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Abstract

This report characterizes small commercial buildings by market segments, systems and end-
uses; develops a framework for identifying demand response (DR) enabling technologies and
communication means; and reports on the design and development of a low-cost OpenADR
enabling technology that delivers demand reductions as a percentage of the total predicted
building peak electric demand.

The results show that small offices, restaurants and retail buildings are the major contributors
making up over one third of the small commercial peak demand. The majority of the small
commercial buildings in California are located in southern inland areas and the central valley.
Single-zone packaged units with manual and programmable thermostat controls make up the
majority of heating ventilation and air conditioning (HVAC) systems for small commercial
buildings with less than 200 kW peak electric demand. Fluorescent tubes with magnetic ballast
and manual controls dominate this customer group’s lighting systems. There are various ways,
each with its pros and cons for a particular application, to communicate with these systems and
three methods to enable automated DR in small commercial buildings using the Open
Automated Demand Response (or OpenADR) communications infrastructure. Development of
DR strategies must consider building characteristics, such as weather sensitivity and load
variability, as well as system design (i.e. under-sizing, under-lighting, over-sizing, etc). Finally,
field tests show that requesting demand reductions as a percentage of the total building
predicted peak electric demand is feasible using the OpenADR infrastructure.

Keywords: open automated demand response, OpenADR, OpenADR, small commercial
buildings, CEUS
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Executive Summary

Small commercial buildings, those with less than 200 kW of peak demand, make up 20-25% of
peak electric demand in California. We have identified small office buildings, restaurants and
retail buildings as the major contributors making up over one third of the small commercial
peak demand. A ten percent reduction in only these three types of facilities can yield overall
peak demand reductions of up to 0.5% — 0.7% in California.

The goal of this project was to characterize small commercial buildings by market segments,
systems and end-uses; to develop a framework for identifying DR enabling technologies and
communication means; and to consider the feasibility of a low cost OpenADR enabling
technology that delivers demand reductions as a percentage of the total predicted building
electric peak demand.

The project has four key elements. First, California commercial end use survey (CEUS) was
examined to understand the market segments, the regional concentration of small commercial
buildings and the diversity of end-uses and controls. Second, a framework was developed for
technologies that are compatible with the Open Automated Demand Response (or OpenADR)
communication infrastructure for small commercial buildings. Third, we worked with five
buildings that participated in manual DR with an aggregator to understand building
characterization. Finally, a system that delivers demand reduction as a percentage of the whole-
building peak electric demand was designed, developed and field tested in two quick-service
restaurants in Southern California Edison’s service territory.

The goal of the characterization of small commercial buildings was to identify opportunities
and low hanging fruit for this customer group. Small office, restaurants and retail buildings are
the major contributors making up over one third of the small commercial peak demand. A
majority of the small commercial buildings are located in southern inland areas and the central
valley. Single-zone packaged units with manual and programmable thermostat controls make
up the majority of heating ventilation and air conditioning (HVAC) systems in this group of
customers. Fluorescent tubes with magnetic ballasts and manual controls dominate this
customer group’s lighting systems.

The framework development provides a reference to small commercial building owners to
evaluate their investment in various OpenADR enabling technologies. The small commercial
building owner can use this framework to identify which method would work for his/her
building and look for products that accommodate the selected method. Information on various
means of DR signal communication is provided to assist small commercial building owners to
select appropriate means of communication for their DR automation.

We worked with an aggregator and compiled data from five larger sites that participated in DR
events in 2007, either manually or semi-automatically. The aggregator notifies the customers
that a DR event is issued but has no information on the DR strategies or real-time meter data
and is provided information on the portfolio’s performance weeks after the events are
dispatched. The deployment of advance metering infrastructure (AMI) will largely solve the
existing information related issues. Meter data, when available, should be used to calculate load



variability and weather sensitivity of buildings to better assess the DR potential in small
commercial buildings.

