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Introduction
This article is the first in a series that will focus
on building control system (BCS)(a) technology
trends, emphasizing the impact of emerging
technologies on energy management systems
and products. The purpose of this series is to
provide Federal energy managers with basic
informational tools to assist decision-making
relative to energy management systems design,
specification, procurement, and energy savings
potential. This article provides an overview of
the factors affecting the development of BCS
technology and outlines BCS potential in the
federal sector. Other reports will concentrate on
three areas: BCS networking technology [1],
product offerings, and applications software.

Background
In the “big picture”  all types of commercial
building control, management, and operations
software and hardware, can be put under the
umbrella of building control systems (BCS).
However, the focus of this series is primarily on
those (sub) systems that have the largest impact
on energy consumption, i.e., HVAC and lighting.

While adding yet another item to the acronym
soup is not desirable, none of those currently used
adequately reflect the nature of the emerging
facility energy related systems. These systems
are no longer simply EMCSs, or FAS/BASs, or

EMS/BMSs. They perform a mixture of con-
trol, energy and facility management functions(b)

and their scope is being expanded in at least
one important new way—information exchange.

Information exchange as it is emerging goes
beyond reporting of monitoring and control
information to a workstation front end, it includes
the transformation of basic control system data
into information suitable for a number of func-
tions ranging from data visualization for sup-
port of operations to sophisticated facility
energy management analysis and reporting.

Thus the following comprises a more accurate
and comprehensive terminology for the emerg-
ing products by BCS vendors:

• Energy – all energy related monitoring and
control,

• Management – meaning building/facility
wide management of energy,

• Control – real-time DDC and supervisory
control of HVAC, lighting,

• Information – energy, operations, and per-
formance information, and

• System – network of control and monitoring
devices.

EMCISs fit into a larger context of energy
related offerings. Since the early 1990s, in
response to deregulation and energy crises, a
broad range of new energy information system

(EIS) products have been intro-
duced that augment or expand

the basic functions covered
by BCSs. These include util-
ity EIS, demand response
systems (DRS), and enter-
prise energy management sys-
tems (EEM). [2] There is
some degree of overlap be-
tween these and the EMCIS
products offered by tradi-
tional BCS vendors that are
the focus of this series. The

(a) Please refer to Glossary for a complete listing of all acronyms and their definitions.

(b) Within this context automation is implicit since it encompasses both control and management functions.
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Disclaimer
This report was sponsored by the United States Department of Energy, Office of Federal Energy
Management Programs. Neither the United States Government nor any agency or contractor thereof,
nor any of their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, prod-
uct, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, mark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommen-
dation, or favoring by the United States Government or any agency or contractor thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency or contractor thereof.

EMCIS definition includes the func-
tions of traditional EMS and EMCS,
but does not include those functions of
facility management systems that go
beyond energy-related capabilities, e.g.,
computer aided facility management
and maintenance systems (CAFM/
CMMS), access/security, and fire. A
complete facility automation system

usually builds on the core HVAC and
lighting systems to support these other
functions via systems integration.

In this series, BCS and EMCIS will be
used somewhat interchangeably, with
BCS generally referring to all types of
building control and automation sys-
tems and EMCIS more specifically for
emerging HVAC and lighting control

systems, i.e., those that have the larg-
est impact on energy and comfort.

It should also be noted that most Fed-
eral buildings use technology that is
available commercially off the shelf
(COTS) so the focus of these studies
will be on technologies that are readily
available or in pre-production and not
on specialty or custom solutions.
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(a) This results from the fact that although small building floor area is only 33% of total, 84% of the small building floor area has not been fitted with BCSs.
(b) Open source refers to non-proprietary software offerings best exemplified by Linux.

Federal Sector Potential
Analysis of EIA/DOE statistics [3,4] yields
the penetrations of BCSs into the commercial
and federal sector building stock shown in
Table 1.

Enabling
technologies
Figure 1 illustrates
the primary technical
developments that are
driving change in
energy management
technology as well as
a host of consumer and
commercial product
and service offerings.

