand Forty Eight Rupees Only
It JF/Dishonor Cheque 0
Fried 7w /Dishonor Charge 0
Pay your bill online on < www.upenergy.in > FFA15 ¥TAH F consumers can also pay bils fom Deptt. offices, Fair price shops, e-Suvidha, Jansuvidha Kendra and through Vidyut Sakhi and Metereaders JT4rF1 s # Frafal, 339 4 f139m, §-
e, 7 AR 7 i Ry weh el fe dmem @ 0 RE 1 mAs wEss d) #1935 27 m9FE Pay DDICheque in favour of : EXECUTIVE ENGINEER-EUDD_GOMTINAGA
e &= w= ez Al 7w T R Ro@ s AR Ay AR Ed #z Hergfe Eo] iz
F (7€) fowfi
Meter Badge Meter Recorded | Previous Date Previous Current Date Current Read Diff [ Meter Period Meter
Number Status DMD Read Unit Months Rmrk
01-MAR-23 01-APR-23 2338
XXXXXXXXX A 00:00 2216925.9 0000 2240310 41 10 233841 KWH 1 0K
01-MAR-23 01-APR-23 2378
XXXXXXXXX A 00:00 22572315 0000 22810196 21 10 237821 KVAH 1 0K
XXXXXXXXX A 5212 10 521.2KVA 1 OK
S e Assessed Unit I ‘ OengSumssoln 0.00 Closing Surplus SolarUnits | 0.00 ‘ B o 23?2
T B4 &1 T /Energy Saved is Energy Produced
AT W Ry A e T w77 7 W 3 FE Mo get electricity related services or give a missed call on 8010924203 |
3ifem 4 fEa [Last Payment Details T I ha;;gi I;rent Payment
W;ﬂ;/ﬁid Amount 2348020
; 57 Fa/Paid Date 13-APR
it o e EC Calculation #B A T Last Paid Amount 2030208.00 23
o F FEd e T S IR % 7 fafiiLast Psid Date 13-MAR-2023 A AT Payment Mode NET
el Unit Rat Amount Subsidy Subsidy Net Energy BANKING
es mou Rate Amount Charge i FIReceipt No
570765400607
Printed By : AsOnDate:  25-May-23 12:09 PM Famdt st EXECUTIVE ENGINEER - EUDD_GOMTINAGAR

Figure 4-9: Regular Bill Issued for Commercial Category Consumers by UUPCL
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SHADOW BILL WITH TIME OF USE (ToU) TARIFF

| MADHYANCHAL VIDYUT VITRAN NIGAM LIMITED

3 For Assistance Dial 1912
| ) T ﬁ@ﬁ R T oo WhatsApp No: 8010924203

Electricity Bill
Account No.  XXXXXX9835 Division EDDU_GOMTINAGAR(DIV312622
Name XXXXXXXXXXX Subdivision SD03126221
Father's name  XXXXXXX Sanctioned Load 600 KW
Address XXXXXXX Meter S.No XXXXXXX
[Mobile No XXXXXX0707 . Tariff HV1
Email IXXXXXXXXXV(@marriott.com Supply Type H11

Bill Latitude 0

Bill Longitude 0

Security Deposit 800400

Connection Date 16/Fe_b/2015
IBill No JO000OKNXX Isill Basis OK Due Date 15/Apr/2023
Bill Date 1/Apr/2023 Billed Demand 521.2 Due Date Rebate 22027.87
Bill Month Apr-23 Progressive Subsidy Amount 0 Payable By Due Date 2346020
Net Billed Unit 237821 Inoperative Amount 0 Discon. Date 22/Apr/2023

This bill will be cons

rued as final notice under section 171 of Su

ly Code 2005. Supply can be disconnected at any date on non-payment of old dues.

Details Amount Details Amount
Gross Amt | Subsidy | Amount

Energy Charges 1978670.72 0]1978670.72 Interest on Security 0.00
Fixed/Demand Charges| 224116 0 224116 Due Security 0.00]
Min Charge 0 0 0 TDS Amount 0.00}
Electricity Duty 165209 TCS Amount 0.00]
Green_EC 0 CGST 0.00]
Excess Demand Penaltyf 0 SGST 0.00}
Low P.F. Surcharge 0 Current LPSC 51.52,
Provisional Adjustment 0 Net Current Bill 2368047.24
Tariff Adjustments 0 Prev. Due Date Rebate Adj. -19043.14
Credit 0 Arrear Amount 19043.56
Debit 0 Prev. Arrear LPSC 0.00)
[Misc Charges 0 |Payable Amount 2368048.00
Rebate ol [votal ToU Saving* =) 118910.50
Compensation Amt |Net Bill Amount after ToU Saving 2249137.50
Installment 0

Wcheque 0

IQishonor Chgrge 0

Pay your bill online

on < www.upenergy.in > consumers can also pay bills from Deptt. offices, Fair price shops, e-Suvidha, Jansuvidha Kendra and

through Vidyut Sakhi and Metereaders

Pay DD{Chegue in favour of : EXECUTIVE ENGINEER-EUDD GOMTINAGAR
Meter Badge |Meter| Recorded | Previous | Previous | Current | Current Diff MF| Meter Period Meter
Number  |Status DMD Date Read Date Read Unit Months Rmrk
5592226H8641| A 1-Mar-23 | 22572375 | 1-Apr-23 |2281019.6] 237821 | 10| 237821 1 oK
KVAH
559222EH8641| A 1-Mar-23 | 2216925.9 | 2-Apr-23 | 2240310 23384.1 10 | 233841 1 OK
Assessed Unit | Opening Surplus Solar Units 0 Closing Surplus Solar Units| OKWH Meter Units 237821
Energy Saved is Energy Produced
Energy Saved is Energy Produced To get electricity related services or give s missed call on 8010924203 |
EC Calculation Last Payment Details Current Payment Details
Unit Rates | Amount | Subsidy Subsidy|Net Energy Last Paid Amount 2030208 Paid Amount 2346020
Rate Amt|Charge
Last Paid Date 13-Mar-23  JPaid Date 13-Apr-23
Units idered for Adj Rates A Saved Under
ToU Adjustment ToU Tariff payment mode  NET Banking
237821 0.5 118910.50 Receipt No 579765490697.00

* ToU savings is the rebate for electricity consumption during the periods when rebates on existing tariffs was offered through Pricing Signals by ISGF everyday morning

Printed By : As On Date: 25-May-23 12:09 PM EXECUTIVE ENGINEER - EUDD_GOMTINAGAR
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# \
(\ ' MADHYANCHAL VIDYUT VITARAN NIGAM LTD. LUCKNOW
\
25/5/2023 11:45:22 AM
zgeaud il WhatsApp No: 8010924203
@ g@n AIC No : XXXXXX3000
TF Name :  XXXXXXXXXXX o= == Bil No - JOOO00OOXXX 23 70/ Amount Payable : 710843
T Address : XXXXXXXXXXXXXX % F73 $1 T30 Issue Date : 05-APR-2023 7 29 {3 Bill Due Date : 19-APR-2023
#IRV Circle : CIR31264 T FGEAT T Group No/Book No : 312641801601 R 717/ Bl Month : APR-2023 73 7t 7% 23 78 Amount Payable By Due Date : 704300
R Division : DIV312641 FAFI AT Connection No : MV_M.36A AW FTT Division Name : EDD_CESS_1 T FREAH Security Required : 1100000
T2 fWW/ Sub Division : SD03126419 AFS AIC No: XXXXXX3000 T3t MG IRV Total Power Supply Avaiabilty: HR MI
THUE F13/ SS Code : NADARGANJ TRITA H Old AIC No :
OLD_34164 TSR T Mobike No : 00000843
1912 DT Code : BKHEDA
e B C ion Details
Y A= Supply Voltage : 11KV 2RE T Tarif Code : HV2 Scan & Pay your Bill ¥ &7 3t 31 &t 1 SITAH &
AR S Metering Voltage : KV TG A Supply Type : H21T
FAA AW/ Contracted Demand : 500 KVA HZAAT/ Meter-Make : HPL Electric & Power
AW 1 75% I 75% of Cont. Demand : 375 T3 T/ In-Operative Balance :
4= g1/ A7 (#41T)/ Bitlable Demand(KVA) : 375 o7 AR Disc. Date : 26-04-2023
#EdE FT CTIPT Ratio : 6 9y T4 (FA)/ Cons Security(Rs) : 1100000
FTH T Org Type: T2 i / Bifl Latitude: O
&9 Z97R / B Longitude: 0
FH Process : 0
iz 7ETiMeter No Feraw mulActual s Al 53 FaR/Energy Type TPrevious FwICurrent FaRPeriod s IDIFF R Rmrk|
Demand Basis
XXXXXX 60.96 oK TOD-105-11KVAH | 01-MAR-2300: | 198330 01-APR-23 | 2016758 1 3345, oK
00:00 00:00:00 8
XXXXXX 60.06 OK TOD-2 11-17KVAH | 01-MAR-2300: | 2338375 01-APR-23 | 236608.1 1 2860. | A OK
00:00 00:00:00 8
XXXXXX 60.96 oK TOD-3 1723KVAH | 01-MAR-2300: | 2878953 01-APR-23 | 2014703 1 3575 | A 5 21450KVAH | OK
00:00 00:00:00
XXKXXX 60.96 oK TOD4 2305KVAH | 01-MAR-2300: | 2320643 01-APR-23 | 2357023 1 2828 | A B 16968KVAH | OK
00:00 00:00:00
XXKXXX 60.96 oK KVA 1 A G 365.76 KVA 3
XXKXXX 60.06 OK KWH 01-MAR-23 00: | 901664.0 O1-APR-23 | 0137043 1 1203 | A B 722364 KWH | OK
00:00 00:00:00 94
F7 T 756552
[Total KVAH
F31 = (F93) Arrears Details (Rs) 3w A fRuf/ Last Payment Status.
#viY Category 7% (¥%)/ Amount(Rs) % (z92) Amount (Rs) 690927.00
Ft T3 Energy Arears 700422 | iz Receipt No. 081854343990
377/ ED Arrears 000 | i aifl Receipt Date 22-MAR-2023
adivEd T LPSC Arrears 0.00 | M %13/ Payment Mode
Tt 3w Misc Arrears 0.00 690927.00
% 751 Total Arrears 700422 | i yam/Advance Payment 0
e =7 (¥93) Bill Details(Rs)
S/ 74 f37% 7¥F/ Energy/Demand & Misc Charges Tl Units z%l Rates @it Amount = Adj
&7 T9%/ Demand Charges 0.00 0.00 112500.00 | ¥ 73 7/ EC ADJ Amount 0.00
F 59w &3E1/ Energy Charges TOD-1 2‘7’03 §'°£-Z"33 1;132-22 £ 712 7w ED ADJ Amount g-g
i 39 815712/ Energy Charges TOD-2 b4l 007 121061 e = =4 Security Deposit i
21450 8.1658.165 175139.25
w1 7R 8313/ Energy Charges TOD-3 Interest °
16968 7.100,6.035 102984.81
5% 7% &3i11-3/ Energy Charges TOD-4 54181855 | WA TH WA/ Interest on
w3t g%/ Energy Charges 0.00 |_Advance Payment
i 5 ge=IGreen EC 000 | = TR Instaliment Amount 0.00
A A T FR FA T T Amt To Cover Min Charges 0 | = # Instaliment No
et 4z FEE/ LT metering Surcharge
A) %7 531 7R/ Total Energy Charges 654318.55 o
i A7 S AT W 10% 7% T Exc Dmd Penaty over 0.00 0,000 0 | TR TomIAmount Rayable:
contract dmd upto 10%
3w %323 1z A Tax Collected at Source °-°g
ZEmw TDS
HidmweEr CGST 0
TESTEE) SGST 0
B)  sifafew wm Additional Charges 0.00
T Tl Current LPSC 388.29
C) Feifa T sfew/ Late Pay t Surch: 388.29 710843
) kS meSAYmenLUIChage Seven Lakh Ten Thousand Eight Hundred Forty Three and paise
Twenty Nine Rupees Only
373 fafie pR/R T/ Other Misc. Chargy 0.00
TagA 7=/ Electricity Duty 0.0 4907389
= SR/ Regulatory Surcharget 0.00
o a2/ Regulatory Surcharge2 0.00
i e/ Tariff Adj FC 0
P 3R Misc Debit B
T/ e/ FC Credit
D) %= fafw 4=/ Total Misc Charges 49132.23
=i TwH Deferred FC 0.00
w7z %= ¥ fam #7= R3= Rural Rebate for Demand Charges. 0.00
5 5=  Fam W g2/ Rural Rebate for Energy Charges 0.00)
E)  Zz/Rebates 0.00
A FHH A (T [ [ANE A ) (e A Iy
Current Gross Amount (Before Arrear & LPS) (A+B+C+D-E) 703839.07
WARNING: DEMAND VIOLATED. Visit www.uppclonline.com to enhance Load .System will increase Load if violated for 3 continuous months
- 577 1 S 23| B T www.uppclonline.com F1¥ 52T F T s Fm ST 3 HE 7% S 794 07 29 220
3= 7% 517 397/ Prepared By Bill Clerk | w3 (37) A1) & = $ 7/ Checked By AE(R ¥ DA (R ) | sfgsmi %31 EXECUTIVE ENGINEER : EDD_CESS_1
1. 37 R A SR 741 GAANGE 57 F1 FEH 5 FIET 2/ Penalties/Rebates charged in this bill are coresponding b the period of Demand.
2. FER A FRF FA F W A 3 270 FAT A1 2/ All Payments are to be made in Cash/D: o drawn in favour of EXECUTIVE ENGINEER : EDD_CESS_1
3. 3% 98 24 91 I $1 35 721 214 91 B4R A/ In case of Cheque Dish .d or Draft is not realized :-
| A 597 A 5 W 314 9T SURRH1 7 el 3 W 153 F GAAA F1% 9 A FAV Consumer shall pay the bill within 7 days in cash on receipt of from Division.
| 5. 3w 71 [SARA R AR F AY-AN SR SHEGH A2 314 FAE F (90 FRE F1 A 5 2RV Consumer shall pay the late Payment Surcharge as well as charge on account of dis realized draft.
|_c. wRa 3% % 237800 W, WA B 34 F I3 3% T52/3NE A @RI F-1 AT On two instance of dishonored Cheque, Payment shal be acoepted in cash/draft fill the end of FY.
WOTE:Payyour Bl ofline wart Upgaknline cam Fiesss u pdals your Nab s ¥
377 TR - ey ¥z
DIALTOLL FREE 1312 FOR BILL & SUPPLY COMPLAINTS
Py et oo & Brsrad) S 3 s 1912

Figure 4-11: Regular Bill Issued for Industrial Consumers by UPPCL
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SHADOW BILL WITH TIME OF USE (ToU) TARIFF
MADHYANCHAL VIDYUT VITRAN NIGAM LIMITED
g fag feawer e feo
Pprinted MOHITS2 25/5/2023 11
Whatsapp No: 5010924203 A/CNo : XXXXXX3000
Name XOCO00O00000C BILL NO XOOOXXXXXXXX  |Amount Payable 710843
Address XX0000C000CX Issue Date 5-Apr-238ill Due Date 18-Apr-22
Circle CIR31264 Group No/Book No: 312641901601  |gill Month Apr-23|Amount Payable By Due Date 704300
Division DIV312641 Connection No: MV_M.36A Division Name EDD_CESS_1|Security Required 1100000)
AfC No: Total Power Supply Availability
5D03126419 HR M1
NDRGINEW __|0ld A/C No: Ar0277030.
BKHEDA Mobile No: 000000843 Total ToU Saving* a 42647
Connection Details
Supply volta 11 kv|Tanff Code HV2|
Metering Voltage kV|Supply Type H21T|
Contracted Demand 500 KvA|Meter-Make HPL Electric & Power|
75% of Cont. Demand 375In-Operative Balance [ 3 VIOLATED . VIt
Gilable VA 375|Date weRoz| W D.COM D Sofiance {03 Syt am il
= increase Load if violated for 3 continuous months
CT/PT Ratio 6|Bill Latitude [
02 Type Bill Longitude )
Cons Security(Rs. | 1100000
Process 0|
Meter No Actual Demand |Bill Basis  |Energy Type Previous Ccurrent period | DIFF Meter Sta| M.F. Billed Units  |Rmrk
00000 60.96 oK TOD-105-11 KVAH |1-Mar-23 198330 1-Apr-23  |2016756 1]33456 6 20073.6 oK
00000 60.96 oK TOD-2 11-17 KVAH |1-Mar-23 233837.5 1-Apr-23  |236698.1 1|28606 |a 6 17163.6 oK
00000 60.96 oK TOD-3 17-23 KVAH |1-Mar-23 287895.3 1-Apr-23 2914703 1|3575 A 6 21450 KVAH |OK
00000 60.96 oK TOD-4 23-05 KVAH |1-Mar-23 232964.3 1-Apr-23 (2357923 1(2828 A 6 16968 KVAH |OK
00000 60.96 oK KVA 1 A 6 365.76 KVA  [OK
00000 60.96 oK KWH 1-Mar-23 901664.9 1-Apr-23  [9137043 120394 |a 6 72236.4 KWH |OK
Total KVAH  75655.2
Arrears Details(Rs) Last Payment Status
|category Amount{Rs| [Amount (Rs] 690927
Energy Arrears 700422 |receipt No. 81854343330
|ED Arrears o Receipt Date 22-Mar-23
LPSC Arrears o Payment Mode
Misc Arrears 0 690927
Total Arrears 700422  |Advance Payment ] o
Bill Details [Rs)
Energy/Demand & Misc Charges Units Rates amount |
Demand Charges 0 [2) 112500|EC ADJ Amount of
|Enetg_!cl\:ies1’oo~1 20074 6.0357.1] 14183293[ED ADJ Amount of
Energy Charges TOD-2 17164 7.1,7.1| 12186156 |Security Deposit Interest [
lenergychargesTop-3 | 21450 8.1658.165| 17513925 |interest on Advance Payment
Energy Charges TOD-4. 16968 7.100,6035| 102984 81 Amount of
Energy Charges | 54181855 No
Amt To Cover Min Charges )
LT metering Surcharge 0|
A) Total Energy Charges 654318.55
|Exc Dmd Penalty over contract dmd upto 10% 0 0 ]
Tax Collected at Source [ Total Amount Payable
TDS 0|
CGST 0 710843
SGST 0| Seven Lakh Ten Thousand Eight Hundred Forty Three and paise Twenty Nine
|B) Additional Charges 0| Rupees Only
current LPsc | | | | 38829
) Late Payment Surchar 38829 .
Other Misc. Charges/Assesment 0 Tod Tou m 42647
Electricity Duty [ 43073 89
Regulatory Surchargel 0 o
[ oI|  Net bill amount after Tou 68196
Tariff Adjustments/PrevFC 0 m'n‘
Misc Debit [ 5834
Fc/instaliment Credit | 0| slots Units Adjustment Rates  |Tou Tariff
D) Total Misc Charges 29132.23 TOU-1 20074 0.4 8029.6|
|peterred e | o TOU-2 17164 07 12014 8]
Rural Rebate for Demand Charges 0| TOU-3 21450 0.5 10725
Rural Rebate for Energy Charges 0| TOU-4 16968 0.7 11877.6|
E) Rebates 0] Amount under Tou
Current Gross Amount (Before Arrear & LPS) (A+8+C+D-E-F) | 703839.07 taniff 2647
WARNING: DEMAND VIOLATED. Visit www.uppclonline.com to enhance Load .System will increase Load if violated for 3 continuous months
Prepared By Bill Clerk Checked By AE[R }/DA{R) EXECUTIVE :EDD_CESS_1
1. Penalties/Rebates charged inthis bill are corresponding to the period of Demand.
2. AllPayments are to be made in Cash/De mand-Draft/Cheque drawn in favour of EXECUTIVE :EDD_CESS_1
3. In case of Cheque Dishonored or Draftis not realized :-
A shall pay the bill within 7 days in cash on receipt of Info from Division.
B. Consumer shall pay the late Payment Surcharge as well as charge on account of dishonored cheque/non realized draft.
C. On two instance of dishonored Cheque, Payment shall be accepted in cash/draft till the end of Fy.
INOTE:Pay your Bill onfine- www.uppcloniine com Please update your Mobile #

