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Forward

As a result of federal deregulation, the natural gas busi-

ness has changed dramatically in the last decade. Many
gas utility managers are simply reacting to the

changes-this worked in the past, but it will work no

longer.
Today, natural gas utility managers must adopt aproac-

tive postttre, they must strategically plan, they must lead,

and they must market if their companies are to survive in

the more competitive gas market. This book is a ptactical
guide for this fresh business approach.

Let the Gas Flow: A Marketing, Sales, and Equipment

Handbookfor the Natural Gas Industry is written to serve

as a reliable and valuable reference for natural gas sales

personnel, marketing representatives, marketing manag-

ers, and engineers. It is organized so that the reader can

find important information quickly, without being over-
whelmed with too much data.

As part of the effort to make the book a highly effective

tool, natural gas marketing representatives and their man-

agers were invited to take part in the selection of included

topics, the organization, and the editing. Topics were se-

lected with the primary objective of enhancing rnarketing
and sales performance.

This book is a valuable resource that will help you
match actual performance with the performance required

to meet business objectives. Always carry it with you as a

reminder that it is not natural gas that fuels the gas utility
business, it is marketing.

Please contact us if you have comments or suggestions

for future editions.

Richard K*g, March, 1997
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1. Introduction

1. Introduction

A Bit of History
In 1821 in Fedoni4 New York, natural gas rising from

a spring was ignited accidentally by a woman's lantern
during the darkness of night. The first natural gas well in
the United States was completed near this spring in the
samo year. The twenty-seven feet deep well furnished
enough gas for thirty burners. In 1850 this well was deep-
ened to seventy fee! and in 1888 another well was created
close-by, furnishing enough gas for two hundred burners.

In 1854 the first gas well-a full 1200 feet deep-was
drilled in Erie, Pennsylvania. Natural gas was used for
commercial processes in East Liverpool, Ohio in 1863. In
1873 the town of Fairview, Pennsylvania was lighted by
gas, and Titusville, Pennsylvania was supplied with gas

from a two-inch pipe line five miles long. These were the
beginnings of the natural gas industry.

Local distribution companies (LDCs) originated in the
19th century with the objectives of selling and distributing
gas manufacfured from coal and oil, often used for mu-
nicipal street lighting.l With high fixed capital costs and
dominating economies of scale, these first LDCs exhibited
characteristics of natural monopolies. Because they were
monopolies operating within city boundaries, they tended
to be controlled by municipalities.2 Cities issued sole fran-
chises to the LDCs for use of street rights-of-way in ex-
change for rates set by the municipahty.

This municipal regulation was effective until gas distri-
bution expanded beyond the city boundaries to take

I See Richard J Pierce, Jr., "Restructuring the Natural Gas Industry from Well-Head
to Burnertip," -Energy Law Jourual, vol 9, no. 1, 1988, pp 1-57

' Thanks to Jeffrey Showman for his help with LDC history See Jeffrey Showman,
"Notice of Inquiry: Examining Regulation of Local Distribution Companies in the Face

of Change in the Natural Gas Industry (Docket No UG-94-'778)," Washingon Utilities
and Transportation Commission, August, 1995

A Bit of History
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advantage of economies of scale. As a result, state utility
regulatory agencies took over the regulatory process from

the cities.
As the electric industry matured, the manufactured-gas

LDCs were faced with competition. Natural gas had sig-

nificant cost advantages over manufactured gas and, thus,

was more cost-competitive with electricity, it only had to

be extracted from the ground by producers, delivered to

the city gate through pipelines, and distributed to custom-

ers by LDCs.3 As a result of improved technology, pipe-

lines began moving natttral gas from producers to LDCs

after World War I. During this period, natural gas was the

ugly stepchild of the oil business, a by-product of the ex-

ffaction of oil from the earth. It was often considered an

annoyance; a product that had to be disposed of to get to
the primary liquid resource.

When gas pipelines began crossing state boundaries, the
federal government entered the regulatory sphere.

In 1935 the Federal Trade Commission found pipeline

companies were abusing their monopoly power and rec-

ommended transportation-style regulation of pipelines as

common carriers. However, as a result of heavy industry

lobbying, in 1938 Congress adopted utility-style regula-

tion. The most significant result of this legislation was the

protection of pipelines from competition.a
In the 1940s and 1950s, the Federal Power Commission

(FPC) tried to control collusion between pipeline pur-

chases and affiliated natural gas producers.5 As a

' For decades, the three natural gas industry components had been producers, who

collected and processed natural gas; pipeline companies, which moved the gas from the

places of production to the places of demand; and local distribution companies (LDC$,
which accepted gas at the city gate and distributed it to retail customers. In the mid

1980s, a forth component-marketers-developed as a result of federal legislation. Gas

marketers arrange for supply and transportation services (usually for large industrial

consumers or smaller users aggregated into larger groups)
a See Richard H K Vietor, Conlrit,ed Competition: Regrlation and Deregtlalion in
American, (Boston: Belknap Press of Harvard University, 1994)

' The FPC, predecessor of the Federal Energy Regulatory Commission (FERC), was

established in 7920.

A Bit of History
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response, the U.S. Supreme Court ruled in 1954 that all
interstate producers' prices should be fixed by the FPC.6 It
was not until 1961 that the FPC made any real attempt to

enforce the Court's ruling. This economic regulation of
what had been a competitive industry created substantial

administrative difficulties and price distortions.T This dif-
ficult situation led to acute, but temporary gas shortages.

The energy crises oTthe 1970s attracted increased atten-

tion to the problems of the natural gas industry. As a re-

sult, Congress passed the Natural Gas Policy Act of 1978.

This legislation prescribed staged reform, creating many

classes ("vintages") of gas, with some classes price-

regulated and others deregulated. The industry response

caused a crisis: over ten billion dollars in gas contracts for
which pipeline companies were obligated to pay, but were

unable to sell at comparable prices. During this period
(1973 to 1986) the demand for natural gas fell by 26

percent.s

The Federal Energy Regulatory Commission (FERC)

attempted to mitigate this crisis and to put the natural gas

industry on sound economic footing. FERC Orders 436

and 500 (1985-1988) defined an "open access" policy,
which allowed LDCs and industrial customers to purchase

gas directly from pipeline companies or upstream suppli-

ers. These orders led to the development of an independ-

ent gas marketing industry that arranged supply and

transportation services, in competition with LDCs and

pipeline companies.

6 Phillip,s Pelroleunt v Wisconsin,34'7 U.S 672.

"'In l94'T, tlie average cost of natural gas at the wellhead was 50 per mcf. By l953,
just prior to the Phillips Petroleum decision, the price was 9.1@ per mcf. In 1961, when

[the Federal Power] commission began enforcing the law, prices at the wellhead, which

account for about half what the consumer must pay, skyrocketed to 16.30 per mcf"
Source: Mel Wax, "The Wellhead Warriors" (1965), Anterica's Enargy: Reporls front
The Nation on 100 Years oJ Stntggles for the Democrciic Conlrol ofour Resources, ed.

by Robert Engler (New York: Pantheon Books, 1980), p. 193.
t Henry R. Linden, "The Future of the U.S Natural Gas Market," Public Uililies
Fortnightly, March 1, 1993,p 23

A Bit of History
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FERC Order 636----effective October 1993-made
pipelines common caniors and cut the remaining linkages
among producers, pipeline companies, and LDCs.e This
order made LDCs entirely responsible for obtaining their
own gas supply, transportation, and storage. The order
also created a secondary market for releasing pipeline ca-
pacity, thus, increasing both the flexibility and the com-
plexity of LDC gas-supply management.

Acme Gas Company
Simple Network Diagram of an LDC

Supply
- Spot
- Base
- Season
- Swing
- Peaks Demand

- Core
Resid. Sales

Comm. Sales
Indus. Sales

The FERC philosophy underlying Order 636 was that
competition for natural gas supply would promote the na-

tion's economic growth. "[We] . . . remind the industry
that it is in the nation's best interest and the industry's in-
terest . . . to keep gas flowing and deliverable when and

where needed and . . . not unreasonably inhibit the meet-

ing of gas purchases and gas sellers in a competitive
market."lo

e For more details, see Maj or F eatures of FERC Order 6 3 6 in the Appendix.

'o FERC Order 636, p. 96.

A Bit of History
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The natural gas industry will be adjusting to this new
order for years. The structure of the industry has been al-
tered and will continue to evolve as federal and state regu-
latory agencies interpret the order; as producers, pipelines,
marketers, and LDCs adjust and restructure; and as new
players, such as energy service companies (ESCos), enter
the industry.

The diagram on page 4 shows the flow of natural gas

from wellhead to core customers for a simple LDC, after
FERC Order 636.t1

A More Vulnerable But Brighter Future
Times have changed. The natural gas business, now

more than ever, is more competitive and subject to free-
market forces. Those in the industry who do not under-
stand the changes or fail to make appropriate strategic ad-
justments will falter. "The imperative now is for
marketing to emerge as a major driving force for change
within utilities, just as it has been for airlines, railroads,
telephone companies, brokerage firms, and other compa-
nies whose markets have been opened to greater

competition."l2
Not only is there a greater potential for competition

within the gas industry, there is also an increased likeli-
hood of competition from the electric industry. Changes in
the regulation of electric utilities, in many ways similar to
the changes impacting gas utilities, are likely to reduce the

cost of electricity in many geographical areas, thus mak-
ing it more competitive with natural gas.

Although LDCs are more vulnerable than ever to the in-
herent hazards of the competitive market trends in the

rr Based on J.F. Busch and G.A. Comnes, "Resource Planning for Gas Utilities: Using
a Model to Analyze Pivotal Issues" (LBL-37717), Lawrence Berkeley Laboratory,
Energy and Environment Division, November, 1995, p. 19.
D William R. Murray, "Marketing: Today's Imperative," Fortnightly, March 15, 1994,

p.33.

A More Vulnerable But Brighter Future
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industry foretell an upbeat and bright future for those who
survive. Major roasons for optimism include:

. "Gas cooling, natural gas for electricity generation,
and NGVs are all examples of how our industry is
coming together to meet specific marketing goals.
Those new technologies are crucial to our future."r3

. "Until recently, [natural gas's] main role was as a

source of heat in industry and buildings. Efficient
new technologies such as natural gas-powered cool-
ing systems and heat pumps are challenging electric-
ity's dominance of some of the fastest-growing
energy uses."14 Besides new technologies, existing
technologies, such as gas furnaces, have become
much more efficient and competitive over the last
two decades.

. "The competitive position of commercial gas cooling
also has been enhanced by new technologies devel-
oped by the major equipment manufacturers. These
technologies have greatly reduced the first-cost pre-
mium over electric air conditioning and roughly dou-
bled the efficiency of gas cooling. The imminent
restrictions on the use of choloroflurocarbons (CFCs)
will further enhance the competitive position of gas-
fired absorption and desiccant cooling and gas-

absorption heat pumps that require neither the use of
CFCs nor their contemporary substitutes, hydro-
cholorofl urocarbons (HCFCs)."15

. Of the major fuels, natural gas has the most benign
pollution profile (COr, SOr, and NOx).

. "The biggest potential gas market is in the utility-
owned power generation and independent power

13 David R. Jones, "New Horizons," Fortnightly, Ocnbet 15, 1993, p.23.
ra Christopher Flavin, "Natural Gas Production Expands," Vital Signs: Ihe Trends

That are Shaping Our Fulure, (New York: W.W. Norton, 1994) p.56.
:5 Henry R. Linden, "The Future of the U.S. Natural Gas Market" Public Ulilities
Fortnightly, March l, 1993, pp.26-27.

A More Vulnerable But Brighter Future
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production, including cogeneration."r6 "The new gas-

flrod gonorating units (basically jet engines) . . . will
produce elechicity at drartatically lower costs. . . .

By the end of the 1990s, the gas-fired generators

coming on line will be profitable at a benchmark
wholesale electricity market price of 3.5 cents per

kilowatt-hour, FOB the high-voltage transmission
network."lT "Cleafiburning nafural gas will be just
what many elechicity generators are looking for to
meet the demands of the Clean Air Act Amendments
and the Energy Policy Act."r8 These new "combined
cycle" natural gas generation plants use a gas turbine
and a steam turbine that is driven by the waste heat

from the gas turbine. "Gas-fired plants cost only
about half as much to build as coal plants do."re

'New gas-turbine-based plants have efficiencies of
more than 50 percent."2o

. "There is little question that the Clean Air Act
Amendment of 1990 and the rapid progress in the de-

velopment and commercialization of dedicated com-
pressed natural gas vehicles make natural gas the

most attractive alternative fuel choice for automotive
fleets on the basis of economic and compliance con-
siderations.::21 ,A.n industry study estimates that as

many as 4 million natural gas vehicles could be on
U.S. roads by 2005.22

'u Henry R. Linden, "The Future of the U.S. Natural Gas Market," Public Ulililies
Fortnightly, March 1, 1993, p.27.

'' Vinod K. Daq "The Electric and Gas Industries are Converging: What Does it
Mean?" Public Utilities Fortnightly, April1,7995, p.22

'E DavidR. Jones, "NewHorizons," Fortnighlly, October 15, 1993,p.23.

'' Steve Collins, "special Report: Gas-Fired Power Plants," Power Magazine,
February, 1993

'zo Christopher Flavin, "Natural Gas Production Edges Up," Vilal Signs: Ihe Trends

Thatare ShapingOurFulure, (NewYork: WW Norton, 1996), p.50.

'' Henry R Linden, "The Future of the U S Natural Gas Marke!" Public Ulililies
Fortnightly, March 1, 1993,p.26.

" AGA Planning and Analysis Group, "Projected Natural Gas Demand from Vehicles

under the Mobile Source Provisions of the Clean Air Act Amendments," Washington,

D.C., January 30, 1991.

A More Vulnerable But Brighter Future
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. "A device called a fuel cell will soon offer an even

more Yorsatile and efficient way to convsrt natural

gas to electricity, . . . They are highly efficient and

relatively nonpolluting, and in the future will be eco-

nomical even at a very small scale, offering the pos-

sibility of generating electricity inside buildings and

using the waste heat for water and space heating."z3
. "Since world oil production is likely to grow only

modestly from the current level, and then decline,

natural gas could become the most important fossil

fuel by 2010-building a long-term bridge to an en-

ergy economy that is fueled by hydrogen gas gener-

ated from solar energy."2a
. The price of natural gas is projected to remain stable

through the year 2015.25

. Demand for natural gas is projected to increase in all
sectors over the next twenty years.'u

- The supply of natural gas will probably remain abun-

dant for generations. In the U.S., the second largest

producer of natural gas in the world, the volume of
natural gas is estimated to be equivalent to 78 years

of production at the 1994level.z1
. "The new structure that has evolved under Order 636

has placed the natural gas market in a better position
to compete in the current energy market."2S

. "The industry completed the restructuring mandated

by . . . Order 636 in time for the 1993-94heating

23 Christopher Flavin, "Natural Gas Production Edges Up," Vital Signs: The Trends

That are Shaping Our Fulare, (New York: W.W. Norton, 1996) p.50.
2a Christopher Flavin, "Natural Gas Production Expands," Vilal Signs: Ihe Trends

That ore Shaping Our Fufirre, (New York: W W. Norton, 1994) p.56.

's lay E. Hakes, "Outlook for Natural Gas Markets," Federal Energy Information
Administration, May, 1996.

'u lbid
" Energy Information Administration, Natural Gas 1995: Isses and Trends,

DOE,EIA-0560(95) (Washington, DC, November, 1995), p.21. It is estimated that 60

percent ofthis amount is recoverable by conventional means.

" Energy Information Administration, Nalural Gas 1994: Isues and Trends,

DOE/EIA-0560(94) (Washington, DC, November, 1994), p ix.

A More Vulnerable But Brighter Future
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season and was quickly tested by severe weather in
January 1994.Initial concem about the operation 0f
the gas network was substantially allayed when the
system delivered record amounts of gas to the eastern
half of the country during exheme weather."ze

There is much good news to report about the near fu-
ture of the natural gas industry. New technologies are in-
creasing and diversifring demand, the combustion
characteristics of natural gas comply with clean air laws,

supply is abundant, price is stable, and evidence shows
that the troublesome impact of FERC Order 636 is being
successfully addressed by most of those industry busi-
nesses it directly effected.

The future is bright, but the rules and culture of the in-
dustry are changing. Supplying gas reliably is no longer
the primary activity assuring the survival of LDCs. "The
basis for success within the utility industry is shifting
from operations reliability to competitive positioning. The
new success model requires utilities to be market-driven,
produce customer value, provide competitive versus justi-
fiable pricing, focus more on cost productivity than on
costs in rate base, and increasingly look toward forging
partnerships with others."3o

Marketing should become the primary business process

by which the company creates, satisfies, and retains cus-

tomers while making a profit. Competitive marketing
methods must be adopted, always focusing on the individ-
ual needs of the customer.

Marketing activities should move away from sales sup-
port and take a leadership roll. Marketing representatives

need to have time and managerial support to market and

sell, rather than being required to concentrate on service-

related activities. Key account marketing activities should

D Energy Information Administration, Nalural Gas 1994: Issaes and Trends,

DOE/EIA-0560(94) (Washington, DC, November, 1994), p. vii.

'o William R. Murray, "Competitive Positioning," Farrzightly,JN,ly 1, 1994, p. 18.

A More Vulnerable But Brighter Future
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be proactive, strategic, account-specific, and customer-
orionted. Relationships with trade and profossional allies
should be developed for the benefit of the customer, as

well as for the benefit of allies and the utility. Service per-
sonnel should understand that their interaction with cus-
tomers is more important than the acfual service work they
perform. Market research must be done to determine what
customers want. Products and services should be tailored
to satis$r individual customer's needs. LDCs should con-
sider entry into new and related business ventures, such as

energy management, gas brokering, and environmental
consulting.

The culture of the utility must change from that of an

operations-oriented, protected monopoly, to that of a ro-
bust, market-oriented, private business operating in a

competitive market where the consumer is dominant.
LDC managers with the intelligence, knowledge, and

the courage to step out in front will reap the profits flow-
ing from deregulation's new opportunities.

New Needs, New Answers
What business are you in? Take a moment to think

about it. Do you sell, distribute, or transport natural gas?

Do you sell appliances? Do you service appliances? Do
you sell enorgy management services? Your company
might engage in some or all of these activities.

Now, think beyond the activities in which your com-
pany is engaged. Try to put yourself inside of your cus-
tomer's head. A question related to, but more pertinent
than, the question above: What need is your customer ful-
fiiling when they buy frorn you? This seems like a simple
question, but it can be a very difficult one to answer. Take
a moment to think about your answer.

What benefit is the customer buying---rcomfort, conven-
ience, reliability, security, a better looking balance sheet,

peace of mind?

New Needs, New Answers
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If you can answer this question, you are a long way to-
ward undorstanding modorn markoting. Natural gas is a

commodity for satisffing customers' needs. As marketing
people, we must think beyond delivery of the commodity
(operations people will care for this) by focusing on cus-

tomer needs.

In this new age of market-driven, customer-oriented
utilities, we should first ask the right questions if we ex-
pect to find the right answers. If we expect to be success-

ful in our business activities, we should place customers at

the center of our strategies and plans, and continue to in-
crease our understanding of their needs. Moving beyond
customer satisfaction; we should make a passionate com-
mitment to them and find unique solutions to their
problems.3l

P ersp e ctiv e s of Mar ketin g
A few visual tools can help you gain perspective of the

marketing process and give you a brief preview of what is

addressed in this book.
First, on page 12, "The 4 Ps of the Marketing Mix"

shows the set of marketing elements for a typical LDC
business that work together to affect the marketplace.

Sales can be increased by altering one or more of the
marketing-mix elements.

The four Ps of the mix-Product Price, Promotion, and

Place-all impact the customer at the center of the dia-
gram. This marketing concept is useful for defining your
responsibilities in the organization. For example, if you
are a marketing or sales representative, you fall within the
"promotion" box in the "4 Ps" diagram, and you are

probably spending most of your time on the activity of
"personal selling." Chances are high that you have no
control over any of the other remaining "Ps" in the

tl Stan Rapp and Thomas L. Collins, Beyond MmiMarl<eting: Ihe New Power of
Coring and D aring (New York: McGraw Hill, I 99a), pp. 3 08-3 1 3.

11

Perspectives of Marketing



t2 Let the Gas Flow: A Gas Marketing Handbook

THE 4 Ps Of,'THE MARKETING MIX
For a Local Distribution Company

PRODUCT
- Gas
- Transportation
- Distribution Service
- Appliance Service
- Energy Management
- Other Products

- Other Services

PRICE
- Residential Gas
- Commercial Gas

- Industrial Gas
- Transportation Gas

- Energy Management

- Other Products
- Other Services

CUSTOMERS

PROMOTION
- Personal Selling
- Advertising
- Sales Promotion
- Public Relations
- Organizational Image

- Regional Location
- Transportation
- Storage
- Franchise Area
- Channels of Distrib.

diagram, but you have many other marketing tools to use,

such as prospecting for leads, qualiffing leads, presenta-

tion to prospective customers, and more.

The diagram symbolizes how company-encompassing
the 4 Ps of the marketing mix are; they include all aspects

of company activities, always with the customer in sharp

focus.
Marketing is the primary unifier among the many de-

partments of the business. Gas utilities are moving beyond

merely supplying gas to customers. A marketing culture

Perspectives of Marketing



1. Introduction

should be fostered and thoughtfully supported by upper
manag0mont.

The second visual aid, on page 14, is a conceptual and
organizational chart for Acme Gas Compffiy, dhypotheti-
cal LDC. This chart demonstrates how the marketing
process begins with the mission statement then moves to
the strategic plan, then to the adoption of a marketing phi-
losophy. These upper boxes of the diagram are concep-
tual, showing the flow of ideas and information for the
development of the company marketing framework.

Seven business divisions are connected to the strategic
plan box: support, finance, and gas supply on the left; op-
erations, service, and personnel on the right; and market-
ing department on the bottom. The business divisions to
the left and right are printed in a lighter typeface, indicat-
ing that they are not addressed in this book. All boxes
printed with bold typeface are addressed.

To the left and right of the "marketing dept." box are

"marketing plan" and "market research," each being a

very import ant part of the marketing organization.
From the box "marketing dept." and downward, the

diagram is a generalized orgartizational chart, showing the

hierarchical structure of personnel involved with market-
ing functions.

Trade and professional allies ("Trade & Prof. Allies"
box) are not part of the organization, but are ancillary per-

sonnel important to the organization's marketing success.

Because marketing is the subject of this book, the

conceptuaVorgarizational chart is drawn with a bias for
the marketing functions and departments of the hypotheti-

cal LDC.

13
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1. Introduction

How to Use this Book
The business your utility was engaged in five years ago

has now changed dramatically. The natural gas utility
business is just beyond the beginning of an exciting, albeit
risky, period. New needs require new questions, answers,

and information. This book is an attempt to filI these

needs.

The core chapter of this book is Chapter 2, Natural Gas

Marketing and Sales. Use this chapter for information on

modern marketing methods. The tone is set by a belief
that purchases are based on satisfaction of needs and the
customers' perception of the social benefit created by the

seller. Knowledge and practice of modern marketing
methods are vital for the survival of the LDC in today's
competitive environment.

Use Chapter 3, Description of Natural Gas Equipment,
for descriptions of natural gas utllization equipment, from
large commercial absorption chillers to common backyard
gas barbecue grilles.

Gas equipment has come a long way from the first gas

lights fired with manufactured gas. There is much more to
know and there are many more opportunities for increas-

ing gas load. Today manufacturers continue to improve
high-efficiency furnaces and environmentally friendly
gas-fired absorption and desiccant cooling units.