Finally, the feasibility of using OpenADR to request demand reductions as a percentage of total
predicted demand was demonstrated for Southern California Edison with field tests in two
quick-service restaurants. The method to predict demand should be carefully chosen as there is
no one baseline method that predicts peak demand for all facilities accurately. Building
characteristics and building systems issues, such as design and controls, have to be considered
when estimating how much and when demand reduction is available at each facility.

As a next step, first, we propose continuing field studies to characterize ownership,
management and operational issues; to identify opportunities in small offices, restaurants and
retail facilities especially for lighting systems; to consider the feasibility of using AMI
infrastructure to deliver OpenADR signals to small commercial buildings; and to understand
price-point requirements. Second, tools must be developed for small building owners to better
understand their buildings” loads. Finally, a guide developed for small buildings owners to
enable automation of DR can create awareness and facilitate deployment of enabling
technologies.



1.0 Introduction

California requires about 53 GW of peak electric demand on the hottest summer day (CPUC
FAQ). The commercial sector accounts for 35% percent of this peak demand. Large buildings or
those with peak electric demand greater than 200 kW demand account for about 5 to 7 GW, or
10-15% percent of the summer peak demand, while small commercial buildings account for 10
to 12 GW, or 20 to 25% percent of the peak. This report develops and discusses a framework to
deploy automated demand response (DR) for small commercial facilities as well as technologies
and strategies to enable automated demand response. Enabling small commercial buildings to
participate in automated DR programs and tariffs could substantially decrease summer peak
demand.

Demand Response (DR) is a set of actions taken to reduce electric loads when contingencies,
such as emergencies or congestion, threaten supply-demand balance, and/or market conditions
occur that raise electric supply costs. DR programs and tariffs are designed to improve the
reliability of the electric grid and to lower the use of electricity during peak times to reduce the
total system costs. This effort builds on ongoing Demand Response Research Center (DRRC)
research, development, demonstration and deployment activities related to Open Automated
Demand Response (known as OpenADR). OpenADR is a set of standard, continuous, open
communication signals and systems provided over the Internet to allow facilities to automate
their demand response with no “human in the loop.”

OpenADR has been proven in large commercial buildings because of the ability to use the
Energy Management Control Systems (EMCS) to automate the DR control strategies. Although
a detailed study of applicable technologies and installation of direct digital controls in small
commercial buildings was undertaken by Southern California Edison in the past (Lockheed
Martin Aspen 2006), this report begins to explore methods to deploy OpenADR in smaller
commercial buildings that do not have centralized or sophisticated control systems and
concentrates on how various technologies fit within the OpenADR enablement framework.
Also, while the lack of an EMCS is a challenge, the lack of Internet connectivity is also an issue
in small commercial buildings. Therefore this report compares various communication means to
deliver OpenADR signals to small commercial buildings.

Finally, a new, standard Programmable Communicating Thermostat (PCT) designed for DR in
residential buildings is also being tested in small commercial buildings (Herter 2008). Careful
evaluation of control systems in small commercial facilities is needed to understand which type
of cooling and ventilation technologies could work well with PCTs.

The structure of this report is as follows.

Section 2, Project Objectives, provides a discussion of the project objectives.

Section 3, Open Automated Demand Response Communication Infrastructure, describes the
infrastructure currently being used for large commercial and industrial facilities to participate

in fully automated demand response in California. The feasibility of the same infrastructure to
be extended to small and medium commercial facilities is discussed in following sections.



Section 4, Methodology, outlines the project methodology covering the analysis of CEUS data,
the framework for technology, evaluation of communication media, and analysis of SF
Community Power data.

Section 5, Results, outlines small commercial facility characterization in California; presents the
framework, technologies and communication media that can be used by small commercial
facilities;

Section 6, Discussions and Recommendations, summarizes findings and next steps.
Appendices provide reporting on a parallel effort with San Francisco Community Power to
understand the issues around small commercial facilities, baseline methods used for analysis,
and a DR technology survey.



2.0 Goals and Objectives

The overall goal of this research is to better understand the opportunities for DR in small
commercial buildings. The specific objectives of this research are:

1. To evaluate the summer whole-building electric load shapes, consider end-use load
patterns, and understand the diversity and characteristics of small commercial buildings
to understand the opportunities for DR.