BIALTOLLFREE 1912 FORBILL & SUPPLY COMPLAINTS

Figure 4-12: Industrial Category Consumers Shadow Bill by ISGF
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agra ¥ foy s &/ For Assistance Dial 1912
| MADHYANCHAL VIDYUT VITRAN NIGAM LIMITED ST St For P
st g faceon o feto
foera 4o [Electricity Bill
amra/Account No. e = Division EUDD_RAJBHAWAN(DV312614) Scan & Pay your Bill
i [Name I7Ez/Subdivision $D03126149 T X 3R 3 Fo 1 e
XHXKXKXHKXKK
BB s g e Sanctioned Load 2k
o [Address XXXXXXXXX e 7% & [Meter S.No XXXXXX
e [Tariff LMV1
e 289 /Supply Type 1
S A Security Deposit 7000
st 72 Mobile No X00xx8755 Tt i / Bil Lattude : 0
T &/ B Longitude : 0
9 Email s far /Connection Date 03-0UL-2010
T &= Bill No bt Lt Taw 3mm/Bill Basis oK g fafal Due Date 18-APR-2023
T %1 Rf/Bill Date 04-APR-2023 faw Zmiz/Biled Demand 16.67 1 i 7% el Due Date Rebate 148.08
& W/Bil Month APR-2023 T = [Progressive Subsidy 1785 T 7 7179 Payable By Due Date 15402
e fow gie/ Net Billed Unit 2280 FHRIEA TR Inoperative Amount 0 faae i /Disconection. Date 25.APR-2023

This bill will be construed as final notice under section 171 of Supply Code 2005. Supply can be disconnected at any date on non-payment of old dues.
74 w31 s g 2005 #1 aw 171 F Fga sifad Afew A stom

T R S A e T el ot fof o s e s aed 21

Details Amount Details Amount
Gross Amt Subsidy Amount
=i wam [Energy Charges 13338.00 180.00 | 13158.00 | wfsf z@msi/interest on Security 0.00
forr i v [Fixed/Demand Charges 1650.33 0.00 1650.33 | 2 g /Due Security 0
=9 ww [Min Charge 0.00 0.00 0.00 | &< gaaRTDS Amount 0
faa & [Electricity Duty 74042 | i ra afWTCS Amount 0
i 31 9 [Green EC 000 | #ftsht g &CGST 0
arfafees AT 7R /Excess Demand Penalty 0.00 | gashwa &SGST 0
79 i 7% #few/Low P.F. Surcharge 0.00 | aewe ot s sfEsm/Current LPSC 1.18
3ifqm wmwsH/Provisional Adjustment 0.00 | ¢ @z faw /Net Current Bill 15549.93
2w e [Tariff Adjustments 0.00 | %= fdf ge wwisH/Prev. Due Date Rebate Adj. -140.6
e /Credit 0.00 | amn st /Arrear Amount 140.46
fae/Debit 0 | od frema s 3Hferm /Prev. Amear LPSC 0.00
fafaer g Misc Charges 0.00
e/Rebate 0
F3an Tid /Compensation Amt &7 it [Payable Amount 15550
fd/Installment 0.00 | sr=i % /in Words : Fifteen Thousand Five Hundred Fifty Rupees Only
Figa JF/Dishonor Cheque 0
Fiza v [Dishonor Charge 0
Pay your bill online on < www.upenergy.in > FIFaTH F consumers can also pay bills fom Deptt. offices, Fair price shops, e-Suvidha, Jansuvidha Kendra and through Vidyut Sakhi and Metereaders TWRE [4 M % FRa1, 344 59 #1591, 3-
o, 57 "R 37 A e we dede fee e & 9 R A e FaF £1 19 3 3 9w Pay DDICheque in favour of : EXECUTIVE EUDD_RAJBHAWAN
i w1 we iz T = am T AR LECEE] e EE Aeige Esd Az
i (7R Feut
Meter Badge Meter Recorded Previous Date Previous Current Date Current Read Diff MF Meter Period Meter
Number Status DMD Read Unit Months Rmrk
KXKKXXKXKKX A s 21950 RS 2419 245 1 2USKWH | 1 oK
XIOOB00000EX A i 227564 e 229844 2280 1 280KVAH| 1 oK
A 1363 1 13.63KVA 1 OK
Frffm 3z Assessed Unit | I Opening a:l‘irrslus Slix 0.00 Closing Surplus Solar Units 0.00 lﬁaqmgeter 2280
B4 f&sll I /Energy Saved is Energy Produced
AW T R 7 R T R #7325 R F9 7 Mo get electricity related services or give a missed cal an 8010924203
e e ILast Payment Details | 7 T has"ef’tgi‘;;”“‘ Paymeat
A T Paid Amount 15402
. YA fAf/Paid Date 15-APR
st e _EC Calculation FTH FTT 7L ast Paid Amount 14624.00 2
. i FA T R d T 35 PR i A fAR/Last Paid Date 24-MAR-2023 A AE/Payment Mode NET
Fhe/Unit Rates R Subsidy Subsidy Net Energy ;ﬁ;‘m e
ece
Rate Amourt Charge etar0rs)
Printed By : AsOnDate:  25-May-23 12:26 PM et sitwwer EXECUTIVE ENGINEER - EUDD_RAJBHAWAN

Figure 4-13: Regular Bill Issued for Residential Customers by UPPCL
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SHADOW BILL WITH TIME OF USE (ToU) TARIFF

=N A . .
#'+4 | MADHYANCHAL VIDYUT VITRAN NIGAM LIMITED For Assistance Dial 1912
i 82 ) 7
et/ T fage foeRer o oo 8010924203
WhatsApp No
Account No. XXXXXX0000 Division EUD_RAJBHAWAN(DIV312614)
|Name XXXXXXXXXXX bdivisi SD0312614
Father/Husband name XXXKXXXXXXX Sanctioned Load 20 KVA
[Address XXXXXXXXXXXXXXXX |Meter S.No XXXXXXXX
Mobile No XXXXXX87555 Tariff LMV1
Email b @yahoo.com Supply Type 11
[Security Deposit 7000
JConnection Date 7/3/2010
[Bill Latitude 0
IBill Longitude 0
|Bill No XXXXXXXXXXXX Bill Basis 0K Due Date 18-Apr-23
IBilI Date 4-Apr-23 Billed Demand 16.67 Due Date Rebate 148.08
IBilI Month Apr-23 Progressive Subsidy Amount 1785 Payable By Due Date 15402
[Net illed unit 2280 Inoperative Amount 10 Discon. Date 25-Apr-23
This bill will be construed as final notice under section 171 of Supply Code 2005. Supply can be disconnected at any date on non-payment of old dues.
Details Amount Details Amount
GrossAmt | Subsidy Amount
Energy Charges 13338 180 13158]Interest on Security 0.00)
Fixed/Demand Charges 165033 0 1650.33|Due Security 0.00)
Min Charge 0 0 04TDS Amount 0.00)
Electricity Duty 740.42JTCS Amount 0.00]
|Green EC 0JCGST 0.00}
Excess Demand Penalty 0fSGST 0.00)
Low P.F. Surcharge 0fCurrent LPSC 1.18]
Provisional Adj OINetCurrent Bill 15549.93
Tariff Adjustments 0[Prev. Due Date Rebate Adj. -140.60)
Credit 0JArrear Amount 140.46|
|Debit 0fPrev. Arrear LPSC 0.00)
|Misc Charges 0[Payable Amount 15550.00)
Rebate n Wor ifteen Thousand Five Hundred Fifty Rupees Only
| 0|in words Fifteen Thousand Five Hundred Fifty Rupees Onl
(Compensation Amt Total ToU Saving* = 1140.00
Installment 0fNet Bill Amount after ToU Saving 14410.00|
|Dishonor Cheque 0
[Dishonor Charge 0

Pay your bill online on

< www.upenergy.in > consumers can also pay bills from Deptt. Offices, Fair price shops, e-Suvidha, Jansuvidha Kendra and through Vidyut Sakhi and Metereaders
Pay DD/Cheque in favour of : EXECUTIVE ENGINEER-EUDD RAJBHAWAN

280

0.5

Meter Badge Meter Recorded Previous Previous Current Current Diff ME Meter Period Meter
Number Status DMD Date Read Date Read Unit Months Rmrk
XXOOOKXXXXKX A 10-Mar-23 221950 3-Apr-23 224195 2245 1 2245 KWH 1 0K
XHXXOXXKNXX A 10-Mar-23  [227564 3-Apr-23 229844 2280 1 2280 KWH 1 0K
XHXXOX KKK A 13.6 1 13.63 KVA 1 OK
Assessed Unit | Opening Surplus Solar units | 0 | Closing Surplus Solar Units | 0 | | Meterunit [ 2280 |
Energy Saved is Energy Produced
To get electricity related services or give a missed call on 8010924203
Junit Rates Amount Subsidy Rates Net Energy charge Last Payment Details Current Payment Details
Last Paid Amount Amount 15402
15402
Paid Date 15-Apr-23
— —— Payment Mode NET BANKING
LR Gactie Receipt No 129316070741.00

1140.00

* ToU savings is the rebate for electricity consumption during the periods when rebates on existing tariffs was offered through Pricing Signals by ISGF everyday

Figure 4-14: Residential Category Customers Shadow Bill by ISGF
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5 ToU Pilot Project Result Analysis

In this chapter, a thorough analysis of the outcomes and implications of the ToU Pilot Project was
conducted, focusing on the evaluation of various aspects and outcomes to provide a comprehensive
understanding of the project's effectiveness. To begin, a load curve analysis of Consumers was
examined, which provided valuable insights into their electricity consumption patterns and usage
behaviours. This analysis enabled identification of peak demand periods, off-peak hours, and the
overall load distribution during the project duration. Subsequently, the benefits that Consumers
derived from participating in the ToU tariff scheme were explored, including financial savings and
increased energy efficiency. Additionally, an assessment of the advantages that the UPPCL
experienced as a result of implementation of this pilot project was conducted. These advantages
included improved load management; optimized grid utilization; and potential financial benefits.
Furthermore, the societal benefits achieved through the ToU scheme were investigated, emphasizing
its contribution to carbon footprint reduction and sustainability goals. By comprehensively examining
these aspects, detailed outcomes and implications of the ToU Pilot Project were prepared.

5.1 Load Curve Analysis

The objective of the pilot project was to shift the load of peak periods to regular/off-peak periods to
flatten the load curve with added incentives/surcharges to the Residential, Commercial, and Industrial
Consumers. The ToU tariff design was calculated in such a way that there is no extra burden to
DISCOM:s.

Analysis of the monthly electricity consumption data of the 50 participating customers for the period
from September 2022 to May 2023 (9 months) has been presented below. The 30 residential customers
had smart meters and their 30-minute interval reads were shared by UPPCL with ISGF from the meter
data management system (MDM) of the smart metering system. The 17 commercial customers and the
3 industrial customers had automated meter reading (AMR) and their 30-minute interval reads were
shared by UPPCL with ISGF from the bulling system.

The calculation of the pricing signal for each 15-minute slot and the adjustment factor for the month
were explained in detail in chapter 4. An analysis of the consumption data for each 15-minute® interval
on daily basis and compared the load profile with the pricing signals was conducted. In general, it was
observed that majority of the participating customers adjusted their load according to the pricing
signals. The load shifting was more during peak hours when surcharge was applied. Although,
surcharges were applied for both morning peak and evening peak, load shifting was more prominent
during evening peak.

Further, the following periods have been used for defining peak, non-peak, and regular hours:

Table 5-1: Timing of existing ToD Tariff

Peak 5pmto 11 pm
Off -peak | 11 pmto5am, 11 amto 5 pm
Regular 5amto 11 am

1 The actual load profile data received was for 30 minutes interval but it was converted to 15-minute interval
for analysis purpose as pricing signals were calculated for every 15-minute intervals
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5.1.1 Peak Load Shift

The peak load shifting pattern has been analyzed separately for Residential, Commercial, and Industrial
customers and explained in the following sections.

Residential Customers

The consumption pattern was plotted for 13 residential Consumers whose interval data was collected
for the previous year and for the current year. Below image shows the standard load profile of

residential Consumers. As shown in this figure, for residential Consumers the peak comes around twice
in a day.

Average of Power (kW) by Time

Average of Power KW

Time

Figure 5-1: Standard pattern of load profile for residential Consumers in Lucknow
The pricing signals were sent to Consumers on daily basis since 08 September 2022.

The load survey data of 13 customers for each 15 min time slot was analysed and its was found that 4
residential customers (RC2, RC5, RC6 and RC 20) were closely following the pricing signals to adjust
their loads during the project period. The graph below shows change in electricity consumption
pattern for these residential Consumers w-r-t the previous year.

Average of Power (kW) by Time and with or without ToU pricing

out Toll pri

with or without Toll pricing @with ToU pricing @with

Awerage of Power kW)

Time

Figure 5-2: Load profile for residential Consumers considering all the months together (i.e., November,
December, January, February, March) with ToU pricing and without ToU pricing
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The orange line represents electricity consumption with ToU pricing whereas the blue line represents

the consumption without ToU pricing in the previous year. Peak consumption for residential
Consumers occurs twice in a day. Comparing with the previous year’s data, it is being observed that
when surcharge is applied during peak period (i.e., 5pm to 11pm) there is a significant reduction in the
peak load whereas when rebates are offered, they have increased their consumption. Electricity

consumption increased during the non-peak hours that is from 3pm to 5pm and during night from
after 9pm onward till 1lam when rebates were offered.

Commercial Customers

The consumption pattern was plotted for 10 commercial Consumers (previous year’s data of only 10

commercial customers we could collect). Below image shows the standard load profile of commercial
Consumers.

Average of Power (KW by Time

Average of Power [KW)

Figure 5-3: Standard pattern of load profile for commercial Consumers in Lucknow

The load survey data of 10 customers for each 15 min time slot is analysed. The graph below shows
the electricity consumption pattern for commercial Consumers. It can be observed that the demand
has considerably increased in 2022-23 period after covid lockdowns.

Load (kW) by Time and with or without ToU pricing

with or without ToU pricing ®with ToU pricing @without ToU pricing

Load (kW)

Time

Figure 5-4: Load profile for commercial Consumers considering all the months together (i.e., November,
December, January, February, March) with ToU pricing and without ToU pricing
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It may be noted that all commercial customers are on flat tariff in UP. Hence commercial customers
have no incentive for load shifting. Dedicated energy management teams are not assigned even in
large commercial customers with MW-scale power connections. ToU price signals offered rebates
during time slots in the afternoon when some of the commercial customers increased their air
conditioning load to pre-cool the buildings and turned off the compressors of the centralized air
conditioning system during the peak hours in the initial months of the project; but since there was no
financial benefits to them, they did not make efforts to do the same in later months. However, in the
overall demand curve, such load increase, do not reflect prominently because it is a small component
of their total consumption. After witnessing the savings in the shadow bills presented by ISGF, most
commercial customers were interested in ToU scheme.

Industrial Customers

Out of the three industrial customers who participated in the project, one is a cold storage who could
not shift loads. We have analyzed the consumption pattern of the 2 industrial customers, which is
given in the graph below.

Load (kW) by Time and with or without ToU pricing

with or without ToU pricing ®without ToU pricing

kWi

Load

Time

Figure 5-5: Standard load profile of industrial Consumers

Load (kW) by Time and with or without Tol pricing
with or without Tol! pricing ®with Tol pricing @ without ToU pricing
-
E
———
T T . —— _‘—-—’_/_
Time

Figure 5-6: Load profile for the 2 industrial Consumers from November 2022 to March 2023 and for the same
period for the previous year
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The orange line represents electricity consumption with ToU pricing whereas the blue line represents

the consumption without ToU pricing in the previous year. It is observed that during peak hours when

surcharge is applied (i.e., 5pm to 11pm) there is a sharp reduction in electricity consumption for
industrial Consumers.

5.1.2 Comparison of Consumption vis-a-vis ToU Price Signals

Load profile of participating Consumers (i.e., residential, commercial, and industrial Consumers) were
plotted on monthly basis comparing it with the previous year’s data.

Residential Consumers

Below graphs shows how the average load of residential Consumers varies during the typical day for
November 2022 to March 2023 as compared to same months of previous year. And it also shows the
average incentive and surcharge during the day for the above-mentioned months. The blue bar graph

represents the average incentive given and the red bar graph represents average surcharge applied
during different time slots.

Average of Power (kW) by Time and with or without TeU pricing

with or without Toll pricing ®with Tol pricing @ without Tol! pricing

fverage of Fower (kKW

Time
Average of Incentive/Surcharge by Time

]
¥ -— IIIII-

Figure 5-7: Load profile for residential Consumers for Nov-2022 (with ToU pricing) and Nov-2021 (Without ToU
pricing)
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Average of Power (kW) by Time and with or without TeU pricing

with or without ToU pricing ®with ToU pricing @without Tall pricing

Average of Power (kW

1200 AM 2400 PM 300 PM 00 P 9:00 PM
Time
Average of Incentive/Surcharge by Time

Time

auerage of Incentree/Surcharge

Figure 5-8: Load profile for residential Consumers for Dec-2022(with ToU pricing) and Dec-2021 (Without ToU

pricing)
Average of Power (kW) by Time and with or without Tel pricing
with or without ToU pricing ®with Toll pricing ®without Tol pricing
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Figure 5-9: Load profile for residential Consumers for Jan-2023 (with ToU pricing) and Jan-2022 (without ToU
pricing)
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Average of Power (kW) by Time and with or without ToU pricing

with or without Tol! pricing ®with ToU pricing ®without Tol pricing

Average of Power (KWl

Time
Average of Incentive/Surcharge by Time

urcharge

Awerage ol Incent e 5

Figure 5-10: Load profile for residential Consumers for Feb-2023 (with ToU pricing) and Feb-2022 (without ToU
pricing)

Average cof Power (kW) by Time and with or without ToU pricing

with or without Tol pricing ®with Toll pricing ®without ToU pricing

Average of Power (kW1

Time
Average of Incentive/Surcharge by Time

a
g _-llIIIIIIIIIIIIIIII - I_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII --Illlllllll_-
- “apipun " || I -

harge

fverage of Incentie,

Figure 5-11: Load profile for residential Consumers for March-2023 (with ToU pricing) and March-2022 (Withou
t ToU pricing)

Commercial Consumers

Below graphs shows how the average load of commercial Consumers varies during the typical day for
Nov-22, Dec-22, Jan-23, Feb-23, and March-23 respectively as compared to same months of previous
year. And it also shows the average incentive and surcharge during the day for the above-mentioned
months. The blue bar graph represents the average incentive given and the red bar graph represents
average surcharge applicable at the given time.
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Figure 5-12: Load profile for commercial Consumers for Nov-2022(with ToU pricing) and Nov-2021 (without

ToU pricing)
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Figure 5-13: Load profile for commercial Consumers for Dec-2022(with ToU pricing) and Dec-2021 (without
ToU pricing)
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Figure 5-14: Load profile for commercial Consumers for Jan-2023(with ToU pricing) and Jan-2022 (without ToU
pricing)
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Figure 5-15: Load profile for commercial Consumers for Feb-2023(with ToU pricing) and Feb-2022 (without ToU
pricing)
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Figure 5-16: Load profile for commercial Consumers for March-2023(with ToU pricing) and March-2022
(without ToU pricing)

Industrial Consumers

Below graphs shows how the average load of industrial Consumers involved in manufacturing of steel
products varies during the typical day form November 2022 to March 2023 as compared to same
months of previous year. And it also shows the average incentive and surcharge during the day for the
above-mentioned months. The blue bar graph represents the average incentive given and the red bar
graph represents average surcharge applicable at the given time.

Load (kW) by Time and with or without Toll pricing

with or without Toll pricing ®with TolJ pricing @without TeU pricing

Load {kW!

Time
Average of Incentive/Surcharge by Time

fIncentivesSurcharge

al

Avarage

Time

Figure 5-17: Load profile for industrial Consumers for Nov-2022 (with ToU pricing) and Nov-2021 (without ToU
pricing)
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Figure 5-18: Load profile for industrial Consumers for Dec-2022 (with ToU pricing) and Dec-2021 (without ToU

pricing)
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Figure 5-19: Load profile for industrial Consumers for Jan-2023 (with ToU pricing) and Jan-2022 (without ToU
pricing)
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Figure 5-20: Load profile for industrial Consumers for Feb-2023 (with ToU pricing) and Feb-2022 (without ToU
pricing)
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Figure 5-21: Load profile for industrial Consumers for March-2023 (with ToU pricing) and March-2022 (without
ToU pricing)

The analysis conducted on the load of residential, commercial, and industrial Consumers reveals the
following conclusions.