Computing power –
Because of advance-
ments in processors,
storage and software,
computing power
continues to increase at
a rapid pace enabling
applications that pre-
viously were not prac-
tical or even possible. Smaller, faster, cheaper
is the continuing trend in processing power.
Two general classes of processors are
important to building applications; micro-
controllers typically used for embedded
applications such as HVAC unit controllers
and increasingly used in specialized network
capable information appliances, and micro-
processors used in PCs, servers, and routers.
The power to cost ratio for both will continue
to increase for the foreseeable future, as
Moore’s law predicts. Advances such as the
copper computer being developed by IBM
exemplify this trend. The use of copper
allows the feature size to be reduced to
0.2 microns (from about 0.35 for aluminum)
and increases speed by as much as 15% due
to lower resistance. [5]

Some experts argue, however, that the PC
revolution is over in the US; the market is
becoming saturated and so competitive that
there is little incentive to invest in this area.
Attention instead has shifted to embedded
processing and network computers that rely
heavily on Internet connectivity and applica-
tions service providers (ASP). It is predicted
that by 2005 the number of worldwide web
connected embedded processors (~10B) will
exceed PCs by 10:1. [6] This will result from
a proliferation of special purpose devices, the
so-called information or network appliances
that will be used to accomplish a variety of

tasks. If these devices achieve new levels of
portability, ruggedness, reliability and ease of
use , they will have the potential to transform
the way buildings are operated and managed.

Advances in software are also continuing to
transform computing. While it is estimated
that software represents 30% of the value in a
device today, in the future it will be 70% [6].
Advancements in operating systems, espe-
cially real-time operating systems (OS) for
embedded processors, but also for PCs with
the advent of such products as Linux and
Transmeta’s new approach to emulation
computing. Object based applications
programming languages such as Java, Visual
Basic, C++ as well as scripting languages
such as XML for web based applications,
finite state programming techniques, neural
nets, genetic algorithms, and the open source
movement(b) are all aimed at the creation of
better and more capable software at both the
systems level and for applications.

Developments by IBM also exemplify
advances in another important area for
embedded systems—small form factor stor-
age devices. The IBM Microdrive is a
1.8 inch drive that stores 170–340 Mbytes of
data. These drives can be used in portable
devices and are now offered in a variety of
devices such as the Matchbox PC currently
offered by Tiqit Computers [7]. The use of

The data indicates two trends:  (1) A greater
fraction of federal buildings (both by inven-
tory and floor area) have BCSs than does the
overall U.S. building stock; and (2) ) a high
percentage of large buildings have BCSs.

This data also indicates that small buildings
in the federal sector represent a large fraction
of the total number of buildings (~77%) but a
smaller fraction of the total floor area
(~33%). This is counter to the situation of the
commercial sector at large where both the
number and floor area of small buildings are
the larger fractions.

These results suggest that there still is signifi-
cant untapped potential in both large and
small federal buildings; i.e., buildings not yet
fitted with BCSs amounts to 28% of overall
floor space for small and 33% for large
buildings.(a) However, this should be quali-
fied by a study of relative cost and energy
impact considerations, which is beyond the
scope of this report.

Trends Affecting BCS
Development
The following sections highlight some of the
main factors that are influencing the develop-
ment of BCS products.

Table 1. Demographics of BCSs

U.S. Federal
Stock Stock

By Total building
inventory 5% 21%

Small buildings* 4% 16%

Large buildings 34% 38%

By Total building
floor area 24% 39%

Small buildings 16%

Large buildings 51%

*Small buildings are defined as those under
50,000 sf.

Figure 1. Enabling technologies
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flash memory (i.e., non-volatile re-writeable
passive memory) also is increasing at a
rapid rate.

Communications and Networking – “In the
race between computing and communica-
tions, communications won,”  states
Tannenbaum [8]. This statement refers to
advances in fiber optics that are rapidly pro-
gressing to the point where bandwidth will be
virtually unlimited—except for the ability of
computers and the electronics on each end of
the fiber to keep up. In 1995 a technique
called wavelength division multiplexing
(WDM) was invented that allows light waves
of different frequencies to be multiplexed in a
manner similar to FDM techniques used in
electrical systems. WDM is made possible
by another technology called MEMS where
tiny mirrors/prisms are being machined into
chips using semi-conductor technology. In
1998 as a result of these technologies, optical
transmission capabilities increased from
8 channels per fiber at 2.5 Gbps to 96 chan-
nels at 10 Gbps each. [9] And these limits are
currently being extended to over 1000 chan-
nels per fiber(a). When these fibers are
bundled into a cable with over 400 fibers,
total bandwidth increases to several hundred
terabits per second (Tbps). The bottlenecks in
this technology are at the interfaces and
switches and routers needed to make a net-
work function. Even the capabilities of these
devices are being advanced so that “ terabit
routers”  were introduced in 2000. [10]

