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With its heavy
reliance on coal-fired
power, the electricity
sector is China’s
largest contributor to
GHG emissions.
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1. INTRODUCTION

refers to modifying end-user energy consumption through changes in

the price of electricity over time or with incentive payments designed
to reduced electricity consumption during periods of high demand. China is
well-positioned to deploy demand response on a large scale to accelerate
achievement of its coal control and emissions reduction goals. This paper
discusses the success factors behind demand response development in the
U.S. and how more widespread development of similar programs—particularly
those focused on industrial energy users—could help China reduce energy
consumption, cut greenhouse gas (GHG) emissions, achieve ambient air
pollution targets, and support the growth of new industries.

Demand response—a component of demand-side management—

The purpose of this paper is to provide a few suggestions on how China
can advance existing demand response efforts. Our goal is to outline ways
in which a few market-oriented reforms could increase uptake of demand
response solutions to better incorporate renewable energy and reduce
emissions.

Power sector demand response is a strategic investment for China from both
an economic and climate perspective. With its heavy reliance on coal-fired
power, the electricity sector is China’s largest contributor to GHG emissions.
Thus, decarbonizing the power sector is paramount to meeting China’s
commitment to peak its GHG emissions by 2030. Demand response can help
cut GHG emissions and conventional pollutants through several means.

First, demand response can help reduce the need for additional coal-fired
power plants by dispatching resources when electricity demand is at its
highest. Differences in peak and off-peak demand in China are increasingly
large as electricity demand for air conditioning during summer months grows.
Reducing peak demand not only improves grid stability, but also improves
power system efficiency and reduces GHG and conventional air pollution
emissions.*

Second, demand response is a flexible resource that can help China’s
relatively inflexible power grid integrate more renewable energy—an
important consideration given the low availability of natural gas in China
relative to in Europe or North America. Improved integration of renewable
energy can reduce reliance on coal.

Finally, demand response supports China’s market-oriented approach to
power sector reform. This is because demand response programs are
designed to target consumption behavior when electricity demand is at its
highest (or lowest), enabling consumers to play an active role in supporting

* Coal plants take longer to start up and shut down. When coal plants are used for load following, this means that a number of
coal plants must be kept running at low output levels during periods of low demand. This practice reduces the load factor of
coal plants and results in the coal plants running at lower efficiency and producing higher emissions.



grid stability by adjusting consumption behavior on real-time basis. Demand
response is also creating new business opportunities in energy efficiency
products and services, such as applications for home energy management,
low-energy appliances, and consulting services for commercial players
interested in improving the energy efficiency of operations.

Demand response is far more than a resource reserved for emergency
situations on the grid. Today demand response technologies can improve grid
stability, reduce thermal plant emissions, improve wind and solar utilization,
and better align generation and consumption patterns. The wealth of
international experience in demand response, especially in the U.S., provides
valuable lessons for Chinese policymakers.

This paper is organized around the following key points:

e The U.S. experience shows that there are substantial economic benefits
of demand response. For example, demand response resources in the
PJM Interconnection (a large independent system operator in the U.S.)
saved utility customers up to US$ 1.2 billion in avoided investment from a
single capacity auction.' As economic benefits lead to growth in the global
demand response market, China should make sure it benefits fully from
this trend.

* With well-defined policies to overcome barriers, demand response can
help China improve power grid reliability and operating efficiency, reduce
emissions, integrate a larger share of renewable energy into the grid, and
avoid the need for more peak power generation.

* Demand response is promoting innovative technologies and business
models that allow direct and easier communication between end-users
and utilities, and provide consumers with real-time access to energy
consumption data. These new models have the potential to improve or
even revolutionize the way consumers and utilities manage energy use
in the U.S., particularly as it relates to peak load reduction. Many of these
innovations are applicable in China.

China has laid a solid foundation for demand response through demand-
side management policies and pilot projects, as well as through widespread
application of time-of-use pricing and interruptible power contracts. However,
important institutional and market barriers remain. This paper’s conclusion
includes a short list of policy suggestions for resolving these issues and
taking full advantage of the environmental and economic benefits of demand
response.

1.1 An introduction to demand response

Demand response is an aspect of demand-side management (DSM), which
refers to modifying utility customers' energy consumption to reduce energy
demand (load) and defer the need for new power sources or additional
transmission and distribution capacity along the electricity grid.? DSM
measures can include both permanent demand reductions from energy
efficiency (reduction of energy consumption while maintaining the same or
higher level of comfort, output and quality) as well as temporary reductions

DEMAND RESPONSE
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from energy conservation actions (such as turning off lights when not in

use), load management and demand response. Some common examples

of demand response include temporarily halting production at an industrial
facility or raising the temperature of an air conditioning unit in summertime to
reduce electric load.

While demand response is a relatively new entrant to China’s DSM landscape,
it is garnering interest. The focus of this paper is primarily on demand
response measures and programs that produce dispatchable reductions in
power consumption by electricity end-users in response to a signal (such as
pricing, financial incentives or a grid event) to meet a specific need (such as
supply shortage, renewable integration or a grid system constraint). It should
be noted that utilities in both China and the United States have implemented
various rate designs (tariffs) such as time-of-use (TOU) and tiered pricing to
promote energy use patterns that help optimize generation and grid asset
utilization. While such pricing programs may also be considered a form of
demander response, this paper focuses on demand response measures that
directly reduce the need for dispatchable generation.

INCREASING THE USE OF DEMAND RESPONSE CAN HELP:

-..:ﬁ?@

0™ 0
Integrate more renewable energy Increase consumer awareness of Boost demand for energy efficient
into the grid system and control over energy use products

e  flu

Reduce GHG and conventional air Reduce the need for additional coal-fired
pollutants power plants

The Paulson Institute
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Ancillary services:

Demand-side
management (DSM)

Dispatchable DR

Interruptible power
contracts

Load factor

Load management

Net load

Peak load
Time-of-use (TOU)

Variable renewable
energy

Demand response (DR)

Direct load control (DLC)

Dispatchable generation

Frequency regulation:

Non-dispatchable DR

Freguency, voltage and system restoration services that use spinning (extra generating
capacity that is already connected, operating, and available upon request of the grid) and
non-spinning reserves (extra generating capacity that is available upon request of the

grid but not connected to the system), as well as frequency regulation resources (such as
energy storage)® to help grid operators maintain balance on electric power systems. Many
ancillary services involve increases or decreases in electricity generation over short time
periods, such as minutes, seconds or milliseconds. While coal plants in China currently
provide most ancillary services, in other countries these services are often provided by
natural gas generators, energy storage, demand response and even renewable generators.*

An aspect of demand-side management (see below) that includes actions taken by utilities,
system operators or customers to reduce energy load at specific times in response to
price signals and other incentives during periods of high demand. Unlike energy savings
from DSM, savings from demand response are time-dependent. Demand response
resources are categorized as dispatchable and non-dispatchable.