For residential Consumers, it can be inferred that there has been a significant reduction in peak load
during the hours of 5:00 PM to 11:00 PM. This reduction signifies a notable shift in the peak load
compared to previous years.
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On the other hand, for industrial Consumers, there has also been a significant reduction in load during
the same peak hours when surcharges are applied. Conversely, when incentives are given, there is a
proportional increase in load.

5.1.3 Correlation Between Load and Incentive/Surcharge

Correlation signifies the strength and direction of the linear relationship between two variables. It
measures how closely the variables are related to each other. Correlation is a statistical measure that
helps to understand the degree of association between two variables. It is important to note that
correlation does not imply causation, meaning that a strong correlation between variables does not
necessarily imply a cause-and-effect relationship between them.

The correlation coefficient, ranges between -1 and 1. The sign of the correlation coefficient (+/-)
indicates the direction of the relationship:

e A positive correlation indicates that as one variable increases, the other variable tends to
increase as well. It suggests a direct or positive linear relationship.

e A negative correlation indicates that as one variable increases, the other variable tends to
decrease. It suggests an inverse or negative linear relationship.

The magnitude (absolute value) of the correlation coefficient indicates the strength of the relationship:

e A correlation coefficient close to +1 or -1 suggests a strong relationship, where the variables
are closely related and tend to vary together.

e A correlation coefficient close to 0, indicates a weak or no relationship, where the variables
do not have a consistent linear relationship.

Residential Consumers

Following heat-map shows the correlation between power (i.e., load) and incentive/ surcharge applied
during the mentioned period for residential Consumers. Load data of peak period (from 5 pm to 11
pm) is considered while finding the correlation between power (i.e., Load) and incentive/surcharge.
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Figure 5-22: Correlation between load and incentive for residential Consumers
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Figure 5-23: Correlation between load and surcharge for residential Consumers

Table 5-2: Correlation Matrix

Load (kW) 1.00000 0.2 -0.46
Incentive 0.2 1.00000 NA
Surcharge -0.46 NA 1.00000

The matrix explains the correlation between power (Consumedd) and incentive/surcharge for
residential Consumers.

A correlation coefficient of -0.46 signifies a moderate negative correlation between the two variables
(Load and Surcharge). The negative sign (-) indicates an inverse relationship between Load and
Surcharge. As Surcharge increases, the Power consumption (Load) tends to decrease.
The magnitude (absolute value) of 0.46 suggests a moderate strength of the relationship. It indicates
that the variables are somewhat related, but the relationship is not extremely strong.

Commercial Consumers

For the commercial category Consumers, no relationship between incentive/surcharged and electricity
consumption was observed. As There is not much deviation in overall demand curve as compared to
previous year, we have not calculated the correlation between pricing signals and the load.

Industrial Consumers

Following Heat map shows the correlation between Power (i.e., load) and incentive/ surcharge applied
during the mentioned period for industrial Consumers. Load data of peak period (from 5 pm to 11 pm)
is considered while finding the correlation between load and Incentive/Surcharge.
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Figure 5-24: Correlation between load and incentive for Industrial Consumers
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Figure 5-25: Correlation between load and surcharge for industrial Consumers

Table 5-3: Correlation Matrix

Load (kW) 1.00000 0.60 -0.54
Incentive 0.60 1.00000 NA
Surcharge -0.54 NA 1.00000

The matrix explains the correlation between power (consumed) and incentive/surcharge for industrial

consumers.
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A correlation coefficient of -0.54 signifies a moderate negative correlation between the two variables
(Load and Surcharge). The negative sign (-) indicates an inverse relationship between Load and
Surcharge. As Surcharge increases, the Power consumption (Load) tends to decrease.

The magnitude (absolute value) of 0.54 suggests a moderate strength of the relationship. It indicates
that the variables are somewhat related, but the relationship is not extremely strong.

In this case, a correlation coefficient of 0.60 suggests a strong positive relationship between the
variables (Load and Incentive). It indicates that as one variable increases, the other variable tends to
increase as well, and the relationship is consistent.

When interpreting correlations, it is also important to consider the nature of the variables and the
specific context. A correlation coefficient of 0.60 may be considered strong in some cases, while in
other situations, it might be considered moderate or weak depending on the expectations and
standards within a particular domain.

Future Projection of Peak Demand

As one of the most populous states in India, Uttar Pradesh has a significant and growing demand for
electricity. The state experiences various consumption patterns based on the type of Consumers and
the seasonal changes. Residential Consumers in Uttar Pradesh typically have higher energy
consumption during the evening hours when households are engaged in various household activities.
Commercial Consumers, such as offices and shops, tend to have relatively stable energy consumption
patterns throughout the day, with a slight decrease during lunch breaks. Industrial Consumers often
have consistent high-energy consumption during their operational hours, which can vary based on the
specific industry.

To estimate the potential for peak load reduction through ToU price signals, several factors need to
be considered:

1. Awareness and Understanding: The success of ToU Tariff Scheme depends on Consumers'
awareness and understanding of the price signals and their willingness to adjust their behavior
accordingly. Public awareness campaigns and education about the benefits of shifting energy
usage can play a crucial role in encouraging Consumers participation.

2. Price Differential: The price difference between peak and off-peak periods should be
significant enough to motivate Consumers to change their consumption patterns. If the price
differential is too small, Consumers may not find it financially beneficial to shift their usage.

3. Flexibility of Consumption: The extent to which Consumers can adjust their electricity
consumption patterns also influences the potential for load reduction. Usage of some
appliances and activities can be shifted easily to off-peak periods (e.g., running dishwashers,
doing laundry, water pumping’s or charging electric vehicles), while others may have limited
flexibility (e.g., essential lighting or cooling needs during peak periods).

4. Infrastructure and Technology: The availability and accessibility of advanced metering
infrastructure (AMI) or smart meters are crucial for accurate measurement and
implementation of ToU tariff scheme. Smart meters enable real-time monitoring of electricity
consumption, making it easier to track and analyze Consumers behavior.
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Based on the collected historical data of peak load in UP from 2012 to 2022, with a projected peak
load of 40,273 MW for the year 2028, we made an attempt to estimate the potential for peak load
reduction through ToU Tariff Scheme.
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Figure 5-26: Peak Demand Analysis and future Projections

The historical data provides valuable insights into the peak demand trends in UP over the years.
Additionally, the forecasted peak demand for the years 2024 to 2028 indicates an increasing trend,
with a projected peak of 40,273 MW in 2028. This growth in peak demand necessitates measures to
manage and reduce the strain on the grid during peak hours.

Since 2014, there has been an average shortfall of 6-7% in meeting peak electricity demand in Uttar
Pradesh (UP) on specific days. This shortfall highlights a disparity between the supply and demand
during peak load hours.

By implementing ToU tariff scheme and effectively incentivizing Consumers to shift their electricity
usage from peak to off-peak periods, it is possible to reduce the peak demand.

Even a modest 5% reduction in peak demand can lead to a significant reduction of 2,000 MW from the
projected peak demand of 40,273 MW in the year 2028. This reduction showcases the potential impact
of load shifting through ToU pricing.

Considering the current peak demand of 28,000 MW a reduction of 1,400 MW in peak load signifies
the avoidance of additional strain on the grid during peak hours. It not only helps in meeting the
electricity demand but also ensures a more stable and reliable power supply for all Consumers.

By effectively managing peak load through ToU pricing, substantial environmental benefits can be
achieved. A key advantage is the reduction in carbon footprint associated with electricity generation.
Traditional power plants, particularly those relying on fossil fuels, emit greenhouse gases (GHGs)
during operation. By reducing peak electricity demand, the need for additional power generation
capacity, often met by fossil fuels, is mitigated. This, in turn, leads to a decrease in GHG emissions and
contributes to the fight against climate change.
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Additional Revenue to UPPCLs for each participating Consumers were calculated and an analysis was
done to infer the possible benefits that Consumers may reap by opting for ToU tariff scheme. Below
table indicates cumulative utility bill, cumulative ToU bill, and Additional Revenue to UPPCLs for a
period of 6 months (September 2022 to March 2023).

Table 5-4: Additional Revenue to UPPCL for Participating Consumers

1 Commercial CC-1 1120 18027618 17512395 515223 2.86
2 | Commercial | CC-2 700 14243258 14182250 61008 0.43
3 Commercial CC-3 2200 17817595 17354122.48 463472.52 2.60
4 | Commercial | CC-4 600 13646200 13090215 555985 4.07
5 | Commercial | CC-5 1425 19113627 18415207 698420 3.65
6 Commercial CC-6 350 2576264 2500981 75283 2.92
7 | Commercial | CC-7 1665 5110624 4775614 335010 6.56
8 Commercial CC-8 990 2850165 2757281 92884 3.26
9 | Commercial | CC-9 800 10591580 10195487 396093 3.74
10 | Commercial CC-10 1366 20758927 19906643 852284 411
11 | Commercial Cc-11 383 1434469 1399397 35072 2.44
12 | Commercial CC-12 501 4450046 4312173 137873 3.10
13 | Commercial CC-13 750 7733707 7547864 185843 2.40
14 | Commercial CC-14 1112 11954023 11513534 440489 3.68
15 | Commercial CC-15 550 4953137 4779928 173209 3.50
16 | Commercial CC-16 2000 23655650 23045484.95 610165.05 2.58
18 | Commercial CC-17 4279.5 74285693 72810996 1474697 1.99
19 | Industrial IC-1 2000 187481 175616 11865 6.33
20 | Industrial IC-2 2000 2468938 2268832 200106 8.10
21 | Residential RC-1 18 173519 166577.7 6941.3 4.00
22 | Residential RC-2 10 47017 45070.51 1946.49 4.14
23 | Residential RC-3 2 18745 18199.95 545.05 280
24 | Residential RC-4 2 10721 10269.01 451.99 4.22
25 | Residential RC-5 5) 21399 20208.42 1190.58 5.56
26 | Residential RC-6 2 57042 53493.65 3548.35 6.22
27 | Residential RC-7 1 8644 8455.31 188.69 2.18
28 | Residential RC-8 4 17087 16178.37 908.63 5.32
29 | Residential | RC-9 2 86382 81106.14 5275.86 6.11
30 | Residential RC-10 3 47739 46582.66 1156.34 2.42
31 | Residential RC-11 10 42352 40803.48 1548.52 3.66
32 | Residential RC-12 13 310152 301154.4 8997.6 2.90
33 | Residential RC-13 2 6875 6341.88 533.12 7.75
34 | Residential RC-14 17 87445 83345.24 4099.76 4.69
35 | Residential RC-15 16 315770 312509 2 3260.8 1.03
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36 | Residential RC-16 5] 13366 12657.18 708.82 5.30
37 | Residential RC-17 10.67 52847 50793.18 2053.82 3.89
38 | Residential RC-18 10 14439 13702.51 736.49 5.10
39 | Residential RC-19 3 6860 6481.53 378.47 5.52
40 | Residential RC-20 5 13051 12968.25 82.75 0.63
41 | Residential RC-21 15 185087 178456.2 6630.8 3.58
42 | Residential RC-22 10 426593 425543.99 1049.01 0.25
43 | Residential RC-23 5 14362 13921.5 440.5 3.07
44 | Residential RC-24 2 11404 10744.5 659.5 5.78
45 | Residential RC-25 2 9444 8963.83 480.17 5.08
46 | Residential RC-26 15 341410 328654 12756 3.74
47 | Residential RC-27 15 36103 34391.23 1711.77 4.74
48 | Residential RC-28 20 117243 110714.17 6528.83 5.57

As shown in the below table percentage savings for commercial, industrial, and residential Consumers
are 2.81%, 7.98%, 3% respectively. Additional Revenue to UPPCLs in the utility bill for all Consumers is
2.86%.

Table 5-5: Average percentage saving

Commercial 253202583 7103010.57 2.81%
Industrial 2656419 211971 7.98%
Residential 2493098 74810.01 3.00%
Grand Total 258352100 7389791.58 2.86%

Lower Electricity Bills for All

ToU pricing typically involves different rates for different time periods, with peak periods having higher
rates and off-peak periods having lower rates. By shifting energy-intensive activities, such as running
appliances or charging electric vehicles, to off-peak hours, Consumers can take advantage of lower
rates and reduce their overall electricity costs. The pricing encourages Consumers to be more mindful
of their energy usage and to actively conserve electricity during peak hours. When faced with higher
rates during peak periods, Consumers are motivated to adjust their behaviour and limit energy
consumption. This can lead to reduced electricity usage and lower bills for all Consumers. The pricing
allows Consumers to time-shift their electricity usage to align with lower-rate periods. For example,
they can schedule activities like laundry, dishwashing, or running water pumps during off-peak hours.
By capitalizing on lower rates, Consumers can decrease their electricity expenses.

Freedom of Choice

ToU pricing encourages Consumers to adjust their energy consumption behaviour in response to price
signals. By providing higher rates during peak periods, Consumers are motivated to shift their
electricity usage to off-peak hours when rates are lower. This behavioural adaptation allows
Consumers to align their energy consumption patterns with the available pricing, giving them the
freedom to optimize their electricity costs. The pricing allows Consumers to choose when they
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Consumed electricity based on the available pricing options. By offering different rates for different

time periods, Consumers have the freedom to decide when to use electricity based on their personal
preferences and needs.

Environmental Impacts

Primary objective of the ToU tariff is to reduce peak load that could avoid running peaking power
plants. Generally, all peaking plants are run on gas or oil which emits pollutants. ToU will contribute
to reduction in emissions. This aspect also needs to be explained to customers that their choice to shift
loads from peak hours to non-peak hours not only save money for them, but also save the planet. If
the utility is not able to meet the peak loads, they resort to load shedding and several customers would
run their diesel generating (DG) sets during such power outages. If peak load can be managed through
ToU tariff scheme, that will reduce load shedding which in turn will reduce emissions from DG sets.

Customer Impact

Time of Use (ToU) pricing can have several impacts on customers. One of the primary impacts is the
potential for cost savings. Customers who can shift their electricity usage to off-peak hours can take
advantage of lower rates, leading to reduced overall electricity bills. However, this savings potential is
contingent on individual consumption patterns and the ability to adjust energy usage to align with off-
peak periods.

ToU implementation will impact a range of customers i.e.,, Large Commercial, Industrial,
Schools/Colleges, Hotels, IT Parks, Institutes, Utilities (WTP, STP, Municipal Board, Jal Board), and
Residential customers. Customer’s participation in demand-side response will make a substantial
contribution to utility load management and will improve operational efficiency of the DISCOM. It will
help in future operational planning and infrastructure augmentation.

Pricing also offers customers increased control and flexibility over their electricity costs. With access
to pricing information for different time periods, customers can make informed decisions about when
to use energy-intensive appliances or engage in activities that require significant electricity
consumption. This flexibility allows customers to align their energy usage with their preferred schedule
and optimize their electricity expenses.

5.3 Benefits to UPPCL

It is expected that the peak load reduction through ToU will help reduce the power purchase cost of
the DISCOM. Cost of peaking power is normally much higher than the regular power bought through
long-term PPAs. As stated earlier, peak load reduction may not result in overall reduction in energy
consumption as customers will use electricity during off-peak hours. Shifting part of the consumption
to off-peak hours at lower tariff will reduce the overall bill of the customer; but DISCOM’s net income
will be higher as the power sold at reduced tariff will also have higher margin. The ToU pricing signals
can be designed such a way that it will be a WIN-WIN situation for both customers and the DISCOM.

5.3.1 Reduced Losses by Shifting Load from Peak Hours to Off-Peak/Regular Hours

By aligning the cost of electricity with the time of consumption, DISCOMs can effectively manage their
peak load, reduce losses, and enhance financial stability. We have examined the monetary benefits to
UPPCL by implementing ToU tariff scheme, specifically focusing on the condition where UPPCL procure
electricity from the power exchanges during peak hours at higher prices.
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Managing Peak Load and Reducing Losses

During peak hours, when the demand for electricity is at its highest, UPPCL often purchase electricity
from the power exchanges at higher prices. This procurement cost exceeds the standard tariff rates,
leading to increased losses for UPPCL. However, by implementing ToU pricing, UPPCL can encourage
Consumers to shift their consumption from peak hours to off-peak or regular hours, thus mitigating
the burden of procuring expensive electricity during peak times. By applying surcharges during peak
hours over and above the regular tariff under the ToU scheme, UPPCL can pass on the higher price of
power procurement from the market to the Consumers. This avoids the situation of buying power at
higher prices and selling to Consumers at lower prices.

Average Incentives versus Peak Hour Losses

It is important to strike a balance between the average incentive offered to the Consumers and the
losses incurred by the UPPCL during peak hours to ensure that the overall monetary benefits are in
favour UPPCL. While the average incentives offered to Consumers during non-peak hours is lesser than
the losses incurred during peak hours, the aim is to create a situation where the overall financial gains
outweigh the losses.

AT&C Loss Reduction

Aggregate Technical and Commercial (AT&C) losses refer to the losses that occur during the
transmission and distribution of electricity, including technical losses and commercial losses such as
theft or billing inefficiencies. When demand during peak hours is reduced, the load on the distribution
infrastructure decreases, which can lead to lower technical (I?R) losses. Implementing ToU tariff
scheme helps UPPCL to strategically manage their peak load, reduce losses, and enhance financial
stability.

5.3.2 Retention of Consumers Moving to Open Access or Power Exchanges

Large Consumers in India can directly purchase electricity from any power producers or traders under
the open access policy which had a limit of minimum 1 MW demand. In 2022, Government of India
has reduced this limit to 100kW for green energy under the Green Energy Open Access Rules 2022.
Presently there are 3 energy exchanges in operation in India — Indian Energy Exchange (IEX), Power
Exchange India Limited (PXIL) and Hindustan Power Exchange Limited (HPX). Customers could buy
under open access from any sources on long/short term power purchase agreements (PPAs) or
through these exchanges. In Uttar Pradesh, open access is being awarded to Consumers having a
capacity above 1 MW connected to 11 kV and higher. However, for purchase of green electricity by
customers with a demand of 100kW and above, there are separate guidelines.

These options can potentially motivate large Consumers to buy electricity at a significantly lower cost
compared to the regular tariffs offered by UPPCL. However, offering incentives to Consumers during
off-peak hours can discourage them from opting for electricity procurement from other sources.

These incentives can take the form of reduced tariffs or special pricing schemes designed to make the
UPPCL’s electricity rates more attractive to Consumers. This approach allows UPPCL to retain their
customers and ensure a steady revenue stream.

5.3.3 Improved Demand Forecasting and Reduced Unscheduled Interchange Charges

ToU pricing presents a significant opportunity for UPPCL to enhance their demand forecasting
capabilities and reduce unscheduled interchange (Ul) charges. By aligning electricity rates with
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different time periods based on demand patterns, UPPCL can incentivize Consumers to shift their
electricity consumption to off-peak hours, leading to better forecasting accuracy and minimized grid
imbalances.

Accurate demand forecasting is crucial for UPPCL to optimize grid operations and minimize costs
associated with Ul charges incurred when the actual electricity demand deviates from the scheduled
demands, leading to additional costs for the system operator to balance the grid. ToU pricing
encourages Consumers to shift their electricity usage to off-peak hours by offering lower electricity
rates during those periods. As a result, UPPCL can observe more predictable and stable demand
patterns, enabling them to improve their demand forecasting accuracy. By incentivizing Consumers to
voluntarily adjust their consumption, UPPCL can anticipate and plan for the load more effectively,
minimizing the Ul charges.

5.3.4 Reduced Infrastructure Augmentation Cost

The implementation of ToU tariff scheme offers a significant advantage to UPPCL by reducing the
infrastructure augmentation costs associated with expanding and upgrading the electricity grid.
Typically, in every power system, the last 100 MW of the peak load is experienced for less than 100
hours in a year. Augmenting the generation, transmission, and distribution infrastructure to meet this
peak load is too huge for the DISCOMs. By incentivizing Consumers to shift part of their electricity
usage to off-peak hours, ToU tariff scheme can effectively manage peak load and defer the need for
costly infrastructure upgrades by several years.