The use of the Internet is driving this need for
bandwidth. It is projected that the conver-
gence of data, voice, and video will increase
the bandwidth requirements of the Internet
by over 4600% during the next few years
(after 1998). [10] Although the number of
Internet users in the US has leveled out
slightly to about 165 million between late
2000 and early 2002 the size of the Internet as
measured by the number of hosts doubled
over the last two years (2000-2002) to about
150 million. The demand for bandwidth will
continue due to increased usage, more sites,
and the switch to broadband access by
many users.

Wireless communications is likewise a tech-
nology that may result in significant changes

in how many tasks are accomplished. Not
only wireless cell phones for voice commu-
nications, but high bandwidth WAN and
LAN data services are being deployed.
Newer developments such as Bluetooth and
the IEEE 802.11 “wireless Ethernet LAN”  or
WiFi are encouraging growth in wireless ser-
vices that will enable many types of mobile
computing/mobile access applications that
potentially could have a considerable impact
on building operations. Likewise, new ver-
sions of “self-configuring”  wireless network-
ing are being developed to support large,
flexible sensor arrays. (See below and [11].)

Supporting the development of network infra-
structure are corresponding developments in
network architecture and standardization.
Building network architectures are being
“flattened,”  i.e., becoming less hierarchical,
due to protocol convergence as well as more
“open”  due to standardization. Flatter and
more open networks in building systems is
being fostered by proliferation of the Internet
TCP/IP protocol and Ethernet as well as pro-
tocols such as CORBA, OPC, XML, and
BACnet, and LonTalk. “ Thin client”
networks where computing devices do less
on-board computing relying instead on
access to centralized application servers via
networking are being used to perform com-
plex analysis and data archiving. A whole
industry of ASPs is being formed to support
this concept.

The central point of this discussion is simply
that these advances in communications and
computing are providing virtually unlimited
bandwidth, and unlimited access to comput-
ing and information resources.

Sensors and controls – Besides the software
developments described previously,
advances in controls including adaptive
tuning(b) and statistical process control tech-
niques promise to improve the accuracy and
reliability of controls. [12] In addition, a
whole new generation of devices are being
developed from MEMS technology in very
small form factors with integrated sensing,
wireless communications, and power scav-
engers (i.e., battery-less). These devices have
the potential to provide much more flexibil-
ity, redundancy, and greater amounts of

information than is currently feasible. This
information could be used for monitoring and
diagnostics as well as for control purposes
(see a preview of the future by Pister [13]).

Other developments such as occupant feed-
back techniques aim to use “people as sen-
sors”  to provide another level and type of
information. Two-way information flow
makes these systems a rough kind of control
loop. [14]

New demands
The list of influences on BCS development
would not be complete without mentioning
the demands from potential new building
technologies and information access. New
space conditioning technologies such as task
ambient (TAC), underfloor air distribution
(UFAD), and mixed-mode(c) systems may
require new approaches for sensors, controls,
and networking. Closely related is the
emergence of occupant control and interac-
tion as a means to support better comfort
and improved operations. An emerging
emphasis on distributed power and demand
responsiveness to help manage utility grids
and keep costs low may require different in-
formation capabilities. The continued devel-
opment of commissioning, FDD, and life
cycle information systems most likely will
require new approaches to networking, new
software tools and control algorithms.
Legacy system support, i.e., interfacing of
new analysis and data management tools to
older systems will be essential to facilitating
the use of new technologies. And finally, sys-
tem interoperability, one area that continues
to be interesting but elusive, may require ad-
ditional communications and software tech-
nologies to facilitate its development.