Chapter 3 characterizes all gas utilization equipment,
with size ranges, sub-types, and sources of manufacturers.

Use this chapter as a reference for your marketing and

sales activities. Take the time to leam as much as you can

about gas utilization equipment.
For an introduction to Gas Equipment Applications, see

Chapter 4. Fifteen building facility types are discussed,

each with appropriate gas equipment applications. Facility
energy-systems requirements are listed, along with advan-

tages of natural gas equipment and items to consider

15
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before installing this equipment. Not only will this infor-
mation help you sell natural gas, it will help you commu-

nicate with building owners, managers, and related trade
personnel.

This chapter also includes many tables listing natural
gas energy intensity values for ten commercial facility
types and for U.S. households. Values are also included
for natural gas use for water heating and appliances in
households. These tables can be very helpful for determin-
ing 1) which facility types to approach for selling natural
gas and 2) the potential for natural gas load increase as a

result of converting an existing building or installing natu-
ral gas in a new building.

For numerical sales tools, see Chapter 5, Energy Eco-
nomics. Equipment purchases by building owners and

managers are often based on financial considerations. For
example, if gas absorption cooling is more costly to install
than electric vapor compression cooling, is the additional
cost a good investment? The energy economics methods
in this chapter can help answer such a question.

Elementary methods, such as simple payback and also

more advanced discounted methods, such as uniform an-

nua.l cost, are explained. A common example covers each

of the included energy economics procedures.

Chapter 6, Useful Information and Calculations, con-
tains technical data and mathematical methods useful for
natural gas marketing and sales. For example, this chapter

includes a method for calculating the savings of natural
gas food service equipment over electric equipment (Table
6-r3).

This book is far from conclusive in the areas of market-
ing, sales, and natural gas equipment and utilization. If
you require more in-depth information, see Chapter 7, Re-
sources for Natural Gas Marketing. This chapter lists or-
ganizations, books, periodicals, ffid online services that
will be helpful for finding other sources of information.

How to Use this Book
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Gas utilization equipment, marketing, and sales terms

are dcflnod in Chapter E, a glossary, Tho ontrios havo boon

selected for their relevance to the marketing and sales of
natural gas in today's competitive market. The Appendix
includes comparisons of major fuels: Natural gas com-
pared with propane, oil, and elechicity. Advantages and

disadvantages of each fuel are listed, along with myth-
s-and the facts-about some of the competing fuels.
This is useful information for marketing and selling natu-
ral gas.

The major features of the Federal Energy Regulatory

Commission Order 636 arc discussed in the Appendix be-

cause of the order's vital importance.
Also included in the Appendix is the American Market-

ing Association Code of Ethics. This ethical code is de-

serving of consideration as a model for the marketing
department of your company.

This book does not suggest serving the customer at the
expense of profits. To the contrary, it suggests that putting
the customer first and fostering a long-term relationship
with the customer is the best way to increase profits and

insure long-term financial viability.32

32 Customer-oriented marketing is not an untested paradigm, many companies have

proven it to be the most effective marketing paradigm. For stories of business

successes, see Stan Rapp and Thomas L. Collins, Beyond MadMa*eling: The New

Power of Coring and Daring Q{ew York: McGraw Hill, 1994).

l7

How to Use this Book





2. Natural Gas Marketing and Sales

2. Natural Gas Marketing and Sales

Introduction
Marketing is everything your company does to promote

business, from the conception of an original idea to the
selling a new account. Simply put, marketing is under-
standing what people want and giving it to them at a

profit.
The broad scope of marketing includes the optimum

mix of personal selling, sales promotion, advertising, and

public relations. The details include the company logo, the

color of the trucks, company location, the telephone eti-
quette of the personnel at the call center, your knowledge
of the gas business, service personnel's manners with cus-

tomers, your relationship with customers, and much more.

Historically, natural gas utilities wero protected from
the threats of competitive-market forces by their monop-
oly status. This resulted in a monopolistic or complacent
management philosophy, embedded in status quo actions
rather than progressive management activities. Federal

legislation during the last decade has removed much of
this monopoly protection, exposing gas utilities to the per-

ils of the free market. As a result, the vestiges of the com-
placent management philosophy must be quickly shed and

replaced by a foreword-thinking marketing philosophy.
This is what gas utilities must do to survive the next
decade.

Marketing must now be the engine that runs the natural
gas business. Satisffing customers is the fuel for the this
marketing engine.33 Profitability will follow closely

behind.

33 Historically, the operations departments have held "ownership" of utilities. If
utilities are to survive, this "ownership" must move to the marketing departments, with
the operations departments taking an equal or subordinate roll See Brian Regli, "The

Battle for the Company," Public Utilities Fortnightly,luly 1, 1996, pp 14-15,

t9
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Unfortunately, some natural gas utilities are still charac-

terized by outmodod managomont philosophios and aotivi-

ties. Ten years ago this resulted in retarded load growth

and general deficient performance. In today's more com-
petitive and changing business environment, the results of
adhering to anything but a marketing philosophy could be
disastrous.

Unless there is purposeful and thoughtful progressive
change in management philosophy and company culture,
any attempt to adopt more progressive policies and activi-
ties will be ineffectual in the long-term.

Please refer to the conceptuaVorganizational chart of a
hypothetical LDC on page 14. This chart is a helpful vis-
ual aid for one's understanding of the marketing
framework.

The Changing Market
Of the one hundred largest businesses in 1900, only six-

teen are still doing business today. This is a sobering re-

minder that businesses must adjust to societal, economic,
and market changes to survive.

We live in an era of consumer-oriented business. This
means that we must be vitally concerned with the wishes
of our customers, we must work with them, we must do

our best to satisff their needs and expectations.
As options for energy suppliers increase, gas customers

become more discerning and discriminating. As a result
marketing efforts by local gas distribution companies
(LDCs) must become more focused and energetic if they
are to retain or increase their market share.

One significant factor of the changing gas market has

been Order 636, the October 1993 Federal Energy Regula-
tory Commission directive that deregulated and unbun-
dled pipeline transportation and services.3a As a result of
this order, gas marketing companies (other than LDCs) are

3a SeeA,lajor Features of FERC Order 6i6inthe Appendix.

The Changing Market
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undertaking business in new areas, many of which histori-
cally havo been occupied exclusively by LDCs," These

areas include:
. Assisting customers with conserving both gas and

electricity.
. Marketing fuels that compete with natural gas.
. Laying pipelines to serve industrial customers that

LDCs have not been able to serve economically.
. Selling natural gas to aggregated groups of individual

commercial and residential customers.

In addition, LDCs have begun soliciting customers in
franchise areas other than their own.

These changes, along with electric industry deregula-

tion and restrucfuring, arre making the natural gas business

more competitive. Market forces are pushing the gas busi-
ness toward a high-volume, low-margin industry. Ensuing
economies of scale will result in mergers and other struc-

tural changes within the industry.
The keys to survival are:
. Controlling and reducing costs.
. Eliminating unnecessary business activities.
.Improving service activities. Responding quickly and

consistently to customer's needs.
. Enhancing public relations.
.Understanding that the relationship with the customer

will become more important.
. Clearly identiffing customers' needs.
.Identiffing and developing niche markets.
. Reducing profit margins.
"The imperative now is for marketing to emerge as a

major driving force for change within utilities, just as it
has been for airlines, railroads, telephone companies, bro-
kerage firms, and other companies whose markets have

opened to greater competition. . Marketing can no

" These business types include gas marketers, gas brokers, gas aggregators, energy

service companies @SCos), and retail energy service companies @ESCos).

2t
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longer be seen as a department that principally provides

salos support. Instead, marketing must bo viewed as the
critical business process by which the company creates,

satisfies, and keeps customers . . . at a profit."36 ". . . gas

LDCs can choose to be arrogant and unresponsive to their
customers, or they can choose to be proactive and repre-

sent their customers' interests. Their choice will determine

the effectiveness of gas marketers and brokers. In effect,

well-run gas LDCs represent the biggest threat to gas mar-
keters and brokers. A highly customer-responsive LDC,
with substantial gas transportation and purchasing power,

can excel against many potential competitors."3T

Market Trends
The average price ofnatural gas through the year 2015

is projected to be stable while demand for natural gas will
increase in all sectors (Federal Energy Information Ad-
ministration, 1996).

Price will remain stable because:
. Growth will be primarily in the industrial and electric

generation sectors that benefit from lower prices be-

cause of their large volume use and level loads.

Average Re.sidential Gas Customer Usage*

Usage, million Btu

1970

1980

1993

129.2MMBtur

lll MMBUI

96.5MMBtr

* The amount ofgas used by the average residential qstomer has be declining since

the energy crisis of the early 1970s as a result of more enerry+ffrcient homes urd
increases in the efficiency of gas appliance.

tu William R. Murray, "Marketing: Today's Imperative," Forlnighlly, March 15, 1994,

p 33.

" James Schretter, "1995 Gas Executives' Forum," Public Utililies Forlnighlly,
September ),5, 7995, p.36
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Natural Gas End-Use Price, 1984-2015

(1994 dollars perthousand cubic feet)

Source: Outlook forNatural Gas Prices, Jay Hakes, Energy
Information Administration, May, 1996.

. Growth within these two sectors provides for greater

load diversity.
. Pipeline utilization will improve over the next few

decades.
. Efficiency improvements in gas transportation will

hold down the city-gate prico (the point at which an

LDC receives gas from a pipeline company).
. Retail competition will increase.
. Capital costs will decrease.

Growth in consumption is not expected to be significant
until the year 2000 when predicted real growth will be

from l.l to 1.6 percent per year. Consumption is expected

to reach 28.7 trlllion cubic feet by the year 2015, as pro-
jected by the Energy Information Administration (EIA).
The EIA has found that growth in natural gas consump-

tion is highly dependent on general economic growth.

23
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35

30

25

Natural Gas Consumption, 197 0-2015
(tillion cubic feet)

Projections

Source: Outlook for Natural Gas Markets, Jay Hakes, Energy Information
Administration, May 1996.
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Marketing research and market forecasting personnel at
gas LDCs often determine the trends for natural gas de-
mand. Please refer to "Marketing Research and Analysis"
in this chapter for more information.

The Marketing Process
If the marketing process is to be successful, the custom-

ers' needs must be at its center. This process is an exercise
in matching the customers' needs with the companies real-
istic capabilities and goals.

Many gas utility managers have not followed marketing
principles because of their monopoly position in the mar-
ket. As a utility's monopoly position weakens as a result
of legislation and market forces, adopting marketing
methods becomes vital for survival.

The Marketing Process

t975 1980 1985 1990 1995
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The modern marketing approach includes the following
aotivitios:

. Demand Analysis and Forecasting.Inthis first step of
the marketing process, the size of the current market

is estimated and forecasts of future growth are made.
. Market Segrnent ldentifi.cation.This involves the iden-

tification of distinct groups of consumers in the mar-
ketplace. Generally, the finer the detail of each

segment's characteristics, the better. In the natural
gas business these market segments are often simply
identified as residential, commercial, and industrial.
However, more detailed segmentation analysis-cus-
tomer profiles----can be beneficial. Standard Indus-
trial Classification (SIC) Codes and function codes

can provide valuable information for targeted mar-
keting. These codes can be assigned to commercial
and industrial gas accounts to 1) categorize the eco-
nomic activities of commercial and industrial cus-
tomers and2) to define the building type and energy
uses. Once the segments are identified, the character-
istics, including needs and wants, of each group can
be determined. However, "more and more, . . . utili-
ties are moving away from Standard Industrial Code
and needs-based segments, and adopting segmenta-
tion schemes that focus on customers with a similar
decisionmaking [src] process or similar risk of
loss."38 In 1993, Southern California Gas Company
(SoCalGas) determined their residential customers fit
into these segments:3e

tt WilliamR.Murray,"CompetitivePositioring,"Fortnightly,Julyl,lgg4,p.20.
3e Nchard M. Morrow, "What Do Your Customers Really Want?" Public Utilities
Fornightly, January l, 7996, p. 17 .
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, "Service Seekers-little company contact; seeking

m0r0.
. High Contact-two subgroups; frequently seek

service; prefer that service costs be embedded in
rates.

. Been There, Done That-older, established house-

holds; aware of company; prefer to do for them-

selves; little need for additional contact,

products, or services.

' Single and C ar efr ee-singles; usually renters;

lowest interest in products and services.
. Low Flow-mostly use electricity."

In the same study, SoCalGas found that their com-
mercial customers fit into these segments:4o

. "Help Me Grow-smaller customers seeking help

with energy operations.
. S op hi s t i c at e d S ervi c e S e e ker s-large institutions

that want more sophisticated assistance.
. Status Quo-largest customers; frequent company

contact.
. Divided Resp onsibility-larger consumers, often

part of national or regional operations; decision-
makers not located at local facilities.

. Low Interest-little need for additional contact.

. Al m o s t Re s ide nt i a/-smaller, less sophisticated
customers; low gas usage. . ."

. Market Segment Targeting. Once the segments are de-

termined, the next step is to decide which of the seg-

ments to target or pursue. The segment's
attractiveness must be measured. This process in-
cludes determining whether a segment already con-
tains aggressive competition, deciding whether new
entrants are expected into the market, and analyzing
buyers' price sensitivity. After the option's

a0 Richard M. Morrow, "What Do Your Customers Really Want?" Public Ulililies
Fortnightly, January 1, 1996,p.77
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Marketin g Related Activities

Planning
Rates and pricing
Preparation of marketing plans

New services
Market development

M a*et Research and Analysis
Research of markets
Research of competitors
Advertising research

Economic research

Sales analysis and forecasting
Marketing information systems (IvIIS)

Focus Groups

Sales
Sales to national or key accounts
Sales to industrial, commercial, and residential accounts

Transportation sales

Sales or rental of gas equipment
Alliances with trade and professional groups

Service departrnent management and fuaining

Customer service management and training
Sales training

A dv ertising and P r o moti o n
Product and service advertising
Advertising policy decisions
Public rclations decisions

Media selection

attractiveness has been assessed, it then must be de-

termined if the company can sorve a particular seg-

ment. For the natural gas business, this process often
manifests itself as determining the degree of aggres-

siveness of pursuit, rather than whether to target the

segment or not.

27
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. Product or Service Positioning. This is the process of
designing the product 0r sorvico to ftt the noods 0f a
market se gment. Po sitioning involves differentiating
the company's products or services from those of its
competitors by customizingthe product or service

mix in response to the segment characteristics.
, Customer Satisfaction Measurement. Business schools

now teach that customer satisfaction is the most im-
portant component forthe long-term viability of a
business. Gas utilities must constantly determine to

what extent their customers are satisfied or dissatis-

fied. Methods that are working should be retained

and those not working should be rejected. "Gauging

customer satisfaction is an ongoing activity. Some

customer groups, such as new residential builders

that operate in the volatile housing market, need to

be surveyed semiannu ally . Larye industrial custom-
ers, however, can be surveyed annually."ar

.Improving Customer Retention Rates.It always costs

more-as much as six times more-to win a new
customer than to retain a current one. Steps involved
with improving your company's customer retention
rate include 1) measuring the retention rate,2) identi-

ffing the major causes of customer defection,
3) determining how much your company loses when
a customer defects (customer "lifetime value"),
4) calculating the cost of reducing the defection rate,

and 5) determining whether the cost of reducing the
defection rate is less that the customer's lifetime
value. Once these factors are determined, strategies

should be implemented to improve customer reten-

tion. These may include financial rewards, personal-

ized service, and better rates. However, the most

ar Richard M. Morrow, "What Do
Fortnightly, Ianuary 1, 1996,p.17.

The Marketing Process
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effective and enduring way to improve customer re-

tention is to satisfy customors consistontly.
. Societal Benefit. Customers today are expecting busi-

ness organizations to be socially responsible. In the

present business environment, it is wise for the long-
term relationship with customers-and for long-term
profi tab ility-to determine socially responsible and

ethical ways to conduct business.

Comp any Mis sion Statement
A11 other company strategies, plans, and policies origi-

nate from the company mission statement; it is the corner-
stone of the organization. It is a concise document

describing the objectives of the business for the next dec-

ade or two.
In the organizational chart on page 14, you can see that

the mission statement is at the top, indicating that it is the
guiding vision or objective of the company.

The statement should include a definition of organiza-
tional purpose, be market oriented, realistic, motivating,
visionary, fit the market environmenf and be based on the
orgarization's distinctive characteristics. It should be re-

vised during the periodic strategic planning process.

Here is a sample mission statement for an LDC:

Acme Gas Company will safely and reliably sup-
ply natural gas and related energy services to resi-
dential, commercial, and industrial customers within
its franchise are4 while earning an above average re-
tum for its stockholders. Energy and services shall
be supplied in an exceptional manner, focusing on
the needs and full satisfaction of its customers, the
benefit of the natural environmen! and the good of
society.

The strategic plan flows from the mission statement, al-
though the mission statement is generally included as a
part of the strategic plan.

Company Mission Statement
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Strategic Planning
Sffategic planning helps determine how the company

can best take advantage of its shengths in the changing
business environment. Strategic planning gives direction
to the company, setting the stage for the other planning
activities of the organization. A strategic plan may span

anywhere from three to twenty years. By comparison,

marketing plans usually span just one year.

Many business planners believe that the most important
part of the plan is the process of creation, rather than the
plan itself.

The steps of the strategic planning process include:42
, Development of Mission Statement.This should in-

clude a definition of organizational purpose for the

next ten to twenty years. It should be market ori-
ented, realistic, motivating, visionary, fit the market
environmenf and be based on the organization's dis-
tinctive characteristics. A sample can be found on the

previous page.
. Determine the Company's Objectives and Goals. Each

manager should develop realistic objectives for her
or his business unit. Marketing strategies should be

developed to support these objectives and goals.

Overall company objectives and goals should then be

developed.
- Analyze Business Portfolio (The business portfolio is

a collection of products and services that make up the
company). Managers should find the best fit of prod-
ucts and services for the company's strengths and

weaknesses. In addition, managers should analyze
the current business and market situation and deter-

H::I}::e 
to increase or decrease business

a2 Based on Philip Kotler and Gary Armstrong,
Englewood Cliffs, NI: Prentice-Hall, 1996), pp.

Prentice-Hall Inc., Upper Saddle River, NJ.

Principles ol Markcting (7th ed.:

36-44. Adapted by permission of

Strategic Planning
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. Develop Strategies for Business Growth. Growth
stratogios should be formulated for new business.

Possibilities for increased market penetration, market
development product and service development and

diversification should be investigated. Growth topics
as diverse as gas line extensions and the funding a
private energy marketing or service company are

possibilities here.
. Develop Strategies For Each Business Unit.Fwc-

tional strategies for the natural gas unit and its paral-
lel and sub-units must be developed. These strategies
should be coordinated among business units and re-

late to the overall strategic plan.

Comp etitor Analy sis and Strategies
Regulatory changes, most importantly FERC Order

636, have made LDCs much more vulnerable to the com-
petition of the free market. As a result, it is more impor-
tant than ever that the management and staff of gas

utilities know all they can about competitors. Ignoring
competitors is similar to a boxer closing his eyes during a
boxing match. Years ago this strategy worked because no-
body else was in the boxing ring with LDCs.

The general business of selling energy is likely to be-
come more complex as time passes, making competitor
analysis more difFrcult and more important.

Analy zing competitors includes these activities :43

.Identify the LDC's competitors. Other competitors
selling natural gas can include gas marketing compa-
nies, other LDCs, and energy service companies (ES-
Cos). Another type of competition, those selling fuels
that compete with natural gas, include electric utili-
ties, large and small oil companies, and propane

n' Based on Philip Kotler and Gary Armstrong, Principles of Marketing (7th ed.:

Englewood Cliffs, NI: Prentice-Hall, 1996), pp. 595-602. Adapted by permission of
Prentice-Hall Inc., Upper Saddle River, NJ.

3l
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companies. Gasoline-fueled vehicles are competitors

for natural gas vohiclos,
, Determine Competitors' Objectives. What are they

trying to do? Of course, competitors are seeking
profits, short-term or long-term. The business of sell-
ing energy and associated services often requires

Iarge capital investment. As a result, short term losses

might be tolerated by competitors for the sake of
long-term financial viability. This characteristic of
the energy business can influence competitors objec-
tives and strategies.

.Identify Competitors' Business Strategies. The closer

the overall characteristics of two businesses are, the

more closely aligned their business strategies willbe.
As a result, competitors can be classified into strate-
gic groups. All ESCos, having the same basic busi-
ness strategies, belong to a strategic group, as do all
medium to small sized oil dealers. The most intense

competition occurs within the strategic group, one
ESCo against another or one oil dealer against an-

other. The better your company identifies the strate-
gies of your competitors, the more successful it will
be.

. Determine Competitors' Strengths and lVealotesses.

By making this determination, a company can decide
how its strategies best fit within the environment of
its competitors. Benchmarking is used by progressive
companies to determine how and why some compa-
nies perform tasks better than others. A company us-
ing benchmarking attempts to imitate or, better yet
improve on the best practices of competing
companies.

. Decide which Competitors to Avoid and Which to
Compete with. Management of most companies will
choose to challenge weak rather than strong competi-
tors. Most will compete with companies having

Competitor Analysis and Strategies
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similar characteristics rather than dis similar

sharastEristics,

Once competitor analysis is complete, management

must select effective competitive marketing strategies. No
one strategy is best for all companies; the strengths and

weaknesses of the business and the market environment

must be considered before determining the best strategies.

In 1980, Michael Porter suggested some basic competi-
tive strategies.aa

. Overall Cost Leadership. The company offers the

lowest costs in its industry or geographical area.
. Product or Service Dffirentiation.The company

works to offer a highly differentiated product line
and marketing scheme. This a possible, but difficult
for an LDC.

. Focus on Marlcet Segments, Rather than the Whole

Market. The company concentrates on market seg-

ments for which it has an advantage or can create an

advantage. This is a good strategy for a gas company
in today's market.

Years latter, Michael Treacy and Fred Wiersema added

some competitive strategies to the above list:45
. Operational Excellence.The company offers substan-

tial benefits to customers by leading the industry in
price and convenience. LDCs often can offer sub-
stantial benefits to customers.

. Custorner Intimacy. The company tailors its products
and services to the targeted customers and builds
long-term customer loyalty. This strategy fits well
with the overall concept of progressive marketing
methods.

e Michael Pofier, Competitive Stralegt: Teclmiques for Analyzing Indtstries and
Compefitors Q'{.ew York: Free Press, 1980).
a5 Michael Treaoy and Fred Wiersema, "Customer Intimacy and Other Value
Disciplines," Hamard Business Review,Jamary-February, 1993, pp. 84-93; and "How
Market Leaders Keep Their Edgg" Fortune, February 6, 1995, pp. 88-98.
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. Product and Service Leadership. The business offers a

continuing stroam of innovatiYo products and sorv'

ices that make their own and competitors products

and services obsolete. This is not easy to do in the

energy business.

Kotler and Amstrong use a different and instructive
perspective.a6 They categorize competitive positions and

associated competitive strategies according to the roll a

business plays in the target market:
. Marlret-Leader Strategies. LDCs are market leaders

within their franchise areas. They will lose market

share to gas marketing companies and energy service

oompanies, but they will probably remain the market

leaders. Competitive strategies include:

'Expanding the Market For LDCs this means in-
creased gas use or use ofservices. This can hap-
pen as a result ofnew users, new uses, or
increased demand from existing users.

.Protecting Existing Market Share. LDCs must be

innovative here. Strategies can include 1) pro-
tecting the current position and market share; 2)
protecting weak market segments; 3) attacking a

competitor before being attacked; 4) striking
back when attacked; 5) moving into new mar-
kets; and 6) pulling out of some segments with
the objective of becoming stronger in remaining
segments.