Benefits of Reduced Infrastructure Augmentation Costs:

1. Cost Savings: By managing and reducing peak load through ToU pricing, UPPCL can avoid or
delay costly infrastructure augmentation projects, resulting in significant cost savings

2. Efficient Resource Utilization: ToU pricing optimizes the utilization of existing infrastructure
by distributing the load more evenly throughout the day. This reduces strain on the grid during
peak hours and minimizes the need for costly upgrades

3. Environmental Impact: By avoiding infrastructure expansion and utilizing existing resources
more efficiently, ToU pricing contributes to environmental sustainability by reducing the
environmental footprint associated with constructing new power plants, transmission system
and distribution lines

4. Consumers Affordability: Reduced infrastructure augmentation costs help maintain
affordable electricity rates for Consumers, as the burden of infrastructure investment is
minimized

As there were no monetary benefits given to participating Consumers in this pilot project, it is
observed that a large number of participants did not take serious efforts to shift their loads.

Residential Consumers: A pool of 30 residential Consumers participated in this pilot project, however
we could receive load profile data of 13 Consumers only from UPPCL. A few residential Consumers
(RC2, RC11, RC27 and RC28) were closely following the pricing signals to adjust their loads during the
pilot period. A reduction of 17.5% in peak load was observed during peak hours (5pm to 11pm) as
compared to previous year (refer figure 5-2). It is safe to say that on average 5-10% of peak reduction
can be obtained among residential Consumers by enrolling them in ToU tariff scheme in Uttar Pradesh.
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Commercial Consumers: Commercial Consumers in Uttar Pradesh continue to be charged at flat tariff
rate (i.e., no ToD is applicable). Therefore, there is a lack of energy management resources or
technologies are in place for load control and management. Though there is a considerable saving in
shadow bills are observed, any significant change in consumption pattern could not be measured. The
limited participation and the nature of their business was the reason for the same. This Consumers
category can be motivated by applying ToD/ToU, so that they can achieve financial benefits through
reductions in load during peak hours.

Industrial Consumers: Three industrial Consumers participated in this pilot project. One Consumers
who is involved in manufacturing of steel products, has followed the pricing signals closely. When
surcharge was applied during peak hours (5 pm to 11 pm), sharp reduction in electricity consumption
was observed. Reduction from recent occurring peak (between 4 pm and 5 pm) was around 65% under
the TOD tariff in the previous year. With application of surcharge under ToU, this reduction in peak
has been much steeper at around 83% that we observed. So, there is 18% more reduction in load from
recent occurring peak as compared to previous year with application of pricing signals (refer images
5-17 to 5-21). It is safe to say that on an average 5% reduction in electricity consumption can be
obtained among industrial Consumers by applying ToU tariff in UP.

Table 5-6: Potential for peak reduction

Residential 0.26 MW 40503.75 MW 17.5% 8%
Commercial 19.9 MW 4931.474 MW - 5%
Industrial 4.06 MW 9108.572 MW 18%? 5%

The participating residential Consumers have a connected load of 0.26 MW, contributing to a total
connected load of 40,503.75 MW in Uttar Pradesh for the year 2021-22. During peak hours from 5 pm
to 11 pm, residential Consumers have shown an observed reduction in peak load by 17.5%. It is safe
to say that on average 8% of peak reduction can be obtained among residential Consumers.

On the other hand, participating commercial Consumers have a significantly higher connected load of
19.9 MW, contributing to a total connected load of 4,931.474 MW in Uttar Pradesh for the year 2021-
22. Although the observed reduction in load during peak hours is not significant, it is safe to assume
that the commercial sector has the potential to reduce peak demand by minimum 5%.

Similarly, the participating industrial Consumers have a connected load of 4.06 MW, contributing to a
total connected load of 9,108.572 MW in Uttar Pradesh for the year 2021-22. During peak hours, one
industrial Consumers has shown reduction in load by 18%. The commercial sector has the potential to
reduce peak demand by 5%.

ZRather than the actual reduction it is the relative difference between the load during peak hour and the recent
occurring peak non-peak hour (4pm — 5pm) as compared to the previous year.
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Reduction in Power Purchase Cost

A peak load of 28,000 MW was observed in last week of June 2023 in Uttar Pradesh. Considering a
modest 5% reduction in peak load, 1400 MW of reduction in peak demand can be achieved.

During peak hours, UPPCL typically procure electricity from external sources, such as the IEX, at higher
prices. By reducing the demand during these hours, UPPCL can avoid purchasing expensive electricity.

Let us assume a reduction in power purchase cost of INR 4 per kWh due to the reduced demand during
peak hours.

Savings due to reduction in load during peak hours is calculated below.
Demand reduction during peak hours (in MW) * Reduction in power purchase cost (INR/kWh) which
is 1400 MW * INR 4/kWh = INR 56,00,000 per hour (during peak hours)

It is considered that the 1400 MW load is shifted to non-peak hours when INR 2.00/kWh rebate was
offered. The cost incurred by giving incentive during off-peak hours is calculated below.

Average incentive (INR/kWh) * Load shifted from peak to off-peak/ regular hours

= INR 2/kWh * 1400 MW

=INR 28,00,000 per hour

Additional Revenue to UPPCLs by load shifting from peak hours to off-peak/regular hours
Savings due to reduction in load during peak hours - Cost incurred for giving incentive during off-
peak/regular hours is INR 5,600,000 — INR 2,800,000 = INR 2,800,000 per hour

Considering 4 hours of peak in a day for 300 days in a year,
Additional Revenue to UPPCL in a year =4 * INR 28,00,000 * 300 = INR 336,00,00,000

The important point to note that the additional cost of procuring peak power from external sources
can be passed on to the customers through surcharges under the ToU tariff scheme.

Saving Through Imposing Surcharges

With ToU tariff, surcharges or incentives have been given under different time slot during the day
based on market price conditions. The sample size taken for the pilot included 50 consumers with a
cumulative load of 24 MW. A typical monthly saving for UPPCL from additional surcharge during peak
hours is calculated (details in Annexure C) based on the grid tariff and surcharge for the 50 consumers
(24 MW load) is around INR 98,36,537. The Table below shows the monthly savings and the average
for the year.

Month Total Benefit One day Total Benefit per Month

Sep'22 2,17,989 65,39,670
Oct'22 72,663 21,79,890
Nov'22 12,111 3,63,315
Dec'22 36,332 10,89,945
Jan'23 3,02,763 90,82,875

State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 77




India Smart Grid Forum

Feb'23 3,45,149 1,03,54,478
Mar'23 1,33,216 39,96,465
Apr'23 8,29,569 2,48,87,078
May'23 1,45,326 43,59,780
June'23 3,02,763 90,82,875
July'23 3,45,149 1,03,54,478
Aug'23 11,91,587 3,57,47,601
Total Benefit 11,80,38,448
Average Benefit Per Month 98,36,537
Assuming 30 % of the load in UP will

participate in ToU Scheme 3,54,11,53,452

In the calculations it is assumed that the average system load is 24,000 MW and out of this 30% load
can be moved to ToU scheme. This could lead to a benefit to the tune of INR 354,11,53,452.

Thus, the total estimated benefit to UPPCL (5% Peak load shifting as mentioned in section 5.3.4 and
additional revenue from surcharge applied during peak hours on 30% load) will be Rs. 336 Crore + 354
Crore = 690 Crore.

5.4 Societal Benefits and Carbon Foot Print Reduction

Cheaper Electricity to Industries and Reduced Cost of Products. Adopting ToU tariff for industries
where electricity is a significant part of the product cost can contribute to further cost reductions and
make end products more affordable for Consumers.

Consumers Awareness and Behaviour: Most electricity Consumers do not have any knowledge about
the demand and supply scenario and its impact on the grid. This lack of awareness can lead to
inefficient usage patterns, such as high consumption during peak hours (that could otherwise have
been shifted to other time of the day like ironing the clothes or pumping water) without considering
the strain it places on the grid. ToU tariff can educate and motivate Consumers about the importance
of efficient electricity usage and the benefits of load balancing.

Carbon Footprint Reduction: ToU tariff scheme can contribute to the efficient management of peak
load demand and reduce the share of electricity from peaking power plants which run on fossil fuels.
ToU pricing encourages load shifting, where Consumers shift their electricity usage to off-peak hours,
flattening the demand curve and reducing strain on the grid during peak periods. This optimization of
demand helps utilize the available generation capacity more efficiently. To cater to the needs of the
power consumption in Uttar Pradesh, out of the total power consumption almost around 81% is being
met through thermal sources - 77.09% of the power requirement is met by coal fired power plants and
4.74% is met by the gas power plants. It has been observed that average specific CO, emission by coal
fired power plant is 0.975 tonnes/MWh and for gas power plant it is 0.465 tonnes/MWh. Below table
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indicates the power generation mix and CO, emissions by thermal power plants in Uttar Pradesh for
May 2023.

Table 5-7: Power generation mix and CO2 emissions by thermal power plants in Uttar Pradesh

Thermal Coal 24295 77.09% 0.975
Gas 1493.14 4.74% 0.465

Total 25788.14 -

Renewable Hydro 501.6 1.59%

RES (solar, wind, biomass etc) 4786.15 15.19%

Nuclear 440 1.40%

Total 5727.75 -

Grand Total 31515.89 -

As already explained in the section 5.3.4, it has been projected that with adoption of ToU pricing 1400
MWh peak load reduction can be achieved. And if it is considered that out of this 1400 MWh reduction,
81% will be the reduction in peak thermal generation, then about 1082 tonnes of CO, emission per
hour can be reduced. Further if peak occurs for 4 hours a day and in a year, and it happens for 200
days then 8,65,525 tonnes of CO, emission can be reduced per year. The following table provide details
on potential CO; reduction that can be achieved.

Table 5-8: Calculation of CO2 emissions in a year

0.975 1051.05 4204.2 840840
0.465 30.8574 123.4296 24685.92
1.44 1081.9074 4327.6296 865525.92

Renewable Energy Integration: ToU tariff scheme promotes the integration of renewable energy
sources by incentivizing demand response programs, and deployment of energy storage systems that
would enhance the flexibility of the power system. ToU tariff with incentives during high-solar
generation hours during the day could motivate customers to shift certain loads to high-solar hours.
This would also help avoid curtailment of renewable energy generation. Increased utilization of
renewable energy helps to lower the overall carbon footprint of the electricity sector.

Better Power Quality and Improved Living Standard: With ToU pricing, DISCOMSs can optimize grid
operations, reduce overloading, stabilize the grid, align infrastructure investments, and leverage smart
grid technologies. The load shedding is also expected to be reduced or avoided. These measures
collectively contribute to better power quality, reduced power cuts, and an overall improved electricity
supply experience for Consumers giving them a better and improved living standard.
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6 Recommendations

This chapter examines the necessary infrastructure for the successful implementation of ToU tariff
scheme. Many DISCOMs are currently installing smart meters through different government
initiatives. Additionally, regulatory interventions are crucial to develop an effective strategy for the
adoption of ToU tariff scheme. The chapter presents a comprehensive roadmap, starting from
Consumers enrolment, outlining the infrastructure needed, and concluding with feedback
mechanisms.

6.1 Infrastructure Requirements ToU Tariff Implementation

Metering, Billing and Other Infrastructure Requirements for ToU Tariff Implementation

Smart Meters: To introduce ToU pricing, DISCOMs are required to install smart meters at Consumers
premises. Smart meters are capable of recording and transmitting electricity usage data at regular
intervals. This enables accurate billing based on consumption during different time periods in a day.

Communication Network: A robust communication network is required to facilitate the exchange of
data between smart meters and utility companies. This network ensures that consumption data is
collected in near real-time or at regular intervals for accurate billing and comprehensive analysis.

Data Management System: To handle the extensive volume of consumption data, gathered from
Smart Meters, a robust data management system is necessary. This system allows DISCOMs to
effectively analyse usage patterns, generate bills, and provide consumption feedback to customers.

Billing and Customer Management System: To implement ToU pricing effectively, DISCOMs require
billing systems that can accurately calculate charges based on different time periods and tariff rates.
This system should also have customer management functionalities such as managing customer
profiles, tariff options, and providing usage reports.

Customer Interface: DISCOMs often provide customers with online portals or mobile applications to
access their consumption data, view real-time pricing information, and manage their energy usage.
These interfaces allow customers to make informed decisions about when to use electricity to
optimize their costs.

Customer Education and Support: Educating and supporting customers is important when
implementing ToU pricing. DISCOMs need to invest in customer education programs, support
channels, and tools to help customers understand the new rate structure, benefits, and strategies for
effectively managing their electricity consumption.

6.2 Regulatory Interventions

For the successful implementation of ToU tariff regime, certain regulatory interventions are necessary.
Some of these interventions include:

e UPERC in consultation with the UP-Energy Department, UPPCL and the other UP State
DISCOMs may establish a ToU Tariff regime. It is recommended to start with a simplified
structure consisting three tariff structures — Regular, Peak, and Off-Peak. To account for the
Peak period, a surcharge can be added to the regular tariff, while a rebate can be provided
for Off-Peak rates. The precise values for different categories of customers can be analysed
and finalized. Additionally, consultations with target ToU customers would be valuable in
gathering customer feedback and insights during decision making.
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e UPERC should monitor customer feedback and analysis systems to identify any necessary
modifications in ToU Framework to ensure that the ToU structure remains responsive to
customer needs and expectations.

e DISCOMs should keep a track of the savings in power purchase cost, reduction in peak load,
and subsequent reduction in AT&C losses and emissions and monitored by UPERC. DISCOMs
should also assess their revenue impact, both positive and negative, from the ToU customers
and overall revenue impact from the scheme. Based on these assessments, DISCOMs can
provide appropriate recommendations to UPERC for adjustments in the ToU tariff
framework.

e As part of 100% smart metering scheme of Gol, smart metering rollout should be designed
in a way that enables the meter data management systems to capture and aggregate the
meter readings in specified time blocks with different tariffs in separate buckets. These
systems should integrate seamlessly with the billing system to generate ToU bills during the
billing cycle.

e Considering the interest of both the parties, i.e., Consumers and the DISCOMs, surcharge and
incentive should be capped to a certain value to balance the trade.

6.3 ToU Implementation Roadmap

The steps toimplement ToU are explained below:

Selection of the Target ToU Customers
DISCOM should identify the customers with significant loads (e.g., 10 kW and
above) who could shift their load, part or full, by a few hours — either by

advancing or delaying their usage. It is also crucial to assess the loading on the
feeders. To select ToU customers effectively, priority should be given to customers located on
feeders experiencing highest congestion in peak hours. This approach ensures that the ToU
pricing scheme targets customers who can have the most significant impact on reducing peak
demand and optimizing the utilization of the distribution network.

Enrolment of Customers
It is advised to educate the identified customers about the benefits of ToU
tariff. To enrol for the customer for the ToU program, awareness about

the enrolment process is important i.e., enrolment through the DISCOM'’s user-friendly
web portal. By offering a mobile-friendly interface, it enhances services to customers and
offers a number of advantages by providing numerous online services which customers can
avail using their unique id. The web portal should facilitate online registration for
customers and enable them track the following key functionalities:

State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 81




ISOF

India Smart Grid Forum

Customer Engagement and Education

Customer engagement is key to ensure success of the ToU tariff scheme. It is
important to ensure that the ToU customer agreement is user-friendly and easy
to understand. Avoid complex legal jargon that may confuse or discourage users from reading the
ToU. Consider including a summary or highlights section at the beginning of the ToU agreement.
This section can provide a concise overview of the most important points or terms that users
should be aware of. An accompanying Frequently Asked Questions (FAQ) section or a dedicated
help centre can be created on the website. This section can address common user queries,
provide further explanations, and offer additional guidance on specific aspects covered in the ToU
agreement. It allows users to find answers to their questions easily. To supplement the text-based
ToU agreement, consider using visual aids or infographics to explain complex concepts, processes,
or user rights.

Visual representations can often be more engaging and easier to understand, particularly for
users who may not have a legal background. Instead of presenting the entire ToU agreementin a
single, lengthy document, consider adopting a layered or interactive approach. This can involve
breaking down the ToU into sections or providing hyperlinks to relevant sections for easier
navigation. Users can click on specific topics of interest to access detailed information.

Smart Meter Rollout

DISCOMs implementing ToU pricing need to implement advanced metering
infrastructure (AMI) or smart metering. The AMI enables accurate measurement
and billing of electricity consumption based on different time periods. With AMI, DISCOMs can
collect real-time data on energy usage, facilitating the adoption of ToU pricing models where
electricity rates vary based on peak and off-peak hours. DISCOMs can promote energy efficiency,
incentivize consumers to shift their electricity usage to off-peak periods, and better manage peak
demand, leading to a more sustainable and cost-effective electricity distribution system with AMI.

Integration with Billing System

It is crucial to integrate the smart meter data collected from the ToU customers
with the billing system for generating accurate bills based on ToU tariff. The ToU
billing process can be implemented independently until it is scaled up, or it can be integrated with
existing billing systems by incorporating appropriate provisions. This integration ensures that the
billing system takes into account the time-based electricity consumption recorded by smart
meters, allowing for the calculation of charges according to the ToU tariff structure. By integrating
the two systems effectively, utility companies can streamline the billing process and provide
customers with precise and transparent bills reflecting their actual electricity usage during
different time periods.

Installation of Load Control Devices at Customer Premises

The implementation of ToU tariff involves installation of load control devices at
customer premises, which plays a critical role in the process. These devices are

State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 82




ISOF

India Smart Grid Forum
designed to remotely manage and control the electricity consumption of specific appliances or
equipment at the customer's location based on ToU rate schedules. By utilizing load control
devices, DISCOMs can communicate with customers' devices, such as air conditioners or water
heaters, to adjust their operation during peak demand periods or high-rate hours. By strategically
shifting or reducing electricity consumption during these peak times, load control devices help
customers optimize their energy usage, reduce costs, and support grid stability. The installation
of these devices promotes energy efficiency, demand response, and overall system reliability,
aligning with the objectives of ToU pricing programs.

Go live

After establishing the necessary infrastructure at customer premises and
successfully integrating it with the back-end billing system, the ToU program can
be launched and made live for customers. This involves activating the ToU pricing structure,
notifying customers about the program and its benefits, and providing them with clear
instructions on how to adapt their energy consumption patterns accordingly. Alongside the
launch, effective customer communication and education initiatives should be implemented to
ensure customers understand the ToU rates, the designated peak and off-peak hours, and any
associated incentives or rewards. Regular monitoring and evaluation of the program's
performance should also be conducted to make any necessary adjustments and continuously
improve the ToU program's effectiveness.

YAl R: 3 Feedback

There should be provision of a 24X7 helpline to collect the feedback from the
customers. A better ToU feedback will help DISCOMs to scale up the
implementation across the utility.
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Appendix — A: English Version - Customer Guide for Pilot Project on Time of

Use Tariff for Electricity in Uttar Pradesh

ISOF )
Customer Guide for

PILOT PROJECT
ON TIME OF USE
TARIFF FOR
ELECTRICITY IN
UTTAR PRADESH

CONTACT US

Bindeshwary Rai | Phone - 986835485 | Email - b.rai@indiasmartgrid.org | ISGF

INDIA SMART GRID FORUM
CBIP Building | Malcha Marg | Chanakyapuri |New Delhi - 110021
T:91 114103 0398 | Website: www.indiasmartgrid.org
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Introduction

Time of Use (ToU) or Real-time Tariff for Electricity is
a new concept in which customers are given price
signals in advance (one hour or more) about the
electricity tariff so that they can decrease or increase
their electricity consumption. Typically, in a day there
are time slots when electricity demand is more than
available supply (peak-hours) which forces the utility
to resort to load-shedding. There are also several
time slots when the power on the grid is surplus.
Customers with loads that can be interrupted or
shifted for few hours can take advantage of the ToU
scheme. During peak hours the utility will levy a
surcharge to the normal tariff and during off-peak
hours or surplus periods, the utility will offer a rebate.
So, customers can switch off some of their
machineries during peak hours and run them during
off-peak hours when the rates are lower. This will
help the utility to avoid load-shedding and reduce
procurement of costly power during peak-hours at
market rates. Thus, the ToU scheme will help reduce
the monthly electricity bill of customers as well as
power purchase cost of the utility.