2. To ascertain low-cost and effective ways to automate demand response (DR) for small
commercial facilities that may lack effective communications and control infrastructure.
The research concentrates on existing small commercial buildings, but also addresses
new commercial buildings, which might benefit from the installation of newer
technologies or infrastructure.

3. To evaluate the use of programmable communicating thermostats (PCT) in small
commercial buildings and understand the market for the PCT beyond residential
buildings. Additional questions include: 1) if a PCT is in a small commercial building,
what modes of DR automation would be available for other end-uses such as
commercial lighting, and 2) how might home automation network (HAN) technologies
migrate into the small commercial sector.



3.0 Open Automated Demand Response Communications
Infrastructure

This section provides an introduction into OpenADR. The Demand Response Research Center
developed OpenADR to facilitate deployment of low-cost DR automation. OpenADR is a set of
standard and open information exchange model to allow facilities to automate their demand
response with no “human in the loop.” OpenADR uses utility provided price, reliability, or
event signals to automatically initiate customer pre-programmed energy management
strategies. Key features of OpenADR include (Piette et al. 2007):

Signaling — OpenADR provides continuous, secure, reliable, two-way communication with
end-use customers to allow end-use sites to be identified as listening and acknowledging
receipt of DR signals.

Open Industry Standards - OpenADR consists of open, interoperable industry standard
information exchange model designed to integrate with both common energy management and
control systems and other end-use devices that can receive a dry contact relay or similar signals
(such as Internet based eXtensible Markup Language).

Timing of Notification - Day ahead and day of signals are provided by OpenADR technologies
and systems to facilitate a diverse set of end-use strategies such as building pre-cooling for "day
ahead” notification, or near real-time communications to implement "day of" control strategies.
Timing of a DR automation server (DRAS) communications must consider day-ahead events
that include weekends and holidays

Most large commercial buildings with energy management and control systems (EMCS) and
related lighting and other controls can be pre-programmed to initiate and manage electric
demand response.

OpenADR architecture, as displayed in Figure 1, consists of two major elements built on open-
interface standards model. First, a Demand Response Automation Server (DRAS) provides
signals that notify electricity customers of DR events. Second, a DRAS client is at the customer’s
site to listen and provide automation signals to existing pre-programmed controls. There are
two types of DRAS clients:

1. A Client and Logic with Integrated Relay (CLIR) or a simple client for legacy control
systems.

2. A Web Services software or smart client for sophisticated control systems.
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Figure 1. Generic Open Automated DR Interface Architecture

As shown in above figure, the steps involved in the OpenADR process during a DR event are:

Ll

The Utility or ISO defined DR event and price/mode signals are sent to the DRAS.
DR event and price services published on a DRAS.
DRAS Clients (CLIR or Web Service) request event data from the DRAS every minute.

Customized pre-programmed DR strategies determine action based on event
price/mode.

Facility Energy Management Control System (EMCS) carries out load reduction based
on DR event signals and strategies.

The EMCS allows for central control of heating, ventilation, and air conditioning systems.



4.0 Methodology

There are three major differences between small versus large commercial buildings with respect
to the applicability of OpenADR:

1. Small buildings are generally not equipped with centralized energy management and control
systems (EMCS). Furthermore, they lack on-site personnel and metering infrastructure to
measure their demand and set up strategies for DR.

2. They have a wider variety of ownership models, energy management and related
professional services. Very small commercial buildings are being operated like residential
buildings where the owner, with limited information such as a utility bill, has to make
decisions, and medium sized small commercial buildings are being operated more like their
large counterparts.

3. They have more varied and limited availability of the Internet.

In addition, years of research on DR strategies for building systems in large commercial
buildings resulted in an understanding of systems and strategies that are applicable to those
systems (Motegi et al. 2006). There seems to be a lack of similar understanding of small
commercial systems and technologies customers can utilize.