The use of incentives — such as financial payments, rebates, or educational programs

— to curtail overall energy consumption or shift energy use to off-peak times, reducing
the need for additional investments in infrastructure and power plant operation to meet
increases in demand for electricity.

Programs that allow a utility to directly control consumer electricity use during periods of
high demand by shutting down or cycling devices on and off.

DR resources that grid operators can call on at any time by turning equipment on or off at
a predetermined amount and period of time (such as several hours).

Dispatchable generation can be dispatched instantaneously upon the request of power
grid operators. Dispatchable generation includes thermal power plants (coal and gas) and
hydroelectric dams. Solar and wind energy are non-dispatchable due to the high variability
of their output.

A service provided by ramping up or down generation power that could take seconds to
minutes. Energy storage and thermal generation provide frequency regulation services.

Agreements between utilities and large (typically commercial or industrial) power
customers for which consumers agree to reduce electrical consumption by a
predetermined amount during electricity shortages. Consumers sign contracts in exchange
for incentive payments or reduced rates.

Average load divided by peak load over a specific period of time. Generally, thermal power
plants that operate at high load factors have higher operational efficiency.

The use of measures such as time-of-use (TOU) pricing, direct load control, demand response
programs and interruptible load tariffs to reduce electric loads during peak demand.

Total load minus non-dispatchable generation (such as wind and solar). As wind and
solar capacity rise in proportion to local load, the net load becomes more variable, often
requiring steeper ramps for thermal generation assets.

DR resources that the grid operator cannot directly control or turn on or off in predetermined
times and amounts. Time-of-use pricing is one example of non-dispatchable DR.

A period of time (daily, monthly, or seasonally) when demand for energy is at its highest.

Electricity rates that are structured to charge higher prices during peak demand and lower
prices when demand is low.

Renewable energy such as wind and solar PV that cannot be dispatched (non-dispatchable)
to the power grid instantaneously due to the variable nature of their power output.
Variable renewable energy can be dispatched if energy storage is available.

Stronger Markets, Cleaner Air



In California, for
example, demand
response is
dispatched first along
with energy efficiency
as the preferred
resource to meet
energy demand and
avoid fossil fuel or
nonrenewable energy
generation.
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2. THE CHANGING ROLE OF DEMAND
RESPONSE AND LESSONS FROM THE
U.S.

2.1 A brief history of demand response in the U.S.

Innovation, competition and an enabling regulatory environment are key
factors that have allowed the U.S. demand response market to flourish.

This section begins with a brief history of demand response in the U.S. and
describes how programs have evolved over time to both complement and
shape the development of an increasingly complex and flexible electricity grid.

Historically, U.S. utilities operated demand management programs such as
direct load control and offered interruptible power rates to protect the grid
against unanticipated contingencies.” Since safe operation and power grid
reliability have always been paramount for utilities and grid system operators,*
direct load control and interruptible power rate programs have become a
main staple of utility demand response offerings.”

Over time, the U.S. energy landscape has become more complex and dynamic,
necessitating a smarter and more flexible grid. Several factors have created

a challenging and competitive environment in which regulators and utilities
must ensure energy needs are met cost-effectively and in an environmentally
responsible manner.® These factors include advances in renewable energy
and distributed technologies, aging grid infrastructure (with increased stress
expected from rising temperatures), and growing targets for clean energy and
emissions reduction.

Against this backdrop, demand response has become a reliable resource that
can help utilities avoid procuring peak generation or defer costly transmission
and distribution capacity upgrades to meet peak or emergency events.’”
Incentive-based peak reduction demand response programs are increasingly
common in the U.S. In 2008, customers nationwide enrolled in demand response
programs capable of providing 38 GW of potential peak load reductions.” Today,
utilities operate demand response programs to address system imbalances

and alleviate grid congestion, as well as to displace inefficient generators

and provide resources when wholesale energy prices are high. In California, for
example, demand response is dispatched first along with energy efficiency as the
preferred resource to meet energy demand and avoid fossil fuel or nonrenewable
energy generation.” Myriad demand response programs are available to utility
customers to participate at the price, load reduction amount, duration and
frequency that are most appropriate for them. Efficient use of demand response
resources during high demand avoids emissions associated with the operation
and construction of additional peaking power plants,* as well as those
emissions associated with the materials needed for plant construction.”

* An important caveat is that not all demand response resources are non-polluting. A study in the California Bay Area showed
that 1% of the region’s diesel-fueled backup generators had been used for non-emergency demand response, resulting
in higher NOX and SO2 emissions than if utility peak load power plants had been used. In response to these challenges,
California will begin tracking backup generators in 2015 to ensure that generators are used only for on-site electricity during
grid emergencies as opposed to utilized for economic gain as a non-emergency demand response resource.
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Demand response has also flourished in wholesale markets where available

to provide energy, capacity (“resource adequacy”) and ancillary services

(operating reserves).” The PJM Interconnection,™ a regional transmission

organization (RTO) that facilitates the movement of electricity in the largest

wholesale market in the eastern United States, is one example.” In September

2013, demand response helped prevent a large-scale blackout in the PJM

region when the RTO dispatched more than 6 GW of demand response during

a record peak in power demand of 144 GW associated with unusually high ) o
temperatures.’ The following year, PJM procured 11 GW in demand-side Enabllng pO||C|eS have
resources in its three-year forward capacity market auction, representing 6.5% been essential in

of total capacity procured.” .
| | | ensuring the success
Looking ahead, the growth and penetration of variable renewable energy

generation will pose new challenges in balancing the grid. Distributed solar Of demand response
in particular is changing the shape of the load curve in the U.S. as well as programs N the U.S.
traditional peak periods on the grid system.™ In extreme cases, over-generation

from distributed solar during certain hours has resulted in negative electricity

prices on the market.” Developments in energy storage technologies, electric

vehicle integration, and bi-directional charging technologies are all contributing

to the potential for additional demand response resources to serve as tools for

integrating variable renewable energy.”