,Increasing Market Share. Generally, for private
businesses, when market share increases, profit-
ability increases. Because most activities engaged
in by LDCs benefit from economics of scale, in-
creased market share lowers costs and makes the
business more competitive.

* Philip Kotler and Gary Armstrong, Principles of Mmketing (7th ed.: Englewood

Cliffs, NI: Prentice-Hall, 1996), pp. 605-614. Adapted by permission of Prentice-tlall
Inc., Upper Saddle River, NL
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. Market-Challenger Strategies. LDCs are leaders

within thoir ftanohiso areas, but in s0m0 markot sog-

ments, such as energy management services, they
might be challengers or followers. In any area of
business where an LDC is not a leader, aggressive

objectives and strategies must be selected. Active
strategies can include: 1) attacking a competitor's
strengths; 2) attacking a competitor's weaknesses;

3) simultaneously attacking a competitor's strengths

and weaknesses; 4) surpassing a competitor's product
or service and moving into easier markets; and

5) short-lived attacking to demoralize or harass a

competitor.
. Marlret-Follower Strategies. LDCs are not market-

followers today within their franchise areas, but some
might fall to this position if sound strategies are not
used. However, it is likely that an energy service
company (ESCo) operating under the umbrella of an

LDC is a market-follower. A follower must carefully
watch market leaders and challengers with the objec-
tive of learning from their market strategies.

. Marlret-Nicher Strategres. LDCs are more likely to be
a target for market-nichers rather than to be market-
nichers themselves. Market-nichers find small, but
profitable, market segments. Market-nichers tend to
be small, responsive firms, who have an intimate
knowledge of their nzurow target market. ESCos op-
erating under the umbrella of an LDC can pursue
market niches more easily than the parent LDC.
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Mar keting Manag ement Philos op hies
Today there are six marketing management philoso-

phies adhered to by businesses. Your company may select

one or any combination of the six. Most progressive busi-
nesses today are adhering to the marketing or societal
management philosophies. Rather than operating haphaz-
ardly, it is important that the overall management of a gas

utility operate with purposeful direction or philosophy.
The monopolistic or complacent philosophy is charuc-

terized by management thinking that the revenue and cus-

tomers will still be there tomorrow because there is little,
if any, competition and that the product is a necessity to
the users. The actions of management are characterizedby
ignorance of marketing methods, insensitivity to the needs

of customers, belief that the customer does not know what
she or he wants, feelings of insulation and invulnerability
from competition and the changing market environment,
and belief that the status quo will prevail.

If your organization is doing business based on this
management philosophy, do your best to get it to move in
a more progressive direction. Select two or three progres-
sive utilities as models for your own. Contact the market-
ing managers at these utilities and ask them what they are

doing and how change in management philosophy has

taken place.

The production philosophy holds that consumers favor
products that are available and affordable. Management
focuses on improving production and distribution effi-
ciency. Under this paradigm, the gas operations depart-
ment runs the show.

The product philosophy holds that consumers favor
products and services that offer the greatest quality, fea-

tures and performance. Management is primarily con-
cerned with making on-going product improvements.

Marketing Management Philosophies
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Under this paradigm, again, the gas operations department
runs tho show.

The selling philosophy holds that consumers will not
purchase enough of the company's products without
large-scale promotion and selling effort. Management's
focus is on promotion, selling, and conquest of the buyer.
Under this paradigm the gas operations department runs
the show, but marketing and selling increase in impor-
tance. The sales force serves the gas operations

department.

The rnarketing philosophy holds that customers' pur-
chases are based on the satisfaction of their needs, wants,

and long-term trust of the seller. Management focuses on
defining the market determining customer needs, coordi-
nating marketing activities, affecting customers, and aim-
ing for long-term customer satisfaction. In addition,
management attempts to establish a long-term, trusting re-
lationship with the buyer. Under this paradigm, the gas

marketing department runs the show.
The societal marketing philosophy encompasses the

marketing philosophy with the added features of societal
responsibility and welfare. It holds that customers pur-
chases are based on the satisfaction of needs, wants, long-
term trust of the seller, and the customers' idea of the so-
cietal benefit created by the seller. Under this paradigm,
again, the gas marketing department runs the show.

The discussion of other topics in this chapter is based

on the premise that the societal marketing philosophy is
the most appropriate choice for gas utilities today.

Marketing Planning
Marketing planning is the process of selecting market

strategies that will help the company reach its overall ob-
jectives. A marketing plan is a core element of strategic
planning.
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The Market Planning Process

Determine Confrols
and Reference Points

Determing Measurement Methods

Source: "The Marketing Plan in the 1990s" by Howard Sutton for the

Conference Board, 1990, p.10.

Determine Expectations
Establish Objectives

Analyze Competition
Identify Influences
Analyze Rates & Pricing
Andyze Communications

Opportunities

The plan has three purposes: to communicate the plan-
ners' intentions to top management, to justiff budget re-

quests, and to give the marketing department points of
reference for measuring progress.aT

o7 Howard Sutton, The lVlorketing Plan in lhe 1990s, The Conference Board, 1990, p.9.

Marketing Planning

Strategic Plan

Objectives by Segment

Direction by Segment

List Assumptions
Identify Restrictions

Select Stategies
Develop Tactics
Schedule Tactics
Budgeting
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Marketing plans can cover various lengths of time. An-
nual plans are short-term markoting plans that describe the
current situation and a strategy for the short-term. Long-
range plans cover the same topics but cover several years.

Although long-range plans address several years, they
should be updated annually.

Conducting business without a marketing plan is simi-
lar to going on a long journey without awareness of where
you are going or how you are going to get there. A mar-
keting plan is a must-do activity.

If you are developing a comprehensive marketing plan

for you gas company, your approach will be different
from that used to develop a subsidiary plan for a particular
department or a specific geographical area.

The major topics included in a marketing plan are:
. Executive Summary. This should be a brief statement

of primary goals and recommendations.
- Overview of Market Place. This section should in-

clude a market description, product or service review,
characteristics of the competition, and strategy for
products or services marketing.

- Competition and Opportunitles. This should cover
competition, threats to products or services, and an
analysis of each, as well as discussion of product or
service opportunities and an evaluation of each. For
example, this section could include an analysis of
how much of a particular utility's customer base will
be eroded by independent energy service companies
(ESCos).48

, Objectives and Issues. Include objectives stated as

goals to be achieved during the term of the marketing
plan.

" M-y utilities are buying or creating their own ESCos or energy marketing
companies as a means of retaining customers, expanding operations into other
territories, and diversifying business operations. Today there are few, if any, utilities
that do not have an ESCo, do not have an interest in one, or are not developing one.

39

Marketing Planning



40 Let the Gas Flow: A Gas Marketing Handbook

. Cornpetitive Strategies. Explain the methods by which
markoting goals and objectivos will be reashed.

Strategies for advertising, sales promotion, public re-

lations, and personal selling can be included here.
. Action Plans. This section should describe ways to

turn market strategy into action-the what when,
who, and how of the plan.

- Marketing Research.In this section, discuss research
needs and objectives.

. Marketing Budgets. Formulate a projected profit-loss
statement for action programs. Cash flow projections,
pricing strategies, and budget constraints might also

be included here.
. Marketing Controls. List feed-back loops, controls,

and adjustment methods for marketing efforts.
. Other topics included might be supply constraints,

regulatory constraints, and new producVservice
development.

Marketing Plan Implementation
If the marketing plan is not written in a realistic manner

or if it is not taken seriously, implementation of the plan
will prove to be difficult.

Sfudies of marketing plan implementation have demon-
strated some common problems making implementation
difficult. These problems include unrealistic plans, plans
that are too general, md plans missing important parts,

such as competitive or customer analysis.
Market plan implementation requires:
. Management that believes in the marketing process

and takes the marketing plan seriously.
. Effective leadership for plan implementation.
. A plan for action. Who will do what and how will

they do it. With responsibility for action must go

authority to expedite the appropriate actions.

Marketing Plan Implementation
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. Organizational structure and philosophy favorable to
the marketing goals. On the surface, the characteris-

tics of the organization might not seem like an im-
pediment to action, but they often are. The structure
and philosophy should be analyzed thoroughly as

part of the market plan implementation process.
. Decision and reward systems, including, compensa-

tion, and human resource planning.
. A good fit between adopted marketing strategies and

company culture. Company culture can be very diffi-
cult to change. It is made up of the beliefs, ethics,

values, and identity shared by the people of the

organization.

Marketing Research und Analysis
Marketing research and analysis are vital parts of any

forward-thinking organization. These activities include
the systematic and purposeful 1) determination of the
range of information necessary for making informed mar-
keting decisions; 2) acquisition of this information from
internal sources, market intelligence, and market research;
3) thorough analysis of records, intelligence, and research;

and 4) distribution of information to marketing managers

so that they are able to make intelligent marketing
decisions.

A Market Information System (MIS) is often the core
of the market research process. The MIS is made up of
personnel; equipment; and procedures to acquire, sort,
analyze, and distribute information required for making
timely and appropriate marketing decisions.

Market information systems must include:
. A means of determining information needs. Not too

much, not too little, just the right quality and
quantity.

. Methods of developing information from internal re-

cords, market intelligence, and market research.

4l
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. Methods for analysis of records, intelligence, and

ros0arch.
. Means of distributing information to marketing

managers in the right form at the proper time so that
they can make intelligent marketing decisions.

The market research process includes:
. Defining Problems and Research Objectives. What do

we need to know, how are we going to find out, what
information is needed, and what are we going to do
with it? This can be avery challenging task.

- Formulating a Research Plan. Where can we get the
information, what are our specific needs, what will
be the primary and secondary information sources,
what research methods will we use, and what person-

nel are needed for obtaining information and analyz-
ing the results.

. Carrying Out the Research Plan. Who will do what
within what time-ftame?

. Deciphering and Reporting the Research Findings.
Who will interpret the results and who needs the re-
port for marketing decision making?

. Determining whether the Research Results Satisfy the

Objectives.If they do not reasons must be found and
adjustrnents made.

Market forecasting is often included in the marketing
research and analysis process. It is the estimation of exist-
ing demand or future demand for a product or service by
anticipating what buyers are likely to do under certain
market conditions.

Sales Philosophy
Rather than pushing the sale with the primary need of

the seller-to sell and profit-the new relationship sales

philosophy is based on a longer term perspective: Dis-
cover the potential customer's noeds, cooperate, serve as a

consultant and helper, and then follow through after the

Sales Philosophy
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sale. The customer's satisfaction and trust will then pull
the sale andlead to more ropoat salos in the futuro. This

sales philosophy rewards people for being customers; this
is vitally important for the vitality and longevity of natural
gas utilities today.

Developing a consistent sales philosophy within your
company is important, for it communicates the attitudes

and general ideas of the selling process to the sales per-
sonnel. Sales philosophy is subordinate to the marketing
management philosophy

Different levels of interaction can be fostered between

the customer and the organization by the sales person and

or ganization. These include :

. Basic Interaction No seller-initiated contact takes
place after the sale.

. Reactive Interaction The customer is encouraged to
contact the sales person ifthere are any questions or
problems with the product or service.

. Accountable Interaction. The sales person contacts the
customer a short time after the sale to check to see if
the customer is satisfied and to ask how the product
might be improved.

. Proactive Interaction The sales person's efforts go

beyond the initial sales interaction by making regular
after-sale contact to suggest new uses for the product
or to inform of new products.

. Relational Interaction. The sales person works repeat-
edly with the customer to find new ways to improve
the product and to establish a strong, on-going
relationship.

The most coflrmon method used today by progressive
companies is relational interaction.

The traditional method of "Let's take what we have to
sell and convince somebody to buy it" has been rejected

and replaced by "Let's find out what our customers need

and fill those needs to the best of our ability." This is a

43

Sales Philosophy



44 Let the Gas Flow: A Gas Marketing Handbook

significant change in the philosophy of selling that has oc-

cunod ovor tho last two decades,

Sales Force Management
Narrower in scope than marketing, selling involves

moving a finished product or service from the seller to the
buyer.

As gas utilities move toward market-oriented business,

sales personnel (marketing representatives, sales represen-

tatives, account executives, sales consultants, sales engi-
neers, etc.) will be required to become more
market-focused and customer-oriented. The sales person

must represent the organization and the customer.

The manager of the sales force must be cognizant of all
sales force activities, including planning, analysis, imple-
mentation, and control.

The major functions of sales force management
include:ae

. Determining Structure and Strategt. This includes the
size of the sales force, whether sales representatives
should work alone or in teams, how they should in-
teractwith customers, specific duties and responsi-
bilities, sales territories, and whether to use an inside
sales force, outside sales force, or both.

. Recruiting and Hiring. Choices must be made regard-
ing recruitment methods, candidates' required quali-
fications, and the means of employee selection.

. Training. This ongoing process is usually divided into
three major areas: company procedures, gas equip-
ment applications, and sales methods. A permanent
comprehensive training program should be imple-
mented and regularly evaluated.

ae Based on Philip Kotler and Gary Armstong, Principles o/ Marketing (7th ed.:

Englewood Cliffs, NI: Prentice-Hall, 1996), pp. 533-547. Adapted by permission of
Prentice-Hall Inc., Upper Saddle River, NI.
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. Compensating Sales Personnel. The compensation

package should remunerate sales people in a way that

channels their efforts in a manner consistent with the

overall marketing objectives, including behaviors
and goals.

. Supervising the Sales Force. With supervision, sales

managers direct and motivate sales people to reach

the company's marketing obj ectives.
. Evaluating Sales Personnel. Methods must be in place

for the fair evaluation of sales people. These methods

must be fully disclosed to all members of the sales

force. Evaluation methods may compare one sales

person to another or they may compare past sales

with present sales, or they may be a combination of
the two.

Personal Selling
Personal selling is one of the four major elements of the

promotion mix. The other three are advertising, some-

times referred to as impersonal selling; sales promotion;
and public relations (closely aligned with organization
marketing).

Personal selling is based on a number of interactive
steps that take place between the seller and the potential
buyer. The buyer's needs, satisfaction, ffid perceived
value of the product or service always are the foundation
for the encounter. The customer-oriented or relationship
method of personal selling includes the following steps:

. Prospecting.Identifying potential customers for your
products and services.

. Qualifying. Deciding which prospects are worthy of
your efforts.

. Call Preparation or Preapproach. Knowing your
prospect. Do your homework. Prepare for contact.

. Account Contact or Approacft. Whether face-to-face
or over the telephone, have your script ready.
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. Probingfor Information. Attempting to uncover

prospect's noeds. Find solutions t0 their problems.

- Presentation. Amore formal presentation (contact), if
necessary, that should be based on a
needs/satisfaction approach.

, Handling Dfficult Responses. Being ready to handle

obj ections, complaints, excuses, or indifference.
. Gaining Cornmitment/Closing the Sale. Asking for ac-

tion that requires commitment from the prospect.
. Assuring the Customer. Keeping an active relationship

with your new customer. Repeat business is the least

expensive sale you can make and word-of-mouth ad-

vertising from a satisfied customer is free.

The characteristics of a good gas utility marketing or
sales representative include :

. Keeping the potential buyer's needs and satisfaction at

the center of the interaction.
. Helping the customer solve her problems.
. Being a good listener and not talking too much.
. Helping the customer feel good.
. Using humor in an appropriate way.
. Never wasting the customer's time.
. Always trying to schedule appointments convenient

for the customer.
. Offering help after the sale.
. Offering honest information about competing fuels

and products.
. Knowing how to correct problems created by their

own gas company (must have the authority to do so).
. Never being afraid to apologize for a problem.
. Knowing the business of the residential, commercial,

or industrial customer.
. Being aware of the long-term importance of the rela-

tionship with each customer.

Personal Selling
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. Understanding the importance of customer's percep-

tions and oxpootations,
. Giving the customer more than she expects.
. Putting an element of amazement into marketing pres-

entations and relationships.
. Striving to delight each customer.

Personal Selling and Building Construction
Selling gas to those involved with building new con-

struction projects requires unique prospecting and qualiff-
ing methods. Sales representatives should understand the
chronolo gy of the development/p lanning process-parcel-
ing and zoning of land, initial developing of land, initial
designing and planning of the project, construction of the
building, and commissioning.

Also, it is important that the representative network
with developers, building officials, realtors, and commer-
cial and residential land developers. This allows him to
prospect for leads, qualiff leads, prepare strategy, and in-
fluence equipment choices at the most effective time dur-
ing the plan/build procoss.

During the initial stages of building design and plan-
ning, important decisions are made regarding the energy

sources and equipment use. This is the most opportune
time for the marketing representative to attempt to sell
major gas equipment, for this is the time the project deci-
sion makers select equipment. If this opportunity is
missed, it is more difficult to impact equipment decisions
later in the plan/build process.

Single-family homes are either built speculatively or
custom-built. Speculatively built homes are sold after con-
struction begins or is completed. Thus, the choices regard-
ing energy and equipment use are made by the developer
or building contractor. To alfect the selection process, the
gas sales representative must meet with the key decision
makers during the initial stages of design process to point
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Heating-Fuel Market Share for
New Single-Family Homes in1994

Natural Gasr 6To/o

Other/1.{one, 17o

oilr3o/o

Electric,29o/o

Source: US Burear of Cersus, 1994.

out the advantages to using nafural gas. The sales repre-

sentative's strategy should include:
. Acquiring knowledge about building projects before

the preliminary design phase begins--{uring the ini-
tial stages of design and site location. Sources of in-
formation are realtors, newspapers, trade organiza-
tions, town offices, and, of course, the developers
themselves.

. Gathering information about the building project. The
project might be one house or hundreds of houses.

. Studying the information.

. Determining ways that gas equipment can benefit the
developer and the house buyer. In addition to space

heating, also make the decision makers aware of the
benefits of collateral gas appliances.

. Offering to give consultative assistance to the devel-
oper. The representative should attempt to make the
developer's work easier and make the project more
successful. This might be as simple as suggesting

Personal Selling and Building Construction
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sources of gas equipment to as complex as preparing

a life-cycle cost comparison or working with the gas

planning or engineering department for gas line

extensions.
.Knowing the LDC's dishibution network (Will the

new project require a line extension?)

If the sales representative initially becomes involved
with the key decision makers of the project after the initial
design phase--{uring the preliminary or final design stag-

es-it is more difficult to affect the process. However, at-

tempts should still be made to advise, assist, and increase

gas load.

Custom-built homes are contracted by the owner or the

owner's agent (architect designer, realtor, or construction
project manager). The key decision makers for the

custom-build house process are the owners. The sales rep-
resentative must interact with them before or during the

initial design phase.

Because it is difficult to find custom-built home pro-
jects and because the potential increase in gas load from
one residential structure is slight it is usually not worth
the sales representative's time to pursue face-to-face inter-
action with the owners. It is more expedient to affect po-
tential custom-built home owners at home shows, with
advertising, md through alliances with trade groups
(HVAC and building contractors) and professional groups
(architects and realtors).

Commercial building projects have essentially the same

basic phases of planning and design as large residential
developments. Therefore, the commercial sales

representative should use the same strategy as those listed
above. However, unlike single-family residential struc-
tures, architects and engineers are usually involved during
all the phases of design. As a resulg the gas sales repre-
sentative should determine which key decision makers to
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contact. For some projects, the owner will make allthe de-

cisions, for others the owner will favor the architect 0r en-

gineer making all the decisions.

As with residential design, it is best to become involved
with the process in the initial stages, rather than during
preliminary design or during the final stages of design.

Advertising
Advertising includes the use of any media with the pri-

mary objective of selling a product or service. The media
may include newspaper or magazine ads, radio or televi-
sion spots, bill-stuffers, and signs on vehicles. The objec-
tives of advertising are generally to inform, to persuade,

or to remind.
Advertising may be done by in-house personnel or out-

side advertising firms.
Utility managers of advertising activities should:
. Set Advertising Objectives and Goals. Selecting ob-

jectives is guided by deciding what needs to be com-
municated to what audience at what time. As
mentioned above, these objectives are meant to in-
form, persuade, or remind.

. Formulate the Advertising Budget. The role of adver-
tising is to increase demand for products and serv-

ices. Management must determine how much to
spend to attain department goals.

. Determine Advertising Strateglt. The two major com-
ponents here are the message and the advertising me-
dia. What message will fulfill the objectives and
which medium will be most effective?

. Determine How to Evaluate the Advertising Program.
Both communication effects and sales effects should
be measured regularly. Have the efforts satisfied the
objectives? Strategies should then be adjusted

accordingly.

Advertising
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Sales Promotion
Sales promotion includes activities to encourage pur-

chases of products or services. Examples include coupons,

rebates to contractors or the end-user, financing incen-
tives, door prizes, introductory offers, and caps or pens in-
scribed with the company name.

Gas utility sales promotion can be carried out in three

distinct areas: customer promotion, trade promotion, and

sales force promotion.
Trade promotion is designed to gain support from allied

trades and professions, such as HVAC and building con-
tractors, realtors, architects, and engineers. This is done

with the purpose of improving the relationship with these
groups and improving their sales efforts regarding natural
gas. Trade promotion can include rebates, sales leads, co-
operative advertising, free advertising, training programs,

or tickets to sports events.
Sales force promotion is intended to motivate the in-

house sales force to sell more effectively. Sales force pro-
motion can include bonuses, contests, notoriety, and other
benefits.

The activities required for a successful sales promotion
program are similar to these needed for and advertising or
public relations program:

. Set Promotion Program Objectives. These will be dif-
ferent for customer, trade, and sales force promotion.

- Formulate the Promotion Budget.
. Determine the Promotion Strategy. Promotion tools

must be selected-what will be offered to the cus-

tomer, trade ally, or sales force member.
. Determine How to Evaluate Promotion Program.

Both communication effects and sales effects should
be measured regularly. The program should then be

adjusted accordingly.
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Public Relations
Public relations involve building positive relationships

with customors, regulatory agencies, politicians, and the
general public. Public relations tools include press re-

leases, lobbying, social activities, sponsoring public
events, and public appearances of company offlrcials. Gas

utilities should use public relations to promote not only
products, but also company personnel, activities, and the

organization itself.
Utility managers of public relations departments

should:
. Set Public Relations Objectives. Selecting objectives

is guided by deciding what needs to be communi-
cated to what audience at what time.

. Formulate the Public Relations Budget. The role of
public relations is to enhance the relations between
the utility and the public. Management must deter-
mine how much to spend to attain the objectives.

- Select Public Relations Messages. What strategy and
messages will best fulfiIIthe public relations
objectives?

. Determine How to Evaluate the Public Relations Pro-
gram. Both communication effects and sales effects
should be measured regularly. Shategies should then
be adjusted accordingly.

Organization Marketing
Many utilities have poor public images. They are

thought of as uncaring organizations that charge too much
and take forever to supply gas to a customer. Organiza-
tional marketing, which is closely aligned with public re-
lations, can help. It is a thoughtful process by an
orgarization to improve its image in the minds of its
customers.

Orgarrization marketing requires two basic activities.
First, the current image of the organization must be

Or ganization M arketin g
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Image Assessment Chart
Acme Gas Company

Caring

Friendly

Progressive

Good Service

High Integrity

Big Company

Uncaring

Unfriendly

Traditional

Poor Service

Low Integrity

Small Company
Desired
Image

Actual
Image

determined. This can be assessed using any criteri4 for
example, do the customers see the organization as friendly
or unfriendly, caring or uncaring, knowledgeable or un-
knowing, large or small, progressive or traditional?