Other Influences
For building control and operations, like
many other aspects of modern business sys-
tems, reliance on technology is paramount.
Although the pace of incorporation of new
technology is uneven it appears it is clear that
there is constant pressure to improve produc-
tivity and lower operating costs to fuel growth
and revenues and that these improvements

(a) Ciena Corporation  offers (8/2000) optical transport products using DWDM technology with a capacity of 2 Tbps over a single fiber.
(b) The pattern recognition adaptive controller (PRAC) technique developed by J. Seem of JCI is a good example of this technology.
(c) The combination of natural ventilation and mechanical HVAC systems
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increasingly depend on technology. In addi-
tion, three other factors at least indirectly
influence BCS development:

• Utility deregulation

• Organizational change

• Industry trends

Utility Deregulation – Figure 2 attempts to
capture the essence of what has been
occurring in the electric and gas utility indus-
try in the past few years. Most of the
restructuring in response to deregulation
efforts has occurred in investor owned utili-
ties (IOU); the small number (8% of all utility
companies) that account for 75% of $250B in
total US energy revenues. Recently (2002)
this process has been significantly altered
due to the problems encountered in Califor-
nia and the collapse of Enron. Just prior to
these events the consolidation process shown
in Figure 2 characterized the utility industry.
Besides illustrating consolidation, Figure 2
emphasizes the importance of the formation
of affiliates. In addition to utility distribution
(UDC) and generation (GenCos) functions,
energy service provider (ESP) affiliates are
providing impetus to energy related (and
even non-energy related) business ventures
that impact buildings most directly. ESPs
have had an impact on many industries
including the buildings industry and the
Federal sector primarily through ESPC
programs. They have key advantages due to
their size, access to customers(a), resources,
and infrastructure expertise. Their primary
motivation is for profits and not just from

energy markets. Since they are unregulated
they have been investigating a broad range of
products and services both within and outside
of their traditional focus on energy supplies
and services. Recent events in California and
competition from BCS vendors and other
players(b) indicate that continuation of this
process as shown is not assured. Nonetheless,
changes in the utility industry are likely to
influence the development of BCS products
due to the need to support directly or indi-
rectly the goals of the utilities and regulators.

Organizational Change – Commercial pri-
vate sector business change indirectly affects
the federal sector by fostering development
of building technology. For example, in the
commercial private sector there is a significant
focus on space flexibility, comfort and IEQ to
support the needs of dynamic organizations,
where high productivity, and employee
retention are key and tend to drive the devel-
opment of new communications (e.g., wire-
less) and sensing and control technologies (as
well as new approaches to space condition-
ing such as underfloor air distribution).

Industry Trends – Technological advances
and proliferation of communications tech-
nology driven by the IT industry is breaking
industry barriers. The technologies of indus-
trial process control, building control and
automation, and business information sys-
tems are converging leading to lower costs,
wider usage, increased reliance on standard-
ization, and an impetus for integration of both
IS and building systems networks.

Utilities (via ESPs) are seeking
ways to supply services beyond
just energy procurement. Along
with the strong desire among
building owners and managers
for flexibility and vendor inde-
pendence, this movement fos-
ters open systems solutions.

Finally, the building industry
market is beginning to model
the organization of the indus-
trial process market; the old ver-
tically integrated orientation of
the major BCS suppliers is
being restructured into:

•  Commodity hardware suppliers

•  Software specialists

•  System integrators

Impact of BCS Development
on Implementation

Potential of advanced technology
The effect of the developmental trends
described above could have significant impact
on buildings in at least the following areas:

• Operations

• Performance

Operations – Analyzing and diagnosing sys-
tems is a key issue for operations. This
requires great skill, high quality and reliable
information, and a means for managing and
quickly presenting it in a meaningful way.
Since the EMCISs and analysis tools are
increasing complex, remote monitoring and
analysis by central service bureaus is emerg-
ing as a powerful way to accomplish these
functions. [15] These bureaus whether
agency owned or outsourced to an ESP, could
significantly increase analysis and monitor-
ing capabilities by centralizing sophisticated
tools and highly skilled practitioners who can
focus on high level issues.

Energy metering/monitoring and load profil-
ing could provide facility managers the abil-
ity to better control energy consumption and
negotiate procurements. Enterprise wide
access can facilitate information dissemina-
tion and management oversight.