2.2 Enabling policies support demand response
development

Enabling policies have been essential in ensuring the success of demand
response programs in the U.S. This section highlights key policy developments
at the federal level that have allowed demand resources to compete with
generation resources, gain access to wholesale markets, and offer a variety of
services, including energy, capacity and ancillary services. As the case study
on California demonstrates, many state-level policies have also contributed to
the development of a robust demand response industry outside of wholesale
markets. Though China’s electricity market differs from that of the U.S.,* some
of the policies that have enabled demand response to succeed in the U.S.
context can likely be adapted for China’s unique circumstances.

The Energy Policy Act of 1992 (Epact) set the U.S. power sector

on the path of deregulation by opening up the wholesale market.

In particular, Epact allows for utility investments in energy efficiency and
demand-side management to be “at least as profitable” as traditional supply-
side investments.” These provisions provide the basis for utilities to implement
demand response as a preferred cost effective resource and for demand
response to participate in the wholesale market.

Two Federal Energy Regulatory Commission (FERC) Orders in 1996
solidified the formation of a competitive market and paved the way
for demand response to participate competitively in the wholesale
market. FERC Order 888 unbundled wholesale generation and power markets
from transmission services and provided equal access to transmission

* The U.S. electricity market is composed of many regional and state markets that have a variety of different levels of
wholesale power market development and demand response policies. The focus of this section is on national policy. Source: Analysis Group, 2013

Stronger Markets, Cleaner Air



CASE STUDY: CALIFORNIA

California has some of the most ambitious energy and ° QOver-generation risk when generation exceeds

environmental goals among U.S. states. It has passed demand

legislation to reach 33% renewables by 2020 (not « Decreased frequency response in the near-term,

including large hydropower), reduce greenhouse gas when fewer resources are online and available to

emissions to 1990 levels by 2020, and implement policies automatically adjust for system needs.?

to increase distributed generation and energy storage. S N

The governor has also issued an executive order with To ensure reliability under these new conditions, the

a goal of reaching 1.5 million zero-emission vehicles by independent system operator needs flexible resources

20252 All of these efforts are having an effect on energy {0 Meet ramping needs, including the ability to quickly

demand and grid reliability. The California Independent adjust up or down and do so gevezial times a day if

System Operator (CAISO) has performed detailed daily needed, and at the right location.

electricity supply-demand forecasts from 2012 to 2020 The good news is that advances in control devices,

to understand changing grid conditions, and has found communication technologies and smart meters are

that new operating conditions are emerging as a result enabling full automation and seamless integration of

of solar and wind, creating a dip in mid-day electricity communication between the utility or system operator

net load and a sharply ramping spike in early-evening and customers, and providing new options for fast

load. This effect is known as the “duck curve” due to its demand response. For example, some utilities are

shape.” The key issues include: operating automated air conditioner (or water heater)

* Short, steep ramps that require generation to be cycling programs that remotely cycle or turn off customer
quickly turned on or off equipment during demand response events.”

THE DUCK CURVE

Met lead - March 31
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Daily electricity supply-demand forecasts have shown that new operating conditions are emerging as a result of
solar and wind, creating a dip in mid-day electricity net load and a sharply ramping spike in early-evening load.
This effect is known as the “duck curve” due to its shape.

This forecasted net load for March 31 (2012-2020) shows steep ramping needs and over-generation risk.

Source: California Independent System Operator, 2013
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systems by requiring transmission facility owners to make transmission
services available on the open market. Order 889 established a web-based
system allowing energy customers in the wholesale market to schedule and
reserve capacity on regional energy grids.

The Energy Policy Act of 2005 expressly supported demand response
as a U.S. policy. The Act sought to remove barriers at the national level by
encouraging time-based pricing and other forms of demand response programs,
calling for deployment of enabling technologies and elimination of barriers

to enter energy, capacity, and ancillary service markets, as well as accrual of
benefits to all those that form part of the same regional electricity entity.

The Energy Independence and Security Act of 2007 (EISA) directed
FERC to conduct a national demand response potential assessment.
Federal regulators in the U.S. recognized that the economic benefits of demand
response could not be realized without greater efforts to remove institutional
and market barriers. The EISA directed FERC to assess the total and achievable
potential, identify barriers, and develop policy recommendations.

FERC Order 719 of 2009 permitted the bidding of demand response
directly in the wholesale market.” This order helped improve the
competitiveness of wholesale electric markets.

In 2011, FERC Order 755 cleared the way for demand response to be

compensated at the market price for energy.” This order recognizes that
demand response can be a cost effective alternative to a generation resource

in balancing energy supply and demand, and requires that it be compensated

accordingly.

A similar pending FERC Order, Order 745 would allow demand response
resources to receive the local wholesale market price in both real-time and

MAP OF MAJOR U.S. DEMAND RESPONSE MARKETS IN 2014

Key

Mame DR Reduwction by Market
11,236 MW

MISO 7,625 MW

FSO-NE 2438 MW
CAISO 2,317 MW
NYISO 2027 MW
ERCOT 1611 MW

Source: GTM Research, 2014
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remove institutional
and market barriers.
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structured differently
from the U.S,,

It can enjoy
substantial economic
and environmental
benefits by doing
more to incorporate
demand response
services.
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day-ahead markets. As of this writing in September 2015, the order is facing U.S.
Supreme Court review.”

At the state level, supporting policies and regulations have also enabled
demand response to develop outside of organized markets. Today, demand
response is an active part of both utility programs and wholesale energy
markets across the United States.