Uttar Pradesh is the first state in India to launch a
pilot project for ToU tariff implementation. The
successful outcome of this pilot project will enable
the government to frame regulations for ToU scheme
in the state.

This pilot project will be implemented by India Smart
Grid Forum (ISGF), a think tank established by
Ministry of Power, Government of India (Gol) with the
approval of the UP Electricity Regulatory Commission
(UPERC) and Uttar Pradesh Power Corporation
Limited (UPPCL); and will be undertaken amongst the
customers of Madhyanchal Vidyut Vitran Nigam
Limited (MVVNL).
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Under the existing Time of Day (ToD) tariff, four
different rates are applicable across the day for
industrial and commercial customers. The rebates
and surcharges will be applicable on these 4 slabs.
In order to implement ToU tariff successfully, AMR
meter or smart meter with related IT infrastructure
are required. Customers will be selected who already
have smart meters or AMR meters. ToU tariff will be
implemented on pilot basis for a period of 9 months.
During this period, the participating customers will
receive two electricity bills - the regular bills as per
existing tariffs; and another bill as per ToU scheme.
Since this is a pilot trial, customers will continue to
pay the normal bill. But the ToU bill will indicate how
much they could have saved based on the load
shifting undertaken as per the ToU price signals.

The price signals will be communicated few times
every day to the customers on Whats App (or SMS
or email) in advance (one to two hours) so that they
could reduce or increase their loads according to the
surcharge and rebates notified.

ToU tariff scheme will help to estimate how much
peak load reduction could be achieved; and
consequently, how much savings in the peak power
purchase cost for the utility and to what extent the
carbon emissions could be reduced.

How the Pilot Project will
be Executed?

ISGF in coordination with MVVNL will recruit 100 to 200
customers on voluntary basis. They will be provided
training on the details of the scheme and how best they
can leverage the ToU scheme to their maximum
advantage. Everyday price signals will be communicated
to the customers participating in the pilot project typically
one or two hours in advance of the rebate or surcharge
on the normal electricity rates. During peak-hours there
will be a surcharge on the normal rates and during off-
peak hours there will be a rebate on normal rates. For
example, a message will be communicated to the
customers that there will be a rebate of Rs 2 per unit
(kWh) from 2pm to 5pm on the normal rates. Similarly, a
message may be sent to customers around 4pm that
from 6pm to 9pm there will be a surcharge of Rs 2 per
unit (kWh) of electricity over and above the normal rates.
According to these price signals, customers can shift
their loads that are interruptible such as air-conditioners,
water pumps, welding and cutting machines, washing
machines and dish washers etc.

When the rebates are offered the buildings can be
precooled, do water pumping or wash clothes etc; and
when there is a surcharge during peak-hours, air-
conditioning can be switched-off for few hours and other
equipment and machineries can be turned-off.
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Benefits of Time of Use
(ToU) Tariff Scheme

) Lower Electricity Bills for All: ToU gives

customers options to save by reducing and
shifting electricity use to the time slots when
tariff is lower. By paying more attention to the
timing of energy use, customers could have a
new means of lowering energy bills and reducing
the use of costly peak power that usually comes
from polluting power plants. Since peaking
power plants are operated only during peak
hours of the day during the summer months,
their overall usage is typically 10-20%; and hence
the power from those peaking power plants is
very high (3-5 times from base load plants) and
this cost is adjusted in the overall tariff. In fact,
all customers are paying for this expensive
power. If peak load can be reduced (or shifted)
that could avoid/reduce the use of peaking
power plants, overall savings for the customers
will be significant. This will also reduce the
carbon emissions.

FREQUENTLY ASKED
QUESTIONS

Do | need to change my meter for ToU tariff
scheme?

No. You do not have to change your existing meter,
the ToU tariff scheme will work with the smart

Freedom of Choice: Voluntary participation in ToU with meter or AMR meter in your bulding.

the option to opt-in or opt-out, offers greater freedom to
customers to choose how they want to use and pay for

elctrity. Do I need to shift my load as instructed by power

distribution company (MVVNL)?

Savings to DISCOM: Reduction in power purchase
cost and deferral/avoidance of electrical network
enhancements to meet peak demands (that is
avoided by ToU scheme)

You can shift load according to your convenience
and feasibility

Is there any additional infrastructure required and
Though pricing signals (of rebates) customers can do | need to pay for that?

> be incentivized to consume more electricity during

periods when surplus electricity is available on the

grid which will avoid curtailing renewable energy

such as solar and wind generation. This will help

scaling up pf renewable energy in the state

No, no additional payments need to be made.
Since this is a pilot project, all costs including
additional infrastructure (if required) will be borne
by the project.
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Can | set the terms/price for dynamic tariff?

No, the price signals will be communicated by
power distribution company (MVVNL)/ISGF team

Will there be any separate bill for dynamic ToU
tariff?

Yes; a shadow bill will be generated to understand
the financial benefit of ToU tariff scheme and the
same will be shared with customers along with
their regular bills.

How will | get the pricing signal from Power
distribution company (MVVNL)?

ToU pricing signals will be communicated by
MVVNL/ISGF through WhatsApp or SMS or Email
as per the choice of the customer

How much | will be able to save through ToU tariff
scheme?

The difference between reqular bill and the
shadow hill as per ToU tariff will show the savings.
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Appendix — B: Hindi Version - Customer Guide for Pilot Project on Time of Use

Tariff for Electricity in Uttar Pradesh
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CONTACT US

Bindeshwary Rai | Phone - 986835485 | Email - b.rai@indiasmartgrid.org | ISGF

INDIA SMART GRID FORUM
CBIP Building | Malcha Marg | Chanakyapuri |[New Delhi - 110021
T: 91114103 0398 | Website: www.indiasmartgrid.org
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00:00-00:15 24221 341 7.10 7.10 0
00:15-00:30 24221 341 7.10 7.10 0
00:30-00:45 24221 341 7.10 7.10 0
00:45-01:00 24221 3.36 7.10 7.10 0
01:00-01:15 24221 3.36 7.10 7.10 0
01:15-01:30 24221 3.25 7.10 7.10 0
01:30-01:45 24221 3.36 7.10 7.10 0
01:45-02:00 24221 3.07 7.10 7.10 0
02:00-02:15 24221 3.10 7.10 7.10 0
02:15-02:30 24221 3.00 7.10 7.10 0
02:30-02:45 24221 3.00 7.10 7.10 0
02:45-03:00 24221 2.95 7.10 7.10 0
03:00-03:15 24221 2.90 7.10 7.10 0
03:15-03:30 24221 291 7.10 7.10 0
03:30-03:45 24221 2.83 7.10 7.10 0
03:45-04:00 24221 2.63 7.10 7.10 0
04:00-04:15 24221 2.88 7.10 7.10 0
04:15-04:30 24221 3.00 7.10 7.10 0
04:30-04:45 24221 3.00 7.10 7.10 0
04:45-05:00 24221 3.17 7.10 7.10 0
05:00-05:15 24221 3.36 6.04 6.04 0
05:15-05:30 24221 3.57 6.04 6.04 0
05:30-05:45 24221 4.02 6.04 6.04 0
05:45-06:00 24221 4.07 6.04 6.04 0
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06:00-06:15 24221 4.82 6.04 0 6.04 0
06:15-06:30 24221 5.02 6.04 0 6.04 0
06:30-06:45 24221 5.25 6.04 0 6.04 0
06:45-07:00 24221 5.07 6.04 0 6.04 0
07:00-07:15 24221 5.00 6.04 0 6.04 0
07:15-07:30 24221 4.33 6.04 0 6.04 0
07:30-07:45 24221 4.00 6.04 0 6.04 0
07:45-08:00 24221 3.07 6.04 0 6.04 0
08:00-08:15 24221 3.00 6.04 0 6.04 0
08:15-08:30 24221 2.68 6.04 0 6.04 0
08:30-08:45 24221 2.56 6.04 0 6.04 0
08:45-09:00 24221 2.16 6.04 0 6.04 0
09:00-09:15 24221 2.08 6.04 0 6.04 0
09:15-09:30 24221 2.08 6.04 0 6.04 0
09:30-09:45 24221 2.02 6.04 0 6.04 0
09:45-10:00 24221 2.02 6.04 0 6.04 0
10:00-10:15 24221 2.00 6.04 0 6.04 0
10:15-10:30 24221 2.00 6.04 0 6.04 0
10:30-10:45 24221 2.00 6.04 0 6.04 0
10:45-11:00 24221 1.99 6.04 0 6.04 0
11:00-11:15 24221 1.80 7.10 0 7.10 0
11:15-11:30 24221 1.50 7.10 0 7.10 0
11:30-11:45 24221 1.20 7.10 0 7.10 0
11:45-12:00 24221 1.20 7.10 0 7.10 0
12:00-12:15 24221 1.20 7.10 0 7.10 0
12:15-12:30 24221 1.20 7.10 0 7.10 0
12:30-12:45 24221 1.20 7.10 0 7.10 0
12:45-13:00 24221 1.20 7.10 0 7.10 0
13:00-13:15 24221 1.20 7.10 0 7.10 0
13:15-13:30 24221 1.20 7.10 0 7.10 0
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13:30-13:45 24221 1.20 7.10 0 7.10 0
13:45-14:00 24221 1.20 7.10 0 7.10 0
14:00-14:15 24221 1.20 7.10 0 7.10 0
14:15-14:30 24221 1.95 7.10 0 7.10 0
14:30-14:45 24221 2.00 7.10 0 7.10 0
14:45-15:00 24221 2.00 7.10 0 7.10 0
15:00-15:15 24221 2.16 7.10 0 7.10 0
15:15-15:30 24221 2.32 7.10 0 7.10 0
15:30-15:45 24221 2.52 7.10 0 7.10 0
15:45-16:00 24221 2.55 7.10 0 7.10 0
16:00-16:15 24221 2.82 7.10 0 7.10 0
16:15-16:30 24221 2.82 7.10 0 7.10 0
16:30-16:45 24221 2.72 7.10 0 7.10 0
16:45-17:00 24221 2.82 7.10 0 7.10 0
17:00-17:15 24221 2.90 8.10 0 8.10 0
17:15-17:30 24221 3.07 8.10 0 8.10 0
17:30-17:45 24221 3.17 8.10 0 8.10 0
17:45-18:00 24221 3.79 8.10 0 8.10 0
18:00-18:15 24221 4.07 8.10 0 8.10 0
18:15-18:30 24221 5.24 8.10 0 8.10 0
18:30-18:45 24221 8.50 8.10 0 8.10 0
18:45-19:00 24221 12.00 8.10 0 8.10 0
19:00-19:15 24221 12.00 8.10 4 12.10 96884
19:15-19:30 24221 12.00 8.10 4 12.10 96884
19:30-19:45 24221 12.00 8.10 4 12.10 96884
19:45-20:00 24221 12.00 8.10 4 12.10 96884
20:00-20:15 24221 8.83 8.10 4 12.10 96884
20:15-20:30 24221 8.41 8.10 4 12.10 96884
20:30-20:45 24221 8.31 8.10 4 12.10 96884
20:45-21:00 24221 8.31 8.10 4 12.10 96884
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21:00-21:15 24221 6.77 8.10 4 12.10 96884
21:15-21:30 24221 6.77 8.10 0 8.10 0
21:30-21:45 24221 6.77 8.10 0 8.10 0
21:45-22:00 24221 5.97 8.10 0 8.10 0
22:00-22:15 24221 5.05 8.10 0 8.10 0
22:15-22:30 24221 4.55 8.10 0 8.10 0
22:30-22:45 24221 4.00 8.10 0 8.10 0
22:45-23:00 24221 3.70 8.10 0 8.10 0
23:00-23:15 24221 3.62 7.10 0 7.10 0
23:15-23:30 24221 3.53 7.10 0 7.10 0
23:30-23:45 24221 3.52 7.10 0 7.10 0
23:45-24:00 24221 3.49 7.10 0 7.10 0

2,17,989

00:00-00:15 24221 3.96 7.10 0 7.10 0
00:15-00:30 24221 3.96 7.10 0 7.10 0
00:30-00:45 24221 3.71 7.10 0 7.10 0
00:45-01:00 24221 3.58 7.10 0 7.10 0
01:00-01:15 24221 3.58 7.10 0 7.10 0
01:15-01:30 24221 3.47 7.10 0 7.10 0
01:30-01:45 24221 3.33 7.10 0 7.10 0
01:45-02:00 24221 3.30 7.10 0 7.10 0
02:00-02:15 24221 3.16 7.10 0 7.10 0
02:15-02:30 24221 311 7.10 0 7.10 0
02:30-02:45 24221 3.03 7.10 0 7.10 0
02:45-03:00 24221 2.98 7.10 0 7.10 0
03:00-03:15 24221 2.80 7.10 0 7.10 0
State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 93




ISOF

India Smart Grid Forum

03:15-03:30 24221 2.75 7.10 0 7.10 0
03:30-03:45 24221 2.68 7.10 0 7.10 0
03:45-04:00 24221 2.62 7.10 0 7.10 0
04:00-04:15 24221 2.50 7.10 0 7.10 0
04:15-04:30 24221 2.62 7.10 0 7.10 0
04:30-04:45 24221 2.75 7.10 0 7.10 0
04:45-05:00 24221 2.82 7.10 0 7.10 0
05:00-05:15 24221 3.30 6.04 0 6.04 0
05:15-05:30 24221 3.74 6.04 0 6.04 0
05:30-05:45 24221 3.98 6.04 0 6.04 0
05:45-06:00 24221 3.99 6.04 0 6.04 0
06:00-06:15 24221 4.13 6.04 0 6.04 0
06:15-06:30 24221 4.13 6.04 0 6.04 0
06:30-06:45 24221 441 6.04 0 6.04 0
06:45-07:00 24221 4.41 6.04 0 6.04 0
07:00-07:15 24221 4.13 6.04 0 6.04 0
07:15-07:30 24221 4.13 6.04 0 6.04 0
07:30-07:45 24221 3.85 6.04 0 6.04 0
07:45-08:00 24221 3.47 6.04 0 6.04 0
08:00-08:15 24221 3.32 6.04 0 6.04 0
08:15-08:30 24221 3.32 6.04 0 6.04 0
08:30-08:45 24221 3.11 6.04 0 6.04 0
08:45-09:00 24221 2.95 6.04 0 6.04 0
09:00-09:15 24221 2.83 6.04 0 6.04 0
09:15-09:30 24221 2.87 6.04 0 6.04 0
09:30-09:45 24221 2.95 6.04 0 6.04 0
09:45-10:00 24221 2.93 6.04 0 6.04 0
10:00-10:15 24221 2.81 6.04 0 6.04 0
10:15-10:30 24221 2.75 6.04 0 6.04 0
10:30-10:45 24221 2.78 6.04 0 6.04 0
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10:45-11:00 24221 2.71 6.04 0 6.04 0
11:00-11:15 24221 2.64 7.10 0 7.10 0
11:15-11:30 24221 2.64 7.10 0 7.10 0
11:30-11:45 24221 2.64 7.10 0 7.10 0
11:45-12:00 24221 2.64 7.10 0 7.10 0
12:00-12:15 24221 2.58 7.10 0 7.10 0
12:15-12:30 24221 2.58 7.10 0 7.10 0
12:30-12:45 24221 2.50 7.10 0 7.10 0
12:45-13:00 24221 2.47 7.10 0 7.10 0
13:00-13:15 24221 2.30 7.10 0 7.10 0
13:15-13:30 24221 2.28 7.10 0 7.10 0
13:30-13:45 24221 2.39 7.10 0 7.10 0
13:45-14:00 24221 2.50 7.10 0 7.10 0
14:00-14:15 24221 2.71 7.10 0 7.10 0
14:15-14:30 24221 2.71 7.10 0 7.10 0
14:30-14:45 24221 2.75 7.10 0 7.10 0
14:45-15:00 24221 2.71 7.10 0 7.10 0
15:00-15:15 24221 2.81 7.10 0 7.10 0
15:15-15:30 24221 2.81 7.10 0 7.10 0
15:30-15:45 24221 2.87 7.10 0 7.10 0
15:45-16:00 24221 2.87 7.10 0 7.10 0
16:00-16:15 24221 3.32 7.10 0 7.10 0
16:15-16:30 24221 3.32 7.10 0 7.10 0
16:30-16:45 24221 3.40 7.10 0 7.10 0
16:45-17:00 24221 3.52 7.10 0 7.10 0
17:00-17:15 24221 3.62 8.10 0 8.10 0
17:15-17:30 24221 3.96 8.10 0 8.10 0
17:30-17:45 24221 4.45 8.10 0 8.10 0
17:45-18:00 24221 5.41 8.10 0 8.10 0
18:00-18:15 24221 7.50 8.10 0 8.10 0
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18:15-18:30 24221 9.50 8.10 8.10 0
18:30-18:45 24221 11.11 8.10 10.10 48442
18:45-19:00 24221 12.00 8.10 10.10 48442
19:00-19:15 24221 9.50 8.10 12.10 96884
19:15-19:30 24221 7.98 8.10 10.10 48442
19:30-19:45 24221 5.97 8.10 10.10 48442
19:45-20:00 24221 5.45 8.10 8.10 0
20:00-20:15 24221 4.65 8.10 8.10 0
20:15-20:30 24221 4.65 8.10 8.10 0
20:30-20:45 24221 4.44 8.10 8.10 0
20:45-21:00 24221 4.34 8.10 8.10 0
21:00-21:15 24221 4.60 8.10 8.10 0
21:15-21:30 24221 4.44 8.10 8.10 0
21:30-21:45 24221 4.30 8.10 8.10 0
21:45-22:00 24221 4.17 8.10 8.10 0
22:00-22:15 24221 4.44 8.10 8.10 0
22:15-22:30 24221 4.38 8.10 8.10 0
22:30-22:45 24221 4.16 8.10 8.10 0
22:45-23:00 24221 4.01 8.10 8.10 0
23:00-23:15 24221 3.96 7.10 7.10 0
23:15-23:30 24221 3.72 7.10 7.10 0
23:30-23:45 24221 3.69 7.10 7.10 0
23:45-24:00 24221 3.58 7.10 7.10 0