Second, the organization must engage in planning and
controlling its image. The managers of the organization
must determine what the image is to be and then take steps

to create that image. It must be aligned with the philoso-
phies of marketing management sales, and service man-
agement if image planning and control are to be
successful. Organizational marketing will only work if the
organization lives up to its desired image, otherwise cus-

tomer mistrust will result.
Organizational images can be altered with the use of

corporate image advertising, public service activities, and

image enhancing slogans.
The image assessment chart above gives an example of

the image characteristics that might be considered.5o Use

5o Based on Philip Kotler and Gary Armstrong, Principles of Markefing (7th ed.;

Englewood Cliffs, NJ: Prentice-Hall, 1996), p. 671. Adapted by permission of
Prentice-Hall Inc., Upper Saddle River, NJ.
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of the chart makes it easier to formulate a strategy for im-
age planning and control activities.

Allionces with Trade and Professional Groups
Forming alliances with trade allies and professional

groups can be a powerful aid to a gas utility's marketing
and promotional mix.

"Simple business economics arguos that because the
costs of selling to smaller core customers are high, sub-
stantially more of this activity should be outsourced to
trade allies with lower cost structures and better customer-
contact capabilities. To date, many utilities have focused
their trade-ally activities only on builders."sl

Trade allies include heating, ventilation, ar,d air condi-
tioning (HVAC) contractors, building contractors, design-
build contractors, and appliance suppliers. Professional
groups include realtors, architects, engineers, and energy
managers.

Trade allies can play an influential ro11 in a customer's
decision-making process, especially on the residential
level. Methods being used by gas utilities today to foster a
close working relationship between the utility and trade
allies include:

- Providing Referuals to HVAC Contractors. Before the
HVAC contractor qualifies for the utility referral pro-
gtam, quality standards are usually required of con-
tractors. Some programs require prerequisite work,
for example, two leads given to a trade ally for each

electric water heater converted to gas.
. Cooperative Advertising and Home-Show Exhibits.

Some LDCs will share the cost of advertising and

home-show exhibits with trade and professional
allies.

'' WiUiam R. Murray, "Marketing: Today's Imperative," Fortnightly, March 15, 1994,

p 34-
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. Support of Trade Association Activities. This can in-
clude utility membership, providing spoakers for as-

sociation meeting, sponsoring dinners, and other

activities.
. Support of Trade Associations. This can be done with

bill-stuffers suggestin g that utility customers patron-

ize association members.
.Informational Newslef/ers. Newsletters work best if

they contain information that is useful to the trade or
professional allies, rather than articles only promot-

ing utility marketing activities.
. Training. This can include technical training, sales

training, and business management training. Some

utilities offer occasional training sessions, others of-
fer comprehensive courses of study.

Architects and engineers generally have more influence
at the commercial and industrial level than at the residen-

tial level (however, they are likely to exert influence over
a residential customer when designing a house).

Another professional group, realtors, can also influence
residential customers when homes and condominiums are

bought and sold and w.hen apartments are rented.
Utility marketing representatives can foster alliances

with architects, engineers, and realtors using these
methods:

. Call on them regularly.

. Assist architects and engineers with design and engi-
neering of gas equipment. Assist realtors with energy
problems and questions, whether they pertain to
natural gas or not.

. Inform them ofthe advantages ofnatural gas over
other fuel choices.

. Remind realtors that buildings with natural gas appli-
ances often have higher resale values and higher oc-
cupancy rates than those with other fuels.
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Test for Commercial Sales Representatives

1. Name three architects who know you.

2. Name three engineers who know you.

3. Name six commercial HVAC contractors who know you.

4. What fryAC trade magazines do you read regularly?

5. What food service magazines do you read regularly?

6. What trade shows did you attend in the last year?

7. What conferences and training did you attend in the last
year (technical, sales/marketing, comp any procedures,

rates)?

8. Is your professional knowledge evolving as you wish?
a. Technical (FryAC, food service, etc.)?
b. Marketing methods?

. Attend their professional association meetings. Be-
come a member, if possible.

. Offer to assist realtors with the sale of homes or con-
dominiums having natural gas appliances.

. Offer cooperative advertising plans for new natural
gas homes and condominiums.

. Consider offering operating-cost analysis comparing
natural gas equipment to equipment using other
fuels.

.Inform architects and engineers of new gas equipment
and of successful applications of existing equipment.

. Make up case-study promotion sheets of architects'
and engineers' work with natural gas equipment. Dis-
tribute these promotional pieces to commercial and
industrial building owners and managers, and to
other architects and engineers.

Alliances with Trade and Professional Groups
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.Offer operating-cost analysis comparing gas and elec-

tric equipment, including food sorvico, space heating,

water heating, and cooling.
Your attempts to foster alliances with these groups

should be guided by the desire to help make them success-

ful in the work they we doing. By helping them, you will
be helping yourself.

The foremost objective of the gas utility and the ally re-

lationship should be customer satisfaction. The parbrer-

ship with the ally should be the second priority. The third
priority should be the profitability of the utility. If the first
two priorities are being attended to, the third will take care

of itself.

Marketing for National or Key Accoants
National or key accounts are regional or national multi-

unit accounts. They are sometimes called chain accounts.
Marketing activities for these accounts require different
emphasis, efforts, and skills than marketing to smaller
customers.

The American Gas Association has a key-account pro-
gram that can be very helpful when approaching a rra-

tional account. AGA attempts to provide a direct link
between national chain executives and AGA members.

"With their customers vulnerable to competitors, utili-
ties must restructure their key account programs. The
goal: become more proactive, strategic, account-specific,
and oriented toward producing value for both the cus-

tomer and the utility."52
National account activities and functions at gas utilities

should include:
. Developing National Account Policies and Proce-

dures. These policies and procedures will be

t' William R. Murray, "Marketing Process Managemert," Public Ulilities Forlnightly,
October l, 1994, p. 15.
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different, for the most part, from those of the general

marketing unit.
- Providing High-Level Presentations to National Ac-

counts. These might be written or oral. The national

account sales representatives, thus, become key

spokespersons for the gas utility.
. Monitoring and Controlling National Account Con-

tracts and Relationships. The nationaf account repre-

sentatives at the gas utility must track and control
national account contact with coordinated teamwork.

. Developing, Maintaining, and Disseminating Infor-
rnation Regarding National Accounts. This informa-
tion flow is important to the success of the national
account marketing efforts.

The factors for the success of national account market-
ing activities include:53

. Understanding and Support of Senior Management.

Senior officers of the organization must be aware of
national account marketing activities and results.

Without their support, key account marketing efforts
are likely to fail.

. Necessity of Well-Defined Mission, Responsibilities,
and Authority of National Account Unit. A national
account plan should be an integral part of the overall
marketing plan.

. Presence of Capable, Experienced People in National
Account Positions. Personnel must be knowledgeable
of natural gas and equipment applications, but must
also be skilled in orchestrating the company re-
sources to serve major customers.

- Integration into the Mainstream of the Organization's
Marketing Effurts. National account mangers must be

apartof the overall marketing personnel network. In

t' General Source: Linda Cardillo Platzer, Managing National Accounts, Report No.
850, The Conference Board, 1984.
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addition, information flow between the national ac-

count marketing soction and the overall marketing

section must be effective and well managed.

Industrial S ector Marketing
The industrial sector represents more than 40Vo of the

natural gas delivered in North America. Of the three major

sectors (residential, commercial, and industrial), the in-
dustrial sector shows the greatest potential for growth, ac-

cording to the U.S. Energy Information Administration
(EIA). The EIA projects that industrial gas consumption

will increase from just under eight trillion cubic feet in
1995, to just less than ten trillion cubic feet in 2015.

The industrial sector is critical to the natural gas indus-

try because:
. It represents significant revenue (exceeded $25 billion

in 1993).
.It is a significant sector in all geographical regions of

North America.
.It is primarily a non-seasonal load with a high load

factor.
. It represents a substantial foundation for strong LDC

commercial and residential sectors by lowering unit
costs and increasing the rate base.

Industrial customers are unique in that their energy
costs are often a significant component of the cost of do-
ing business, thus, management must seriously consider
locating operations in an area where energy costs are low.
Relocation to an area of lower energy costs can make the
difference between business success and failure. This
means that industrial sector marketing departments at gas

utilities must:
. Monitor their industrial accounts regularly to make

certain they are receiving competitive gas rates and

service. This requires ongoing analysis of the compe-

tition across the country.
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Most Common Economic Development Services Olfered to

Existing Industrial Customers by Utilities

% Otrering
Service

Retention Services

Evaluation Programs

Economic Development Incentive Rates

Computerized Site Inventory

Enerry CostAnalysis

Comparative Rate Analysis

Energy Conservation Analysis

AreaLocationAnalysis

So\tce: Site klection magazine August 192.

70

66

62

52

32

30

29

29
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- Market to firms located in other gas service territories
with the objective of attracting those firms to the lo-
cal utility's territory.

- Coordinate the marketing activities of local organiza-
tions wishing to attract industries. These organiza'
tions might include chambers of commerce and local
governments. The economic development activities

Most Common Retention and Expansion Services Olfered to
Existing Industrial Customers by Utilities

%Offering
Service

Enerry Conservation Audits

Load Management Training and Assistance

Engineering&Ianufactring Technical Assistance

Rebates for Conservation Measures and Equipment

Financial Incentives for Facility Expansion

Assistance for Stafeof-Art Equipment

Sowe'. Site Selection magazing August 199.

100

75

58

42

33

JJ
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might include site inventory analysis and area loca-

tion analysis. (See the tablos on pago 60 listing eco'

nomic development and retention services offered to

industrial customers by gas utilities).
. Provide in-depth research and analysis for industrial

customers and potential customers. These activities
might include, energy cost analysis and energy con-

servation analysis.
.Inform industrial customers of new gas technologies

that might help them lower costs or increase produc-

tivity. The Industrial Gas Technology Commerciali-
zationCenter can be very helpful with this service.sa

Services Marketing
All natural gas utilities sell natural gas and many sell or

lease gas appliances. These are products, not services. Ini-
tially, marketing practices were developed for products,

but it is vital to understand that the services offered by
natural gas utilities must be marketed also. Because serv-

ices are intangible, some of the marketing methods are

different from those of product marketing.
A service is an activity that is intended to benefit the

buyer and does not result in ownership of anything. It is
an intangible that a seller can offer to the buyer. LDC
services generally include setting meters and servicing ap-
pliances; these services are part of the overall activity of
selling gas. However, they should be considered activities
distinct from the product for the sake of strategic plan-
ning, hiring, training, compensation, and evaluation.

The success of the service activities of a gas utility is

very important to the overall success of fulfilling market-
ing objectives.

54 See Chapter 7 for the address and telephone number of this organization.
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The characteristics of service activities are different from

those for tangiblo products. These di$inct charactetistics

are:
, Services are Strongly ldentified with Their Providers.

This is sometimes referred to as inseparability. For
example, the service of repairing a gas appliance can-

not be separated from the service representative do-
ing the repair. The service provider's interaction with
the customer is as important to the customer's opin-
ion ofthe service as the service itself; the service and

the provider are identified as one. A service represen-

tative may be technically astute, but if he or she has

poor rapport with customers, it is bad for business.

The recruiting, hiring, and training of service repre-

sentatives must reflect this fact.
. Services Activities are Intangible. Becaluse of this, the

service provider must attempt to make the service
tangible with images. An example is a truck panel

slogan "Fast, Prompt Service, Always with a Smile"
under a picture of a smiling service person wearing
the Acme Gas Company jacket. Another example is

service trucks thatarc always clean and in good
condition.

. Quality of Service is Variable. Unlike a tangible prod-
uct manufactured to specific standards, quality of
service depends on how it is provided, who provides
it, and where and when it is provided. Service activi-
ties within gas utilities should be managed so that
service variability is minimized. This can be done
through consistent management training, incentive
programs, soliciting customer feedback, and correc-
tion activities.

. Service Activities are Perishable. Unlike products,
services cannot be put on a shelffor later use, thus,

they are perishable. If a service crew arrives for an

appointment to set a gas meter, but nobody is there to

Services Marketing
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let them in, time is lost-perished-and cannot be re-

gained, Some utilities, realizing the perishability of
service, charge customers a fee for missed

appointments.

Marketing Strategies for Service Departments
Because service activities differ from tangible products,

they require different marketing approaches. When en-
gaged in service activities, the customer and the service

representative interact to affect the quality of service. Be-
cause of this, gas service representatives must interact ef-
fectively with customers to create a positive experience

during service encounters.

Service organizations and departments should focus on

both service representatives and on customers. Sfudies
have shown that service profits depend on customer and
employee satisfaction. If gas service employees are to be
satisfied with and effective in their work, they must be
cared for by management.

Management must effectively train and motivate its gas

service representatives and all supporting service people
to work as a team to achieve a high level of customer
satisfaction.

The customer's perception of service quality depends
on the quality of the customer's/service representative's
interaction during the service encounter. Customers judge
the value of service not only by the quality of the activity
performed, but also by the qualrty of the interaction with
the service provider. As a result of this fact, service repre-
sentatives must not only become skilled at the technical
aspects of the services they provide, but also must master

the dynamics of interacting effectively with customers.
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Service organizations and departments should consider

throo major markoting tasks: Servioo differentiation, sorY'

ice quality, and service productivity.ss
Service dffirentiation is the strategic activity of caus-

ing the customer to perceive the service as different from
that offered by other service providers. This is often done

by developing a differentiated-uniqus-5srviss offer,
service delivery, or image.

Service quality can be used to differentiate a utility's
service if it constantly delivers higher qualrty service than

competitors. The key to successful service is delivering a

quality of service that exceeds the customer's expecta-

tions. If the perceived service quality provided exceeds

the expected service quality, the customer will be happy,

use the service again, and probably pass on favorable
word-of-mouth publicity.

Studies show that a typical unhappy customer will tell
eight to ten other people about the problem that caused the
unhappiness. It is estimated that twelve fovorable service

incidents are required to make up for one negative one.

Service department management must determine the ex-
pectations of customers and communicate their findings to
all levels in the service department.

Delivering high quality service depends on:
. Management giving authority to gas service represen-

tatives to tend to customers' needs and correct any
problems caused by the gas service department.

.i:r*TT*ement must be committed to high qualrty

. Management must set high service quality standards

for all involved with offering service.

t' Based on Philip Kotler and Gary Armstrong, Principles of Marknting (7th ed.:

Englewood Cliffs, NI: Prentice-Hall, 1996), pp. 666-668. Adapted by permission of
Prentice-Hall Inc., Upper Saddle Nver, NJ.
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. Service department performance must be monitored

closely and performance feedback must be provided

to all members of the service department.
. All employees of the gas service department must

have the opporhrnity to give feedback directly to
service department managers.

Service productivity should be improved whenever pos-

sible. This can result from better training, improved tech-
nical service methods, employment of more skilled
service representatives, or sacrificing quality for improved
productivity. However, productivity increases should not
be pushed so hard that there is a reduction in the custom-
ers' perception of service quality.

Socially Responsible and Ethical Marketing
Socially responsible and ethical marketing practices

must be directed toward the best long-term performance
of the company. As consumers become more demanding
about responsible marketing and business activities, gas

utilities must become more responsive.

Each manager in the orgarization, beginning at the top,
must be able to look beyond what is legal and expedient
and develop personal and ethical standards based on in-
tegrity, corporate conscience, and long-term consumer and

societal welfare. Many businesses have developed codes

of ethics as a guide for employees.56 Socially responsible
and ethical business marketing should be characterizedby
the following:57

. Consumer-Oriented Marketing. Gas utilities should
approach their marketing strategies and activities
from the consumers' perspective.

st As a sample of such a code, the American Management Assooiation Code of Ethios

in included in the Appendix.
57 Based on Philip Kotler and Gary Armstrong, Principles of M*ktting (7th ed.:

Englewood Cliffs, NJ: Prentice-Hall, 1996), pp. 698-700. Adapted by permission of
Prentice-Hall Inc., Upper Saddle River, NJ.
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.Innovative Markzting. The gas utility should continu-

ally search for ways to improve business and market-
ing activities.

. Marketing that Increases the Value of Products and
Services. The customers' perceived value of products
and services should be a high priority of the organi-
zation. Continuing efforts should be made to increase

the value each customer receives.
, Sense-of-Mission Marketing. The business organiza-

tion should publicly define its mission in broad social
terms rather than in terms of products and services.

This not only projects the notion of social responsi-
bility to customers, but also gives employees a cleu
sense of direction. Refer to the discussion of Com-
pany Mission Statement on page 29 of this chapter.

- Marketingfor Social Benefit. Marketing activities
must be guided by customers' needs, the business's
requirements and the long-term interests of society.
Care of the environment and ethical business prac-
tices are apart of this paradigm.

Solving Marketing Strategy Problems
Marketing strategy problems do occur; the sooner they

are solved, the better. Of course, the first step toward solv-
ing a problem is identiffing it. Unfortunately, this is
sometimes difficult to do.

Anyone involved with marketing functions from upper-
level management to sales representative must not only be
skilled at taking affirmative action, but must also be
skilled at spotting and solving problems. Some simple
suggestions can help:

. Never alter strategies that are working, change only
strategies that are not working.

.When a losing strategy has been identified, dissect it
into small components. This process will assist in de-

termining the core problem with the strategy.
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. When a losing strategy has been identified, do not
adopt a replacement strategy without thoughtfully
comparing it with the rejected one.

.When replacing a losing strategy, seek direction and

advice from others before taking action.
. As soon as practicable, test any replacement market-

ing strategy for viability.
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3. Description of Natural Gas Equipment

Introduction
The use of natural gas is always dependent on gas utili-

zation equipment. If a marketing representative is success-

ful at selling gas, she is knowledgeable of gas equipment.
A good marketing representative should know what

types of equipment are commonly required by particular
businesses and building types. For example, banks require
space conditioning, but they do not require baking and

laundry equipment. Bakeries require baking equipment,
but do not require space cooling, except for office space.

This chapter describes gas utilization equipment in an

introductory manner..For more detailed information refer
to other sources, such as those listed in Chapter 7, Re-

sources for Natural Gas Marketing. Chapter 4, Gas Equip-
ment Applications, discusses typical applications for gas

utilization equipment.
Notice that after each equipment heading there is an "R,

C," or "I" in brackets. These letters indicate the types of
facilities-Residential, Commercial, and Industrial-that
normally :utilize that type of equipment.

Heating Equipment

Central Heating Equipment
. Central heating equipment provides heat from a cen-

tral point in a building, usually from a mechanical
room or rooms. Because it is located centrally, distri-
bution of the produced thermal energy must be pro-
vided. This is in the form of air distribution, water
distribution, a combination of air and water distribu-
tion or steam distribution.

7l
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. Advantages of central systems over unitary units

(factory-assembled, comploto packages) include:
. Often has longer service life.
. Higher part-load efficiency.
.Reserve capacity is inexpensive to install.
.Equipment confined to mechanical room(s).

Forced Air Systems (Furnaces) [R,C,I]58
. Governed by ANSI Standard 221.47 andZ2l.64.
. Listed in Section 6.3 of NFPA54.
. Covered by Installation of Warm Air Heating and Air

Conditioning Systems, NFPA 908.
. Heat air for distribution to the conditioned space.
. Consist of 1) cabinet,2)heat exchanger, 3) combus-

tion system with the necossary controls, 4) vent sys-

tems that carries combustion gases to outside of
building, 5) distribution motor and blower, and 6) air
filter.

. Usually easy to add cooling equipment to a furnace.
- Easy to add special filters, electronic air cleaners, hu-

midifi ers, and dehumidifiers.
. May be upflow, downflow, or horizontal, depending

upon the direction the distribution air flows.
.May be mid- (78-83% AFUE) or high-efficiency

(88 -97 % AFTIE). (Less than 7 8Yo AFUE became ille-
gal to manufacture after 1990, due to federal law.)

. May be conventionally vented (natural or atmospheric
draft), induced draft, or forced draft.

. Many late model fumaces-since 1985-are condens-
ing units.

. Pulse combustion units are available.

5E The letters R, C and 1 after the equipment headings indicate Residential,

Commercial, and Industrial, designating the areas of the market in which the equipment
is used

Gas Heating Equipment
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. Residential furnaces are available in models with heat-

ing capacitics from 25,000 (26,376) to 175,000

Btu/hr (184,635 kJ/hr).
.Commercial models range in capacity from 150,000

(158,258) to 2,000,000 Btu/hr (2,ll0,ll I kJ/hr).
. Furnaces with capacities of less than320,000 Btu/hr

(337,617 kJ/hr) are classified as light commercial.
. Furnaces with capacities of more than 320,000 Btu/hr

(337,617 kJ/hr) are classified as large commercial
units.

. Commercial units are constructed of heavier materials
than residential units.

. Roof-top furnaces are a corlmon type of gas furnace,

often also providing gas- or electric-driven vapor
compression cooling. The larger roof-top units are

available as multi-zone or VAV units and can be

used as central systems.
. Residential central furnaces seldom serve more than

one zone.
. Commercial central furnaces may serve more than one

zone with the use of proper devices and controls.
. For Manufacturers of gas-fired furnaces see:

. Directory of Certified Appliances and Accessories

by AGA Laboratories (Intemational Approval
Services).

.Consumer's Directory of Certified Efficiency
Ratings for Residential Heating and Water
Heating Equipment ("GAMA Directory") by
GAMA.

.HVAC Directory & Source Guide by Business
News Publishing Company.

Forced Hot Water Systems [R,C,I]
. Governed by ANSI Standard Z2l.l3.
. Listed in section 6.3 of NFPA54.
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. Forced hot water boilers heat water to a temperature

of from 140"F (60"C) to above 250"F (l2l"C) for dis'
tribution to heating coils (with or without fans) for
space heating, for domestic or service hot water, or
for process hot water.

. Hot water boilers may be condensing or non-

condensing. (Condensing units capture much of the

latent heat from the water vapor in the flue gas that

would otherwise be lost through the venting system.)
. Boilers are classified according to pressure and tem-

perature. Low-pressure units have ama:<imum work-
ing pressure of 160 psi (1100 kPa) and are limited to
250"F (121'C). High pressure units have a minimum
operating pressure of 160 psi (1100 kPa) and a water
temperature above 250"F (121'C).

. Hot water boilers are available in sizes ranging from
30,000 Btuh (31,651 kJlhr) for the smallest residen-

tial unit to 100,000,000 (105,505,946 kJ/hr) Btuh for
the largest commerciaUindustrial unit.

. Pulse combustion units are available in capacities up

to 1,000,000 Btu/hr (1,055,056 kJ/hr).
. Boilers are made with cast-iron, steel, and copper heat

exchangers.
. Dual-fuel hot water boilers-natural gas and oil or

natural gas and propane-are available for commer-
cial and industrial use. These are afi advantage if a
gas utility offers a lower cost intemrptible service.

. Cast iron boilers may be wet leg, dry leg, or dry base.

. Hot water boiler controls are usually activated by the
water temperature inside the boiler.

. Terminal units for hot water boilers can be baseboard

convection units, radiant panels, tubes in ceilings or
floors, radiators, fan coils, or hot water coils.

Gas Heating Equipment



3. Description of Natural Gas Equipment

'Hot water distribution is easy to zone with a circulator
pump or a zone valve for each zone.

. It is often cost-effective to convert oil-fired hot water
boilers to natural gas-fired.

.It is usually easy to adapt hot water boilers so that
they can also supply domestic or service hot water by
means of indirect-fired hot water storage (circulating
water heater system).

. For manufacturers of gas-fired hot water boilers
see:

' Dir ect ory of C ertifi e d Appliance s and Acce s sorie s

by AGA Laboratories (International Approval
Services).

.Consumer's Directory of Certified Efficiency
Ratings for Residential Heating and Water

Heating Equipment ("GAMA Directory") by
GAMA.