Major lessons from the U.S. experience are that demand response can
function effectively and reliably to reduce peak power load and provide other
services such as capacity reserve. Demand response can also contribute
equally with or without the development of an organized wholesale market,
but policies and regulations are needed to overcome institutional and other
barriers. While China’s electricity market is structured differently from the U.S,,
it can enjoy substantial economic and environmental benefits by doing more
to incorporate demand response services.

2.3 Innovative technologies and business models lead to
greater savings

Technological advances have enabled demand response to move beyond
traditional load management programs. At the same time, demand response
is helping to spur innovative technology applications and business models in
the U.S. After four decades of development, new businesses are emerging to
assist utilities in curtailing their customers’ electricity demand to better match
generation. The following section highlights business models and technologies
that are enabling demand response development.

Most demand response programs today rely on utility companies to organize
and dispatch resources directly to customers, but there is a growing market
for demand response aggregation. While utilities have existing direct customer
relationships that facilitate demand response, they may not have the expertise
or motivation to bundle and manage customer load reductions. As a result, an
entirely new industry of service providers —demand response aggregators —
has emerged to fill this gap. For example, U.S.-based EnerNOC has grown to be
the largest demand response aggregator in the world, reflecting the relatively
advanced state of the U.S. demand response market.* Johnson Controls, GDF-
Suez, and EDF Energy also provide demand response aggregator services.
Markets in the U.S. and Europe have dozens of smaller aggregator participants.™

Utilities are also innovating to offer new services and technologies. Utilities in
several states now provide customers with energy consumption forecasts and
mobile alerts about energy saving opportunities.” They are also partnering
with energy service companies and big data analysis companies (including
startups like Opower and Retroficiency®) to give commercial and residential
customers “virtual energy audits” using billing and other data. Furthermore,
utility web sites provide links to sign up and manage participation in demand
response programs.* Not to be outdone, other conventional power market
players are also entering the market. NRG — a U.S.-based independent power
producer — purchased a demand response provider, Energy Curtailment
Specialists, along with its 2GW of demand reduction capability in 2013.%



TYPES OF DEMAND RESPONSE PROGRAMS AND MEASURES

Time-of-Use
(TOU) Pricing

Targeted Load-
Shaping Energy
Efficiency

Interruptible/
Curtailable Load
Programs

Emergency DR

Aggregator
Programs

Peak Time
Rebates

Direct Load
Control

Critical Peak

Pricing

Real-Time
Pricing

Capacity Market
Program

Ancillary
Services Market

Varying rates during different time
periods of the day, based on the cost
of power during those periods

Targeting particular loads in a given
area on the grid can yield permanent
desirable load modifications.

Reduced electric rates or bill credit
with commitment to curtail load during
system contingencies, Penalties may

apply for failure

Incentive payments for load reduction

during events

Contractual payment to third party
aggregators for delivering committed
load reduction at agreed-upon price,

typically in $/kw-year

Rebates for load reduction related to

forecasted baseline

Remote cycling or shut-off of customer
equipment (such as AC, water heater)
within agreed upon parameters for
which customers receive rebates or

bill credits

Based on TOU, much higher peak
prices under specified triggering

conditions

Varying rate based on prices in the
wholesale market; advance notice
typically provided on a day ahead or

hour ahead basis

Reservation payment for load
curtailment bid as system capacity.
Penalties apply for failure to comply

when called.

Payment load curtailments bid as

operating reserves

Utility Programs

NoO

NoO

Yes

Yes

Yes

Yes

Yes

NoO

Only if
deployed
with enabling
technology

Yes

Yes

Encourage permanent
load shifting away
from peak hours

Create permanent
load shifting away
from peak hours

Reliability, emergency
response

Reliability, emergency
response

Peak load reduction,
environmental

or economic DR,
Emergency response

Peak load reduction

Peak load reduction

Lower market price
and/or alleviate
severe grid stress

Price-following load
reduction

Wholesale Market Programs

Capacity (treated
as equivalent to
generation)

Operating reserve

DEMAND RESPONSE

May apply to all
customer classes

May apply to all
customer classes

Traditionally offered
only to the largest
industrial or
commercial customers

Large customers,
Third-party aggregators

Third-party
aggregators

Residential customers

Primarily residential
customers

Commercial/ industrial

customers

Large commercial and
industrial customers

Aggregators, Large
customers

Aggregators, Large
customers

Source: Natural Resources Defense Council, 2014; Regulatory Assistance Project, March 2015
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Most significant, though, is that advances in metering, communications,
forecasting, mobile IT, smart grid and energy management software and
hardware have enabled the crossover of previously segmented industries
and changed the way consumers and businesses think about energy. A case
in point is Google's 2014 purchase of Nest — a provider of internet-enabled
thermostats with remote control capability — for US$ 3.2 billion.* Apple is
now also offering smart home thermostat technologies that, like Nest, could
provide demand response functions while primarily serving as consumer
electronics lifestyle products.”” These evolving business models not only open
new market and business opportunities for technology companies; they also
raise consumer awareness of energy use patterns and make it easier for
consumers to control and reduce energy use.

Other specialized technology companies are also finding their niche in
demand response. For example, energy-storage company Stem markets
closet-sized battery energy storage devices to hotels and other building
owners.* The company claims its algorithms enable its batteries to predict and
prepare for future building energy loads, flattening customer load and reducing
demand charges and peak power consumption.” Stem plans to eventually
aggregate a large number of batteries spread over a wide geographic area
across California to boost their ability to balance renewable energy load and
offer demand response services to the state’s utilities.” In addition to battery
storage, other resources with “natural storage capacity” such as water heating,
ice storage for cooling and variably-controlled water treatment and pumping
can all offer cost-effective and reliable demand response services.

To accelerate these changes, a public-private partnership headed by the U.S.
National Institute for Science and Technology (NIST) launched the Green Button
Initiative in 2011, providing utility customers easy and secure access to their
own detailed energy usage data with a simple click of a Green Button on the
websites of their electric utility.*' Dozens of U.S. utilities now provide the Green
Button on their websites or are committed to doing so. The decentralized,
open-sourced nature of the standard encourages innovation and customer
participation.

Time will reveal whether the changes underway in the U.S. have truly helped
evolve utility business models, reduce energy usage, and flatten peak power
consumption. What is undeniable is the enormous economic benefit and
electric bill savings provided by demand response programs. Like the U.S,,
China can reap significant benefits by scaling up demand response.