Fault detection and diagnosis (FDD) tools
have the potential to augment and extend
operators expertise and increase system per-
formance. Load management, automatic
curtailment/DRS applications could make
systems more responsive to price and utility
demand signals to control operating costs.

Increased involvement of the occupants in
the operation of the facility via two-way web-
based occupant interaction systems could
improve operations responsiveness, occu-
pant satisfaction, and operating costs.

(a) As shown in the Figure 2, current ESPs, although at arms length, “cover”  about 60% of the customers serviced by their holding companies.
(b) Although some IOUs are very large they still are relatively small compared to the true global energy companies like Exxon with revenues of about $100B.
Some believe these will ultimately be the primary consolidators of IOUs, large and small. This is evidenced by the entry of Shell Oil and, more recently,
Chevron into the energy services arena.  Estimated revenue for energy services is a number similar to energy procurement revenues.

Figure 2. Utility restructuring
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Performance – Energy and comfort perfor-
mance could be improved by advanced con-
trol techniques such as adaptive tuning and
better mode switching (finite state program-
ming) by eliminating simultaneous or
sequential heating and cooling and better
sequencing in general. Increased use of
graphical programming could make it easier
to create control sequences, which is key to
better performing systems. Optimized con-
trol fostered by open standards, communica-
tions networking, and more capable
processing makes possible better integration
and coordination between sub-system com-
ponent unit controllers and the EMCIS.

Impact on Effectiveness
Despite the advances in technology described
above it is not apparent that these changes
will improve the effectiveness of BCSs in
actual practice. One of the primary motiva-
tions for conducting these studies is the per-
ception (based on both anecdotal information
and various studies [16]) that energy man-
agement systems are not as effective as they
could or should be in performing their intended
functions of reducing energy use and lower-
ing the cost of operations while maintaining
comfort. Understanding this better will be
key to determining if increased reliance on
advanced technology will make any differ-
ence in performance.

There are at least four ways “effectiveness”
can be compromised:

Design and specification – If the system is
improperly designed and/or specified its
capabilities and functionality will be com-
promised not to mention the increased poten-
tial for problems.(a) This includes the issue of
proper specification for the intended applica-
tion. Most building control systems have
traditionally been designed around monitor-
ing and control functions; to use them for
data acquisition and information purposes
imposes new requirements on sensing, data
quality, and data storage as well as network
architecture and performance.

Integration of BCS and IS networks has not
occurred to a significant degree although
there is some impetus to do it to reduce cost.
However, this integration could add to the

complexity of these systems since the data
processes are fundamental different. Control
networks require more small deterministic
and time critical data transfers while IS sys-
tems tend to have large transfers that are less
time critical. Also, proliferation of the types
of devices of different functional domains
could hamper performance as well as mainte-
nance and operations.

Installation – Due to the highly competitive
and cost constrained market in which the
BCS industry operates,  there is a tendency to
minimize installation costs by providing only
the minimal basic functions or simplified
functions that are “canned”  solutions that
have been “proven”  in other installations.
This results in solutions that may not or only
barely meet the specified sequence of opera-
tions. Since full commissioning of these sys-
tems is rare, identifying these deficiencies is
difficult. This situation also drives the users
to rely more on the system vendor to support
changes and upgrades, which locks the users
into expensive (but lucrative for the vendor)
modifications.

Utilization – Many systems come with func-
tionality that is never used (or conversely,
beneficial capabilities that are available but
never purchased) due to lack of operator
awareness, training, or lack of initiative on
the part of management. Many operators are
directed to focus only on operational prob-
lems rather than using the BCS as a tool for
improving energy and comfort performance.
Even systems that are well designed may not
be fully utilized if operators are not properly
trained and/or there is not a supportive man-
agement structure.

Performance – To detect whether a system
actually saves energy and/or cost requires
analysis. These analyses tend to be complex
and their interpretations can be ambiguous
and/or controversial (e.g., [17]) which tends
to inhibit motivation to conduct them.

One last point should be emphasized: it
should not be forgotten that reduced energy
use is an important goal, but it should also be
remember that energy is not the only or nec-
essarily the major driver for improving sys-
tems. The goal is better expressed by the
combination of improved overall operations,

occupant satisfaction and productivity, and
lower total cost of operations.