.HVAC Directory & Source Guide by Business

News Publishing Company.

Steam Systems [&C,I]
. Governed by ANSI Standard Z2l.l3.
. Listed in Section 6.3 of NFPA 54.
. Steam boilers vaporize (evaporate) water for steam

distribution to conditioned spaces, provide thermal
energy for heating coils and domestic or service hot
water, and provide steam for process heat energy.

. Steam boilers are classified according to pressure.

Low-pressure steam boilers have a maximum work-
ing pressure of 15 psi (103 kPa). High-prossure
steam boilers operate at pressures above 15 psi (103

kPa).
. Steam boiler sizes range from 50,000 (52,753) to

I 00,000,000 Btu/hr ( I 05, 505,946 kJ/hr).
. Dual-fuel steam boilers-natural gas and oil or natural

gas and propane-are available for commercial and
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industrial use. These are an advantage if a gas utility
offers a lower cost intemrptible service.

. Steam cast iron boilers may be wet leg, dry leg, or dry
base.

. Steam boiler controls are activated by the pressure in-
side the boiler.

. Oil-fired steam boilers can usually be converted to
natural gas.

. Steam distribution is a good choice where heat is

needed for space conditioning and process in facili-
ties such as hospitals, restaurants, dry-cleaning estab-

lishments, laundries, and industrial facilities.
. For manufacturers of gas-fired steam boilers see:

. Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

.Consumer's Directory of Certifi.ed Efficiency
Ratings for Residential Heating and Water
Heating Equiprnent ("GAMA Directory") by
GAMA.

.HVAC Directory & Source Guide by Business

News Publishing Company.

Unitary Gas Heating Equipment
. Unitary nafural gas heating units are complete factory-

assembled packages available for single zone or
multi-zone applications. These units are usually
available with integral cooling cap abilities.

. Although unitary equipment is usually more expen-
sive to operate than central equipment it does have

advantages over central heating equipment,
including:

.Usually require less ductwork than central
equipment, lowing installation costs.

.Individual room or zone control is inexpensive
and easy to achieve.
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.Installation on the roof or through the wall saves

spaco.
.They allow for individual unit control. This is an

advantage in lodging facilities and apartment

buildings.
.Equipment breakdowns do not affect alarge arca.
. Lower first cost as compared to central systems.

Roof-Top Units [&C,I]
. Governed by ANSI Standards 221.47 andZ2l.64.
.Installed on flat or sloped roofs.
. Usually heat with gas-fired hot air and cool with

electrically-driven, vapor compression apparatus.

(Gas-fired, engine-driven vapor compression units
are now available for cooling.)

. Gas engine-driven heat pump roof-top units are avail-
able for heating and cooling.

. Roof-top units are the most common unitary type of
commercial gas heating.

. Gas heatinglelectric cooling units range in size from
1.5 (5.275) to 110 tons (387 kw).

. Good choice for small shopping centers, schools,

computer rooms, hospital operating rooms, and other
single story or low-rise buildings.

. Advantages of gas-fired roof-top units include:
.Easy to install and maintain.
.No machinery room required.
.Packaged units guaranteed by manufacturer.
.Allow individual owners or tenants to install,

maintain, and meter their own equipment.
.Lower first costs compared to central systems.

. For manufacturers of gas-fired roof-top units see:
. Directory of Certi/ied Appliances and Accessories

by AGA Laboratories (International Approval
Services).

77

Gas Heating Equipment



78 Let the Gas Flow: A Gas Marketing Handbook

.HVAC Directory & Source Guide by Business

News Publishing Company.

Make-Up Air Units (Industrial Air Heaters)

[C,I]
. Governed by ANSI Standards 283.4 (direct gas-fired

make-up air heaters) andZ83.l8 (direct gas-fired in-
dustrial air heaters).

. Listed in Section 6.8 of NFPA54.

. Make-up air units are designed to condition ventila-
tion air supplied to a space, usually as a replacement

of exhausted air. They may be mounted on a roof,
outside a wall, or on a ground platform.

. Can be designed to heat, cool, humidiff, dehumidify,
or filter make-up air.

. Available in capacities of from 2,000 (944) to 100,000

cfm(47,200 L/s).
. Heating capacities range from 16,000 (16,880) to

2,87 5,000 Btu/hr (3,033,286 kJ/hr).
. Direct-fired units utilize unvented combustion and,

therefore, have high efficiencies. These units are not
suitable in some cases, for example, where condensa-

tion might be a problem or where there is low infil-
tration or makeup air.

. Indirect-fired units are vented to the outside (not cov-
ered by the above listed ANSI standards).

. Make-up air units are often used in commercial kitch-
ens and warehouses to replace exhausted air.

. Can be installed indoors or outdoors.

. For manufacturers of gas-fired make-up air units
see:

' Dir e ct ory of Certifi e d Appliances and Acce s s ories
by AGA Laboratories (International Approval
Services).

.IIVAC Directory & Source Guide by Business

News Publishing Company.
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Direct Gas-Fired Circulating Heaters for
Agricultural Buildings [C]
. Govemed by AGA Requirements 5.88.
. Unvented heaters intended for use in agricultural

buildings and greenhouses.
.Input ratings range from 40,000 (42,202)1o225,000

Bth/hr (237,388 kJ/hr).
. For manufacturers of direct gas-Iired circulating

heaters of agricultural buildings see:

' D ir e c t ory of C ertifi e d App I i anc e s and A c c e s s or i e s

by AGA Laboratories (International Approval
Services).

Through-The-\ilall Units (PTAC, PTIIP, PT) [R,C]
. Packaged Terminal Air Conditioners (PTACs), Pack-

aged Terminal Heat Pumps (PTtIPs), and Packaged

Terminal heaters (PTs) are made to heat or to heat

and cool. These units mount on a wall, inside or out-
side, or extend through a wall, housed in a wall
sleeve.

. Are primarily used for commercial installations, in ar-

eas such as hotel rooms, nursing homes, and office
buildings.

.Gas/electric PTACs are available with heating capaci-

ties of 12,000 (12,661) and 20,000 Btu/hr (2l,l0l
kJ/h) and cooling capacities of 9,000 (2.6\ and
12,000 Btu/hr (3.5 kW).

. Gas/electric PTACs are areplacement for
electric/electric units. They are quieter during heating
mode (no compressor) and operating costs for heat-

ing are usually lower. The existing wall sleeve will
typically accommo date the replacement gas/electric
unit.

. Gas-fired models of PTHPs are not available at the
time of this writing.
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. Gas/electric PTACs are a viable replacement for
electric/olootrio PTHPs. The gas/eloctric PTACs are

more comfortable in heating mode because of the

higher air-discharge temperature.
. For manufacturers of gas/electric PTACS see:

' Direct ory of C ertifi ed Appliance s and Acce s s ories

by AGA Laboratories (International Approval
Services).

'WAC Directory & Source Guide by Business

News Publishing Company.

Vented Room Heaters [R,C]
. Governed by ANSI Standard Z2l.ll.l.
. Listed in Section 6.24 of NFPA 54.
. A self'contained, free-standing, non-recessed heating

appliance.
. Some models contain circulation fans.
. Include a vent safety shutoff system that will shut

down the main burners if the appliance is not venting
properly.

.Input rates vary from 5,000 (5275) to 33,000 Btuftrr
(34,817 kJ/hr).

. For manufacturers of vented room heaters see:
. Directory of Certifi.ed Appliances and Accessories

by AGA Laboratories (International Approval
Services).

Vent-Free (Unvented) Room Heaters [R]
. Governed by ANSI Standard Z2l.ll.2 and AGA Re-

quirements 2-79 (tlrrvented room heaters with oxygen
depletion safety shutoff systems).

. Listed in Section 6.24 of NFPA 54.

. Unvented, self-contained, free-standing appliances de-

signed to heat the space in which they are installed.
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. Have oxygen depletion safety shutoff systems that

will shut off main bumer if oxygen supply in room is

lowl
drculatortype may include radiating material and

normally have input ratings or 40,000 Btu/hr (42,202

kJ/hr) or less.
. Wall heater type has a closed front and is made to be

attached to a wall. Input ratings are usually less than

25,000 Btu/hr (26,376 kJ/hr).
. Codes in some geographical areas prohibit use.
. For manufacturers of unvented room heaters see:

'Directory of Certifi.ed Appliances and Accessories

by AGA Laboratories (International Approval
Services).

Wall Furnaces [R]
. Governed by ANSI Standard 221.49 (vented wall fur-

naces) and 221.44 (direct vent wall furnaces).
. Listed in Section 6.29 of NFPA 54.
. Made to be installed as an integral part of an outside

wall, usually between wall studs.
. Heated air may be circulated by gravity or fan-forced.
. May include vapor compression cooling also.
. Some units are direct vent.
.Heating input range is from 15,000 (15,825) to 65,000

Btu/hr (68,579 kJ/hr).
. For manufacturers of wall furnaces see:

. Directory of CertiJied Appliances and Accessories

by AGA Laboratories (International Approval
Services).

.Consumer's Directory of Certified Efficiency
Ratings for Residential Heating and Water
Heating Equipment ( " GAMA Directory " ) by
GAMA.
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Lar ge Industrial-Type Ductless Furnaces (Air-
Rotationo units"; 1c,Il

. These units are essentially large furnaces without sup-

ply ductwork attached. They are located within the
space they are intended to heat and are vented to the
outside.

. Retum distribution air enters the unit near the bottom
and heated supply air is fan-forced out of the unit
near the top.

. This equipment is usually set up to recirculate indoor
air, but can be set up to use make-up air.

. The fan(s) in the equipment can be used to circulate
unconditioned air during the summer months.

. This equipment works well in large open spaces, such
as warehouses and large warehouse retailing facili-
ties, indoor tennis courts, and factories.

. Vertical heating units can be fired with any of the ma-
jor fuels. Duel fuel-natural gas and oil or natural
gas and propane-units are available.

. Equipment capacities range from 260,000 Bth/hr
(274,314 kJ/hr) and 6,000 ctm(2832 L/s) to
6,000,000 Btu/hr (6,330,335 kJ/hr) and 100,000 cfrn
(47,200L/s).

Unit Heaters [C,I]
. Governed by ANSI Standard 283.8.
. Listed in Section 6.28 of NFPA 54.
. A unit heater is a vented, self-contained device sus-

pended from a ceiling, pole, or wall and is intended
to heat the space in which it is located, without the
use ofducts.

. Usually are air units, but are available in a hot water
variant (similar to hot water coil).

5e Air-Rotation@ is a registered trademark of Johnson Heater Co1p., St. Louis, MO,
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. Unit heaters can project heated air for a considerable

distanos and are, therefore, a g00d choioe for large

open spaces.
. This equipment is often used to heat factories, wate-

houses, garages, showrooms, stores, and
greenhouses.

. Natural gas units are available as conventional types,

high-efficiency types with primary and secondary

heat exchangers, and as direct-vent units.
.Input ratings range from 25,000 (26,376) to 400,000

Btu/hr (422,022 kJ/hr).
. For manufacturers of gas unit heaters see:

.Directory of Certi/ied Appliances and Accessories

by AGA Laboratories (International Approval
Services).

.WAC Directory & Source Guide by Business

News Publishing Company.

Duct Furnaces [C,I]
. Governed by ANSI Standard 283.9.
. Listed in Section 6.10 of NFPA 54.
. A duct furnace is a unit heater without a blower, in-

tended to be mounted in a duct distribution sys-
tem-indoors or outdoors-where air-moving
equipment is supplied separately.

. These gas-fired units must be vented to the outside.

. Input range varies from 20,000 (2l,l0l) to 1,200,000

Btu/hr (1,266,068 kJ/hr).
. Duct furnaces should be installed far enough down-

stream of cooling coils to prevent condensation form-
ing on the heat exchanger of the duct furnace.

. For manufacturers of gas duct furnaces see:
. Directory of Certifi.ed Appliances and Accessories

by AGA Laboratories (International Approval
Services).
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Infrared (Radiant) Heaters [R,C,I]
.Govornod by ANSI Standard 283.6 (vented and

unvented).
. Governed by AGA Requirements 5.90 (Gas-Fired In-

frared Patio Heaters).
. Listed in Section 6.19 of NFPA 54.
. These gas-fired units emit infrared radiation, similar

to that from the sun. This energy readily passes

through transparent materials such as air, but is ab-

sorbed by opaque objects such as floors, walls, and
people.

. Low intensity gas infrared (radiant tube type) has

source temperatures of from 500 (260) to 800"F
(427'C). These units are usually vented directly to
the outside. They are approximately 80 percent effi-
cient. Output of this type can be as high as 100,000
Btu/hr (l 05,505 kJ/hr).

. High intensity gas infrared (surface combustion type)
has source temperatures of from 1600 (871) to
1900"F (1038"C). These units are usually not vented
directly to the outside and, thus, require make up air
for combustion. Because they are not vented, burner
efficiencies are high, approximately 90 to 92 percent.
However, because outside make-up air must be intro-
duced into the space, overall efficiency is lower. Out-
put of this type ranges from 20,000 (21,101) to
200,000 Btu/hr (211,011 kJ/hr).

. Radiant heating is effective for both spot or task
heating, or for heating entire building spaces.

. Particularly useful for buildings with high ceilings,
large volumes of air, and high airJeakage rates.

. For old buildings with low insulation levels and high
air leakage areas, infrared heating will cost less to
operate than conventional forms of space heating.
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" Appropriate for heating workers in spaces with high

air-leakage ratos, suoh as loading docks, warehouses,

highway garages, aircraft hangers, church sanctuar-

ies, greenhouses, car washes, bus shelters, skating

rinks, indoor tennis courts, milking parlors, or
factories.

. Good choice for heating people outdoors during cool
or cold weather. Examples include racetrack stands

and stadiums.
. Radiant heaters mounted on the top of poles and cov-

ered by a reflector are being used successfully to ex-
tend the season for outdoor dining areas, commercial
or residential. These units can provide heat for a di-
ameter from twelve to twenty feet.

. For manufacturers of gas-fired infrared heating
see:

'Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

.HVAC Directory & Source Guide by Business

News Publishing Company.

Construction Heaters [C]
. Governed by ANSI Standard 283.7.
. Unvented gas-fired heaters are intended for temporary

use in buildings under construction.
.Input ratings range from 10,000 (10550) to 2,250,000

Btu/hr (2,37 3,87 5 kJ/hr).
. For manufacturers of gas-fired construction heat-

ers see:
. Directory of C ertifie d Appliances and Ac ce s s orie s

by AGA Laboratories (International Approval
Services).
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Floor Furnaces [R]
.Govemed by ANSI Standard ZZl.48.
. Listed in Section 6.11 of NFPA 54.
. Gas-fired floor furnaces are self-contained units sus-

pended from the floor of the space being heating.
. These furnaces may use gravity- or fan-type

distribution.
. These units are usually used for residential applica-

tions and are controlled by integral or remote
therrnostats.

.In some geographical, areas their use is prohibited.

.Input range varies from 30,000 (31,652) to 75,000
Btu/trr (7 9,129 kJ/hr).

. For manufacturers of gas-fired floor furnaces see:
. Direct ory of C ertifie d App liances and Acc e s s ories

by AGA Laboratories (International Approval
Services).

'Consurner's Directory of CertiJied Efficiency
Ratingsfor Residential Heating and Water
He ating Equipment ( " GAMA Directory " ) by
GAMA.

C o g en er atio n E quipment [C,I]
. Governed by AGA Requirements 2.89.
. This equipment allows energy from a single source

(natural gas, process heat, etc.) to be used for the pro-
duction of heat and electricity.

. A cogeneration facility using a topping cycle is one in
which the energy input is first used to generate elec-
tricity, the rejected heat then being used for other
purposes such as space heat, process heat or absorp-
tion cooling.

. A cogeneration facility using a bottoming cycle is one
in which the energy input is first used for other proc-
esses, the rejected heat is then used to generate
electricity.
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. Several manufacturers make packaged, pre-engineered

cogcnoration systoms that inoludo a natural gas on-

gine (prime mover), the generator, heat recovery de-

vices, switchgear, and enclosure.
. For manufacturers of gas-fired, engine-driven co-

generation appliances see:
. Dir e c t ory of C er t ifi e d App I i anc e s and Ac c e s s orie s

by AGA Laboratories (International Approval
Services).

G as Incineration [R,C,I]
. Governed by NFPA 32,Incinerators and Waste and

Linen Handling Systems and Equipment.
. Listed in Section 6.18 (domestic incinerators) of

NFPA 54.
. Both residential (domestic) and commercial incinera-

tors are available.
. Commercial units are sometimes used for hospitals

(15 pounds of waste per day per bed) or large nursing
homes (5 pounds of waste per day per bed).

. Paybacks atluge hospitals can be as short as l8
months, when fuel and waste disposal savings are

considered.
. Up to 600/o of the waste heat can be captured and used

for space heat process hot water, absorption cooling,
or desiccant dehumidification.

Gas Water Heating Equipment
. Service or domestic water heating systems are always

composed of four parts 1) aheat energy source such
as nafural gas,2) aheat transfer device, 3) a means of
distribution, and 4) hot water usage devices such as

dishwashers and showers.
. Heat transfer equipment can be either direct or indi-

rect. One or more heat exchangers are used, either
air-to-water or water-to-water. The major types of
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equipment are l) automatic direct-fired storage,

2) in$antanoous (can be tankless coil in boiler),

3) indirect-fired storage (includes both circulating
systems and boiler-fired with remote water storage),

and 4) booster heaters. These are listed below.
. Most often, copper piping is used for distribution.
. Models are available for both indoor and outdoor

installation.
. If hot water in a commercial installation is required at

a remote location at a constant and reliable supply
temperature (such as for lodging facility rooms), cir-
culation piping is often called for (supply line, return
line, and circulation pump). The pump is installed on
the return line. The circulation pump is usually con-
trolled by a thermostat. These systems are also often
used in commercial kitchens.

. Commercial foodservice facilities usually require dual
temperature hot water, 140"F (60"C) for all tasks ex-
cept dish-washer rinse, which requires at least 180"F
(82"C) for sterilization.

Automatic Direct-Fired Storage Water Heaters
[R,C,I]
. Governed by ANSI Standard 221.10.1(input ratings

of 75,000 Btu/tr or less) afi,221.10.3 (input ratings
of more than 75,000 Btu/hr).

. Listed in Section 6.30 of NFPA 54.

. Have input rates of less than 4,000 Btuihr (4220 kJ/hr)
per gallon of stored water.

. This is the most common residential gas-fired water
heater type.

. Input rates of residential units are generally around
40,000 Btu/hr (42,202 kJ/hr).

. Input rates of commercial units are as high as

2,500,000 Btu/hr (2,637,625 kJ/hr).
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. Includes a storage tank with a gas burner at the bottom

of the tank. Combustion gases vont up through the

middle of the storage tank and then are vented to the

outdoors.
. Available in direct vent, natural draft, induced draft,

and forced draft models.
. Good choice for variable hot water demand.
. For manufacturers of residential automatic direct-

fired storage models see:
. Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

.IIVAC Directory & Source Guide by Business

News Publishing Company.
. For manufacturers of commercial automatic

direct-fired storage models see:
.HVAC Directory & Source Guide by Business

News Publishing Company.
. Foodservice Gas Equipment Catalog, by CP

Publishing.

Instantaneous Gas-Fired Water Heaters [R,CJ]
. Governed by ANSI Standard 221.10.3 (input ratings

of more than 75,000 Btu/hr).
. Listed in Section 6.30 of NFPA 54.
. These units are boilers used specifically for heating

domestic or service hot water.
. Have input rates of more than 4,000 Btu/hr (4220

kJ/hr) per gallon of stored water.
. This equipment is used for both residential and com-

mercial applications. Input rates for residential units
are as high as 125,000 Bhr/hr (131,882 kJ/hr). Input
rates for commercial models vary widely, but can be
as high as 725,000 Btu/hr (764,916 kJ/hr).
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. These water heater types are best suited for constant

hot water demands for there is no storago to accom'

modate unusually high peak usage.
. A tankless coil, a type of instantaneous water heater,

consists of a water-to-water heat exchanger in the hot
water reservoir of a steam or hot water boiler. The
water is heated to service temperature<r
above-instantly as it flows through the device. This

type of water heater is sometimes referred to as indi-
rect instantaneous. The gross output of the boiler
must be adequate to meet all the loads placed on the
boiler, both for space heating and service water
heating.

. For manufacturers of gas-Iired instantaneous wa-
ter heaters see:

. D ir e c t ory of C e rtifi.e d App lianc e s and Ac c e s s orie s

by AGA Laboratories (International Approval
Services).

Circulating Water Heaters (Indirect-X'ired Storage
Water Heaters) [R,C,I]
. Governed by ANSI Standard 221.10.3 (input ratings

of more than 75,000 Btu/hr).
. Listed in Section 6.30 of NFPA 54.
. A gas-fired water heater that furnishes hot water that

is stored in a separate vessel. Domestic or service hot
water may be directly heated by the circulating water
heater or it may be indirectly heated with a water-to-
water heat exchanger.

. When used for residential applications, the water-
heating boiler often is used to supply space heat also.

. For commercial units, input rates range from 82,000
(86,514) to 1,000,000 Bth/hr (1,055,056 kJ/hr).
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. For manufacturers of circulating water heaters

s90:
. Direct ory of Certifie d Applianc e s and Acce s s orie s

by AGA Laboratories (International Approval
Services).

. Foodservice Gas Equipment Catalog, by CP
Publishing.

Booster Water Heaters [C,[
. Govemed by ANSI Standard Z2l.l3.
. Listed in Section 6.3 of NFP A 54.
. Any type of water heater that "boosts" the temperature

of heated water to a higher level. Generally, merely a

boiler with a coppor heat exchanger.
. Booster water heaters are often used in commercial

food service facilities to increase the temperature of
hot water to 180"F (82"C) or above for the
rinse/sterilization cycle of automatic dish washers.

. Booster water heaters can be direct-fired storage or in-
stantaneous types.

. Some residential and commercial automatic dishwash-
ers have integral booster heaters.

. For manufacturers of water heaters that can be
used as booster heaters see:

. D ir e c t ory of C ert ili e d App I i anc e s and Ac c e s s or i e s

by AGA Laboratories (International Approval
Services).

.Foodservice Gas Equipment Catalog, by CP
Publishing.

Pool Heaters [R,C]
. Governed by ANSI Standard Z2l.56.
. Listed in Section 6.22 of NFPA 54.
. Pool heaters are designed for heating water for swim-

ming pools, spas, and hot tubs.

Gas Water Heating Equipment



92 Let the Gas Flow: A Gas Marketing Handbook

. Models are available for both indoor and outdoor
installations.

.Input rates vary from 60,000 (63,303) to 825,000
Btu/hr (87 0,421 kJ/hr).

. For manufacturers of pool heaters see:
. Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

G as - Fir e d L aun dry E q uip ment

Clothes Drying Equipment [&C]
. Govemed by ANSI Standard Z2l.5.l (Type l, primar-

ily for private use) and 221.5.2 (Type 2,for commer-
cial and public use).

. Listed in Section 6.4 (Types I and,2) of NFPA 54.

. Gas dryers must be vented by code (NFPA 54).

. Commercial laundries are the best target for commer-
cial gas dryer sales.

. At commercial laundry facilities, gas dryers and gas

water heaters are a nafural match.
. For manufacturers of gas clothes dryers see:

. Directory of Certi/ied Appliances and Accessories
by AGA Laboratories (International Approval
Services).

Gas-Fired Pressing Equipment [C]
. Used in commercial facilities such as large laundries,

hotels, hospitals, and residential nursing facilities.
. For bedding sheets, table cloths and other large items

that require pressing.
.Items to be pressed are put on equipment while still

damp from washing. Equipment presses and dries
items.