This study investigates the small commercial buildings landscape, its contribution to the peak
electric load, end-uses, automation opportunities, means of delivering automation signals,
categorizing technologies and finally presents a field study. The next step would be to
understand various market segments, especially the top three that contribute to the peak
electricity most and identifying best, common and poor practices in order to map technologies
on structure and operations of small commercial buildings.

The methodology in this study involved four key elements.

1. Analysis of the California Commercial End-Use Survey (CEUS) Data

CEUS is a comprehensive study of commercial building sector end-use energy use in
California (Itron 2004). It captures detailed building systems data, building geometry,
electricity and gas usage, envelope characteristics, building systems, operating schedules,
and other commercial building characteristics. A random sample of about 2800 surveys was
completed. Commercial buildings are weighted and aggregated to building segment results.
For the commercial building analysis we used Energy-IQ which uses CEUS as its initial
database. Peak electric load data are non-coincident and limited so, for this study we
selected buildings under 25,000 ft?>. In addition, investor-owned utilities provided
information on the number of accounts by peak load segments. The following summaries
are prepared:

e DPeak electric load distribution by market segment — The purpose of the analysis is to
understand which market segments contribute more to the peak electric load. Market
segments include small and large office, retail, restaurant, school, refrigerated and non-
refrigerated warehouse, grocery, health care, lodging, colleges and a large uncategorized



miscellaneous group. For each market segment, percent non-coincident peak electric
load, total area of building and demand intensity is presented.

e Peak electric load distribution by location — The information on the concentration of
small commercial buildings within California identifies the key areas where DR may be
of value. Seven major areas within the database include southern inland, central valley,
southern coast, central coast, desert, northern coast and mountains.

e DPeak electric load distribution by utility — Number of accounts in various peak electric
load categories are collected to understand how closely the data from the utilities
matches with the CEUS data.

e Lighting system type and controls distribution — Initial starting point for developing DR
strategies is understanding the type of systems and controls in small commercial
buildings. These data is summarized to understand OpenADR potential for lighting
systems in small commercial buildings.

e HVAC system type and distribution — These data is summarized to gain an
understanding of OpenADR potential for HVAC systems in small commercial buildings.

2. Framework development for technologies compatible with automated demand response
For small commercial buildings, three basic models for implementing DR are identified:

e Shed strategy is implemented completely outside the facility. This is the model used for
direct load control programs by utilities and aggregators.

e Shed strategy is implemented completely within the load controllers themselves, i.e.
within the lighting or HVAC controls.

e Use of a centralized controller within the facility (EMCS lite) to program and control the
shed strategies for the entire facility.

After identifying the three basic models, we collected information on the various
communication media that may be used for delivering DR automation signals. In addition,
we interviewed over 20 vendors whose products may be applicable to automation of DR in
small commercial buildings. A summary of findings are outlined in the results section.
Further details are included in the appendices.

3. Understanding small commercial building characterization issues

There are various ways that a small commercial facility can participate in DR tariffs and
programs in California. OpenADR is a communication standard for machine-to-machine
communication that allows the customer to participate directly with a utility’s tariff or
program. Some aggregators have contracts with utilities to bring in small commercial
buildings to DR programs (Koch 2008). In both cases, where a customer participates in a
program directly or through an aggregator, a metering infrastructure is required to measure
the amount of demand reduction. While this is still a research issue now, we expect AMI
initiative to solve metering issues for this group of customers. The remaining key issues
with this group of customers is 1) understanding their load shapes by analyzing their load
variability to determine if they are good DR candidates at all; and 2) the whole building
demand’s weather sensitivity by correlating hourly outside air temperature with hourly



load. By analyzing SF Community Power’s portfolio in 2007, we were able to understand
some of these issues.

4. Automated DR Field Tests

In order to put the strategies and technologies to test, two quick service restaurants were
equipped with a relatively low cost technology that allows for multiple levels of demand
shedding. The components of the system used for the pilot are shown in Figure 2. The
facilities used for the pilot were two Taco Bells buildings located in San Juan Capistrano and
Hesperia, CA. The components within the facilities were provided by Advanced Telemetry
and customized for this pilot.

