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Abstract

The balance of supply and demand in the power systems has traditionally been served solely through generation
and network capacity planning and operations. However, with increased requirements for flexibility due to the
uptake in variable renewable generation sources such as wind and solar, there is a need to increase demand-side
flexibility. In addition, there are increased communications and flexibility capabilities emerging on the demand-
side from the adoption of advanced metering infrastructures with smart meter deployment and intelligent loads
such as smart thermostats and schedulable white goods (e.g., dishwashers and washing machines). Unlocking
demand-side flexibility can bring system benefits, from peak load reduction bringing about generation capacity
and network upgrade deferral to reducing demand and bringing about more efficient utilization of generation and
network capacity.

Unlocking demand-side flexibility is an evolving process for utilities, and solutions must be tailored to each
specific consumer class. Demand-side management (DSM) is a broad set of tools that can include demand
response (DR) (both dispatchable and non-dispatchable), energy efficiency and distributed energy resources, and
consumer-sited resources. NREL, in collaboration with BRPL and GTG-RISE, examined the potential of DSM in
BRPL’s service territory, developing detailed information on consumer classes and willingness to participate in
DSM. The study developed modeling frameworks for load analysis and the analysis tools to assess the potential of
time-of-use (TOU) tariffs in motivating consumers to reduce their peak period energy consumption. The study
shows that BRPL consumers, specifically their domestic consumers, are willing to participate in DSM programs
and that TOU pricing can help BRPL reduce their peak demand and help unlock demand-side flexibility.



Executive Summary

Context and Problem Description

The power system requires supply and demand to be balanced at all times; otherwise, system voltage and
frequency challenges can occur. Until few years ago, it was common to treat demand as an inflexible resource and
to adjust supply to match demand at any given time. In recent years, unlocking demand-side flexibility has been a
topic of interest, with strong potential, all over the world. Enabling demand-side flexibility can bring about utility
and consumer cost benefits such as providing effective peak load reduction and avoiding the use of expensive
peaking generation. Three primary stakeholders can be identified for DSM to be an effective mechanism—
consumers who enable DSM, utilities that encourage the consumers, and regulatory authorities who provide
directions for utilities. This research work is designed to enrich the knowledge base for these three stakeholders as
the study addresses some of germinal questions about DSM and its implementation.

As energy consumption in the Indian grid is expected to grow steadily, triggered by electrification, DSM is
recognized as an effective mechanism to promote energy efficiency. For instance, the recently published Draft
National Electricity Policy 2021 issued by Ministry of Power emphasizes the importance of energy conservation
and DSM. Converting these policy initiatives to regulatory directives, nodal stakeholders such as State Electricity
Regulatory Commissions can contribute to making DSM a reality. Along similar lines, Rajasthan Electricity
Regulatory Commission recently issued directives to utilities to implement the policy provision on energy storage
purchase obligation (in MW) for up to 5% of the overall renewable purchase obligation target. With this
Rajasthan Electricity Regulatory Commission order, utilities can specify storage requirements (minimum rated
capacity to be 50% of project capacity) with solar/wind capacity bidding on a pilot basis. Similar actions for DSM
can prescribe energy efficiency targets for distribution companies and help them attain those targets by
implementing utility-led DSM programs.

Before regulatory directives are put forward from policy initiatives, sufficient evidence is needed to determine the
value add from new technologies. This work is designed to provide this required evidence that can help regulatory
authorities sanction applications of DSM and foster growth of distributed energy resources. In this work, we focus
on the first step in unlocking flexible demand for all the primary stakeholders involved in DSM programs. NREL,
in collaboration with BRPL and Greening the Grid RISE, studied the potential of DSM in Delhi, India, for this
study. The research team addressed the DSM design problem and presented their findings in the form of two
major research components: i) tool development for evaluating DSM as a resource in utilities’ planning processes,
and ii) a survey component to understand possible consumer participation in designing an effective DSM
program.

The first component is a tool/analysis framework developed by NREL for evaluating optimal TOU tariffs called
EFFORT. This open-source tool uses a scalable analysis framework that utilities and distribution companies can
use for their TOU rate planning. The potential of time-varying rate structures is investigated under this framework
by conducting load analysis. EFFORT utilizes insights from the survey on BRPL consumers to output the optimal
ratio of peak to off-peak price points.