Gas-Fired Laundry Equipment
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Commercial and Residential Food Service
Equipment

Gas Ranges [R,C]
. Governed by ANSI Standard Z2l.l (household cook-

ing appliances) and 283.11 (commercial food service
ranges and unit broilers).

.Listed in Section 6.15 (household cooking appliances)

ofNFPA 54.
. The grades of gas ranges are domestic (residential),

restaurant (commercial), and heavy-duty
(commercial).

. There are many different types of commercial gas

ranges, including oven ranges (with integral oven),
Chinese wok ranges, candy ranges, stock-pot ranges,
taco ranges, etc.

. Commercial range-top burners may be open burners,
griddles/grills, hot tops, char broilers.

. Commercial range-top burners vary in input rates
from 14,500 (15,298) to 30,000 Btu/hr (31,652 kJ/hr)
with integral ovens ranging from 30,000 (31,652) to
55,000 Btu/hr (58,028 kJ/hr). Design input rates for
gas range/oven units range from 92,000 (97,065) to
195,000 Btu/trr (205,736 kJ/h).

. For manufacturers of commercial gas ranges and
gas range/ovens see:

. Direct ory of Certifie d Appliance s and Acce s s orie s

by AGA Laboratories (International Approval
Services).

. Foodservice Gas Equipment Catalog, by CP
Publishing.

Baking and Roasting Ovens tR CI
. Governed by ANSI Standard 283.12.
.These appliances are seldom used in residential

kitchens.

Commercial and Residential Food Service Equipment
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. Types of commercial ovens include convection ovens

(with air-oiroulating fans), decVpizza oyons (usually

stackable), conveyor ovens, rucUtray ovens (racks

usually revolve), barbecue/rotisserie ovens, combina-
tion ovens (dry convection heat steam heat, or com-
bination of the two).

. For manufacturers of commercial gas baking and
roasting ovens see:

. Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

. Foodservice Gas Equipment Catalog, by CP
Publishing.

Deep Fat Fryers [C]
. Governed by ANSI Standaxd 283.13.
.Intended for commercial use only.
. Open fryers range in size from 15 (6.8) to 140 pounds

(6a kg) of fat (oil) capacity.
. The two major types are open fryers and pressure fry-

ers (air-sealed lids).
. Open fryers are available in both counter

models-27,500 (29,140) to 48,000 Btu/trr (50,643
kJ/hr)-and floor models-84,000 (88,625) to
212,000 Btu/hr (223,672 kJ/hr).

. A doughnut fryer is a special type of open fryer.

. For manufacturers of commercial deep fat fryers
see:

.Directory of Certified Appliances and Accessories
by AGA Laboratories (International Approval
Services).

.Foodservice Gas Equipment Catalog, by CP
Publishing.

Commercial and R.esidential Food Service Equipment
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Steam Cooking Equipment [C]
.Governed by ANSI Standard 283.15.
. Used primarily by commercial food service facilities.
. Equipment categories include compartment steamers

(either atmospheric or pressurized) and steam jack-
eted kettles.

. Compartment steamers cook food by convective heat
transfer and the condensation of steam on food (la-
tent heat transfer).

.In steam jacketed kettles, the steam does not come in
direct contact with the food.

. Some models generate their own steam from an inte-
gral gas bumer, others may use steam produced in a
separate gas boiler (steam generator).

. For manufacturers of commercial steam cooking
equipment see:

. Dire ct ory of Certified Appliance s and Acces s ories
by AGA Laboratories (International Approval
Services).

.Foodservice Gas Equipment Catalog, by CP
Publishing.

Counter Appliances [C]
.Governed by ANSI Standard 283.14.
.These gas-fired appliances include hot plates and grid-

dles, food and dish wa.rmers, bain maries, coffee
brewing equipment, and toasters.

. Hot plates and griddles have flat steel tops with one or
more gas burners underneath.

. Food and dish warmors are dosignod to keep pre-
cooked food warm (or keep plates warm). Some of
these units warm food with steam produced by gas

burners, others ttilize dry heat produced by the
burners.

. Bain maries are similar to steam food warming appli-
ances, but are located in the kitchen for the

Commercial and Residential Food Service Equipment
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convenience of the chef. Rather than having places

for standard pots, as a stoam table does, the bain
marie has a rack for the placement of dishes.

. Coffee brewing equipment (coffee urns) can brew up
to 28 gallons (106liters) of coffee per hour.

. The only gas-fired commercial toaster is made by Sa-

vory. Its capacity is 1,200 slices per hour.
. For manufacturers of commercial gas-fired

counter appliances see:
. D ir e c t ory of C e rtifi e d App li anc e s and Ac c e s s orie s

by AGA Laboratories (International Approval
Services).

.Foodservice Gas Equipment Catalog, by CP
Publishing.

Gas Cooling
. There are various reasons for the move to natural gas

cooling in North America. These include the avail-
ability of more efficient gas cooling equipment,rela-
tively low natural gas prices, the need to improve the
environment and switch to CFC-free equipment (gas-
fired absorption equipment is CFC-free), and the
need to lower operating costs by cutting energy costs
and lowering electric demand charges.

Gas Engine-Driven Vapor Compression Cooling
[R,C,I
. Governed by AGA Requirements 4-89 (Gas-Fired,

Engine-Driven Air Conditioning and Heat Pump
Appliances).

. Listed in Section 6.2 of NFPA54.

. Nafural gas engine-driven systems operate in a man-
ner similar to conventional electric-driven vapor
compression systems, the difference being that the
gas-driven engine takes the place of the electric

Gas Cooling
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motor-the compressor is run by a gas-driven prime

mover (ongino) rathor than an olectric m0t0r,
.Packaged chillers and direct expansion (DX) units are

available.
.The York Triathlon heat pump is an example of a

small (three tons), gas engine-driven cooling and

heating unit appropriate for residential and small
commercial applications.

. Generally, the compressors used in vapor compression

equipment are reciprocating (usually 200 tons-703
kw----or less), screw (usually 100 to 1250 tons-352
to 4,395 kw), or centrifugal (usually 100 to 10,000

tons-352 to 35,160 kw).
. Natural gas powered turbines and engines are often

used to power cogeneration systems in hospitals and
other large facilities.

. For manufacturers of gas engine-driven equipment
see:

.Natural Gas Cooling Equipment Guide by The
American Gas Cooling Center.

Absorption Cooling [&C,U
.Governed by ANSI Standard 221.40.1and AGA Re-

quirements 10-90.
.Natural gas-fired absorption cooling has many advan-

tages over conventional electric motor-driven vapor
compression cooling with a separate boiler, including
low maintenance, high reliability, quieter operation,
CFC-free refrigerants, lower pressure requirements,
and fewer moving parts.

. Absorption and vapor compression refrigeration cy-
cles have in common the evaporation and condensa-
tion of the refrigerant at two different pressure levels
within the cycles. The two cycles differ in that the
absorption process uses a pump and a thermal
energy-operated generator to achieve the pressure

Gas Cooling
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differential, whereas the vapor compression process

uses a comprossor. Both procossos roquiro onorgy for
operation; the absorption cycle uses thermal energy,

the vapor compression cycle uses mechanical energy.
. Residential units are available from Robur Corpora-

tion (Servel). These units are available in sizes from
3 (11) to 5 tons (18 kw) of cooling capacity with
matched heating capacity.

.In the most common absorption systems, lithium bro-

mide acts as the absorbent and water as the refriger-
ant. Another type of system uses water as the
absorbent and ammonia as the refrigerant.

. Double-effect (two-stage) absorption units are more

efficient and costly than single effect (single-stage)
units. Double-effect and single-effect units have a

first-stage generator where the refrigerant is vapor-
ized from the absorbent with thermal energy.
Double-effect units also have a second-stage genera-

tor where the hot refrigerant vapor from the first-
stage generator supplies heat for further refrigerant
vaporization from the absorbent.

. Absorption chillers can be either direct-fired, where
the heat source applied directly to the generator (3 to
1500 tons or 11 to 5,274 kw) or indirect-fired where
the heat source is hot water or steam produced at an-
other location (5 to 1500 tons or 18 to 5,274kvt).

. Units are available that also heat; they are called
chiller/treaters. Some of these models allow simulta-
neous cooling and heating.

. Absorption equipment can be designed and installed
to provide complete cooling and heating, can be in-
stalled to serve as a peak-shaver to reduce electric de-
mand charges (or as a precooler in series with an

electric chiller), or can be installed as an integral part
of a cogeneration system.

Gas Cooling
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. Facilities served by older single-effect chillers are

good candidates for absorption chiller modemization.
. Facilities served by high pressure steam are good can-

didates for indirect-fi red, double-effect, absorption

chillers.
. For manufacturers of gas-fired absorption cooling

systems see:
.Natural Gas Cooling Equipment Guide by The

American Gas Cooling Center.

Desiccant Dehumidification (Cooling) [C,I]
. Governed by AGA Requirements 9-90.
. Gas-fired desiccant systems remove water vapor from

the air, in other words, they provide latent cooling.
Desiccants do not directly cool air (sensible cooling)
they only remove water vapor (latent cooling).

. Desiccant systems allow separate control of sensible

and latent cooling, an important advarfiage in some

facilities, such as supermarkets.
. The desiccant is regenerated (reactivated) by heating

it, often with a natural gas-fired unit, thus driving off
the water and allowing the desiccant to absorb mois-
ture (water vapor) again.

. Good choice when low relative humidity or precise

control over relative humidity is needed; easy to pro-
duce relative humidity levels below 50%.

. Usually used as commercial and industrial equipment.
Some residential equipment is being tested.

. Appropriate applications include supermarkets, ice
rinks, refrigerated warehouses, hospital operating
ro oms, laboratories, and various manufacturing
processes.

. Gas systems available with supply cfm rates from
1,000 to 90,000 (470 to 42,480L|s).
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. X'or manufactures of gas-fired absorption units see:
.Natural Gas Cooling Equipment Guide by The

American Gas Cooling Center.

Industrial Refrigeration [C,I]
. Gas engine-driven vapor compression refrigeration,

primarily for the food industry.
. This equipment is beneficial where there is a need for

heat recovery. Nearly one-half of the heat of the gas

fuel can be recovered to be used for other purposes.
. Economic benefits are available from elechic

peak-shaving.
. Used for ice making, cold storage, and process cool-

ing in dairies, breweries, wineries, and bakeries.
. For manufactures of gas-engine driven refrigera-

tion packages see:
.Natural Gas Cooling Equipment Guide by The

American Gas Cooling Center.

Gas-Fired Refrigerators [R]
. Governed by ANSI Standard Z2l.l9 andZ2l.74.
. Listed in Section 6.23 of NFPA 54.
. Made for residential or recreational use.
. These refrigeration appliances use the absorption

process and require no electricity.
. Gas-fired refrigerators are not vented.
. Input rates range from 800 to 2,200 Btu/hr.
. For manufacturers of gas-fired refrigerators see:

. Directory of Certi/ied Appliances and Accessories
by AGA Laboratories (International Approval
Services).

Natural Gas Vehicles (NGV)
. Governed by AGA Requirements 2-90, Natural Gas

Vehicle Fueling Appliances; AGA Requirements
l-90, Natural Gas Vehicle Fueling Connection

Natural Gas Vehicles (NGV)
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Devices; AGA Requirements l-85, Natural Gas Ve-
hicle Convorsion Kits; AGA Requirements 7-93,

Fuel System Components for Natural Gas Vehicles;
AGA Requirements ANSI NGV2 (fuel containers);

NFPA 52, Compressed Natural Gas (CNG) Vehicu-

lar Fuel Systems; and NFPA 57, Liquefied Natural
Gas (LNG) Vehicular Fuel Systems.

. Natural gas-fueled buses have been in operation in the

U.S. since 1988.
. The most active market segments for NGVs over the

last decade have been vehicle fleets and buses.
. Items to consider for NGV use:

. Vehicle conversion costs.

.Fueling costs.

.Location and density of fueling stations.

. Operating cost comparisons (the more the miles
per year, the greater the advantage of NGVs over
gasoline- and diesel-fueled vehicles).

.NGVs produce l%oto 64Yo of the air emissions
that gasoline-powered vehicles do.

.NGVs require from 5,940 (10,086) to 6,750
Btu/mile (ll,46l kJlkm), including energy for
extraction, processing, generation, transmission,
distribution, vehicle filling, and vehicle use.

NGVs ure more energy efficient than
gasoline--{,990 Btu/mile (l 1,869 kJ/km),
methonal-9,4O0 Btu/mile (15,961 kykm), and
electricity-t0,g20 Btu/mile (18,542 kJlkm).

. Compressed natural gas (CNG) is a safe vehicular
fuel.

. CNG fuel cylinders are manufactured to rigorous
safely standards.

. Compressed natural gas is immune to theft.
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.Natural gas has an octane rating of 130. Octane

ratings of gasoline aro from tho low oightios to
the low nineties.

. Conversion costs for light- or medium-duty vehicles
can range from $2,500 to $5,000. The conversion
cost, to a large part, is dependent on the size of the

CNG fuel tank(s) and the number of tanks.
. Most converted vehicles are designed to operate on

more than one fuel, for example, CNG and gasoline.

These are called bi-fuel systems and are advanta-
geous for drivers who do not always have access to
an CNG fueling station. These systems are used on
lighter duty vehicles. Tanks for each fuel type are

required.

'Dual-fuel systems operate by mixing fuels and inject-
ing the mix into the combustion chamber. These sys-
tems are used on heavy duty, diesel trucks. Tanks for
each fuel type are required.

. CNG tanks are usually located under the body or in
the trunk of the vehicle. A vehicle may use one or
more tanks.

. There are two basic types of refueling systems for
CNG vehicles-slow-fill and fast-fill. The slow-fill
method uses a compressor to directly compress the
natural gas from the pipeline and then dispenses it to
the on-board fuel tank. It can take up to 14 hours to
fill a vehicle's tank(s). The fast-fill method requires
the same amount of time to fill as a conventional
gasoline tank, from three to five minutes.

. Converted vehicles drive very much like conventional
gasoline-powerd vehicles, however, the driver might
experience a 10 to 15Yo decrease in power.

. A light-duty vehicle can travel from 80 to 100 miles
on one tank of CNG.

Natural Gas Vehicles (NGV)



3. Description of Natural Gas Equipment

. For manufactures of NGV vehicles and related

equipment see:

' D ir e c t ory of C ertifi e d App li anc e s and Ac c e s s or i e s

by AGA Laboratories (International Approval
Services).

.GASWEB on the internet
http : //www . apk.net/ gasweb/

Mis cellaneo us Gas Eqaipment

Gas-Fired Conversion Burners [R,C,I]
. Governed by ANSI Standard Z2l.l7.
. American National Standard Installation of Domestic

Gas Conversion Burners, ANSI 221.8, governs the
installation of these burners.

. Manufactured to replace coal and oil burners.

. For manufacturers of gas conversion burners see:

'Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

Gas-Fired Decorative Appliances [R]
. Governed by ANSI Standard ZZl.50 andZZl.60.
. Listed in Section 6.6 (installed in vented fireplaces)

and 6.7 (vented) of NFPA 54.
. AGA defines a Decorative Gas Appliance as "a self-

contained, free-standing, gas-burning appliance de-
signed for installation only in a solid-fuel burning
fireplace and whose primary function lies in the aes-

thetic effect of the flame."
. AGA categorizes decorative gas appliances as:

'Coal Basket-An open-flame type appliance
consisting of a metal basket filled with simulated
coals that gives the appearance of a coal fire
when in operation. Must be installed in a vented
fireplace.
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. Gas Logs-Vented in an existing fireplace with
damper f,rxed in the open position. If glass doors

are used, they must be open while appliance is in
operation. Do not provide much heat.

. Gas Fireplace Insert-Complete unit fits into

existing fireplace and includes gas logs. May be

conventionally vented, mechanically vented, or
direct vented. Provide radiant heat and might
provide some convective heat.

. Radiant Appliance-Open-front appliance
designed to convert the energy in the gas to
radiant heat by means of refractory materials on

the face of the unit. Must be installed in a vented

fireplace.
. For manufacturers of decorative gas appliances

see:
. Directory of Certi/ied Appliances and Accessories

by AGA Laboratories (International Approval
Services).

. Foodservice Gas Equipment Catalog, by CP
Publishing.

Outdoor Cooking Appliances [R]
. Governed by ANSI Standard 221.58.
. Listed in Section 6.21 of NFPA 54.
. These appliances are to be used outdoors.
. They may be portable or stationary.
. Outdoor gas grilles are designed to broil foods using

radiant and convective energy.
. For manufacturers of outdoor cooking appliances

see:
. Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

Miscellaneous Gas Equipment
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Gas-Fired Toilets [R]
.Governsd by ANSI Standard Z2l.6l.
. Listed in Section 6.27 of NFPA 54.
. These appliances incinerate human waste.
.Input rating is usually 40,000 Btu/hr.
. For manufacturers of gas-fired toilets see:

'Directory of Certified Appliances and Accessories

by AGA Laboratories (International Approval
Services).

Gas-Fired Illuminating Appliances [R C]
.Governed by ANSI Standard 221.42.
.Input ratings range from 1,800 to 10,000 Btu/hr.
.U.S. Gaslight offers a gaslight with a battery-operated,

solar-charged power source that turns the gaslight on
at dusk and off at dawn

. For manufacturers of gas-fired illuminating appli-
ances see:

'Foodservice Gas Equiprnent Catalog, by CP
Publishing.

. Directory of Certffied Appliances and Accessories
by AGA Laboratories (Intemational Approval
Services).

Gas-Fired Ceramic Kilns [C]
.Governed by AGA Requirements 1-94.
. Gas-fired appliance for firing ceramic products.
.Input ratings range from 50,000 (52,752) to 1,200,000

Btu/hr (1,266,067 kJ/hr).
. For manufacturers of gas-fired kilns see:

.Directory of Certffied Appliances and Accessories
by AGA Laboratories (International Approval
Services).
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Notes
1. The letters R C, and I after the equipment headings in-
dicate Residential, Commercial, and Industrial, designat-

ing the sectors of the market in which the equipment is

used.

2. NFPA 54 is the National Fuel Gas Code. It is also

know as ANSI Z223.l.It is published and approved by
the National Fire Protqction Association (NFPA), Ameri-
can National Standards Institute (ANSI), and International
Approval Services (formerly American Gas Association
Laboratories).
3. See Chapter 7, "Resources for Natural Gas Marketing"
for listings of organizations, books and periodicals, and
online services.
4. See ASHRAE Fundarnentals Handbook, Chapter 38,
"Codes and Standards" for an extensive listing of the
codes and standards that govern the equipment discussed
in this chapter.

Notes

I
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4. Gas Equipment Applications

Facilities Types Covered
Buildings of Assembly (Churches, Theaters and Concert

Halls, Arenas, Convention Centers).
C o mmercial-Industrial Building s (Manufacturing

Facilities, Factories, Laboratories).
Health Care Facilities (Hospitals, Mental Facilities).
Households : Single- Family Buildings.
Hous eholds : Multifamily Dw ellings (Apartments,

Condominiums).
Lodging Facilities (Motels, Hotels).
Offi ce B uilding s (DoctorlDentist/Professional, Lar ger

Office Buildings).
Retail Stores (Mercantile, Department Stores, Pharma-

cies, Shoe Repair Shops, Etc.).
Restaurants and Food Service Facilities (Fast Food,

Larger Sit-Down Establishments, Diners, Bakeries).
Recreational Facilities (Bowling Centers, Gyms,

Racquet-Sports Facilities, Swimming Pools, Roller
Skating Rinks).

S chool Buildings (Classrooms, Offi ces, Gymnasiums).
Shopping Complexes (Mercantile, Covered Malls, Strip
Malls).
Sup ermarkets/Fo o d Stores.
Warehouses.

Introduction
This chapter is a general gas equipment application

guide for natural gas sales and marketing.s0 The fifteen fa-
cility types covered include the major residential and com-
mercial users of natural gas. Industrial applications are

varied enough to warrant case-by-case analysis.

uu As a result of space limitations, not all alternatives are listed in this chapter

Introduction
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To find the most accurate and detailed information re-

garding the facility type you are considering, you might
need to use two or more of the listings. For example, if
you aro trying to convert an existing hotel to natural gas,

use the "Lodging Facilities" listing for the guest rooms
and the conference rooms and use the "Restaurant and

Food Service Facilities" listing for the hotel restaurant.

Energy intensity values are included in tables for most
of the facility types listed in this chapter. These values are

useful for estimating the natural gas use--load-for a par-
ticular facility type. As a result of more energy-efficient
building envelopes, new buildings tend to use less natural
gas per square foot of area for space heating than older
buildings.

Below is a composite table of energy intensity values
for ten building facility types. Notice that restaurants had
the highest energy intensity value, 137.3 cubic feet of
natural gas per square foot of building area. This high

Natural Gas Energy Intensity, 1992
For Commercial Buildings Heated with Natural Gas

(Cubic Feet of Gas per Square Foot of Building Area)

hblicAssernbly
ReligiousWonhip

HealtrCare

LodgingFacilities

OfficeBuildings

Mercmtile

Restaurmb

fthoolBuildings
Supermafteb

Wadrouses

Source: Commercial Buildings Energy Consumptionand Expendifirreg 1992,
U.S. Energy Information Administration.
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value may have been due to the fact that these buildings
were usually smaller (87% of all food service buildings
were 10,000 square feet or less), and tended to have more
weekly operating hours (57% were open 85 hours per
week or more). In addition, food service buildings using
natural gas usually used it for cooking-86o/o.

For each of the facility Upes, the "Comments" area lists
the system types required and systems sometimes required
for the facility type. Characteristics of the facility type and

information regarding system loads, etc., are also

included.
"Competitive Equipment for Space Conditioning" lists

electric and oil-fired equipment-along with suggested re-
placement natural gas equipment-likely to be found in
the facility type. The replacement natural gas equipment
suggestions are also appropriate for new construction.

"Competitive Equipment for Additional Applications"
lists electric and oil-fired equipment, other than for space

conditioning-along with suggested replacement natural
gas equipment-likely to be found in the facility type.
The replacement natural gas equipment suggestions are

also appropriate for new construction.
The symbols in the box below are used in this chapter

to expedite your search for information. For your conven-
ience, they appear on every fourth page .

The "Notes" section at the end of this chapter explains
the details of the energy intensity tables that appear in the
chapter.

Symbol DeJinitions:
E Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

4.2' Consider (look at) before installing gas.

Introduction
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Buildings of Assembly (Churches, Theaters and

Concert Halls, Arenas, Convention Centers)

Comments
- Required Systems: Space heating and cooling, service

hot water, and ventilation. Sometimes Required:
Food service, dehumidifi cation, outdoor gas-fired
lighting, and pool heating.

. Characterizedby periodic, high density occupancy.

. Use and size vary widely among buildings of
assembly.

.Ancillary facilities such as office space, kitchens, and

apartments for clergy are usually apart of assembly

buildings.
. Occupants generate the major cooling and ventilation

loads.