72663

00:00-00:15 24221 3.17 7.10 7.10 0
00:15-00:30 24221 3.17 7.10 7.10 0
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00:30-00:45 24221 3.17 7.10 0 7.10 0
00:45-01:00 24221 3.17 7.10 0 7.10 0
01:00-01:15 24221 3.05 7.10 0 7.10 0
01:15-01:30 24221 3.05 7.10 0 7.10 0
01:30-01:45 24221 3.05 7.10 0 7.10 0
01:45-02:00 24221 3.05 7.10 0 7.10 0
02:00-02:15 24221 3.05 7.10 0 7.10 0
02:15-02:30 24221 3.00 7.10 0 7.10 0
02:30-02:45 24221 3.00 7.10 0 7.10 0
02:45-03:00 24221 3.00 7.10 0 7.10 0
03:00-03:15 24221 3.00 7.10 0 7.10 0
03:15-03:30 24221 3.00 7.10 0 7.10 0
03:30-03:45 24221 3.00 7.10 0 7.10 0
03:45-04:00 24221 3.00 7.10 0 7.10 0
04:00-04:15 24221 3.05 7.10 0 7.10 0
04:15-04:30 24221 3.05 7.10 0 7.10 0
04:30-04:45 24221 3.17 7.10 0 7.10 0
04:45-05:00 24221 3.34 7.10 0 7.10 0
05:00-05:15 24221 3.62 6.04 0 6.04 0
05:15-05:30 24221 3.79 6.04 0 6.04 0
05:30-05:45 24221 3.79 6.04 0 6.04 0
05:45-06:00 24221 3.90 6.04 0 6.04 0
06:00-06:15 24221 4.09 6.04 0 6.04 0
06:15-06:30 24221 4.09 6.04 0 6.04 0
06:30-06:45 24221 4.25 6.04 0 6.04 0
06:45-07:00 24221 4.74 6.04 0 6.04 0
07:00-07:15 24221 5.30 6.04 0 6.04 0
07:15-07:30 24221 5.23 6.04 0 6.04 0
07:30-07:45 24221 4.50 6.04 0 6.04 0
07:45-08:00 24221 4.83 6.04 0 6.04 0
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08:00-08:15 24221 4.85 6.04 0 6.04 0
08:15-08:30 24221 4.83 6.04 0 6.04 0
08:30-08:45 24221 4.50 6.04 0 6.04 0
08:45-09:00 24221 4.30 6.04 0 6.04 0
09:00-09:15 24221 4.24 6.04 0 6.04 0
09:15-09:30 24221 4.74 6.04 0 6.04 0
09:30-09:45 24221 5.00 6.04 0 6.04 0
09:45-10:00 24221 4.95 6.04 0 6.04 0
10:00-10:15 24221 4.85 6.04 0 6.04 0
10:15-10:30 24221 4.85 6.04 0 6.04 0
10:30-10:45 24221 4.85 6.04 0 6.04 0
10:45-11:00 24221 4.94 6.04 0 6.04 0
11:00-11:15 24221 4.30 7.10 0 7.10 0
11:15-11:30 24221 4.25 7.10 0 7.10 0
11:30-11:45 24221 4.16 7.10 0 7.10 0
11:45-12:00 24221 4.35 7.10 0 7.10 0
12:00-12:15 24221 4.16 7.10 0 7.10 0
12:15-12:30 24221 4.09 7.10 0 7.10 0
12:30-12:45 24221 4.03 7.10 0 7.10 0
12:45-13:00 24221 3.79 7.10 0 7.10 0
13:00-13:15 24221 3.72 7.10 0 7.10 0
13:15-13:30 24221 3.72 7.10 0 7.10 0
13:30-13:45 24221 3.77 7.10 0 7.10 0
13:45-14:00 24221 3.77 7.10 0 7.10 0
14:00-14:15 24221 3.79 7.10 0 7.10 0
14:15-14:30 24221 3.90 7.10 0 7.10 0
14:30-14:45 24221 3.98 7.10 0 7.10 0
14:45-15:00 24221 4.03 7.10 0 7.10 0
15:00-15:15 24221 4.03 7.10 0 7.10 0
15:15-15:30 24221 4.03 7.10 0 7.10 0
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15:30-15:45 24221 4.16 7.10 0 7.10 0
15:45-16:00 24221 4.16 7.10 0 7.10 0
16:00-16:15 24221 3.88 7.10 0 7.10 0
16:15-16:30 24221 4.03 7.10 0 7.10 0
16:30-16:45 24221 4.09 7.10 0 7.10 0
16:45-17:00 24221 4.16 7.10 0 7.10 0
17:00-17:15 24221 4.83 8.10 0 8.10 0
17:15-17:30 24221 5.35 8.10 0 8.10 0
17:30-17:45 24221 5.80 8.10 0 8.10 0
17:45-18:00 24221 5.80 8.10 0 8.10 0
18:00-18:15 24221 7.52 8.10 0 8.10 0
18:15-18:30 24221 8.50 8.10 0 8.10 0
18:30-18:45 24221 9.00 8.10 1 9.10 24221
18:45-19:00 24221 9.00 8.10 1 9.10 24221
19:00-19:15 24221 7.52 8.10 0 8.10 0
19:15-19:30 24221 5.85 8.10 0 8.10 0
19:30-19:45 24221 5.36 8.10 0 8.10 0
19:45-20:00 24221 5.00 8.10 0 8.10 0
20:00-20:15 24221 4.50 8.10 0 8.10 0
20:15-20:30 24221 4.59 8.10 0 8.10 0
20:30-20:45 24221 4.43 8.10 0 8.10 0
20:45-21:00 24221 4.40 8.10 0 8.10 0
21:00-21:15 24221 4.50 8.10 0 8.10 0
21:15-21:30 24221 4.09 8.10 0 8.10 0
21:30-21:45 24221 4.09 8.10 0 8.10 0
21:45-22:00 24221 3.96 8.10 0 8.10 0
22:00-22:15 24221 4.09 8.10 0 8.10 0
22:15-22:30 24221 4.43 8.10 0 8.10 0
22:30-22:45 24221 4.32 8.10 0 8.10 0
22:45-23:00 24221 4.09 8.10 0 8.10 0
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23:00-23:15 24221 3.90 7.10 0 7.10 0
23:15-23:30 24221 3.80 7.10 0 7.10 0
23:30-23:45 24221 3.79 7.10 0 7.10 0
23:45-24:00 24221 3.77 7.10 0 7.10 0

12110

00:00-00:15 24221 2.80 7.10 0 7.10 0
00:15-00:30 24221 2.65 7.10 0 7.10 0
00:30-00:45 24221 2.57 7.10 0 7.10 0
00:45-01:00 24221 2.54 7.10 0 7.10 0
01:00-01:15 24221 2.47 7.10 0 7.10 0
01:15-01:30 24221 2.37 7.10 0 7.10 0
01:30-01:45 24221 2.37 7.10 0 7.10 0
01:45-02:00 24221 2.35 7.10 0 7.10 0
02:00-02:15 24221 2.16 7.10 0 7.10 0
02:15-02:30 24221 2.16 7.10 0 7.10 0
02:30-02:45 24221 2.11 7.10 0 7.10 0
02:45-03:00 24221 2.16 7.10 0 7.10 0
03:00-03:15 24221 2.16 7.10 0 7.10 0
03:15-03:30 24221 2.31 7.10 0 7.10 0
03:30-03:45 24221 2.35 7.10 0 7.10 0
03:45-04:00 24221 2.37 7.10 0 7.10 0
04:00-04:15 24221 2.54 7.10 0 7.10 0
04:15-04:30 24221 2.57 7.10 0 7.10 0
04:30-04:45 24221 2.80 7.10 0 7.10 0
04:45-05:00 24221 2.81 7.10 0 7.10 0
05:00-05:15 24221 3.00 6.04 0 6.04 0
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05:15-05:30 24221 3.23 6.04 0 6.04 0
05:30-05:45 24221 3.40 6.04 0 6.04 0
05:45-06:00 24221 3.81 6.04 0 6.04 0
06:00-06:15 24221 4.60 6.04 0 6.04 0
06:15-06:30 24221 5.00 6.04 0 6.04 0
06:30-06:45 24221 5.70 6.04 0 6.04 0
06:45-07:00 24221 5.97 6.04 0 6.04 0
07:00-07:15 24221 6.51 6.04 0 6.04 0
07:15-07:30 24221 7.18 6.04 1 7.04 24221
07:30-07:45 24221 7.81 6.04 2 8.04 48442
07:45-08:00 24221 7.70 6.04 2 8.04 48442
08:00-08:15 24221 6.50 6.04 0 6.04 0
08:15-08:30 24221 6.99 6.04 1 7.04 24221
08:30-08:45 24221 6.50 6.04 0 6.04 0
08:45-09:00 24221 5.60 6.04 0 6.04 0
09:00-09:15 24221 5.69 6.04 0 6.04 0
09:15-09:30 24221 6.00 6.04 0 6.04 0
09:30-09:45 24221 6.05 6.04 0 6.04 0
09:45-10:00 24221 6.00 6.04 0 6.04 0
10:00-10:15 24221 5.32 6.04 0 6.04 0
10:15-10:30 24221 5.41 6.04 0 6.04 0
10:30-10:45 24221 5.34 6.04 0 6.04 0
10:45-11:00 24221 5.07 6.04 0 6.04 0
11:00-11:15 24221 4.70 7.10 0 7.10 0
11:15-11:30 24221 4.58 7.10 0 7.10 0
11:30-11:45 24221 4.45 7.10 0 7.10 0
11:45-12:00 24221 4.45 7.10 0 7.10 0
12:00-12:15 24221 4.39 7.10 0 7.10 0
12:15-12:30 24221 4.29 7.10 0 7.10 0
12:30-12:45 24221 4.29 7.10 0 7.10 0
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12:45-13:00 24221 4.14 7.10 0 7.10 0
13:00-13:15 24221 4.01 7.10 0 7.10 0
13:15-13:30 24221 3.99 7.10 0 7.10 0
13:30-13:45 24221 4.00 7.10 0 7.10 0
13:45-14:00 24221 4.01 7.10 0 7.10 0
14:00-14:15 24221 4.03 7.10 0 7.10 0
14:15-14:30 24221 4.03 7.10 0 7.10 0
14:30-14:45 24221 4.03 7.10 0 7.10 0
14:45-15:00 24221 4.14 7.10 0 7.10 0
15:00-15:15 24221 4.14 7.10 0 7.10 0
15:15-15:30 24221 4.14 7.10 0 7.10 0
15:30-15:45 24221 4.72 7.10 0 7.10 0
15:45-16:00 24221 4.95 7.10 0 7.10 0
16:00-16:15 24221 4.82 7.10 0 7.10 0
16:15-16:30 24221 5.68 7.10 0 7.10 0
16:30-16:45 24221 5.41 7.10 0 7.10 0
16:45-17:00 24221 5.85 7.10 0 7.10 0
17:00-17:15 24221 5.85 8.10 0 8.10 0
17:15-17:30 24221 5.10 8.10 0 8.10 0
17:30-17:45 24221 6.05 8.10 0 8.10 0
17:45-18:00 24221 6.50 8.10 0 8.10 0
18:00-18:15 24221 6.50 8.10 0 8.10 0
18:15-18:30 24221 7.00 8.10 0 8.10 0
18:30-18:45 24221 7.00 8.10 0 8.10 0
18:45-19:00 24221 7.00 8.10 0 8.10 0
19:00-19:15 24221 6.50 8.10 0 8.10 0
19:15-19:30 24221 5.90 8.10 0 8.10 0
19:30-19:45 24221 5.00 8.10 0 8.10 0
19:45-20:00 24221 5.00 8.10 0 8.10 0
20:00-20:15 24221 5.00 8.10 0 8.10 0
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20:15-20:30 24221 4.83 8.10 0 8.10 0
20:30-20:45 24221 4.83 8.10 0 8.10 0
20:45-21:00 24221 4.76 8.10 0 8.10 0
21:00-21:15 24221 4.01 8.10 0 8.10 0
21:15-21:30 24221 4.01 8.10 0 8.10 0
21:30-21:45 24221 4.01 8.10 0 8.10 0
21:45-22:00 24221 3.80 8.10 0 8.10 0
22:00-22:15 24221 3.51 8.10 0 8.10 0
22:15-22:30 24221 3.45 8.10 0 8.10 0
22:30-22:45 24221 3.33 8.10 0 8.10 0
22:45-23:00 24221 3.23 8.10 0 8.10 0
23:00-23:15 24221 3.10 7.10 0 7.10 0
23:15-23:30 24221 3.00 7.10 0 7.10 0
23:30-23:45 24221 2.94 7.10 0 7.10 0
23:45-24:00 24221 291 7.10 0 7.10 0

36331

00:00- 24221 3.18 7.10 7.10 0
00:15
00:15- 24221 3.12 7.10 7.10 0
00:30
00:30- 24221 3.10 7.10 7.10 0
00:45
00:45- 24221 3.06 7.10 7.10 0
01:00
01:00- 24221 3.00 7.10 7.10 0
01:15
01:15- 24221 3.00 7.10 7.10 0
01:30
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01:30- 24221 2.94 7.10 0 7.10 0
01:45
01:45- 24221 2.94 7.10 0 7.10 0
02:00
02:00- 24221 2.91 7.10 0 7.10 0
02:15
02:15- 24221 2.88 7.10 0 7.10 0
02:30
02:30- 24221 2.86 7.10 0 7.10 0
02:45
02:45- 24221 2.84 7.10 0 7.10 0
03:00
03:00- 24221 2.84 7.10 0 7.10 0
03:15
03:15- 24221 2.84 7.10 0 7.10 0
03:30
03:30- 24221 2.84 7.10 0 7.10 0
03:45
03:45- 24221 2.88 7.10 0 7.10 0
04:00
04:00- 24221 2.91 7.10 0 7.10 0
04:15
04:15- 24221 3.00 7.10 0 7.10 0
04:30
04:30- 24221 3.08 7.10 0 7.10 0
04:45
04:45- 24221 3.34 7.10 0 7.10 0
05:00
05:00- 24221 3.76 6.04 0 6.04 0
05:15
05:15- 24221 4.22 6.04 0 6.04 0
05:30
05:30- 24221 4.37 6.04 0 6.04 0
05:45
05:45- 24221 4.33 6.04 0 6.04 0
06:00

State Tariff Design Using Regulatory Sandbox Approach for Enhancing RE Demand Page | 104




ISGF

India Smart Grid Forum

06:00- 24221 4.42 6.04 0 6.04 0
06:15
06:15- 24221 4.64 6.04 0 6.04 0
06:30
06:30- 24221 4.80 6.04 0 6.04 0
06:45
06:45- 24221 6.51 6.04 0 6.04 0
07:00
07:00- 24221 6.51 6.04 0 6.04 0
07:15
07:15- 24221 8.50 6.04 2 8.04 48442
07:30
07:30- 24221 12.00 6.04 0 6.04 0
07:45
07:45- 24221 12.00 6.04 0 6.04 0
08:00
08:00- 24221 12.00 6.04 0 6.04 0
08:15
08:15- 24221 12.00 6.04 0 6.04 0
08:30
08:30- 24221 12.00 6.04 0 6.04 0
08:45
08:45- 24221 12.00 6.04 0 6.04 0
09:00
09:00- 24221 12.00 6.04 0 6.04 0
09:15
09:15- 24221 12.00 6.04 0 6.04 0
09:30
09:30- 24221 10.02 6.04 4 10.04 96884
09:45
09:45- 24221 10.39 6.04 4 10.04 96884
10:00
10:00- 24221 10.30 6.04 4 10.04 96884
10:15
10:15- 24221 10.00 6.04 4 10.04 96884
10:30
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10:30- 24221 10.00 6.04 4 10.04 96884
10:45
10:45- 24221 8.86 6.04 3 9.04 72663
11:00
11:00- 24221 6.15 7.10 0 7.10 0
11:15
11:15- 24221 6.22 7.10 0 7.10 0
11:30
11:30- 24221 4.75 7.10 0 7.10 0
11:45
11:45- 24221 7.00 7.10 0 7.10 0
12:00
12:00- 24221 7.00 7.10 0 7.10 0
12:15
12:15- 24221 6.15 7.10 0 7.10 0
12:30
12:30- 24221 4.50 7.10 0 7.10 0
12:45
12:45- 24221 4.00 7.10 0 7.10 0
13:00
13:00- 24221 4.00 7.10 0 7.10 0
13:15
13:15- 24221 4.00 7.10 0 7.10 0
13:30
13:30- 24221 4.00 7.10 0 7.10 0
13:45
13:45- 24221 3.95 7.10 0 7.10 0
14:00
14.00- 24221 4.00 7.10 0 7.10 0
14:15
14:15- 24221 4.00 7.10 0 7.10 0
14:30
14:30- 24221 4.20 7.10 0 7.10 0
14:45
14:45- 24221 481 7.10 0 7.10 0
15:00
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15:00- 24221 5.00 7.10 0 7.10 0
15:15
15:15- 24221 4.81 7.10 0 7.10 0
15:30
15:30- 24221 6.51 7.10 0 7.10 0
15:45
15:45- 24221 7.00 7.10 0 7.10 0
16:00
16:00- 24221 7.15 7.10 0 7.10 0
16:15
16:15- 24221 7.15 7.10 0 7.10 0
16:30
16:30- 24221 7.00 7.10 0 7.10 0
16:45
16:45- 24221 10.01 7.10 3 10.10 72663
17:00
17:00- 24221 8.86 8.10 1 9.10 24221
17:15
17:15- 24221 10.96 8.10 3 11.10 72663
17:30
17:30- 24221 12.00 8.10 4 12.10 96884
17:45
17:45- 24221 12.00 8.10 4 12.10 96884
18:00
18:00- 24221 10.00 8.10 2 10.10 48442
18:15
18:15- 24221 8.50 8.10 0 8.10 0
18:30
18:30- 24221 8.01 8.10 0 8.10 0
18:45
18:45- 24221 7.15 8.10 0 8.10 0
19:00
19:00- 24221 10.29 8.10 2 10.10 48442
19:15
19:15- 24221 8.01 8.10 0 8.10 0
19:30
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19:30- 24221 8.49 8.10 0 8.10 0
19:45
19:45- 24221 8.01 8.10 0 8.10 0
20:00
20:00- 24221 8.01 8.10 0 8.10 0
20:15
20:15- 24221 7.97 8.10 0 8.10 0
20:30
20:30- 24221 9.94 8.10 2 10.10 48442
20:45
20:45- 24221 10.39 8.10 2 10.10 48442
21:00
21:00- 24221 8.93 8.10 1 9.10 24221
21:15
21:15- 24221 8.93 8.10 1 9.10 24221
21:30
21:30- 24221 7.97 8.10 0 8.10 0
21:45
21:45- 24221 6.50 8.10 0 8.10 0
22:00
22:00- 24221 5.60 8.10 0 8.10 0
22:15
22:15- 24221 4.95 8.10 0 8.10 0
22:30
22:30- 24221 4.69 8.10 0 8.10 0
22:45
22:45- 24221 4.58 8.10 0 8.10 0
23:00
23:00- 24221 4.29 7.10 0 7.10 0
23:15
23:15- 24221 4.13 7.10 0 7.10 0
23:30
23:30- 24221 3.81 7.10 0 7.10 0
23:45
23:45- 24221 3.74 7.10 0 7.10 0
24:00
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00:00-00:15 24221 5.00 7.10 7.10 0
00:15-00:30 24221 5.00 7.10 7.10 0
00:30-00:45 24221 5.00 7.10 7.10 0
00:45-01:00 24221 5.00 7.10 7.10 0
01:00-01:15 24221 4.41 7.10 7.10 0
01:15-01:30 24221 4.23 7.10 7.10 0
01:30-01:45 24221 4.23 7.10 7.10 0
01:45-02:00 24221 4.23 7.10 7.10 0
02:00-02:15 24221 3.90 7.10 7.10 0
02:15-02:30 24221 3.90 7.10 7.10 0
02:30-02:45 24221 3.90 7.10 7.10 0
02:45-03:00 24221 3.84 7.10 7.10 0
03:00-03:15 24221 3.77 7.10 7.10 0
03:15-03:30 24221 3.77 7.10 7.10 0
03:30-03:45 24221 3.79 7.10 7.10 0
03:45-04:00 24221 3.84 7.10 7.10 0
04:00-04:15 24221 3.90 7.10 7.10 0
04:15-04:30 24221 4.04 7.10 7.10 0
04:30-04:45 24221 4.23 7.10 7.10 0
04:45-05:00 24221 4.73 7.10 7.10 0
05:00-05:15 24221 5.16 6.04 6.04 0
05:15-05:30 24221 6.50 6.04 6.04 0
05:30-05:45 24221 7.37 6.04 7.04 24221
05:45-06:00 24221 7.60 6.04 8.04 48442
06:00-06:15 24221 11.57 6.04 6.04 0
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06:15-06:30 24221 12.00 6.04 0 6.04 0
06:30-06:45 24221 12.00 6.04 0 6.04 0
06:45-07:00 24221 12.00 6.04 0 6.04 0
07:00-07:15 24221 12.00 6.04 0 6.04 0
07:15-07:30 24221 12.00 6.04 0 6.04 0
07:30-07:45 24221 12.00 6.04 0 6.04 0
07:45-08:00 24221 12.00 6.04 0 6.04 0
08:00-08:15 24221 12.00 6.04 0 6.04 0
08:15-08:30 24221 12.00 6.04 0 6.04 0
08:30-08:45 24221 12.00 6.04 0 6.04 0
08:45-09:00 24221 12.00 6.04 0 6.04 0
09:00-09:15 24221 12.00 6.04 0 6.04 0
09:15-09:30 24221 12.00 6.04 0 6.04 0
09:30-09:45 24221 12.00 6.04 0 6.04 0
09:45-10:00 24221 12.00 6.04 0 6.04 0
10:00-10:15 24221 12.00 6.04 0 6.04 0
10:15-10:30 24221 10.07 6.04 4| 10.04 96884
10:30-10:45 24221 8.60 6.04 3 9.04 72663
10:45-11:00 24221 8.00 6.04 2 8.04 48442
11:00-11:15 24221 7.52 7.10 0 7.10 0
11:15-11:30 24221 7.52 7.10 0 7.10 0
11:30-11:45 24221 7.00 7.10 0 7.10 0
11:45-12:00 24221 6.75 7.10 0 7.10 0
12:00-12:15 24221 6.25 7.10 0 7.10 0
12:15-12:30 24221 5.77 7.10 0 7.10 0
12:30-12:45 24221 6.07 7.10 0 7.10 0
12:45-13:00 24221 5.07 7.10 0 7.10 0
13:00-13:15 24221 4.73 7.10 0 7.10 0
13:15-13:30 24221 4.40 7.10 0 7.10 0
13:30-13:45 24221 4.40 7.10 0 7.10 0
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13:45-14:00 24221 4.23 7.10 0 7.10 0
14:00-14:15 24221 4.41 7.10 0 7.10 0
14:15-14:30 24221 4.40 7.10 0 7.10 0
14:30-14:45 24221 4.34 7.10 0 7.10 0
14:45-15:00 24221 4.50 7.10 0 7.10 0
15:00-15:15 24221 4.41 7.10 0 7.10 0
15:15-15:30 24221 4.51 7.10 0 7.10 0
15:30-15:45 24221 4.66 7.10 0 7.10 0
15:45-16:00 24221 4.95 7.10 0 7.10 0
16:00-16:15 24221 4.77 7.10 0 7.10 0
16:15-16:30 24221 6.03 7.10 0 7.10 0
16:30-16:45 24221 7.60 7.10 1 8.10 24221
16:45-17:00 24221 9.61 7.10 3 10.10 72663
17:00-17:15 24221 5.99 8.10 0 8.10 0
17:15-17:30 24221 5.00 8.10 0 8.10 0
17:30-17:45 24221 6.21 8.10 0 8.10 0
17:45-18:00 24221 12.00 8.10 4| 12.10 96884
18:00-18:15 24221 12.00 8.10 4| 12.10 96884
18:15-18:30 24221 12.00 8.10 4| 12.10 96884
18:30-18:45 24221 12.00 8.10 4| 12.10 96884
18:45-19:00 24221 12.00 8.10 4| 12.10 96884
19:00-19:15 24221 12.00 8.10 4| 12.10 96884
19:15-19:30 24221 12.00 8.10 4| 12.10 96884
19:30-19:45 24221 12.00 8.10 4| 12.10 96884
19:45-20:00 24221 12.00 8.10 4| 12.10 96884
20:00-20:15 24221 10.02 8.10 2| 10.10 48442
20:15-20:30 24221 8.60 8.10 1 9.10 24221
20:30-20:45 24221 8.60 8.10 1 9.10 24221
20:45-21:00 24221 8.60 8.10 1 9.10 24221
21:00-21:15 24221 7.60 8.10 0 8.10 0
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21:15-21:30 24221 7.60 8.10 8.10 0
21:30-21:45 24221 7.00 8.10 8.10 0
21:45-22:00 24221 7.00 8.10 8.10 0
22:00-22:15 24221 7.00 8.10 8.10 0
22:15-22:30 24221 6.50 8.10 8.10 0
22:30-22:45 24221 5.80 8.10 8.10 0
22:45-23:00 24221 5.80 8.10 8.10 0
23:00-23:15 24221 5.50 7.10 7.10 0
23:15-23:30 24221 5.50 7.10 7.10 0
23:30-23:45 24221 5.04 7.10 7.10 0
23:45-24:00 24221 4.58 7.10 7.10 0