For the second component, BRPL conducted surveys among a select set of consumers. This survey was critical in
understanding the importance of consumer classes under their service territory and how they can contribute to
managing the system peak. One of the important aspects of this survey was unveiling how consumers are
adopting new technologies such as solar, energy storage, and electric vehicles (EVs); DSM programs can make
the best of these technologies. While rooftop solar can play a cardinal role in changing the grid landscape with
grid-edge generation, EVs, on the other hand, denote a new class of consumer category with unique
characteristics, able to reshape traditional demand profiles. There is a need for a suitable time-of-day (TOD)/TOU
regime for EVs to integrate renewable energy further for EV charging and optimize the distribution network
usage.
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This report focuses on the first step in unlocking flexible demand for utilities and consumers in Delhi. NREL, in
collaboration with BRPL and the Greening the Grid RISE team, studied the potential of DSM in Delhi. The work
described in this report aims at developing a scalable framework that the utilities and distribution companies can
utilize to evaluate DSM as a resource in their planning processes. The potential of time-varying rate structures
was investigated by conducting load analysis, surveying BRPL consumers, and performing optimization and
sensitivity analysis.

Methodology

Data analysis, consumer surveys and analysis, and optimization techniques were used to evaluate the potential of
DSM for BRPL and their consumers. The methodology used to assess the DSM potential involved four steps as
listed below:

e Assessing the overall consumer class breakdown in BRPL’s service territory

e Establishing the energy consumption end-uses for each class

e Evaluating consumer class willingness and ability to participate in designing a DSM program
e Quantifying the overall potential benefit to BRPL and their consumers

The methodology ensured that our steps to identify the potential for DSM in BRPL were correct. The purpose of
this research study was achieved performing the actionable tasks listed below:

e Load analysis: BRPL’s system and consumer level load data were analyzed to investigate the
characteristics of peak load and the key consumer classes (e.g., domestic, commercial, industrial) that
contribute to overall system energy consumption and peak demand.

e Survey construction and surveying consumers: A survey was constructed and circulated to domestic,
commercial, and industrial consumers to gather socioeconomic data and to assess their energy
consumption patterns, motivation, and willingness to participate in DSM programs and their attitudes
toward emerging demand-side technologies and distributed energy resources. Four hundred and thirteen
residential and 318 commercial and industrial (C&I) consumers were surveyed from June to October
2020.

e Survey analysis: The survey results were analyzed to understand consumption patterns and assess the
key motivations and consumer groups willing to participate in DSM and what mechanisms they would
adopt to respond to DSM programs.

e TOU modeling optimization and potential: A TOU modeling and optimization analysis tool was
created to aid in modeling TOU to obtain the maximum peak demand reduction and cost savings
potential. A sensitivity analysis was run to obtain a sweep of results for different levels of consumer price
responsiveness.

Vii



Notable Outcomes

There has been an increased evolution of the role of the demand side in power systems over the past decades in
terms of increased load responsiveness, increased energy efficiency, and adoption of behind-the-meter (BTM)
technologies such as rooftop solar and battery technologies. DSM has been shown to deliver cost and efficiency
benefits both to the consumer and to utilities operating and managing the grid. Successful implementation of
DSM involves assessing the load sector breakdown and potential for efficiency and response from consumers in a
utility’s service area and tying the load potential to DSM schemes that will produce a successful response.

The results presented in this report establish the positive outcomes from tariff-based DSM programs as they can
bring cost benefits to both consumers and the utility, BRPL in this case. The following bulleted list provides a
brief snapshot into notable outcomes from this study.

Quantifying need for and value from peak load reduction: Peak load results in cost capacity and
energy cost inefficiencies that are passed on to BRPL and their consumers. One percent of network and
generation capacity (approximately 30 MW) is only required 0.01% (less than 1 hour) of the year, and 2%
of capacity (approximately 60 MW) is only required 0.05% of the year. Reducing peak demand could
bring capacity savings, and BRPL estimates annual savings of Rs 2 crore (rupees) per MW peak load
reduction. Peak demand also has a positive correlation with higher electricity prices; for every MW
increase in load, the energy price per MWh on average increases by 1 rupee, so leveling the load could
reduce the cost of providing energy to BRPL consumers.