Buildinp for Public Assembly*
Energr Intensity Yalueq 192

Regron

Northeast Midwest South West

CF Gas perFf, Region
95Yo anfidenc*range

36.3
)1 _ <)

55.5

40 -71
23.5
9-38

41.5

22-61

Building Size, Ff AllBuildings
Heatedwith
Natural Gas

1,001 -
10,000

10,001 -
100,000

over
100,000

CF GasperFf,U.S.
95% mnfrdencerange

49.1

35-63
39.1

23 -55
26.3
15-38

38.3
28 -49

Natural Gas EndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtuperFf,U.S. 21.6 57 t9 1

DOEIEIA4318 (9), U.S. Energy krformation Administation.
* Buildings in which people gather, in private orpublic meeting halls, for sociat olural
or recreational acrivities. Includes art galleric, libraries, mncert halls, night clubs,

radio/fVstations, movietheatas, bowling allep, indoorpools, skatingrinls, audioriums,

lecure halls, funeral homes, and sEdenturions.
. 95% confidence range values indicafe that there is a 95% certainty that the actual gas

consumption was within the given range in 1992.
. See 'Notes" at the end of lhis chapter for grcgnphical region definitions and commen6.
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. Characterizedby large load swings for space cooling

and service hot water.
. Pre-cooling assembly areas is sometimes practiced.
. Cooling loads are increased by air destratification

methods, such as ceiling fans. Heating loads are

sometimes reduced by air destratification methods.

Competitive Equipment for Space Conditioning
. Electric heating/electric cooling roof-top units.

) Gas heating/electric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Outdoor gas

boiler and hot water coil retrofit for heating, Duct
furnace retrofit for heating.

$ Lower fuel bills, Reduced electric demand, Fast
pick-up.

M Gas piping, District piping, Venting,
Conversion costs, Savings.

. Electric air-source heat pump roof-top units.
i Gas heatinglelectric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Outdoor gas

111

Buildings for Rdigious Worship*
Energr Intmsity Valueq 1992

Region

Norlheast Midwest South West

CF Gas perFf, Regron
95olo mnfidence range

22
13 -31

30
22-39

15.4
6 -25

17.2
9 -25

Building Size, Ff AllBuildings
Heatedwith
Natural Gas

1,001-
10,000

10,001-
100,000

over
100,000

CF GasperFf,U.S.
95olo confidence range

34.4
28 -41

24.1
l8-37

NoData 22.8
t7 -28

' bwce:. Cawnercial Buildittgs Dwgt Cowmptim otd Fryrrditures, 1992,

DOE/EIA43I8 (9), U.S. Energy Information Administation.
* Buildings in which people gatlrer for religious activities. Ircludx chapels, churches,

mo6ques, synagqgues, temples.
. 95% confidence range values indicate that there is a 95% certainty that the actral 9s
consumption was within the given rangen1992.
, See 'Notes" at the end of this chapter for geographical region definitions and oommenE.

Buildings of Assembly
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boiler and hot water coil retrofit for heating, Duct

furnace rotroflt for heating,

$ Lower fuel bills; Reduced electric demand; Fast

pick-up; Higher supply-air temperature during
heating season, thus, fewer complaints.

M Gas piping, Distribution piping, Venting, Duct-
work, Conversion costs, Savings.

- Electric resistance heat.

) Gas heating/electric cooling PTACs, Gas-fired
boiler with hot water baseboard distribution, Gas

infrared, Gas-fired make-up air units (indirect or
direct if appropriate).

$ Lower maintenance costs, Lower heating bills,
Faster pick-up.

M Gas piping, Venting, Ventilation if direct-fired
make-up air units or high-intensity gas-fire infra-
red units are used, Conversion costs, Savings.

. Electric or oil-fired boiler with hot water baseboard
distribution.
) Gas-fired boiler with hot water baseboard distri-

bution, Gas-fired make-up air units (indirect or
direct if appropriate).

$ Lower heating bills and demand changes if re-
placing electric, Faster pick-up than electric, Pos-

sible lower heating bills if replacing oil-fired.

M Gas piping, Venting, Ventilation if direct-fired
make-up air units are used, Conversion costs,
Distribution, Savings.

- Electric or oil-firedfurnace with ducted distribution.
) Gas-fired furnace with ducted distribution, Gas-

fired make-up air units (indirect or direct, if
appropriate).

Buildings of Assembly
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$ Lower heating bilts and demand changes if re-

placing electric, Faster pick-up than elecffic, Pos-

sible lower heating bills if replacing oil-fired.

M Gas piping, Venting, Ductwork, Ventilation if
direct-fired make-up air units are used,

Conversion costs, Savings.
- Electric infrared spot heating.

) Gas-fired infrared, vented or unvented (if situa-

tion allows), Gas-fired make-up air units (indirect
or direct, if appropriate), Gas unit heater.

$ Lower heating bills and demand change, More
comfortable spectators/customers.

M'Gas piping, Venting, Ventilation if direct-fired
make-up air units or high-intensity infrared units
are used, Conversion costs, Savings.

. Any means of cooling.
) Gas-fired desiccant dehumidification added to

cooling.

E Often cost-effective for ice skating rinks.

$ Separate control of sensible cooling (from elec-

tric vapor compression) and latent cooling (from
desiccant dehumidification system), Less fog or
mist above ice surface, Allows extension of sea-

son, Higher quality ice, Less ice refinishing re-

quired, More comfortable customers, Lower
electric demand charges (usually able to deacti-

vate some existing electrically-driven vapor com-
pression cooling).

DeJinitions:
ffi Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

M Consider (look at) before installing gas.
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M Gas piping, Venting, Advantage of having pre-

cise control of relative humidity, In$allation
costs.

Competitive Equipment for Additional Applications
. Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater.

$ Lo*er fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster re-

covery rate (compared with electric).

M Gas piping, Venting of gas-fired equipment,

Conversion costs, Savings.
- Electric food service equipment.

) Gas-fired food service equipment.

S Lower fuel bills, Greater control over food prepa-

ration process, Higher kitchen staff satisfaction,
Higher patron satisfaction.

H' Gas piping, Kitchen ventilation (some building
codes require more kitchen ventilation for gas

appliances), Conversion costs, Savings.
. Electric or oil-fired pool heater.

) Gas-fired pool heater.

$ Lower fuel bills, Less maintenance.

M Gas piping, Venting, Conversion costs,

Savings.
. Outdoor electric lighting.

I Gas-fired lighting.

$ Very pleasant illumination.

M Gas piping, Installation cost.

Buildings of Assembly
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Commercial/fndustrial B uildings (Manufacturing

Facilities, Factories, Laboratories)
Comments
. Required Systems: Space heating, space cooling, and

ventilation. Sometirnes Required: Service water heat-

ing; dehumidification; process and manufacturing re-
quiring hot air, hot water, steam, ventilation, or
laboratory ventilation hoods.

. Multi-purpose occupancy is common, for example, of-
fices, production areas, parts storage, shop areas,

lunch rooms, lockers, storage areas, etc.
. Providing consistent thermal eomfort in production

areas can be difficult because of waste heat from pro-
duction and the variation of many production
processes.

Competitive Equipment
. Because of the inherent variation among industrial

and factory use and processes, necessary equipment
must be analyzed on a case-by-case basis. Utilize
gas-fired equipment whenever possible.

. Desiccant dehumidific ation, gas-fire d.

EE Often cost-effective for various manufacturing
processes, including candy making, photographic
film manufacturing and processing, battery
manufacturing, and plastic soda bottle manufac-
turing. Also used for commercial freezers (pre-
vents evaporator icing).

Energy fntunsity Valuesfor the Manufacturing Sector

U.S. Government energy intensity values for the manufacturing sector
are too detailed to list here. The U.S. Energy Information
Administation (EIA) gathers and reports energy intensity values by
standard industrial codes (SIC) in various publications. These include
Manufacturing Consumption of Energt I 99 I, DOEIEIA-05 12(9 1) and
Chonges in Energt Intensity in the ManuJacturing Sector 1985-1991,
DOEiEIA-0552(85-91). Most EIA publications can be downloaded from
the EIA internet web site. See Chapter 7 for the web address.
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S Separate control of sensible cooling (from elec-

tric vapor compression) and latent cooling (from
desiccant dehumidification system), More com-
fortable staff, Lower electric demand charges
(usually able to deactivate or downsize some ex-
isting electrically-driven vapor compression
cooling).

M Gas piping, Venting, Advantage of having pre-

cise control of relative humidity, Installation
costs.

. Cogeneration.

E[tr Industrial facilities probably use cogeneration
more than any other facility type.

S Lower operating costs, Independence from elec-

tric utility power grid, Environmental
cleanliness.

Ilealth Care Facilities (Hospitals, Mental Facilities)
Comments
. Required Systems: Space heating and cooling, service

hot water, food service, and ventilation. Sometimes
Re q uir e d : D ehumidification, incineration, co genera-

tion, and therapy-pool heating.
. Vary greatly in size.
. Space conditioning and qualrty of air is important.
. Hospitals often require backup systems for continuity

of life support systems and other services.
. The greatest portion of energy costs of a hospital goes

for the operation of the fryAC systems.
. Steam is needed in hospitals for heating air and water,

for sterilization, and can also be used for indirect ab-

sorption cooling.

Health Care Facilities



4. Gas Equipment Applications

Competitive Equipment for Space Conditioning
. Electric heating/electric cooling roof-top units/Oil

roof-top units.

) Gas heating/electric cooling roof-top units. Gas

heatinglgas cooling roof-top units, Outdoor gas

boiler and hot water coil retrofit for heating, Duct
furnace retrofit for heating.

S Lo*"r fuel bills, Reduced electric demand, Fast
pick-up, No concerns about oil storage.

M Gas piping, Ductwork, Air filtration,
Conversion costs, Savings.

- Electric furnace.
) Gas-fired furnace.

S Lower fuel bills, Reduced electric demand, Fast
pick-up.

M Gas piping, Venting, Ductwork, Air filtration,
Conversion costs, Savings.

. Electric air-source heat pump.
) Gas heating/electric cooling roof-top units. Gas

heating/gas cooling roof-top units, Outdoor gas

boiler and hot water coil retrofit for heating, Duct
furnace retrofit for heating.

S Lower heating costs; Reduced electric demand in
winter; Less maintenance; Fast pick-up; Warmer
space-heating air, thus, fewer complaints.

M Gas piping, Venting, Ductwork, Air filtration,
Conversion costs, Savings.

Symbol Definitions:
ffi Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

M Consider (look at) before installing gas.

r1,7
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- Electric resistance baseboard units/Oil-Jired boiler
with hot water bq;eboard distribution.
) Gas boiler with hot water baseboard distribution,

Gas-fired direct-vent room heaters.

$ Lower heating costs if replacing electric, Re-

duced electric demand in winter, Longer equip-

ff#:,j:.*an 
electric baseboard, No oil storage

M Gas piping, Venting, Conversion costs,

Savings.
. Central electric chiller with resistance heat air-

handling units.

) Gas-fired direct absorption chiller, Gas-fired in-
direct absorption chiller, Gas boiler/electric
chiller with hot-water-coil air handling units.

Buildings for Healtr Carer
Enerry Intusity Yalues, 199

Regron

Northeast Mdwest South West

CF GasperFf, Regon
95% confidence range

106.4
56 - 157

148;t
102- 195

129.3
4t -217

59.8
29 -91

Building Sizr,,Fe AllBuildings
Heatedwith
Nahral Cras

1,001 -
10,000

10,001 -
100,000

over
100,000

JFGasperFf,U.S.
95% confidence range

58.8
40 -78

74.9
41 - 109

135.1

67 -203
135.5

90 - 181

Natural Gas EndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtu Gas perFf,U.S. 419 5l 13.4 163

' Soure'. Conmercial Buildings fulgt Constottptiu and Eryndtues, I 992,

DOE/EIA43 18 (9), U.S. Energy hformation Adminisfation.
* Buildings rsed as diagrrostic and tetnent facilities, both inpatient and ouQatient

Includes hospitals, mental facilitieg rdrabilitation facilities, and veterinary clinics. Excludes

residential care facilities-nursing homes (lhese are included with tndging Facilities).
. 95Yo anfidacerange values indicate that there is a 95% c€rtainty lhat the actlal gas

conzumption was within the given range in 1992.

. See 'Notes" at the end of this chapter for geographical region definitions and commenb.

Health Care Facilities
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$ Lower heating costs, Reduced electric demand in
winter, Lower maintenance costs.

M Gas piping, Distribution piping, Venting,
Equipment space requirements, Conversion
costs, Savings.

- Water-source heat pump with electric boiler.
) Gas engine-driven vapor compression heat pump,

Gas boiler/electric chiller with air handling units,
Gas boiler and hot water coil retrofit for heating,

Duct furnace retrofit for heating.

$ Lower heating costs, Reduced electric demand in
winter, Lower maintenance costs.

M Gas piping, Venting, Equipment space require-
ments, Conversion costs, Savings, Distribution
piping.

.Any means of cooling.
) Gas-fired desiccant dehumidification added to

cooling.
Etr Often cost-effective for hospital operating

rooms.

$ Separate control of sensible cooling (from elec-

tric vapor compression) and latent cooling (from
desiccant dehumidification system), More com-
fortable surgeons and nurses, Reduces chance of
microbial contamination, Lower electric demand

charges (usually able to deactivate some existing
electrically-driven vapor compression cooling),
Easy to retrofit to existing hospitals having mois-
ture or cooling problems.

M Gas piping, Venting, Advantage of having pre-

cise control of relative humidity, Installation
costs.
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Competitive Equipment for Additional Applications
. Electric or oil-Jired service hot water,

) Gas-fired water heating equipment (direct-fired
storage, instantaneous, circulating, booster).

$ Lower operating costs, Higher first-hour rating
per gallon of storage (compared with electric).

M Gas piping, Venting, Conversion costs,

Savings.
. Electric food service equiprnent.

) Gas food service equipment.

$ Lower operating costs, Greater level of control
during preparation.

M Gas piping, Ventilation, Conversion costs,

Savings.
. Electric or oil-Jired therapy-pool heater.

) Gas-fired therapy-pool heater.

$ Lower operating costs.

M Piping, Venting, Conversion costs, Savings.
. Electric clothes dyers.

) Gas'fired clothes dryers.

$ Lower operating costs, Shorter drying time, More
productive staff.

M Piping, Venting, Conversion costs, Savings.
- Electric pressing machine for laundry service.

EE Used for bedding and tablecloths.
) Gas-fired pressing machine.

$ Lower operating costs, Shorter drying time, More
productive staff.

M Piping, Venting, Conversion costs, Savings.
. Gas-fired incineration.

EEX Conventional type for hospitals and residential
nursing homes (hospitals produce about 15

Health Care Facilities



4. Gas Equipment Applications

pounds (6.8 kg) of waste per bed per day, nursing
homes about 5 pounds (2.23 kg) por bod per day,

EE Type IV Pathological Waste Incinerator is a spe-

cialized type for combusting organic tissue. One

hundred pounds (45.36 kg) of pathological waste

is reduced to approximately five pounds (2.23

kg) of sterile ash.

m A ton (907 kg) of waste can contain the equiva-
lent of 168 therms (17,724,938 kJ) that can be

captured for space heating, steam or hot water
process, or desiccant dehumidification. Up to
60%o of the waste heat can be captured.

$ Lower operating costs, Lowers disposal fees, Re-

duces risk of contamination.

M Gas piping, Venting, Air-quality compliance,
Installation cost.

- Cogeneration.
EX Hospitals require hot water for food service,

laundries, sterilization, physical therapy pools
and have large central heating and cooling sys-

tems. They also have large electrical-use require-
ments. Large hospitals are good candidates for
cogeneration equipment.

S Low". operating costs, Independence from elec-

tric utility power grid, Environmental
cleanliness.

M" Gas piping, Venting, Air-quality compliance,
Installation cost.

Symbol DeJinitions:
E0 Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

4' Consider (look at) before installing gas.

t2l
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Ho us eholds : Single- Family Residential
Comments
. Required Systems: Space heating, domestic hot water,

kitchen equipment, and clothes drying. Sometimes
Required: Space cooling, ventilation, outdoor gas

barbecue, outdoor gas-fired lighting, and pool
heating.

. Greatest energy use is usually space conditioning,
next water heating.

. Energy and systems decisions are more likely to be

made based on comfort and initial costs, rather than
durability and life-cycle costs.

Competitive Equipment for Space Conditioning
. Electric or oil-fired boiler.

) Gas conversion burner (to replace oil-fired
boiler), Gas-fired boiler.

S Lo*er maintenance costs, Fuel bills might be
lower, No concern about oil storage or delivery,
Conversion costs, Savings.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric or oil-firedfurnace.

) Gas-fired fumace, Gas engine-driven heat pump,
Gas absorption heating/cooling package.

S Lower maintenance costs, Fuel bills might be
lower, Conversion costs, Savings.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric resistance heat.

) Gas-fired boiler, Gas-fired furnace, Gas engine-
driven heat pump, Gas absorption
heating/cooling package, Gas-fired direct-vent
wall heaters.

$ Lower fuel bills, Greater comfort level.

Households: Single-Family Residential
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Natual Gas Energr htunsity, Space Heating U.S. Householdq 1993

CFGas/

IIDDNOOOFf
BI]/I{DDIFf

Geographical Region

U.S., Total Households 84 86
Northeast '79 8l
Mdwest 72 74
South tt2 115

West 85 88

Type ofHousingUnit

SingleFamily 81 83

Single Family Detached 82 84

Single Family Attached 78 8

MobileHome 107 1l

Multifamily, 2 to 4 units l3 134

Multifarnily, 5 or more units 7t 73

Main Heating EqtripnentUsing Natural Gas

Central Warm-Air Fumace 77 19
Steam or Hot Water Boiler 93 96
Room Heater/Other t28 13.2

Year of Constuction

1939 or Before 95 98
1940 to 1949 98 l0
1950 to 1959 98 l0
1960 to 1969 84 87

1970to1979 73 75

1980 to 1984 68 7

1985 to 1987 65 6.7

1988 to 1990 52 54

1991 tlrough 1992 55 57
, Sowc*: Houxlold bcrgt Consanpfim od Erynditures, /993, U. S. Energy krformalion
Administratio4 Ocober, 195.
. HDD is an abbrwiation for Heating Dqgree Dap. Refu to the ASHRAE Hwrdbuk of
Fmfunentals or othq reliable weather datafor local heating degree day values.
. Ff refers to square feet ofheated floor space.

' See 'Notes" at the end of this chapter for geographical region de,furitions and commens.

Households: Single-Family Residential
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M Gas piping, Venting, Distribution, Conversion

costs, Savings.

Competitive Equipment for Additional Applications
. Electric or oil-fired storage water heater.

) Gas-fired storage water heater.

S Lo*er fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster re-
covery rate (compared with electric).

M Gas piping, Venting, Conversion costs,

Savings.

NafunI Gas Consumption for Water Heating, per U.S Housdrold, 1993

Thousand Cubic
Feet ofGasGeographical Region

U.S., Total Households 248

Northeast 249

Mdwest 27.2

South 25

West 216

Type ofHousingUnit

SingleFamily 2s4

Single Family Detached 25.6

Single Fanily Attached 244

MobileHome 22.9

Multifamily, 2 to 4 units 26.5

Multifamily, 5 or more units 2t

Household Size

I Person 15.5

2 Persons 22.2

3 Persons 28.5

4 Persons 318

5 Persons 33.3

6 orMore Persons 391

burce: Houvlpld Errergt Consrnption od Eryendures, I993,U.S.Energy
krformation Adminisu:rtioq Oc'tober, 195.
See 'Notes" at the end of this chapter for geographical region definitions and commenb.

Households: Single-Family Residential
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. Electric range/oven.
) Gas range/oven.

S Lower fuel bills, Better control of cooking,
Higher resale value.

M Gas piping, Ventilation fan, Conversion costs,
Savings.

. Electric clothes dryer.
) Gas clothes dryer.
$ Lower fuel bills.
M Gas piping, Venting, Conversion costs,

Savings.
- Electric or oil-fired pool heater.

) Gas-fired pool heater.
$ Lo*"r fuel bills, Lower maintenance, Higher re-

sale value.

M Gas piping, Venting, Conversion costs,
Savings.

. Outdoor electric lighting.
) Gas lighting.
S Very pleasant illumination.
M Gas piping,Installation cost.

Households: Maltifamily Dwellings (Apart-
ments, Condominiums)

Comments
. Required Systems: Space heating and cooling, kitchen

equipment, and domestic hot water. Sometimes Re-

quired: Ventilation, laundry facilities, outdoor gas-

fired lights, outdoor gas barbecue, and pool heater.

Symbol Dejinitions:
E Information and features.

) Replacement or new gas equipment possibilities.

$ Advantages of gas over competitive equipment.

N' Consider (look at) before installing gas.

t25
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. Greatest energy use is usually space conditioning,
next, service water heating.

. Control of space temperafure required in each apaxt-

ment unit.
. In areas ofhigh electric rates, occupancy rates are

higher in gas-heated buildings than in electrically-
heated buildings.

. Type of unit ownership (apartment, condominium,
etc.) might influence fuel-use choices.

Natural Gas Consumption for Appliances, per U.S. Homehold, 1993*

Thousand Cubic

Feet ofGasGeographical Region

U.S., Total Households '75

Northeast 74

Mdwest ti
South 85

West 66

Type ofHousingUnit

SingleFamily 78

Single Family Detached 79

Single Family Attached 72

MobileHome 62

Multifarrily,2 to 4 units 76

Multifamily, 5 or more units 58

Household Size

I Person 44

2 Persons '71

3 Persons 84

4 Persons 93

5 Persons ll
6 or More Persons t23

. Sorxce HouseholdEnergt Conxmption andFxpendilttres, l99j,U S Energy

Lrformation Administation, October, 1995
.Natural gas appliances include clothes dryers, cooking appliances, outdoor grills,

outdoor lights, and heaters for hot tubs or swimming pools
. See "Notes" at the end ofthis chapter for geographical region definitions and comments,

Households: Multifamily Dwellings
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Competitive Equipment for Space Conditioning
, Electric furnace,

) Individual gas-fired furnace, Gas-fired direct-
vent wall unit.

$ Lower fuel bills, Reduce electric demand in win-
ter, Higher occupancy rates.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Oil-firedfurnace.
) Gas-fired furnace, Gas-fired direct-vent wall unit.

$ Lo*er maintenance costs, Fuel bills might be

lower, No environmental concems about oil stor-
age and filling.

M Gxpiping, Venting, Ductwork, Conversion
cost, Savings.

. Oil-fired boiler.
) Gas-fired boiler, Gas-fired direct-vent wall unit.

$ Lower maintenance costs, Fuel bills might be
lower, No environmental concerns about oil stor-
age and filling.

M Gas piping, Venting, Distribution, Conversion
cost, Savings.

. Electric resistance baseboard.
) Gas-fired boiler or fumace, Gas-fired direct-vent

wall unit.

$ Lower fuel bills, Reduced electric demand in
winter, Greater heating capacity available,
Higher occupancy rates.

M Gas piping, Venting, Distribution piping, Con-
version cost, Savings.

Households : Multifamily Dwellings
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. Electric air-source heat pump.

) Individual gas furnace with air conditioning, Gas

engine-driven heat pump, Gas absorption
heating/cooling package.

$ Lower fuel bills, Reduced electric demand in
winter, Lower maintenance, Higher supply air
temperature during heating season, Fewer com-
plaints regarding thermal discomfort during heat-

ing season, Longer equipment life.

M Gas piping, Venting, Distribution, Conversion
cost Savings.

. Paclmged terminal electric heating units.

) Through-the-wall units with gas-fired heat.

$ Lower fuel bills, Greater heating capacity avail-
able, Higher occupancy rates.

M Gas piping, Venting, Conversion cost, Savings.
. Central chiller withfan coil units and electric resis-

tance heat.
) Central gas boiler with gas or electric chiller and

fan-coil units.

$ Lower fuel bills, Reduced electric demand in
winter.

M Gas piping, Venting, Equipment space require-
ments, Distribution, Conversion cost Savings.

. Water-source heat pump with electric boiler as back-

up heat source.
) Central gas-fired boiler with gas or electric

chiller and separate air handling units for each

dwelling unit.