2.4 Global demand response could be a US$ 12 billion
market by 2023

The global market for demand response is maturing rapidly. While investment
is still small at the global level, growth projections for demand response make
it clear that market players expect it to play a major role in the operation of
the power sector in future years. A Navigant study suggests that demand
response capacity is expected to grow from 30.8 GW in 2014 to 197 GW in
2023, with Asia Pacific potentially having as much demand response capacity
as North America and representing 34.5% of global capacity.” The global



market for demand response could reach US$ 12 billion by 2023.

The economic benefits of demand response—particularly the avoidance of
additional power generation—are perhaps the biggest contributor to this
growth. Economic benefits have been demonstrated in the U.S. (particularly in
California) for over four decades, and utilities across the country are finding
that DSM and demand response are a cost-effective alternative to building
new generation, as reflected in both program expenditure and long-term
program operation across the electricity value chain. Baltimore Gas and
Electric Company found that the capital cost of demand response in the USS. is
only US$ 165/kw compared to the cost of installing new generation capacity,
which is estimated at US$ 600/kW.” These savings are expected to continue.
According to a study by the Electric Power Research Institute (EPRI), demand-
side resources have the potential to provide as much as 14% of peak load in
the U.S. by 2020.%
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3. DEMAND RESPONSE IN CHINA:
PAST AND PRESENT

China has long deployed DSM to reduce peak load and balance electricity
supply and demand on the power grid. This section discusses how China can
take advantage of the many opportunities that exist to maximize the benefits
of its demand response resources. The section is organized around three key
themes: the history of demand-side management in China, recent policies and
pilots that promote development, and existing barriers and growth potential.

3.1 Demand response programs in China are nascent

Broad DSM concepts were first introduced in China in the 1990s, but did not
take off until the government encouraged DSM through a series of policies
starting with the release of the 2011 DSM Rule.* As such, DSM as a whole, and
demand response in particular, are still at a nascent stage.”

China has historically managed periods of excess peak demand through

an administrative system of demand planning and rationing such as load
shedding (curtailment) in which the grid cuts power supply to certain users.”
In an effort to more rationally manage load shedding practices, the National
Development and Reform Commission (NDRC) issued national “Measures on
the Orderly Use of Electricity” in April 2011. The measures specify that load
shifting and peak load reduction should be prioritized before limiting or cutting
power to end-users. It also encourages the development of interruptible power
rates and high reliability rates, calls for an improved load control system and
allows for compensation to eligible electric users for load interruption.*®

Early DSM pilots promoted the “efficiency power plant” (EPP) and experimented
with the use of price as a lever to avoid unwanted peaks in demand. In the
early 2000's — a period characterized by widespread peak power shortages and
load shedding in key manufacturing provinces® — DSM provided a welcome
solution in the form of virtual power plants or EPPs that could deliver “nega-
watts”** to offset peak demand. DSM efforts since this period have led to
successful EPP pilots, notably in Jiangsu, Guangdong, and Hebei.”

China has also used pricing as a lever to smooth out extreme peaks in demand.
Jiangsu Province initiated an interruptible power tariff pilot in 2002, which
reduced peak load by 100 MW and increased off peak load by 40 MW.* Building
on this success, the NDRC called for the use of price as a lever in 2003 —
specifically, TOU rates for large industrial enterprises and critical peak pricing
where appropriate.” The State Council also reiterated the importance of
managing electricity use through peak shifting, load shedding and the use of
pricing mechanisms and TOU rates to ease the gap between maximum and
minimum demand.”

* The DSM Rule was released in November 2010 and became effective as of January 1, 2011.
** A nega-watt is a theoretical unit of power (measured in watts) that represents energy saved as a result of conservation
measures or efficiency improvements.



3.2 Pilots facilitate policy improvements

Lessons learned from international experience and local studies on the
benefits of DSM played a vital role in driving development of supporting
policies. The 2011 DSM Rule was a significant policy milestone that not only
reaffirmed the role of grid companies in implementing DSM, but also for the
first time required major grid companies to achieve annual energy savings and
peak load reduction targets beginning in 2011. Notably, load reduction and
energy savings resulting from the Orderly Use of Electricity mandate did not
apply to the target.

Most important, the 2011 DSM Rule authorized key funding avenues that
would enable the sustained development of DSM, and therefore demand
response. Specifically, localities could pay for DSM through a city utility
surcharge, revenue from differentiated power prices charged to energy
intensive industries, and an energy savings and emissions reduction fund
jointly funded by the central and provincial governments.”

3.3 City pilots show progress

Policy developments achieved in 2011 paved the way for additional pilots in
2012.%To further expand DSM in China, the Ministry of Finance and NDRC
launched a Comprehensive DSM Pilot City program in July 2012 and provided
financial incentives for both permanent and temporary demand reductions,
otherwise known as demand response.”

All four pilots are actively mobilizing end-users and third-party service
providers to achieve their respective goals. However, progress on
implementing the demand response aspect has lagged behind the permanent
load reduction efforts in all four cities.

Separately, Shanghai launched China’s first large-scale Demand Response City
Pilot in 2014. The city mobilized a team of international and domestic experts,
the local grid company, the grid company research institute, and third-party

NDRC DEMAND-SIDE MANAGEMENT PILOT PROGRAM
- 2015 TARGETS

2015 Load Reduction Goals (MW) Targeted End-Users

Total load ~ Permanent  Temporary
reduction reduction reduction

Commercial buildings
Beijing 800 650 150 Industry
Municipal facilities

suzhou 1000 800 oo lndusty
Municipal facilities

Foshan 450 360 90 ndustry
Municipal facilities

Tangshan  Total load reduction — 400 Industry

Source: Beijing DRC, Suzhou People’s Government, Foshan DSM Platform, and NDRC
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service providers to jointly develop and implement the pilot, and demonstrate
the potential of demand response to improve power grid system efficiency in
China.”’ Of the 33 commercial and public buildings and 31 industrial customers
that signed up to participate, a total of 27 commercial and public building
customers and seven industrial customers responded to declared demand
response events in the summer of 2014, delivering a 10% average reduction in
peak demand.®' The initial success has been encouraging, and Shanghai is in
the process developing a market-based mechanism and enabling policies to
ensure continued and sustained growth of demand response.”