Targeting domestic consumers for reducing peak demand is key: Domestic consumers account for
approximately 87% of the overall consumer base and 67% of annual energy consumption. C&I
consumers account for 13% of consumers and 31% of annual energy consumption. Average domestic
consumption during the top 10% of loads hour is 58% of its peak, whereas for industrial I consumers it is
38% and for commercial consumers, 26%. This shows that domestic consumers are the key driver behind
BRPL peak demand. TOU pricing schemes are currently in place for BRPL non-domestic consumers.
However, non-domestic consumers are not the main driver of peak demand, and the survey shows they
are also less willing to participate in DR than domestic consumers.

Domestic consumers are willing to participate in DR: Domestic consumers are willing to participate in
DSM measures, with more than 95% of consumers interested in reducing energy consumption for both
environmental reasons and to achieve bill savings, and over 95% of respondents interested in further
transitioning to energy efficient lighting. More than 75% of consumers were willing to stop doing laundry
during evening hours and increase AC temperature during summer evenings.

C&I consumers are more willing to participate in energy efficiency than DR: C&I consumers are
more willing to participate in energy efficiency than in DSM measures that involve changing
consumption patterns. More than 80% of consumers are willing to reduce energy consumption to protect
the environment and believe they should be more active in using energy efficient appliances, and more
than 77% of consumers are interested in energy efficiency to reduce their electricity bill, whereas only
58% of consumers were willing to modify cooling use during on-peak hours and only 22% of consumers
were willing to change the operation of some business activities.

BRPL’s journey towards enabling DSM: BRPL load has two distinct seasonal shapes with dual
peaking in summer, with peak load of 2,972 MW in July of 2018, and single peak in winter, in January
(1,824 MW in 2019). The minimum load for 2019 of 532 MW, occurred in February. This study found
that a two-season TOU price structure had the opportunity to reduce summer and winter peak load. In
summer (April to October) a two-peak tariff was found to have potential, as load was found to peak
between the hours of 15:00 and 17:00 and 22:00 and 01:00, and a single on-peak tariff in winter
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(November to March) between the hours of 09:00 and 12:00 was found to have potential. This study
estimates that BRPL has the potential to reduce summer peak demand by 2% (58 MW) and winter peak
demand by 3.8% (70 MW). This could bring reduced capacity and energy costs to BRPL and their
consumers. BRPL should further investigate rolling out a TOU tariff for its consumers and examine
introducing smart meters for domestic consumers, providing information on smart appliances (e.g., smart
thermostats and schedulable white goods) and energy efficiency measures to consumers.

Reusable Framework for Assessing Demand-Side Potential (EFFORT): EFFORT is

an analysis framework developed in Python for modeling and designing TOU tariffs using optimization.
It uses historical time series system-level load data, cost and capacity data of dispatchable generators,

and consumer price responsiveness to compute optimal on-peak and off-peak price ratios. The utility can
customize the level of consumer price responsiveness based on surveyed information and pricing trails to
better reflect the response levels of their consumers. In addition to this, independent modules are also
included to generate realistic on-peak hours by analyzing utility load profile data. Utilities can also
compute seasonal TOU by grouping year-long load profiles into multiple seasons to specifically target
seasonal changes in peak load consumption patterns. Scenario analysis can be leveraged in the absence of
data required for computing realistic consumer price responsiveness.
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1 Introduction

BRPL is a distribution utility that serves part of the city of Delhi in North Central India. The utility serves over 2.4
million consumers as of March 2017 in a highly urban territory, with a consumer density of 3,100 consumers per
square kilometer. BRPL is a distribution load-serving utility. Both consumers and the utility benefit from flexibility
on the demand-side to help alleviate peak demand and underutilized generation and network capacity, to use demand
response to help integrate renewable energy, and to help promote energy efficiency to reduce energy consumption.

The work in this report details research performed by NREL in collaboration with GTG-RISE team and BRPL to
support and investigate the potential of DSM for consumer- and grid- benefits in Delhi. This research was supported
by the U.S. Agency for International Development. The overall aim of this research was to assess the potential
responsiveness of BRPL consumers and establish the potential benefits of DSM (About BRPL).