345149

00:00-00:15 24221 7.37 7.10 7.10 0
00:15-00:30 24221 7.00 7.10 7.10 0
00:30-00:45 24221 6.00 7.10 7.10 0
00:45-01:00 24221 5.83 7.10 7.10 0
01:00-01:15 24221 5.05 7.10 7.10 0
01:15-01:30 24221 4.96 7.10 7.10 0
01:30-01:45 24221 4.95 7.10 7.10 0
01:45-02:00 24221 4.95 7.10 7.10 0
02:00-02:15 24221 4.95 7.10 7.10 0
02:15-02:30 24221 4.54 7.10 7.10 0
02:30-02:45 24221 4.54 7.10 7.10 0
02:45-03:00 24221 4.54 7.10 7.10 0
03:00-03:15 24221 4.54 7.10 7.10 0
03:15-03:30 24221 4.54 7.10 7.10 0
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03:30-03:45 24221 4.54 7.10 0 7.10 0
03:45-04:00 24221 4.54 7.10 0 7.10 0
04:00-04:15 24221 4.54 7.10 0 7.10 0
04:15-04:30 24221 4.96 7.10 0 7.10 0
04:30-04:45 24221 5.00 7.10 0 7.10 0
04:45-05:00 24221 5.20 7.10 0 7.10 0
05:00-05:15 24221 5.50 6.04 0 6.04 0
05:15-05:30 24221 6.02 6.04 0 6.04 0
05:30-05:45 24221 6.97 6.04 1 7.04 24221
05:45-06:00 24221 7.00 6.04 1 7.04 24221
06:00-06:15 24221 7.37 6.04 1 7.04 24221
06:15-06:30 24221 7.37 6.04 1 7.04 24221
06:30-06:45 24221 7.37 6.04 1 7.04 24221
06:45-07:00 24221 6.49 6.04 0 6.04 0
07:00-07:15 24221 7.37 6.04 1 7.04 24221
07:15-07:30 24221 7.37 6.04 1 7.04 24221
07:30-07:45 24221 6.50 6.04 0 6.04 0
07:45-08:00 24221 6.50 6.04 0 6.04 0
08:00-08:15 24221 5.50 6.04 0 6.04 0
08:15-08:30 24221 5.68 6.04 0 6.04 0
08:30-08:45 24221 5.68 6.04 0 6.04 0
08:45-09:00 24221 4.93 6.04 0 6.04 0
09:00-09:15 24221 5.47 6.04 0 6.04 0
09:15-09:30 24221 5.61 6.04 0 6.04 0
09:30-09:45 24221 5.68 6.04 0 6.04 0
09:45-10:00 24221 5.66 6.04 0 6.04 0
10:00-10:15 24221 4.54 6.04 0 6.04 0
10:15-10:30 24221 5.20 6.04 0 6.04 0
10:30-10:45 24221 5.31 6.04 0 6.04 0
10:45-11:00 24221 5.02 6.04 0 6.04 0
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11:00-11:15 24221 4.93 7.10 7.10 0
11:15-11:30 24221 4.93 7.10 7.10 0
11:30-11:45 24221 4.90 7.10 7.10 0
11:45-12:00 24221 4.90 7.10 7.10 0
12:00-12:15 24221 4.50 7.10 7.10 0
12:15-12:30 24221 4.30 7.10 7.10 0
12:30-12:45 24221 4.25 7.10 7.10 0
12:45-13:00 24221 4.15 7.10 7.10 0
13:00-13:15 24221 3.82 7.10 7.10 0
13:15-13:30 24221 3.62 7.10 7.10 0
13:30-13:45 24221 3.75 7.10 7.10 0
13:45-14:00 24221 3.65 7.10 7.10 0
14:00-14:15 24221 4.15 7.10 7.10 0
14:15-14:30 24221 4.15 7.10 7.10 0
14:30-14:45 24221 4.15 7.10 7.10 0
14:45-15:00 24221 4.30 7.10 7.10 0
15:00-15:15 24221 4.54 7.10 7.10 0
15:15-15:30 24221 4.54 7.10 7.10 0
15:30-15:45 24221 5.27 7.10 7.10 0
15:45-16:00 24221 5.20 7.10 7.10 0
16:00-16:15 24221 5.58 7.10 7.10 0
16:15-16:30 24221 6.70 7.10 7.10 0
16:30-16:45 24221 7.37 7.10 7.10 0
16:45-17:00 24221 7.37 7.10 7.10 0
17:00-17:15 24221 6.95 8.10 8.10 0
17:15-17:30 24221 6.95 8.10 8.10 0
17:30-17:45 24221 6.95 8.10 8.10 0
17:45-18:00 24221 6.00 8.10 8.10 0
18:00-18:15 24221 6.49 8.10 8.10 0
18:15-18:30 24221 7.37 8.10 8.10 0
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18:30-18:45 24221 9.38 8.10 1 9.10 24221
18:45-19:00 24221 11.38 8.10 3 11.10 72663
19:00-19:15 24221 12.00 8.10 4 12.10 96884
19:15-19:30 24221 12.00 8.10 4 12.10 96884
19:30-19:45 24221 10.00 8.10 2 10.10 48442
19:45-20:00 24221 9.02 8.10 1 9.10 24221
20:00-20:15 24221 8.25 8.10 0 8.10 0
20:15-20:30 24221 8.00 8.10 0 8.10 0
20:30-20:45 24221 8.00 8.10 0 8.10 0
20:45-21:00 24221 8.00 8.10 0 8.10 0
21:00-21:15 24221 8.32 8.10 0 8.10 0
21:15-21:30 24221 8.57 8.10 0 8.10 0
21:30-21:45 24221 8.57 8.10 0 8.10 0
21:45-22:00 24221 8.57 8.10 0 8.10 0
22:00-22:15 24221 7.37 8.10 0 8.10 0
22:15-22:30 24221 8.00 8.10 0 8.10 0
22:30-22:45 24221 8.00 8.10 0 8.10 0
22:45-23:00 24221 7.80 8.10 0 8.10 0
23:00-23:15 24221 6.91 7.10 0 7.10 0
23:15-23:30 24221 6.60 7.10 0 7.10 0
23:30-23:45 24221 6.57 7.10 0 7.10 0
23:45-24:00 24221 7.10 7.10 0 7.10 0

133215

00:00- 24221 10.00 7.10 10.10 72663
00:15
00:15- 24221 10.00 7.10 10.10 72663
00:30
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00:30- 24221 10.00 7.10 3 10.10 72663
00:45
00:45- 24221 10.00 7.10 3 10.10 72663
01:00
01:00- 24221 10.00 7.10 3 10.10 72663
01:15
01:15- 24221 10.00 7.10 3 10.10 72663
01:30
01:30- 24221 10.00 7.10 3 10.10 72663
01:45
01:45- 24221 10.00 7.10 3 10.10 72663
02:00
02:00- 24221 10.00 7.10 3 10.10 72663
02:15
02:15- 24221 10.00 7.10 3 10.10 72663
02:30
02:30- 24221 10.00 7.10 3 10.10 72663
02:45
02:45- 24221 10.00 7.10 3 10.10 72663
03:00
03:00- 24221 10.00 7.10 3 10.10 72663
03:15
03:15- 24221 10.00 7.10 3 10.10 72663
03:30
03:30- 24221 10.00 7.10 3 10.10 72663
03:45
03:45- 24221 10.00 7.10 3 10.10 72663
04:00
04:00- 24221 10.00 7.10 3 10.10 72663
04:15
04:15- 24221 10.00 7.10 3 10.10 72663
04:30
04:30- 24221 10.00 7.10 3 10.10 72663
04:45
04:45- 24221 10.00 7.10 3 10.10 72663
05:00
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05:00- 24221 10.00 6.04 4 10.04 96884
05:15
05:15- 24221 10.00 6.04 4 10.04 96884
05:30
05:30- 24221 10.00 6.04 4 10.04 96884
05:45
05:45- 24221 10.00 6.04 4 10.04 96884
06:00
06:00- 24221 10.00 6.04 4 10.04 96884
06:15
06:15- 24221 10.00 6.04 4 10.04 96884
06:30
06:30- 24221 8.05 6.04 2 8.04 48442
06:45
06:45- 24221 6.98 6.04 1 7.04 24221
07:00
07:00- 24221 6.00 6.04 0 6.04 0
07:15
07:15- 24221 4.54 6.04 0 6.04 0
07:30
07:30- 24221 4.40 6.04 0 6.04 0
07:45
07:45- 24221 4.26 6.04 0 6.04 0
08:00
08:00- 24221 4.08 6.04 0 6.04 0
08:15
08:15- 24221 4.11 6.04 0 6.04 0
08:30
08:30- 24221 4.13 6.04 0 6.04 0
08:45
08:45- 24221 4.08 6.04 0 6.04 0
09:00
09:00- 24221 4.02 6.04 0 6.04 0
09:15
09:15- 24221 4.00 6.04 0 6.04 0
09:30
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09:30- 24221 3.87 6.04 0 6.04 0
09:45
09:45- 24221 3.96 6.04 0 6.04 0
10:00
10:00- 24221 3.62 6.04 0 6.04 0
10:15
10:15- 24221 3.75 6.04 0 6.04 0
10:30
10:30- 24221 3.65 6.04 0 6.04 0
10:45
10:45- 24221 3.62 6.04 0 6.04 0
11:00
11:00- 24221 3.53 7.10 0 7.10 0
11:15
11:15- 24221 3.50 7.10 0 7.10 0
11:30
11:30- 24221 3.40 7.10 0 7.10 0
11:45
11:45- 24221 3.42 7.10 0 7.10 0
12:00
12:00- 24221 3.30 7.10 0 7.10 0
12:15
12:15- 24221 3.30 7.10 0 7.10 0
12:30
12:30- 24221 3.30 7.10 0 7.10 0
12:45
12:45- 24221 3.30 7.10 0 7.10 0
13:00
13:00- 24221 3.05 7.10 0 7.10 0
13:15
13:15- 24221 2.91 7.10 0 7.10 0
13:30
13:30- 24221 3.03 7.10 0 7.10 0
13:45
13:45- 24221 3.10 7.10 0 7.10 0
14:00
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14:00- 24221 3.30 7.10 0 7.10 0
14:15
14:15- 24221 3.33 7.10 0 7.10 0
14:30
14:30- 24221 3.40 7.10 0 7.10 0
14:45
14:45- 24221 3.53 7.10 0 7.10 0
15:00
15:00- 24221 3.57 7.10 0 7.10 0
15:15
15:15- 24221 3.96 7.10 0 7.10 0
15:30
15:30- 24221 4.07 7.10 0 7.10 0
15:45
15:45- 24221 413 7.10 0 7.10 0
16:00
16:00- 24221 413 7.10 0 7.10 0
16:15
16:15- 24221 4.44 7.10 0 7.10 0
16:30
16:30- 24221 4.60 7.10 0 7.10 0
16:45
16:45- 24221 5.10 7.10 0 7.10 0
17:00
17:00- 24221 5.10 8.10 0 8.10 0
17:15
17:15- 24221 5.10 8.10 0 8.10 0
17:30
17:30- 24221 5.10 8.10 0 8.10 0
17:45
17:45- 24221 7.00 8.10 0 8.10 0
18:00
18:00- 24221 7.60 8.10 0 8.10 0
18:15
18:15- 24221 10.00 8.10 2 10.10 48442
18:30
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18:30- 24221 10.00 8.10 2 10.10 48442
18:45
18:45- 24221 10.00 8.10 2 10.10 48442
19:00
19:00- 24221 10.00 8.10 2 10.10 48442
19:15
19:15- 24221 10.00 8.10 2 10.10 48442
19:30
19:30- 24221 10.00 8.10 2 10.10 48442
19:45
19:45- 24221 10.00 8.10 2 10.10 48442
20:00
20:00- 24221 10.00 8.10 2 10.10 48442
20:15
20:15- 24221 10.00 8.10 2 10.10 48442
20:30
20:30- 24221 10.00 8.10 2 10.10 48442
20:45
20:45- 24221 10.00 8.10 2 10.10 48442
21:00
21:00- 24221 10.00 8.10 2 10.10 48442
21:15
21:15- 24221 10.00 8.10 2 10.10 48442
21:30
21:30- 24221 10.00 8.10 2 10.10 48442
21:45
21:45- 24221 10.00 8.10 2 10.10 48442
22:00
22:00- 24221 10.00 8.10 2 10.10 48442
22:15
22:15- 24221 10.00 8.10 2 10.10 48442
22:30
22:30- 24221 10.00 8.10 2 10.10 48442
22:45
22:45- 24221 10.00 8.10 2 10.10 48442
23:00
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23:00- 24221 10.00 7.10 10.10 72663
23:15
23:15- 24221 10.00 7.10 10.10 72663
23:30
23:30- 24221 10.00 7.10 10.10 72663
23:45
23:45- 24221 10.00 7.10 10.10 72663
24:00

829569

00:00-00:15 24221 10.00 7.10 10.10 72663
00:15-00:30 24221 9.80 7.10 10.10 72663
00:30-00:45 24221 7.25 7.10 7.10 0
00:45-01:00 24221 5.67 7.10 7.10 0
01:00-01:15 24221 4.55 7.10 7.10 0
01:15-01:30 24221 4.15 7.10 7.10 0
01:30-01:45 24221 4.01 7.10 7.10 0
01:45-02:00 24221 3.70 7.10 7.10 0
02:00-02:15 24221 3.68 7.10 7.10 0
02:15-02:30 24221 3.60 7.10 7.10 0
02:30-02:45 24221 3.50 7.10 7.10 0
02:45-03:00 24221 3.36 7.10 7.10 0
03:00-03:15 24221 3.47 7.10 7.10 0
03:15-03:30 24221 3.23 7.10 7.10 0
03:30-03:45 24221 3.48 7.10 7.10 0
03:45-04:00 24221 3.44 7.10 7.10 0
04:00-04:15 24221 3.00 7.10 7.10 0
04:15-04:30 24221 3.48 7.10 7.10 0
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04:30-04:45 24221 3.55 7.10 0 7.10 0
04:45-05:00 24221 3.52 7.10 0 7.10 0
05:00-05:15 24221 3.79 6.04 0 6.04 0
05:15-05:30 24221 3.60 6.04 0 6.04 0
05:30-05:45 24221 3.65 6.04 0 6.04 0
05:45-06:00 24221 3.80 6.04 0 6.04 0
06:00-06:15 24221 3.85 6.04 0 6.04 0
06:15-06:30 24221 3.57 6.04 0 6.04 0
06:30-06:45 24221 3.51 6.04 0 6.04 0
06:45-07:00 24221 3.50 6.04 0 6.04 0
07:00-07:15 24221 3.31 6.04 0 6.04 0
07:15-07:30 24221 3.11 6.04 0 6.04 0
07:30-07:45 24221 3.20 6.04 0 6.04 0
07:45-08:00 24221 3.10 6.04 0 6.04 0
08:00-08:15 24221 3.00 6.04 0 6.04 0
08:15-08:30 24221 3.10 6.04 0 6.04 0
08:30-08:45 24221 3.08 6.04 0 6.04 0
08:45-09:00 24221 3.10 6.04 0 6.04 0
09:00-09:15 24221 3.00 6.04 0 6.04 0
09:15-09:30 24221 3.19 6.04 0 6.04 0
09:30-09:45 24221 3.20 6.04 0 6.04 0
09:45-10:00 24221 3.40 6.04 0 6.04 0
10:00-10:15 24221 3.30 6.04 0 6.04 0
10:15-10:30 24221 3.30 6.04 0 6.04 0
10:30-10:45 24221 3.40 6.04 0 6.04 0
10:45-11:00 24221 3.40 6.04 0 6.04 0
11:00-11:15 24221 3.40 7.10 0 7.10 0
11:15-11:30 24221 3.40 7.10 0 7.10 0
11:30-11:45 24221 3.45 7.10 0 7.10 0
11:45-12:00 24221 3.50 7.10 0 7.10 0
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12:00-12:15 24221 3.50 7.10 0 7.10 0
12:15-12:30 24221 3.50 7.10 0 7.10 0
12:30-12:45 24221 3.50 7.10 0 7.10 0
12:45-13:00 24221 3.40 7.10 0 7.10 0
13:00-13:15 24221 3.40 7.10 0 7.10 0
13:15-13:30 24221 3.40 7.10 0 7.10 0
13:30-13:45 24221 3.37 7.10 0 7.10 0
13:45-14:00 24221 3.40 7.10 0 7.10 0
14:00-14:15 24221 3.51 7.10 0 7.10 0
14:15-14:30 24221 3.57 7.10 0 7.10 0
14:30-14:45 24221 3.60 7.10 0 7.10 0
14:45-15:00 24221 3.75 7.10 0 7.10 0
15:00-15:15 24221 4.06 7.10 0 7.10 0
15:15-15:30 24221 4.06 7.10 0 7.10 0
15:30-15:45 24221 4.10 7.10 0 7.10 0
15:45-16:00 24221 4.06 7.10 0 7.10 0
16:00-16:15 24221 4.50 7.10 0 7.10 0
16:15-16:30 24221 4.50 7.10 0 7.10 0
16:30-16:45 24221 4.50 7.10 0 7.10 0
16:45-17:00 24221 4.50 7.10 0 7.10 0
17:00-17:15 24221 4.50 8.10 0 8.10 0
17:15-17:30 24221 4.00 8.10 0 8.10 0
17:30-17:45 24221 3.56 8.10 0 8.10 0
17:45-18:00 24221 3.53 8.10 0 8.10 0
18:00-18:15 24221 3.57 8.10 0 8.10 0
18:15-18:30 24221 4.44 8.10 0 8.10 0
18:30-18:45 24221 4.75 8.10 0 8.10 0
18:45-19:00 24221 4.86 8.10 0 8.10 0
19:00-19:15 24221 6.21 8.10 0 8.10 0
19:15-19:30 24221 6.21 8.10 0 8.10 0
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19:30-19:45 24221 6.21 8.10 8.10 0
19:45-20:00 24221 8.50 8.10 8.10 0
20:00-20:15 24221 7.25 8.10 8.10 0
20:15-20:30 24221 7.25 8.10 8.10 0
20:30-20:45 24221 7.42 8.10 8.10 0
20:45-21:00 24221 8.50 8.10 8.10 0
21:00-21:15 24221 8.00 8.10 8.10 0
21:15-21:30 24221 8.53 8.10 8.10 0
21:30-21:45 24221 8.50 8.10 8.10 0
21:45-22:00 24221 8.53 8.10 8.10 0
22:00-22:15 24221 8.00 8.10 8.10 0
22:15-22:30 24221 9.80 8.10 10.10 48442
22:30-22:45 24221 10.00 8.10 10.10 48442
22:45-23:00 24221 10.00 8.10 10.10 48442
23:00-23:15 24221 10.00 7.10 10.10 72663
23:15-23:30 24221 10.00 7.10 10.10 72663
23:30-23:45 24221 10.00 7.10 10.10 72663
23:45-24:00 24221 10.00 7.10 10.10 72663