3.4 Demand response faces several barriers in China

Despite progress with pilots and generally positive policy developments,
China’s DSM and demand response programs are stuck in the sub-gigawatt
range. Major barriers to demand response development include traditional
profit structures in grid companies, funding limitations for projects,
undervaluation of demand response benefits, and limitations in the power
market. These barriers are described in more detail below.

Grid companies play a key role in DSM implementation,* but an inherent
conflict of interest exists in profit structures: China’s grid companies make
money by selling — not saving - electricity.* DSM programs reduce electricity
consumption and therefore reduce revenue and profits for the grid companies.*
In other words, while DSM and demand response can bring enormous overall
societal benefits, these benefits do not readily transfer to the grid companies’
bottom line. Hence, grid companies have had little direct incentive to pursue
DSM in the absence of government-mandated programs. The 2011 DSM

Rule addresses this challenge in part by allowing grid companies to recover
reasonable DSM expenditures; however, the cost recovery does not extend
to lost revenue. The recently introduced transmission and distribution (T&D)
pricing reform pilot, discussed at greater length in the next section, could set
the precedent for a decoupling mechanism that would help remove this grid
company disincentive.

Funding limits are another barrier. In the past, financing for China’s initial

DSM pilots has come from power supply discount charges, power capacity
expansion fees, and fines for excessive power use.® However, these funding
sources were discontinued in 2002 when power supply companies, in an
attempt to expand the power market, began canceling rules that fined
companies for excessive electricity use. The government reduced power
supply surcharges and standard power expansion capacity charges in 2000
in an attempt to reduce the price burden on power consumers.” The 2011
DSM Rule addresses this hurdle by authorizing new funding avenues for DSM,
but actual funding implementation is left to provincial government authorities
and grid companies. As such, only a handful of provinces such as Ningxia and
Jiangxi have authorized provincial DSM funding, and explicit cost accounting
and cost recovery mechanisms for grid companies’ DSM expenditures have
yet to be established. Moving forward, China should consider developing

* The 2011 DSM Rule identified grid companies as the key implementers for demand side management, of which demand
response is a component.



implementation guidelines for the procurement, allocation and expenditure of
DSM funds, as well as explicitly allow for DSM cost recovery in the new T&D
pricing reform pilots.

An absence of valuation methods for calculating the economic and
environmental benefits of demand response has also hindered its
development. The 2000 Power Conservation Management Measures called for
integrated resource planning that included DSM.*” However, China lacks the
data and methodology needed to evaluate demand response as an alternative
to conventional supply-side resources. The inability to quantify demand
response benefits also leaves open key questions about the appropriate

level of investment to support deployment, in particular investments in
sophisticated hardware and software to enable automated demand response.
China urgently needs to develop methodology for valuing demand-side
resources.

From a capacity standpoint, the knowledge and implementation skills needed
to promote demand response are extremely limited across the spectrum of
key players involved in China’s energy system, including government, grid
company staff, aggregators, third-party service providers and end-users.®
International organizations can play a key role in sharing international
experience and best practices, and providing hands-on training and assistance
to help build capability within the nascent industry.®’

Finally, China lacks a comprehensive framework to capture the value of
demand response and other flexible resources, and to enable demand
response to compete with other forms of generation with or without a
wholesale market. In addition, demand response is still not considered an
aspect of ancillary services (services that enable the grid operator to balance
electricity supply and demand over short time periods such as minutes and
seconds) in China’s power market. Furthermore, compensation schemes
undervalue capabilities that ancillary services might provide, such as load-
following and fast-ramping.” Grid companies can implement demand
response programs in the absence of market-based programs if the inherent
grid company disincentive at the institution level is removed.

3.5 Regulatory and policy developments favor demand
response

Despite these barriers, China’s current regulatory environment, combined with
the country’s increasing focus on air quality, climate change, and power sector
reform, create a supportive environment for the development of demand
response programs. Several supportive policies are described in further detail
below:

° Revenue Cap Regulation: On November 4, 2014, the NDRC announced
a Transmission and Distribution (T&D) Pricing Reform Pilot in Shenzhen,
which caps the total revenue of the Shenzhen grid company and specifies
a formula for calculating allowable revenue.”' The revenue cap essentially
decouples the grid company’s revenue from sales, thus removing a
critical disincentive for grid companies to actively implement DSM.* While
this regulation falls short of expressly linking the revenue calculation
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mechanism to the DSM cost recovery provision in the 2011 DSM Rule,

in theory it could provide the missing mechanism for grid companies in
China (if the mechanism is expanded to other regions) to claim legitimate
DSM expenditure under the T&D pricing reform pilot.”” Notably, the pilot
regulation also includes a shared savings provision that allows the grid
company to retain 50% of cost savings, essentially providing the added
incentive for grid companies to proactively implement DSM and demand
response.

National DSM Platform: In an effort to promote DSM, the NDRC and
the Ministry of Finance (MOF) developed a national DSM platform and
released the National DSM Platform Management Rules in 2014.” Under
the rules, the platform is designed to offer “the most comprehensive
and authoritative DSM information for all stakeholders, including power
users, electric energy service providers, grid companies, and relevant
governmental agencies.”” This opens the door for providing real-time
data access and visualization capability to a wide range of stakeholders.
According to the Rules, the platform will also promote information
distribution, online monitoring, verification and certification, power supply-
demand landscape analysis, and demand-side response.”

Grid Company DSM Services: Grid companies have established
subsidiary energy services companies (ESCOs) to provide DSM services, in
part as a strategy to meet their DSM targets and to mitigate the negative
impact from potential contractions in the electricity market.”® This provides
the opportunity for grid company ESCOs to develop new business models
and serve as load aggregators to deliver demand response services.

Power Sector Reform: China’s Central Communist Party and the State
Council jointly issued a long-awaited guiding document on power sector
reform in March 2015.” This comprehensive document outlines a set of
reform principles that will shape the direction of China’s power sector —
and its emissions trajectory — for years to come. Notably, the document
stipulates “[from] the perspective of national security strategy, active
implementation of demand-side management and energy efficiency
management...” as one of the basic principles of power sector reform. It
also calls for using DSM as a principal means of assuring power supply-
demand balance as well as “[enhancing] supply-demand balance and
energy conservation and emission reduction through information
technology utilization, energy services cultivation and demand response
implementation.”