Summary and Conclusions
The advances in enabling technologies as
well as other influences could foster a funda-
mental but evolutionary paradigm shift in
how buildings are operated and managed.
Among the advances in enabling technolo-
gies that might have an impact are those in
communications and computing, sensors and
controls, new demands for information (e.g.,
EIS, and DR), and support of new condition-
ing and diagnostics technologies. As evi-
denced by current trends, integration with
EIS and increased reliance on web-based
technologies are likely to be key aspects of
building control systems of the future.

The changes in infrastructure capabilities
augmented by advances in applications soft-
ware that support more efficient and sophisti-
cated analyses, can potentially provide better
system control and functionality, and better
support for building practitioners and manag-
ers through remote centralized services and
data and information management tools.

However, a number of challenges remain:
without a better understanding of why current
systems do not perform to their expected
level, the impact of new technology is likely
to result in minimal change in the performance
(energy, comfort, and cost) of EMCISs. The
issues of effectiveness must be addressed
before or as a part of implementation of new
systems. In particular there must be assur-
ance that new products can accommodate
legacy systems and can be effectively used by
busy practitioners and technicians via better
analysis and data presentation capabilities.

Since the Federal building sector contains a
sizable fraction of buildings that are not yet
equipped with EMCISs and it is likely that
there are a significant fraction of existing
EMCSs that could be improved, the potential
for energy and costs savings from emerging
systems based on advanced technologies
appears to be large if the primary challenges
are addressed.

These challenges and other issues related to
emerging EMCIS products and applications
are being planned as topics for future reports.

(a) One example of inadequate specification is the Dirksen Courthouse in Chicago that was originally specified with a LonTalk backbone that was subse-
quently changed to Ethernet due to performance problems.
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Glossary

Terminology & Selected Definitions
Readers may find the following table useful to understanding the terminology used in the BCS industry. Many of these are specific to commu-
nications networking.

Acronyms and Definitions
ARCNET Attached Resource Computer Network (Layers 1 and 2 protocols with some Layer 3 features built in; 156 Kbps-10 Mbps token

passing scheme developed by Datapoint Corp. and standardized in 1992 by ANSI as ANSI/ATA 878.1. The protocol is embed-
ded into firmware provided by two suppliers.)

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers

ANSI American National Standards Institute

ATA ARCNET Trade Association

ASP Application Service Providers (vertically integrated and centralize database and computing services that support specific
applications)

BACnet Building Automation Control Network (Building industry consensus protocol standard developed under auspices of ASHRAE.)

Baja Building Automation Java Architecture (Standards efforts by Sun and Tridium to create buildings industry specific Internet
based enterprise level interoperability standards.)

BAS Building Automation System

BIBB BACnet Interoperability Building Blocks (Specifications for objects to facilitate consistent data exchange between nodes.)

BCS Building Control System

BMA BACnet Manufacturers Association (Vendor trade organization that intends to provide conformance testing and certificaiton.)

BMS Building Management System

CAFM Computer Aided Facility Management (primarily for management of facility physical assets)

CAN Controller Area Network (Primary protocol used for transportation vehicles.)

CMMS Computerized Maintenance Management System (Maintenance work order generation and dispatch management; e.g. Maximo.)

COM Common Object Model

CORBA Common Object Request Broker Architecture (object standards for client server communications)

 COTS  Commercial Off The Shelf

 CSMA/CD Carrier Sense Multiple Access/collision detection

DDC Direct Digital Control

DRS Demand Responsiveness System

DSSS Direct Sequencing Spread Spectrum (wireless physical layer protocol where data packet is encoded by spreading it simulta-
neously across multiple frequencies.)

EEM Enterprise Energy Management

EIA/DOE Energy Information Agency (The energy statistics providing arm of DOE)

EIA Electronic Industries Alliance (High technology trade organization representing the electronics industry best known for pro-
mulgating signaling standards)

EIS Energy Information System (See IT/IS.)

EMCIS Energy, Management, Control and Information System

EMCS Energy Management and Control System

EMS Energy Management System
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ESP Energy Service Provider

ESPC Energy Savings Performance Contract

FAS Facility Automation  System

FDD Fault Detection and Diagnosis

FDM Frequency Division Multiplexing (Data link MAC sub-layer multiplexing technique where messages from multiple nodes are
each sent over an individual frequency channel.)