145326

00:00-00:15 24221 10.00 7.10 3 10.10 72663
00:15-00:30 24221 10.00 7.10 3 10.10 72663
00:30-00:45 24221 10.00 7.10 3 10.10 72663
00:45-01:00 24221 10.00 7.10 3 10.10 72663
01:00-01:15 24221 10.00 7.10 3 10.10 72663
01:15-01:30 24221 10.00 7.10 3 10.10 72663
01:30-01:45 24221 7.17 7.10 0 7.10 0
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01:45-02:00 24221 6.50 7.10 7.10 0
02:00-02:15 24221 6.21 7.10 7.10 0
02:15-02:30 24221 6.00 7.10 7.10 0
02:30-02:45 24221 5.75 7.10 7.10 0
02:45-03:00 24221 5.53 7.10 7.10 0
03:00-03:15 24221 5.97 7.10 7.10 0
03:15-03:30 24221 5.97 7.10 7.10 0
03:30-03:45 24221 5.73 7.10 7.10 0
03:45-04:00 24221 5.75 7.10 7.10 0
04:00-04:15 24221 5.51 7.10 7.10 0
04:15-04:30 24221 5.53 7.10 7.10 0
04:30-04:45 24221 5.75 7.10 7.10 0
04:45-05:00 24221 5.51 7.10 7.10 0
05:00-05:15 24221 5.97 6.04 6.04 0
05:15-05:30 24221 5.51 6.04 6.04 0
05:30-05:45 24221 5.51 6.04 6.04 0
05:45-06:00 24221 5.51 6.04 6.04 0
06:00-06:15 24221 4.24 6.04 6.04 0
06:15-06:30 24221 4.00 6.04 6.04 0
06:30-06:45 24221 3.66 6.04 6.04 0
06:45-07:00 24221 3.50 6.04 6.04 0
07:00-07:15 24221 3.15 6.04 6.04 0
07:15-07:30 24221 3.00 6.04 6.04 0
07:30-07:45 24221 2.60 6.04 6.04 0
07:45-08:00 24221 2.28 6.04 6.04 0
08:00-08:15 24221 2.00 6.04 6.04 0
08:15-08:30 24221 2.00 6.04 6.04 0
08:30-08:45 24221 2.00 6.04 6.04 0
08:45-09:00 24221 2.00 6.04 6.04 0
09:00-09:15 24221 2.00 6.04 6.04 0
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09:15-09:30 24221 2.00 6.04 6.04 0
09:30-09:45 24221 2.00 6.04 6.04 0
09:45-10:00 24221 2.00 6.04 6.04 0
10:00-10:15 24221 2.00 6.04 6.04 0
10:15-10:30 24221 2.00 6.04 6.04 0
10:30-10:45 24221 2.28 6.04 6.04 0
10:45-11:00 24221 2.70 6.04 6.04 0
11:00-11:15 24221 2.38 7.10 7.10 0
11:15-11:30 24221 2.70 7.10 7.10 0
11:30-11:45 24221 2.90 7.10 7.10 0
11:45-12:00 24221 2.95 7.10 7.10 0
12:00-12:15 24221 2.35 7.10 7.10 0
12:15-12:30 24221 2.38 7.10 7.10 0
12:30-12:45 24221 2.28 7.10 7.10 0
12:45-13:00 24221 2.27 7.10 7.10 0
13:00-13:15 24221 2.38 7.10 7.10 0
13:15-13:30 24221 2.38 7.10 7.10 0
13:30-13:45 24221 2.70 7.10 7.10 0
13:45-14:00 24221 2.38 7.10 7.10 0
14:00-14:15 24221 3.30 7.10 7.10 0
14:15-14:30 24221 3.35 7.10 7.10 0
14:30-14:45 24221 3.50 7.10 7.10 0
14:45-15:00 24221 3.61 7.10 7.10 0
15:00-15:15 24221 3.66 7.10 7.10 0
15:15-15:30 24221 3.72 7.10 7.10 0
15:30-15:45 24221 3.70 7.10 7.10 0
15:45-16:00 24221 3.72 7.10 7.10 0
16:00-16:15 24221 3.66 7.10 7.10 0
16:15-16:30 24221 3.78 7.10 7.10 0
16:30-16:45 24221 3.72 7.10 7.10 0
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16:45-17:00 24221 3.65 7.10 7.10 0
17:00-17:15 24221 3.66 8.10 8.10 0
17:15-17:30 24221 3.61 8.10 8.10 0
17:30-17:45 24221 3.61 8.10 8.10 0
17:45-18:00 24221 3.61 8.10 8.10 0
18:00-18:15 24221 4.02 8.10 8.10 0
18:15-18:30 24221 4.24 8.10 8.10 0
18:30-18:45 24221 4.50 8.10 8.10 0
18:45-19:00 24221 5.00 8.10 8.10 0
19:00-19:15 24221 6.00 8.10 8.10 0
19:15-19:30 24221 6.45 8.10 8.10 0
19:30-19:45 24221 7.17 8.10 8.10 0
19:45-20:00 24221 6.50 8.10 8.10 0
20:00-20:15 24221 6.50 8.10 8.10 0
20:15-20:30 24221 8.20 8.10 8.10 0
20:30-20:45 24221 10.00 8.10 10.10 48442
20:45-21:00 24221 10.00 8.10 10.10 48442
21:00-21:15 24221 10.00 8.10 10.10 48442
21:15-21:30 24221 10.00 8.10 10.10 48442
21:30-21:45 24221 10.00 8.10 10.10 48442
21:45-22:00 24221 10.00 8.10 10.10 48442
22:00-22:15 24221 10.00 8.10 10.10 48442
22:15-22:30 24221 10.00 8.10 10.10 48442
22:30-22:45 24221 10.00 8.10 10.10 48442
22:45-23:00 24221 10.00 8.10 10.10 48442
23:00-23:15 24221 10.00 7.10 10.10 72663
23:15-23:30 24221 10.00 7.10 10.10 72663
23:30-23:45 24221 10.00 7.10 10.10 72663
23:45-24:00 24221 10.00 7.10 10.10 72663

302762
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00:00-00:15 24221 10.00 7.10 10.10 72663
00:15-00:30 24221 10.00 7.10 10.10 72663
00:30-00:45 24221 10.00 7.10 10.10 72663
00:45-01:00 24221 10.00 7.10 10.10 72663
01:00-01:15 24221 7.50 7.10 7.10 0
01:15-01:30 24221 5.97 7.10 7.10 0
01:30-01:45 24221 6.11 7.10 7.10 0
01:45-02:00 24221 5.50 7.10 7.10 0
02:00-02:15 24221 5.04 7.10 7.10 0
02:15-02:30 24221 4.77 7.10 7.10 0
02:30-02:45 24221 4.50 7.10 7.10 0
02:45-03:00 24221 4.25 7.10 7.10 0
03:00-03:15 24221 4.21 7.10 7.10 0
03:15-03:30 24221 4.21 7.10 7.10 0
03:30-03:45 24221 4.06 7.10 7.10 0
03:45-04:00 24221 4.00 7.10 7.10 0
04:00-04:15 24221 4.06 7.10 7.10 0
04:15-04:30 24221 4.21 7.10 7.10 0
04:30-04:45 24221 4.24 7.10 7.10 0
04:45-05:00 24221 4.25 7.10 7.10 0
05:00-05:15 24221 4.24 6.04 6.04 0
05:15-05:30 24221 4.77 6.04 6.04 0
05:30-05:45 24221 5.50 6.04 6.04 0
05:45-06:00 24221 6.50 6.04 6.04 0
06:00-06:15 24221 6.00 6.04 6.04 0
06:15-06:30 24221 6.50 6.04 6.04 0
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06:30-06:45 24221 6.50 6.04 0 6.04 0
06:45-07:00 24221 6.00 6.04 0 6.04 0
07:00-07:15 24221 5.09 6.04 0 6.04 0
07:15-07:30 24221 4.06 6.04 0 6.04 0
07:30-07:45 24221 3.57 6.04 0 6.04 0
07:45-08:00 24221 3.48 6.04 0 6.04 0
08:00-08:15 24221 3.31 6.04 0 6.04 0
08:15-08:30 24221 3.30 6.04 0 6.04 0
08:30-08:45 24221 3.22 6.04 0 6.04 0
08:45-09:00 24221 3.22 6.04 0 6.04 0
09:00-09:15 24221 3.32 6.04 0 6.04 0
09:15-09:30 24221 3.32 6.04 0 6.04 0
09:30-09:45 24221 3.34 6.04 0 6.04 0
09:45-10:00 24221 3.48 6.04 0 6.04 0
10:00-10:15 24221 3.34 6.04 0 6.04 0
10:15-10:30 24221 3.33 6.04 0 6.04 0
10:30-10:45 24221 3.33 6.04 0 6.04 0
10:45-11:00 24221 3.32 6.04 0 6.04 0
11:00-11:15 24221 3.44 7.10 0 7.10 0
11:15-11:30 24221 3.33 7.10 0 7.10 0
11:30-11:45 24221 3.37 7.10 0 7.10 0
11:45-12:00 24221 3.37 7.10 0 7.10 0
12:00-12:15 24221 3.32 7.10 0 7.10 0
12:15-12:30 24221 3.31 7.10 0 7.10 0
12:30-12:45 24221 3.32 7.10 0 7.10 0
12:45-13:00 24221 331 7.10 0 7.10 0
13:00-13:15 24221 3.31 7.10 0 7.10 0
13:15-13:30 24221 3.26 7.10 0 7.10 0
13:30-13:45 24221 3.31 7.10 0 7.10 0
13:45-14:00 24221 3.32 7.10 0 7.10 0
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14:00-14:15 24221 3.33 7.10 0 7.10 0
14:15-14:30 24221 341 7.10 0 7.10 0
14:30-14:45 24221 3.44 7.10 0 7.10 0
14:45-15:00 24221 3.47 7.10 0 7.10 0
15:00-15:15 24221 3.48 7.10 0 7.10 0
15:15-15:30 24221 3.48 7.10 0 7.10 0
15:30-15:45 24221 3.48 7.10 0 7.10 0
15:45-16:00 24221 3.48 7.10 0 7.10 0
16:00-16:15 24221 3.48 7.10 0 7.10 0
16:15-16:30 24221 3.48 7.10 0 7.10 0
16:30-16:45 24221 3.47 7.10 0 7.10 0
16:45-17:00 24221 3.48 7.10 0 7.10 0
17:00-17:15 24221 3.50 8.10 0 8.10 0
17:15-17:30 24221 3.50 8.10 0 8.10 0
17:30-17:45 24221 3.56 8.10 0 8.10 0
17:45-18:00 24221 3.94 8.10 0 8.10 0
18:00-18:15 24221 4.00 8.10 0 8.10 0
18:15-18:30 24221 4.49 8.10 0 8.10 0
18:30-18:45 24221 5.50 8.10 0 8.10 0
18:45-19:00 24221 9.00 8.10 1 9.10 24221
19:00-19:15 24221 10.00 8.10 2 10.10 48442
19:15-19:30 24221 10.00 8.10 2 10.10 48442
19:30-19:45 24221 10.00 8.10 2 10.10 48442
19:45-20:00 24221 10.00 8.10 2 10.10 48442
20:00-20:15 24221 10.00 8.10 2 10.10 48442
20:15-20:30 24221 10.00 8.10 2 10.10 48442
20:30-20:45 24221 10.00 8.10 2 10.10 48442
20:45-21:00 24221 10.00 8.10 2 10.10 48442
21:00-21:15 24221 10.00 8.10 2 10.10 48442
21:15-21:30 24221 10.00 8.10 2 10.10 48442
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21:30-21:45 24221 10.00 8.10 10.10 48442
21:45-22:00 24221 10.00 8.10 10.10 48442
22:00-22:15 24221 10.00 8.10 10.10 48442
22:15-22:30 24221 10.00 8.10 10.10 48442
22:30-22:45 24221 10.00 8.10 10.10 48442
22:45-23:00 24221 10.00 8.10 10.10 48442
23:00-23:15 24221 10.00 7.10 10.10 72663
23:15-23:30 24221 10.00 7.10 10.10 72663
23:30-23:45 24221 10.00 7.10 10.10 72663
23:45-24:00 24221 10.00 7.10 10.10 72663

345149

00:00- 24221 10 7.10 10.10 72663
00:15
00:15- 24221 10 7.10 10.10 72663
00:30
00:30- 24221 10 7.10 10.10 72663
00:45
00:45- 24221 10 7.10 10.10 72663
01:00
01:00- 24221 10 7.10 10.10 72663
01:15
01:15- 24221 10 7.10 10.10 72663
01:30
01:30- 24221 10 7.10 10.10 72663
01:45
01:45- 24221 10 7.10 10.10 72663
02:00
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02:00- 24221 10 7.10 10.10 72663
02:15
02:15- 24221 10 7.10 10.10 72663
02:30
02:30- 24221 10 7.10 10.10 72663
02:45
02:45- 24221 10 7.10 10.10 72663
03:00
03:00- 24221 10 7.10 10.10 72663
03:15
03:15- 24221 10 7.10 10.10 72663
03:30
03:30- 24221 7.52908 7.10 7.10 0
03:45
03:45- 24221 7.00052 7.10 7.10 0
04:00
04:00- 24221 6.99995 7.10 7.10 0
04:15
04:15- 24221 9.79963 7.10 10.10 72663
04:30
04:30- 24221 10 7.10 10.10 72663
04:45
04:45- 24221 10 7.10 10.10 72663
05:00
05:00- 24221 6.51021 6.04 6.04 0
05:15
05:15- 24221 6.51051 6.04 6.04 0
05:30
05:30- 24221 6.51099 6.04 6.04 0
05:45
05:45- 24221 8.5001 6.04 8.04 48442
06:00
06:00- 24221 8.51098 6.04 8.04 48442
06:15
06:15- 24221 10 6.04 10.04 96884
06:30
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06:30- 24221 10 6.04 10.04 96884
06:45
06:45- 24221 10 6.04 10.04 96884
07:00
07:00- 24221 10 6.04 10.04 96884
07:15
07:15- 24221 10 6.04 10.04 96884
07:30
07:30- 24221 10 6.04 10.04 96884
07:45
07:45- 24221 10 6.04 10.04 96884
08:00
08:00- 24221 10 6.04 10.04 96884
08:15
08:15- 24221 6.01085 6.04 6.04 0
08:30
08:30- 24221 5.58965 6.04 6.04 0
08:45
08:45- 24221 5.62509 6.04 6.04 0
09:00
09:00- 24221 5.74099 6.04 6.04 0
09:15
09:15- 24221 5.74397 6.04 6.04 0
09:30
09:30- 24221 5.78339 6.04 6.04 0
09:45
09:45- 24221 5.84126 6.04 6.04 0
10:00
10:00- 24221 5.59464 6.04 6.04 0
10:15
10:15- 24221 5.49496 6.04 6.04 0
10:30
10:30- 24221 5.22733 6.04 6.04 0
10:45
10:45- 24221 5.39707 6.04 6.04 0
11:00
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11:00- 24221 5.1353 7.10 7.10 0
11:15
11:15- 24221 4.,99952 7.10 7.10 0
11:30
11:30- 24221 5.13568 7.10 7.10 0
11:45
11:45- 24221 4.97053 7.10 7.10 0
12:00
12:00- 24221 4,71 7.10 7.10 0
12:15
12:15- 24221 4.70957 7.10 7.10 0
12:30
12:30- 24221 4.78856 7.10 7.10 0
12:45
12:45- 24221 4.78848 7.10 7.10 0
13:00
13:00- 24221 4.54156 7.10 7.10 0
13:15
13:15- 24221 4.50024 7.10 7.10 0
13:30
13:30- 24221 4.64697 7.10 7.10 0
13:45
13:45- 24221 4.65029 7.10 7.10 0
14:00
14:00- 24221 5.26919 7.10 7.10 0
14:15
14:15- 24221 5.7008 7.10 7.10 0
14:30
14:30- 24221 5.95078 7.10 7.10 0
14:45
14:45- 24221 6.25464 7.10 7.10 0
15:00
15:00- 24221 6.34711 7.10 7.10 0
15:15
15:15- 24221 6.79367 7.10 7.10 0
15:30
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15:30- 24221 7.08084 7.10 7.10 0
15:45
15:45- 24221 7.41066 7.10 7.10 0
16:00
16:00- 24221 7.08509 7.10 7.10 0
16:15
16:15- 24221 7.47925 7.10 7.10 0
16:30
16:30- 24221 7.37487 7.10 7.10 0
16:45
16:45- 24221 7.0029 7.10 7.10 0
17:00
17:00- 24221 6.81047 8.10 8.10 0
17:15
17:15- 24221 6.62777 8.10 8.10 0
17:30
17:30- 24221 5.93856 8.10 8.10 0
17:45
17:45- 24221 6.38727 8.10 8.10 0
18:00
18:00- 24221 8.21014 8.10 8.10 0
18:15
18:15- 24221 10 8.10 10.10 48442
18:30
18:30- 24221 10 8.10 10.10 48442
18:45
18:45- 24221 10 8.10 10.10 48442
19:00
19:00- 24221 10 8.10 10.10 48442
19:15
19:15- 24221 10 8.10 10.10 48442
19:30
19:30- 24221 10 8.10 10.10 48442
19:45
19:45- 24221 10 8.10 10.10 48442
20:00
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20:00- 24221 10 8.10 10.10 48442
20:15
20:15- 24221 10 8.10 10.10 48442
20:30
20:30- 24221 10 8.10 10.10 48442
20:45
20:45- 24221 10 8.10 10.10 48442
21:00
21:00- 24221 10 8.10 10.10 48442
21:15
21:15- 24221 10 8.10 10.10 48442
21:30
21:30- 24221 10 8.10 10.10 48442
21:45
21:45- 24221 10 8.10 10.10 48442
22:00
22:00- 24221 10 8.10 10.10 48442
22:15
22:15- 24221 10 8.10 10.10 48442
22:30
22:30- 24221 10 8.10 10.10 48442
22:45
22:45- 24221 10 8.10 10.10 48442
23:00
23:00- 24221 10 7.10 10.10 72663
23:15
23:15- 24221 10 7.10 10.10 72663
23:30
23:30- 24221 10 7.10 10.10 72663
23:45
23:45- 24221 10.00 7.10 10.10 72663
24:00

829569
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