The National Energy Administration (NEA) and NDRC respectively issued
implementation documents on increasing renewable penetration and
implementing demand response in DSM city pilots following release of
the power sector reform guiding document.” Both documents referred
to the importance of DSM and demand response, signaling recognition at
the central government level of the critical role demand side resources

* The grid company will receive the same amount of approved revenue regardless of how much electricity is sold, thus
removing the company's incentive to increase electricity sales.
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can and should play in power sector reform. In addition, on April 2015,

the NDRC issued a notice expanding the T&D pricing reform to four other
provinces.”

The favorable conditions described above will help break down the policy and
implementation barriers that have kept China’s pilots from achieving scale,
and help capture the service benefits that demand response resources can
provide in furthering China’s energy and emissions goals. The challenge is to

build on these and develop more detailed regulations and policies to support
demand response.
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Stronger Markets, Cleaner Air



Demand response
can help improve the
efficiency of China's
coal-fired power plant
fleet.

The Paulson Institute

4. DEMAND RESPONSE CAN HELP
CHINA MEET ITS DEVELOPMENT
GOALS

China’s experience with demand response has been encouraging, but the
potential for demand-side resources to help meet larger policy objectives and
provide emissions reduction is far greater than what has already been achieved.

4.1 Reducing the need for peak power and increasing
grid system efficiency

Deteriorating air quality is forcing China to take action on air pollution,
including through expanded electrification to reduce local coal consumption.*
Urbanization has resulted in continued, albeit slow, growth in electricity
demand, even as China’s energy intensity falls.*" In addition, summer air
conditioning loads are contributing to higher year-on-year peak demand

and widening the gap between maximum and minimum demand in major
urban centers in China,” with the highest peak hours only occurring during

a small fraction of the time during the year. For example, one study found

that in Shanghai, the top 3% of the maximum load only occurred at about

20 hours per year from 2000-2004;* similarly, according to Zhaoguang

Hu, a vice president and researcher at the prominent State Grid Energy
Research Institute, roughly 5% of China’s peak electric load (about 60 GW) is
generated only about 50 hours per year.* The narrow peak not only affects
the generation fleet, but also strains the local transmission and distribution grid
system in terms of system balancing and grid congestion. There are economic
consequences as well: A Lawrence Berkeley National Lab (LBNL) study suggests
that as much as 10% of electricity system costs are associated with meeting
demands that occur only 1% of the time in many systems in the U.S. and
Australia.®®

China has encouraged end users to shift their power consumption pattern

to off-peak periods through measures such as time-of-use pricing and
interruptible power contracts. China can do more to reduce the need for peak
power by developing additional demand response capability and products,

and through long-term planning that spans beyond pilot-stage development. In
the short term, large-scale demand response deployment can provide a more
immediate solution to load reduction at specific times and locations as needed.

4.2 Demand response could reduce reliance on coal

Demand response can help improve the efficiency of China’s coal-fired power
plant fleet. Currently, China uses its coal-fired power plants to provide both
base load electricity as well as ancillary services such as load-following and
frequency regulation.® This means the plants must consistently adjust their
power output (for example ramp up or down) in response to fluctuations in
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electricity demand, which reduces their efficiency and increases emissions.

Many of China’s coal-fired power plants are among the newest and most
efficient units in the world,” but only if they operate at optimal efficiency
levels. For example, a subcritical coal-fired power plant operating at 50%
power rating consumes 10% more fuel than one operating at maximum
continuous rating.* In addition, emissions control systems such as flue-gas
desulfurization and selective catalytic reduction (SCR) lose efficiency and
effectiveness when plants operate below maximum capacity.”” Maintaining
a large fleet of coal-fired power plants to provide ancillary services reduces
efficiency while increasing emissions.

One of the most valuable benefits of demand response is its proven ability to
reliably deliver needed system load reduction on demand — in other words,

. . . . Consumer society: Urbanization has resulted in
SerVIHg the same fU nCtIOﬂ that a COﬂVGﬂtIOﬂa| peaklﬂg p|aﬂt ﬂOl’ma”y WOU'd, continued grovvth in e|ectric]ty demandl even as

though with different operating parameters, thus avoiding the need for new China’s energy intensity falls.
capacity. By reducing the need for building and maintaining new coal-fired

power plants that end up being used for only a small number of hours per

year, demand response helps improve the utilization factor and operating

efficiency of the existing fleet of coal-fired power plants.

4.3 Demand response can integrate variable renewable
energy

China plans to significantly increase its wind and solar power capacity in the
coming years: from 104 GW of wind at year-end 2014 to 200 GW by 2020, and
28 GW of solar at year-end 2014 to 100 GW by 2020.” However, adding more
wind and solar to a regional grid also changes grid system operation. Wind and
solar can fluctuate up and down over a relatively short period of time.”" Sudden
and unexpected down-ramps in wind and solar can create contingency events
for utilities that require short-term responses.” Even though wind and solar
are only a small fraction of China'’s total power supply now, they are highly
concentrated in a few regions, meaning that these regions’ net loads—the
load after subtracting variable renewable energy supply—can swing wildly
(also see the Paulson Institute’s paper “Power Sector: Deepening Reform to
Reduce Emissions, Improve Air Quality and Promote Economic Growth"”).
When local demand for power is low, grid operators often curtail renewable
generators' power supply, resulting in wasted energy. Data show that in 2013,
China’s wind power curtailment reached 11% (15 TWh),” and its average solar
power curtailment reached 10% due to the grid’s inability to absorb the power
generated.”

Grid connection challenges and integration issues are standing in the way

of China’s ambitious renewable energy plans. Power grids need resources
(such as power plants or demand response) that are able to back up wind and
solar as needed. In China’s current situation, as the amount of renewables on
the grid increases, so does the need for more coal-fired plants for stand by
generation. This is not only inefficient, but in extreme cases where the coal
plant’s load factor drops critically low and the emissions control equipment
cannot operate, the plant may release pollutants into the atmosphere.”
Another challenge is that renewable energy integration and demand response

Stronger Markets, Cleaner Air



pilot projects are handled by different agencies in China. NEA is responsible
for supply-side renewable energy integration while NDRC is responsible for
promoting China’s demand response pilots.”