BRPL is a public-private company and is a joint venture between the Government of Delhi and Reliance
Infrastructure Limited. It is one of three electricity distribution companies in Delhi; see Figure 1 (BRPL, FAQ). The
utility principally serves residential and commercial consumers and has a high consumer density. The utility has
experienced high growth in the number of consumers served, increasing its number of distribution transformers by
63% between 2003 and 2017.
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Figure 1. BRPL'’s service territory map in Delhi and neighboring utilities

As a distribution load-serving utility, BRPL can achieve energy reduction and flexibility by motivating DSM
strategies. The principal form of achieving this is through retail price plans. To date, BRPL has some forms of
variable pricing schemes, detailed in the next section, for their C&I consumers. However, the majority of the
utility’s energy consumption comes from their residential sector. The next section documents the different forms of
DSM and focuses on those that might be of greatest import for BRPL.

1.1 DSM Review

The U.S. Energy Information Administration states about DSM, “Demand-side management (DSM) programs
consist of the planning, implementing, and monitoring activities of electric utilities which are designed to encourage
consumers to modify their level and pattern of electricity usage (USEIA).



DSM comes in many forms, such as DR and energy efficiency, and it can be expanded to include demand-side, or
BTM, resources such as distributed generation; see Figure 2. The three broad categories of DSM are as follows:

e Demand response: DR can be broadly defined as trying to motivate a change in the level and pattern of
consumer energy consumption. DRs can be broken down into those that are dispatchable and those that
generate a response but are non-dispatchable.

o Dispatchable: Dispatchable DRs are those forms of DR which a utility has some form of control
over, either through direct dispatch comments, wholesale market dispatch, or controllable DR for
capacity services, ancillary services, and/or energy voluntary services. These forms of DR require
communication and generally a level of sophistication for calculating energy bid prices, ensuring
reliability of response and outcome. Typically, larger C&I consumers are best suited to these forms
of DR.

o Non-dispatchable: Non-dispatchable DRs are those forms of DR for which a utility can create a
signal to motivate a response, but over which typically the utility does not have any direct control
regarding reliability or level of response. Retail price plans that motivate energy shifting and energy
efficiency fall into this category and can be used for a wide set of consumers (e.g., residential and
C&I consumers) without the need for any sophisticated controls or communications. Smart
metering infrastructures are typically needed to provide these forms of DR.

e Energy efficiency: Energy efficiency can be achieved through a variety of mechanisms, including
behavioral changes, appliance upgrades, and dwelling thermal insulation. The incentives for energy
efficiency are principally economic (i.e., reducing consumer utility bills) and conscientiousness (e.g.,
concern for environmental impacts of energy use). Regulations on appliances meeting efficiency targets
and the regulatory phase-out of inefficient appliances (e.g., bans on incandescent light bulbs) are a major
way of achieving energy efficiency. Energy efficiency can also be achieved by availability of information
on saving energy and switching to energy efficient appliances and price plans (e.g., incremental block
tariffs) that incrementally increase the price per unit of energy as energy consumption increases.

o Distributed generation and storage: BTM or demand-side distribution generation can be classified as a
form of DSM and can have many of the characteristics of non-dispatchable DR and energy efficiency. The
same conscientiousness around environmental impacts of energy use that may motivate energy efficiency
can motivate the adoption of rooftop solar photovoltaic (PV), and both serve to decrease the energy
consumed from the grid. Likewise, distributed storage can achieve energy shifting that has characteristics
similar to price responsiveness of consumers moving consumption away from peak periods.

The research performed and documented in this report focuses on non-dispatchable DR techniques such as using
retail price plans to motivate energy efficiency and peak demand reduction and/or energy shifting.
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Figure 2. Classification of DSM strategies

1.1.1 Price Plans for Achieving Demand Response

Pricing for electricity can be used to motivate changes in energy usage patterns and overall reduction in energy
consumption. Utility price plans have been evolving over decades, motivating energy efficiency, flexible demand,
and peak flat-rate tariffs (e.g., a single price per kWh) do not motivate lower energy consumption usage beyond a
consumer simply purchasing less of electricity as a commodity. Flat-rate tariffs, where electricity costs are uniform
across all hours, also do not motivate any change in consumption patterns. Both rewarding consumers who have
lower energy consumption and motivating a change in energy consumption patterns can be achieved with
incremental block tariffs and time-based, or TOU, price plans:

e Incremental block tariffs: These tariffs, also known as block tariffs, stepped rate, or slab tariffs,
incrementally increase the unit price of electricity as consumers’ electricity consumption increases. This
gives low energy consumption consumers an overall lower levelized cost of electricity (i.e., overall cost
divided by total energy consumption) and motivates high consumption consumers to reduce their energy
consumption, promoti