FHSS Frequency Hopping Spread Spectrum (Wireless physical layer protocol that sends data packets over multiple frequencies, one
packet per frequency.)

FTT Free Topology Transceiver (EIA-485 type of signaling transceiver developed by Echelon that allows easier field connection
due to its lack of polarity sensitivity.)

GenCo Generation Company

HTML Hypertext Markup Language

HTTP Hypertext Transport Protocol

IEEE Institute of Electrical and Electronics Engineers (Largest professional organization in the world, issues electrical engineering
and computing standards.)

iLON Internet LON (A new device to be offered in 2-3Q2000 that includes LonTalk to TCP-IP/Ethernet tunneling router and Internet
gateway web-server.)

IEQ Indoor Environmental Quality

IP Internet Protocol

IS Information Systems

ISM Instrument, Scientific Medical band (Electromagnetic spectrum bands that do not require government licensing: between 902-
928 Mhz, 2.4-2.484 GHz, and 5.725-5.850 GHz.)

ISO International Organization for Standardization (ANSI is the USA representative to ISO.)

IT/IS Information Technology/Information Systems (Those systems used to support general business activities usually not control re-
lated)

ITU International Telecommunication Union (Formerly the CCITT - the ITU-T sector’s function is to manage bandwidth allocation
and develop phone and data communications standards.)

LAN Local Area Network

LLC Logical Link Control (Sub-layer protocol of OSI data link layer.)

LNS LonWorks Network Services (PC based network operating system software required to port LonTalk data into the client-server
environment.)

LON Local Operating Network (Echelon’s trade name for their LAN technology.)

MAC Media Access Control (Sub-layer protocol of OSI data link layer.)

MEMS Micro Electromechanical Systems

MIS Management Information System

MS/TP Master-slave/token-passing (Non-contention (and thus deterministic) Layer 2 and 3 protocol developed by BACnet to run over
EIA-485 physical layer.)

NIST National Institute of Standards and Technology

Node A computer or micro-controller device attached to a network. In the IS industry these are also referred to as hosts.

OEM Original Equipment Manufacturer

OLE Object Linking and Embedding

OMG Object Management Group
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OPC OLE for Process Control (An object based protocol derived from Microsoft OLE and COM client server standards now being
developed by the industrial process industry.)

OS Operating System

OSI Open Systems Interconnection

PLC Programmable Logic Controller or Power Line Carrier

PDA Personal Digital Assistant

PICS Protocol Implementation Conformance Statement (Description of BACnet supported capabilities.)

PPP Point-to-Point Protocol (Newer datalink protocol for PTP networks that supports multiple higher layer protocols.)

PTP Point-to-Point

RFC Request for Comment (Technical specifications used as a vehicle to create standards under auspices of the Internet Society’s
IRTF (Internet Research Task Force).)

RMI Remote Methods Invocation

RTP Real Time Pricing

SIG Special Interest Group (Trade or professional groups formed to pursue agreements on communications issues of common
interest; quasi-standards body.)

SLIP Serial Line IP (Older datalink protocol used in point to point networks; supports only IP networking layer.)

SNVT Standard Network Variable Type (Echelon’s trade name for LON device data variables.)

TCP Transport Control Protocol

SONET Synchronous Optical Network

TAC Task Ambient Conditioning (A method of space conditioning where individual occupants have control over local environmen-
tal conditions.)

TDM Time Division Multiplexing (Data link MAC layer multiplexing technique where messages from multiple nodes are divided
into time slot channels on a single frequency.)

UDC Utility Distribution Company

UFAD Underfloor Air Distribution (A space conditioning technology where supply air is introduced through floor diffusers resulting
in stratification in the room.)

VTS Visual Test Shell (Conformance testing procedures and toolkit developed by NIST.)

WAN Wide Area Network

WDM Wave Length Division Multiplexing (DWDM or Dense WDM is a similar technology.)

XML Extensible Markup Language (The emerging object standard for information manipulation and presentation on client devices
within the web environment that is rapidly replacing HTML.)