Integrating renewables is a multi-faceted problem that will require a package
of integrated measures. Demand response, especially when combined with
other demand-side measures such as smart charging of electric vehicles, can
be an integral part of the system. A recent study by the NDRC Energy Research
Institute found that renewable energy could meet more than 60% of China’s
primary energy demand by 2050. But to do so, technological and institutional
innovation is needed, including developing demand response mechanisms
and energy storage on a large scale.” Policymakers must act now to develop
the potential for demand response to provide the necessary grid support
and enable the grid to become more flexible and responsive in integrating
the vast amount of variable output from wind and solar power expected in
coming years. An effective demand response program could result in some
coal-fired power plants becoming obsolete (or in plants not being built in the
first place), thus allowing the remainder of the power plants to operate at
higher capacity and with improved efficiency. Countries and regions with high
wind and solar penetrations, such as Germany, Spain, Italy, and Denmark, are
already experiencing higher ramp rates for the fossil fleet.” Although Europe
has been slow to adopt demand response,'® European countries recognize

Car talk: Combined with other demand response policies, electric vehicles can improve the grid's efficiency by adding load during low-use hours and also help to incorporate
more renewable energy into the grid.

The Paulson Institute
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that demand response can play a large role in reducing the need for fossil
fuel investment. A European Commission study in 2013 found that demand
response could potentially reduce peak load by 10%, eliminating the need for
up to 60 GW of fossil fuel generation capacity."”'

4.4 Electric vehicles and demand response

Chinese leaders have shown significant political will to develop China’s
electric vehicle (EV) industry—setting a target to reach 5 million EVs by
2020—in an effort to establish the nation as a world-class auto industry leader
as well as a promising solution to the nation’s air pollution, climate change
and energy security challenges."” EVs — when combined with other demand INn the |ong_term, a
side measures — have the potential to help smooth out regional load curves, .

improve power grid operation and efficiency, and help the grid absorb more brpader Veh lCle_tO_
renewable energy, especially variable energy generation like wind and solar gl’ld DO| ICY approach

power. | | could help EVs
Just as demand response can shift load from peak hours to off-peak times, provide ara nge Of

EVs can help add load during off-peak hours. Specifically, EVs can be charged
at night when the load on the system is at the lowest to improve overall value for the power
system resource utilization. In addition, with advanced weather forecasting system.

and networking capability, EV charging could be scheduled in ways to reduce

the demand for fast ramping capacity to back up wind and solar.'®

Currently, several regions of the U.S. are taking the lead with vehicle-to-grid
(V2G) pilot programs because of their early experience with a large number

of electric vehicles."™ U.S. utilities, including Southern Company and the two
largest investor-owned utilities in California, Pacific Gas and Electric Company
and Southern California Edison, have begun experimenting with integrating
electric vehicles into demand response programs.'® Pilot projects underway
at utility companies and elsewhere aim to gauge the willingness of consumers
to alter charging patterns in response to price signals. The potential for using
V2G for demand response could be large. For example, a 2012 study by NREL
estimated that under a 40% EV penetration scenario for 2050, annual EV
electricity load in the U.S. would reach 356 TWh, of which roughly half could be
directly dispatched by utilities.

China could capture the full energy and environmental policy benefit of EVs
by implementing smart charging infrastructure, developing innovative rate
designs and incentive regulations, and integrating EV development with
demand response efforts. In the long-term, a broader V2G policy approach
could help EVs provide a range of value for the power system. Smart charging
and vehicle batteries could even provide ancillary services such as load
following or frequency regulation — and be compensated for doing so, thus
improving EV ownership economics and further promote EV adoption.

Stronger Markets, Cleaner Air



5. CONCLUSIONS AND SUGGESTIONS

There is huge potential for China to achieve emissions reductions through
expansion of demand response programs. China can take full advantage of
the benefits of demand response by mobilizing grid companies, developing
capacity in the market, and building demand-side resource capability for
integration of renewables. Reforms in the power sector offer an excellent
opportunity to capture the value of demand response and profit from
investing and operating flexible demand side resources. Specifically, China can
take several steps in the areas of stakeholder incentives, market capacity, and
demand-side capability:

Mobilize grid companies:

e Build on the T&D pricing reform pilot to decouple grid company revenue
from sales volume, and explicitly allow grid companies to recover DSM
expenditures and share in the resulting cost savings.

e Develop implementation guidelines for the DSM funding and cost recovery

mechanism described in the 2011 DSM Rule.

e Require grid companies to optimize dispatch by prioritizing the cleanest
and most economic resources, including demand response.

By 2050, renewable energy could meet

MORE THAN 60% of China’s primary

energy demand. Demand Response can help
make this possibility a reality.
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Ensure that diesel backup generators are monitored and only used for grid
emergency situations and not for non-grid emergency events such as for
economic gain as a demand response resource.

Build market capacity:

Expand existing DSM and demand response pilots and encourage
innovative policies and rate designs to support scale-up to the gigawatt
level.

Create a market for third-party demand response service providers
(aggregators) and promote supportive business models.

Develop standardized protocols to enable seamless communication,
dispatch, real-time data collection and visualization, end-user response,
and monitoring and valuation.

Develop demand-side capability for integration of renewables:

Initiate pilot projects for using flexible demand side resources to integrate
renewables, including developing and deploying flexible demand response
products such as automated demand response and smart charging of
electric vehicles.

Develop data collection and analysis methodologies to quantify the
benefits of demand response and enable demand-side resources to be
valued on par with supply-side resources for the purpose of integrated
resource planning.

Develop mechanisms to monetize the benefit of demand response by
allowing a variety of demand-side resources to provide ancillary services
and be compensated at a fair price that is commensurate with the
benefits provided.

Demand response should be built directly into China’s electricity structure so

that utilities, end-users, government, and society as a whole can benefit from
the resulting reliability improvements, energy and cost savings, and emissions

reductions.
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