Advanced Telemetry
Meter Data &
Device Server

Meter Data and
Device Status

O
ﬂ 4—Web Ul
Facilit
Meter Data and Manag)ér Shed \
Device Status Strategy Ve Kitchen
A Thermostat

\ DRAS

Data Shed
Logger Algorithm

Taco Bell

Main

DR Signals Control
Panel

Dining Room

) ) AN Thermostat
%
— - O

Ve
User |4
Logs Interface ﬂ @

DRAS Operator Meter

Figure 2. OpenADR architecture for the field tests

The components within the facilities consisted of the following:

o Control panel - This panel implemented the shed strategies for the facility and
communicated with the other devices in the facility wirelessly over Z-wave.

e Dining room and kitchen thermostats — Typical installation for these facilities include
two wireless thermostats: one located in the dining room area and the other in the
kitchen area. These are programmable communicating thermostats (PCTs) that
communicate with the control panel via Z-wave wireless communications.
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e Meter - This provided whole building demand information in both real time and at
15 minute intervals. The customer owns these data and allows the third party to
have access to it for on going maintenance.

As shown in Figure 2, there was also a separate server, owned by Advanced Telemetry, that
specifically collected meter and device status information from each facility. Finally, a
Demand Response Automation Server (DRAS) was responsible for managing the DR events
and providing the DR signaling to the facilities. All the DR signaling used by the DRAS
followed the OpenADR standards as documented in version R1 of the OpenADR proposed
standard (Piette et al. 2008). All communications between the various servers and the facility
was via the Internet and used a broadband connection in the facility.

There are two innovations worth mentioning with the field tests:

1. OpenADR signals were utilized to communicate directly with both facilities small scale
EMCS (EMCS Lite) system.

2. A feedback loop was created and several baselines (Appendix D) were pre-calculated so
that the utility could request a certain percentage of shed, using a pre-specified baseline,
from each facility.

Information on the OpenADR signals can be obtained from http://openard.lbl.gov. The
remaining of this section will concentrate on the DRAS operation for achieving a certain
percent of demand reduction.

A DRAS was designed and developed to allow the DR events to be managed for each
facility. It was designed to allow the operator to specify the amount of load to shed
according to a percentage from some baseline. Two baseline methods, three highest within
the last ten days (3/10) and 3/10 with morning adjustment were calculated. Calculations are
explained in Appendix D. In addition, a third baseline using outside air temperature
regression (OAT) was calculated after the events for analysis purposes. This baseline was
not used during the events because real-time weather data, which was needed to develop
real-time baseline, was not available at each facility.

To initiate a DR Event, the operator entered general DR event parameters such as event
date, start time and end time and selected which baseline to use and the percentage from
that baseline to shed. Figure 3 show the DRAS operator interface for creating DR events.

11
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Figure 3. DRAS Operator Interface to Create DR Events.

The DR signals that were designed for this program consisted of 10 levels such that level 0
was considered normal and level 9 was considered the highest shed possible. The number of
levels was chosen with a consideration for the level of granularity of controls requirement.
Based on these levels, a shed strategy was assembled for each facility that consisted of
correlating the device states in the facility with each of the levels. The only rule was that
each successively higher level should result in a higher shed in the facility. Figure 4 is a
screen capture of this interface. Although lighting sheds were initially part of the DR
strategies and were programmed into the interface, final DR strategies only included the
HVAC system.

12



2 Home - Microsoft Internet Explorer

File Edit View Favorites Tools Help
3 - Qeoak -~ [ B @n Psearch FrFavorites € (- LB
e | ] https/fadvancedtelemetry. comjikuacomiiebHome aspx > RS

Google [G+ Vo S D D~ | L7 Bookmarksy Bioblocked P Check vy Autolink » - Ao & (@) settings—

DEMAND RESPONSE TEST CENTER

Select 7516298480 Taco Bell 23898

Select 7516298717 EcoView Demo Panel
Select 7516299348 Akuacom DR Test Unit
Select 75162009441 Taco Bell 19697
Save Chang