Trademark Notices:

• LON, LonTalk, LonWorks, LonMark , SNVT, Echelon, and Neuron are trademarks of Echelon Corp.

• ARCNET is a trademark of ARCNET Trade Association

• BACnet is a trademark of ASHRAE

All other product, trademark, company or service names used are the property of their respective owners.
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About FEMP’s New Technology Demonstration Program
The Energy Policy Act of 1992, and
subsequent Executive Orders, mandate
that energy consumption in Federal
buildings be reduced by 35% from 1985
levels by the year 2010. To achieve this
goal, the U.S. Department of Energy’s
Federal Energy Management Program
(FEMP) is sponsoring a series of pro-
grams to reduce energy consumption at
Federal installations nationwide. One
of these programs, the New Technology
Demonstration Program (NTDP), is
tasked to accelerate the introduction of
energy-efficient and renewable tech-
nologies into the Federal sector and to
improve the rate of technology transfer.

As part of this effort FEMP is sponsor-
ing a series of publications that are
designed to disseminate information
on new and emerging technologies.
New Technology Demonstration Pro-
gram publications comprise four
separate series:

Federal Technology Alerts—longer
summary reports that provide details on
energy-efficient, water-conserving, and
renewable-energy technologies that
have been selected for further study
for possible implementation in the
Federal sector

Federal Energy Management Program
The Federal Government is the largest energy consumer in the nation. Annually, in its 500,000 buildings and 8,000 locations world-
wide, it uses nearly two quadrillion Btu (quads) of energy, costing over $8 billion. This represents 2.5% of all primary energy con-
sumption in the United States. The Federal Energy Management Program was established in 1974 to provide direction, guidance,
and assistance to Federal agencies in planning and implementing energy management programs that will improve the energy effi-
ciency and fuel flexibility of the Federal infrastructure.

Over the years several Federal laws and Executive Orders have shaped FEMP's mission. These include the Energy Policy and Con-
servation Act of 1975; the National Energy Conservation and Policy Act of 1978; the Federal Energy Management Improvement
Act of 1988; and, most recently, Executive Order 12759 in 1991, the National Energy Policy Act of 1992 (EPACT), Executive Order
12902 in 1994, and Executive Order 13123 in 1999.

FEMP is currently involved in a wide range of energy-assessment activities, including conducting New Technology Demonstrations,
to hasten the penetration of energy-efficient technologies into the Federal marketplace.

Technology Installation Reviews—
concise reports describing a new tech-
nology and providing case study results,
typically from another demonstration
program or pilot project.

Technology Focuses—brief information
on new, energy-efficient, environmen-
tally friendly technologies of potential
interest to the Federal sector.

Other Publications—the program also
issues other publications on energy sav-
ing technologies with potential use in
the Federal sector.
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For More Information

FEMP Help Desk
  (800) 363-3732
International callers please use
  (703) 287-8391
Web Site: www.eren.doe.gov/
femp

General Contacts
Ted Collins
New Technology Demonstration
  Program Manager
Federal Energy Management
  Program
U.S. Department of Energy
1000 Independence Ave., SW, EE-92
Washington, D.C.  20585
Phone: (202) 586-8017
Fax: (202) 586-3000
theodore.collins@ee.doe.gov

Steven A. Parker
Pacific Northwest National
  Laboratory
P.O. Box 999, MSIN: K5-08
Richland, WA  99352
Phone:  (509) 375-6366
Fax:  (509) 375-3614
steven.parker@pnl.gov

Technical Contact
Tom Webster, P.E.
Center for the Built Environment
  University of California
Lawrence Berkeley National
  Laboratory
Berkeley, CA
Phone:  (510) 643-6915
Fax:  (510) 643-5571
twebster@uclink4.berkeley.edu
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Log on to FEMP’s New Technology Demonstration Program
Web Site
www.eren.doe.gov/femp/prodtech/newtechdemo.html

You will find links to
• An overview of the New Technology Demonstration Program
• Information on the program’s technology demonstrations
• Downloadable versions of program publications in Adobe

Portable Document Format (pdf)
• A list of new technology projects underway
• Electronic access to the program’s regular mailing list for new

products when they become available
• How Federal agencies may submit requests for the program

to assess new and emerging technologies