$ Longer equipment life, Lower maintenance, Re-

duced electric demand in winter and summer

with gas chiller.

Households : Multifamily Dwellings
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M Gas piping, Venting, Equipment space require-
ments, Distribution piping, Conversion cost,

Savings.

Competitive Equipment for Additional Applications
. Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater.

$ Lower fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster re-
covery rate (compared with electric), Higher oc-
cupancy rates.

M Gas piping, Venting, Conversion cost, Savings.
. Electric range/oven.

) Gas-fired range/oven.
S Low". fuel bills, Better control of cooking,

Higher occupancy rates.

M Gas piping, Ventilation atrangeloven, Conver-
sion cost, Savings.

. Electric clothes dryer.
) Gas-fired clothes dryer.
$ Low"r fuet bills, Shorter drying time, More pro-

ductive staff.
M Gas piping, Venting, Conversion costs,

Savings.
. Electric or oil-fired pool heater.

) Gas-fired pool heater.

$ Lower fuel bills, less maintenance.

M Gas piping, Conversion costs, Savings.

DeJinitions:
E Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

4,2' Consider (look at) before installing gas.

Households: Multifamily Dwellings
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- Outdoor electric lighting.
) Gas-fued lighting.

$ Very pleasant illumination.

M Gas piping, Installation cost.

Lodging Facilities (Motels and Hotels)

Comments
. Required Systems: Space heating and cooling, service

hot water, and ventilation. Sometirnes Required:
Food service, meeting rooms, laundry facilities, pool
heating, and outdoor gas-fired lighting.

. Important that each guest have individual control over
space conditioning in guest rooms.

. Vital that each guest room have ample supply of serv-

ice hot water at comfortable temperature.
. Many lodging facilities have many different types of

spaces requiring different space conditioning and
temperature controls. These might include guest

rooms, lobbies, conference areas, dining rooms,
kitchens, laundry areas, indoor swimming pools, ex-
ercise rooms, and offices. Equipment choices should
be made according to the use of each of the areas.

. The noise made by the HVAC equipment is an impor-
tant consideration for the design of guest rooms.

Competitive Equipment for Space Conditioning of
Guest Rooms

- Electric heating/electric cooling PTACs.
I Gas heating/electric cooling PTACs.

S Lower maintenance costs, Lower heating bills,

f;j:f"--up, 
Quieter operation during heating

M Gas piping, Wall sleevo size, Conversion costs,
Savings.

Lodging Facilities
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- High-Rise fan coil unit, four pipe, electric chiller.

I Gas absorption chiller for cooling, gas boiler for
heating.

$ Lower heating cost, Lower cooling costs, Re-
duced electric demand.

M Gas piping, Venting, Conversion costs,
Savings.

- Electric packaged terminal heat pumps.

) Gas heating/electric cooling PTACs.
$ Lower maintenance costs; Lower heating bills,

Faster pick-up; Warmer heating air, thus, fewer
complaints from guests; Quieter operation during
heating season.

M Gas piping, Wall sleeve size, Conversion costs,
Savings.
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LodgingFacilities*
Energr Intusity Values, 1992

Regron

Northeast Mdwest South West

CF Gas per Ff, Region
95% confidenceranse

104.1

56 - 152

76.2
53 - 100

l5
25 - t26

90.4
44 - 137

Building Size, Ff AllBuildings
Heatedwith
Natural Cras

1,001 -
10,000

10,001-
100,000

over
100,000

CF Gas perFf, U.S.
95% confidencerange

130.4
9t -170

9l
51 - 131

52.4
27 -76

96.7
57 - t37

Nahral GasEndUse

Spac,e

Heating
Water

Heating
Food

Serrzice
Other

MBtuGasperFf,U.S 29.6 43t 34 102

' Snvrc*'. Comnercial Buildngs Dcrg Conwnption od @itures, 1992,

DOE/EIA43I8 (%), U.S. Energy Informarion Adminisradon.
* Buildings used to offer multiple acommodarions for short-term or long-term residurt.
Includes hotels, motels, inns, touristhomes, boarding houses, nursing homes, convenb,

monasteries, dormitories, sororities, and fi'aternities.
. 95% confidence rurge values indicate that there is a 95% certainty that dre actral 9s
oonsumption was within the given range in 199.
' See 'Notes" at the end of this chapter for gmgraphical region defnitions and commens.
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. Electric resistance heat.

t Gas heating/electric cooling PTACS.

$ Lower maintenance costs, Lower heating bills,
Faster pick-up.

M Gas piping, Wall sleeve size, Conversion costs,
Savings.

. Water-source heat pumps with electric or oil-fired
boiler.
) Gas heating/electric cooling PTACs.

$ Lower maintenance costs, Possibly lower heating
bills, Faster pick-up.

M Gas piping, Wall sleeve size, Conversion costs,

Savings.
) Gas-fired boiler as backup for heat pump system.

$ Lower heating bills, Intemrptible gas rate possi-
ble with gas/oil or gas/propane.

M Gas piping, Venting, Conversion costs,
Savings.

) Central gas-fired absorption chiller/treater with
air-handling units.

$ Lower fuel bills, reduced electric demand in win-
ter.

M Gas piping, Oil as a backup if intemrptible gas

rate applies, Equipment space requirements, Dis-
tribution piping, Conversion costs, Savings.

- Electric boiler.
) Gas-fired boiler.

$ Lower maintenance costs, Lower fuelbills,
Lower electric demand charge in winter.

M Gas piping, Venting, Conversion costs,
Savings.

. Oil-fired boiler.
) Gas-fired boiler.

Lodging Facilities
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S Possibly lower space heating costs, Less

maintenance.

M Gas piping, Venting, Conversion costs,
Savings.

Competitive Equipment for Space Conditioning of
Public Areas

- Electric heating/electric cooling roof-top unit.
) Gas heating/electric cooling roof-top units, Gas

heatingl gas cooling roof-top units.

$ Fast pick-up, Reduced electric demand in winter,
Lower heating costs.

M Gas piping, Conversion costs, Savings.
) Gas boiler with hot water coil for heating, Gas-

fired duct furnace added to electric/electric roof-
top units for heating.

S Lowe. fuel costs, Lower electric demand in win-
ter.

M Gas piping, Venting, Conversion costs, Sav-
ings.

. Central electric chiller with resistance heating coils.
) Gas-fired direct absorption chiller, Gas-fired in-

direct absorption chiller, Gas boiler/electric
chiller with air handling units.

S Lower heating costs, Lower cooling costs, Re-
duced electric demand.

M Gas piping, Venting, Conversion costs,
Savings.

Definitions:
EE Information and features.

) Replacement or new gas equipment possibilities.

$ Advantages of gas over competitive equipment.

4/ Consider (look at) before installing gas.
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. Water-source heat pump with electric boiler.

) Gas engino-drivcn vapor comprossion heat pump,

Gas boiler/electric chiller with air handling units,
Gas boiler and hot water coil retrofit for heating,

Duct furnace retrofit for heating.

S Lower heating costs, Lower cooling costs, Re-

duced electric demand.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

Competitive Equipment for Additional Applications
. Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater.

S Lower fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster re-
covery rate (compared with electric), Higher oc-
cupancy rates.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric food service equipment.

i Gas-fired food service equipment.

$ Lower fuel bills, Greater control over food prepa-

ration process, Higher kitchen staff satisfaction,
Greater p atron satisfaction.

M Gas piping, kitchen ventilation (some building
codes require more kitchen ventilation for gas

appliances), Conversion costs, Savings.
. Electric clothes dryers.

) Gas-fired clothes dryers.

$ Lower fuel bills, Shorter drying time, More pro-
ductive staff.

H'Gas piping, Venting, Conversion costs,
Savings.

Lodging Facilities
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. Electric pressing machines for laundry service.

E Used for bedding and tablecloths.
) Gas-fired pressing machines.

$ Lower operating costs, Shorter drying time, More
productive staff.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric or oil-fired pool heater.

) Gas-fired pool heater.

$ Lo*.r fuel bills, Less maintenance.

M Gas piping, Venting, Conversion costs,

Savings.
. Outdoor electric lighting.

) Gas-fired lighting.

$ Very pleasant illumination.

M Gas piping, Installation cost.
. Electric infrared heater.

I Gas-fired infrared heater, high-intenstty (un-
vented) or low intensity (vented).

S Lower fuel bills, Reduced electric demand in

;::::t 
Fast pick-up, Able to spot-heat work

M Gas piping, Venting, Ventilation if unvented
infrared is used, Conversion costs, Savings.

Office B uilding s (Doctor/Dentist/Professional, Larger

Office Buildings)
Comments
. Required Systems: Space heating, space cooling, and

ventilation. Sometimes Required: food service, serv-

ice hot water, and dehumidification.
. Vary greatly in size, from small buildings the size of

single-family residences to large multi-story
skyscrapers.
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. Larger office buildings have peripheral and interior
spaco conditioning zonos.

.Peripheral zones are assumod to extend from 12 to
18 feet inward from the perimeter of the building
exterior. Cooling loads in the peripheral zones

vary greatly according to solar gain. During win-
ter months, peripheral zones require heating.

.Interior zones require cooling throughout the year
because the thermal loads result from lights, of-
fice equipment, and occupants.

. Space conditioning is the most important concern.

. Outdoor air is important for economizer cycle and
ventilation air for acceptable indoor air quality.

. Entrances and lobbies are often served by a separate

system.

OfficeBuildings*
Enerry Intersity Yalueg 1992

Region

Northeast Midwest South West

CF Gas per Ff, Regon
95% confidence range

24
t7 -32

49
39-59

76
42-|0

28
19-38

Building Size, Ff
Heatedwith
Nafiral Gas

All Buildings

1,001 -
10,000

10,001-
100,000

oYer

100,000

CF GasperFf,U.S.
95oZ oonfidence range

76.7
55-98

69
4t -97

17.6

t0 -25
55.9

38 -74

Nahual Gas End Use

Space

flsating
Water

Heating
Food

Service
Other

MBtu Gas per Ff, U.S. 354 62 l8 6

DOE/EIA43 I 8 (92), U. S. Energy Information Administration.
* Buildings used for general ofiice space, professional offices, and adminishative offices.

Includes banks, omputer cerit€q real estale offices, arfitectral and engineering offices,

medical offictq and law offrces.
. 95% confidence range values indicate that there is a 95% certainty that the actml gas

consumption was within the given range in 1992.
. See'Notes" atthe end ofthis chapter for geographical rqion ddrnitions and mmments.
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Competitive Equipment for Space Conditioning
. Central electric chiller with resistance heat in air-

handling units andvariable air volume (VAV) boxes.

) Central gas boiler with electric chiller and air-
handling units, Central gas-fired absorption
chiller/heater with air-handling units.

$ Lo*", fuel bills, Reduced electric demand in
winter and summer with gas chiller.

M Gas piping, Distribution piping from boiler,
Venting, Equipment space requirements, Oil as a

backup if intemrptible gas rate applies,

Conversion costs, Savings.
. Water-source heat pump.

) Central gas boiler with electric chiller and air-
handling units, Central gas-fired absorption
chiller/heater with air-handling units.

$ Low.r noise level, Reduced electric demand in
winter, Less maintenance.

M Gas piping, Venting, Equipment space require-
ments, Oil as a backup if interruptible gas rate
applies, Conversion costs, Savings.

. Electric heating/electric cooling roof-top unit.
) Gas-fire d heatingl electric cooling roof-top, Gas

heatingl gas cooling roof-top.

S Fast pick-up, Reduced electric demand in winter
(and summer if gas cooling), Lower heating
costs.

M Gas piping, Conversion costs, Savings.

DeJinitions:
ffi Information and features.

) Replacement or new gas equipment possibilities.

$ Advantages of gas over competitive equipment.

fu Consider (look at) before installing gas.
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) Outdoor gas boiler with hot water coil for heat-

ing added t0 oxisting electric r00f't0p unit, Gas-

fired duct fumace added to electric/electric roof-
top units for heating.

$ Lo*e. fuel costs, Lower electric demand in win-
ter.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Electric baseboard resistance/Oil-fi.red boiler with hot
water distribution.
) Central gas-fired boiler with baseboard hot water

distribution.

$ Lorget equipment life, Reduced electric demand

in winter, Lower heating costs if replacing elec-

tric.

M Gas piping, Distribution piping, Venting, Oil as

a backup if intemrptible gas rate applies,
Conversion costs, Savings.

Recreational Facilities (Bowling Centers, Gyms,

Racquet-Sports Facilities, Swimming Pools, Roller Skat-

ing Rinks)
Comments
. Required Systems: Space heating and cooling, service

hot water, and ventilation. Sornetimes Required:
food service equipment pool heater, and

dehumidification.
. Cooling loads, and to a lesser extent heating loads,

are affected greatly by the number of occupants and
their activities.

. Cooling might be required in areas of high activity
during all seasons of the year.

. High levels of ventilation are often required.

. Economizer cycle can save significant amounts of
cooling energy.

Recreational Facilities
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. Office, day care, food service, and meeting areas re-
quiro separate consideration for HVAC dosign.

. Roof-top units with economizer cycle are a good
choice for high activrty recreational spaces.

. Some uses, such as ice aronas, benefit from desiccant

dehumidification.
Competitive Equipment for Space Conditioning
. Electric resistance heat or electric air handling units.

) Gas heating/electric cooling roof-top units, Gas

heatingl gas c o o I in g ro of-top units, D irect-vent
space heaters with separate air conditioning.

$ Lower fuel bills, Fast pick-up, Reduced electric
demand in winter (and summer if gas cooling).

4v'Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Electric heating/electric cooling roof-top units.

) Gas heating/electric cooling roof-top units, Gas

heating/gas cooling roof-top units, Gas-fired
boiler with hot water coil(s) added to existing
units, Gas-fired duct furnace added to existing
units.

$ Lower fuel bills, Fast pick-up, Reduced electric
demand in winter (and summer if gas cooling).

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Electric heat pump.
) Outdoor gas boiler and hot water coil(s) added to

heat pump, Gas duct furnace added to heat pump

ductwork.

$ Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

M Gas piping, Venting, Conversion costs,

Savings.
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I Gas-engine driven heat pump for both heating

and cooling.

$ Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter and summer.

M Gas piping, Venting, Conversion costs,
Savings.

. Oil-firedfurnace.
) Gas-fired furnace, Gas heating/electric cooling

roof-top units, Gas heating/gas cooling roof-top
units.

S frfignt experience lower fuel bills, No concerns

about oil storage or spillage.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Oil-fi.red boiler.
) Gas-fired boiler.

S trrtigt t experience lower fuel bills, No concerns

about oil storage or spillage.

M Gas piping, Venting, Conversion costs,

Savings.
- Electric or oil-fired make-up air units serving high-

activity spaces.
I Gas-fired make-up air heaters, indirect-fired or

direct-fired (if appropriate).
$ Lower fuel bills, No concerns about oil storage.
M Gas piping, Venting, Ductwork, Conversion

costs, Savings.
Competitive Equipment for Additional Applications
- Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater.

$ Lower fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster

Recreational Facilities
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recovery rate (compared with electric), Higher
occupancy rates.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric food service equipment.

) Gas-fired food service equipment.

S Low", fuel bills, Greater control over food prepa-

ration process, Higher kitchen staff satisfaction,
Higher patron satisfaction.

M Gas piping, Kitchen ventilation (some building
codes require more kitchen ventilation for gas

appliances), Conversion costs, Savings.
- Electric or Oil-fired pool heater.

) Gas-fired pool heater.

$ Lo*". fuel bills if electric pool heater (possibly
lower fuel bills if oil-fired pool heater), Less
maintenance.

M Gas piping, Venting, Conversion costs,

Savings.

Restaurants and Food Service Facilities (Fast
Food, Larger Sit-Down Dining Establishments, Diners,
Bakeries)

Comments
- Required Systems: Space heating and cooling, service

hot water, food sorvice, and ventilation. Sometimes
Required: Make-up air for kitchen, dehumidification,
outdoor gas-fired lighting, and outdoor gas barbecue.

Symbol Dejinitions:
E Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

M Consider (look at) before installing gas.
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. Dining areas and food preparation areas should be in-
dividually conditionod. Peak loads in the dining area

are different in magnitude and timing from those in
the kitchen,

. Dual temperature service hot water is usually required
for the commercial food service activities.

. Chefs usually prefer gas-fired appliances over electric.

. Because customer satisfaction is vital to the success of
these establishments, thermal comfort is very
important.

- Small establishments can best be served by packaged

units.
.Larger establishments are best served by central

systems.
. Economizer cycle can lower cooling costs.

Restauranb and Food Sewice Facilities*
Enerry Intusity Valueg 192

Region

Norlheast Midwest South West

CF GasperFf, Region
95% mnfidencerange

99.8
6t -139

123.7
9l - 156

142.9
62-224

189.1

t07 -272

Building Size, Ff AllBuildings
Heatedwith
Nahral Gas

1,001 -
10,000

10,001 -
100,000

ovet
100,000

CF Gas perFf, U.S.
95oZ confidence range

183.8
140 -228

'13.9

49 -99
NoData 137.3

100 - 175

Natral GasEndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtu Gas perFf,U.S. 27.7 263 817 I
. $txce: Cownercial Buildings furg Constmpfian mdEryndifia'es, 1992,

DOBEIA4318 (9), U.S. Energy Information Adminisration.
* Buildings used for preparation and sale ofprqared food and bwerages for
consumption. Includes flrll-service restaurant, piz^ parlors, coffee shops, fas-food
establishmenb, caf,eterias, and sandwich shops.
. 95% confidence range values indicate that there is a 95% certainty that the actml gas

oonsumpion was within the given range in 199.
. See 'Notes" at the end of this chaptrr for geographical region definitions and commen6.
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. See Chapter 6, page 195 for method for comparing the

cost ofnatural gas and elsctric food ssrvico
equipment.

Competitive Equipment for Space Conditioning
. Electric resistance heat or electric air handling units.

) Gas heating/electric cooling roof-top units, Gas

heatingl gas cooling roof-top units.

$ Lower fuel bills, Fast pick-up, Reduced electric
demand in winter.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

- Electric heating/electric cooling roof-top units.

) Gas heating/electric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Gas-fired
boiler with hot water coil(s) added to existing
units, Gas-fired duct furnace added to existing
units.

$ Lower fuel bills, Fast pick-up, Reduced electric
demand in winter (and in summer if gas cooling).

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Electric heat pump.
) Gas boiler and hot water coil(s) added to heat

pump, Gas duct fumace added to heat pump
ductwork.

S Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

M Gas piping, Venting, Conversion costs,

Savings.
) Gas-engine driven heat pump for both heating

and cooling.
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$ Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

M Gas piping, Venting, Conversion costs,

Savings.
. Oil-firedfurnace.

) Gas furnace, Gas heating/electric cooling roof-
top unit, Gas heating/gas cooling roof-top unit.

$ uigtt experience lower fuel bills, No concerns

about oil storage or spillage.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Oil-fired boiler.
) Gas-fired boiler.

S trrtigtrt experience lower fuel bills, No concerns
about oil storage or spillage.

M Gas piping, Venting, Distribution, Conversion
costs, Savings.

. Electric or oil-fired make-up air units serving kitchen.
E[tr Some studies have demonstrated that an increase

in kitchen ventilation can decrease cooling costs.

) Gas-fired make-up air heaters, indirect-fired or
direct-fired (if appropriate).

$ Lo*e. fuel bills, No concerns about oil storage.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

Co mpetitive Equipment for Additional Applications
- Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater, Gas-fired booster water heater (dish
washer rinse).

R-estaurants and Food Service Facilities
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S Lower fuel bills, Greater first-hour capacity of
water heater (compared with elechic), Faster re-
covery rate (compared with electric).

M Gas piping, Venting, Conversion costs,

Savings.
. Electric food seryice equipment.

) Gas-fired food service equipment.

S Lower fuel bills, Greater control over food prepa-

ration process, Higher kitchen staff satisfaction,
Greater patron satisfaction.

M Gas piping, Kitchen ventilation (some building
codes require more kitchen ventilation for gas

appliances), Conversion costs, Savings.
. Outdoor electric lighting.

) Gas-fired lighting.
S Very pleasant illumination.

M Gas piping, Installation cost.

Retail Stores (Department Stores, Pharmacies, Shoe

Repair Shops)
Comments
. Required Systems; Space heating and cooling, and

ventilation. Sometimes Required: Service hot water
and food service.

. Space heating and cooling are usually the most impor-
tant considerations.

. Sometimes tenants are responsible for selecting en-
ergy systems.

DeJinitions:
E Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

M Consider (look at) before installing gas.
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. Decisions often based on cash flow rather than life-
cycle costs.

. Systems and distribution are usually on roof and
above suspended ceiling.

Competitive Equipment for Space Conditioning
. Electric resistance heat or electric air handling units.

) Gas-fired roof-top units, Replace electric coils
with hot water coils and outdoor boiler.

$ Lower fuel bills, Fast pick-up, Reduced electric
demand in winter, Higher occupancy rates.

M Gas piping, Distribution piping, Venting, Duct-
work, Conversion costs, Savings.

. Oil heat.
) Gas-fired roof-top units.

$ uignt experience lower fuel bills.

Merrcantile and Service Facilities*
Energr Intusity Yalues, 1992

Regron

Northeast Mdwest South West

CF Gas perFf, Region
95% onfidence range

30.3
t8-42

45
33 -57

41.8
18-66

38.2
22-55

Building Size, Ff AllBuildings
Heatedwith
Nafural Cras

1,001 -
10,000

10,001-
100,000

over
100,000

CF Gas perFf, U.S.
95% confidence ranee

56.1

45 -68
5l.l

36-65
14.4

l0-19
40.5

30-51

Natural Gas EndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtu Gas perFf,U.S. 25.6 12.2 t6 t4
. Srrlrc*: Cotnmercial Buildings Etctgt Consmpfion otd Eryrdifims, 1992,

DOE/ELA{3I8 (%), U.S. Enerry Information Administration.
* Buildings wed for sales and displap of goods or seruices---o<cluding fmd. hcludes

r*ail store, depaftnentstores, drugstores, garcline stations, mobrvehicle repair/service,

shopping malls, stip malls, post offrces, posonal service establishmens, laundries, and

wtrolesale goods establishmens.

' 95% confidence range vdues indicare that there is a 95% ctrtainty that the actral gas

consumption was within the given range in 1992.
. See'Notes" atthe end oflhis chapterforgeographical region definitions and commenb.
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M Gas piping; Venting;Ductwork; Conversion

costs; Savings; Oil storage problems such as peri-

odic registration fees, spillage cleanup, or tank
disposal fees.

, Electric heating/electric cooling roof-top units.

) Gas heating/electric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Gas engine-

driven heat pump, Gas absorption
heating/cooling package, Gas boiler and hot wa-
ter coil(s), Gas duct furnace added to heat pump

ductwork.

S Lo*er fuel bills, Fast pick-up, Reduced electric

demand in winter, Higher occupancy rates.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Electric heat pump.
) Gas heating/electric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Gas engine-
driven heat pump, Gas absorption
heating/cooling package, Gas boiler and hot wa-
ter coil(s), Gas duct furnace added to heat pump
ductwork.

$ Lo*er fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

S ch o ol B uildings (Classrooms, Offi ces, Gymnasiums)
Comments
. Required Systems: Space heating, service hot water,

and ventilation. Sometimes Required; Space cooling,
food service, and pool heating.

School Buildings
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. Heating and cooling loads vary greatly with student

Qccupancy.
. HVAC flexibility is becoming more important as

school systems attempt to schedule full-use of build-
ings throughout the calendar year.

. Systems can be complicated because of the varied use

of spaces, for example, classrooms, gymnasiums,
cafeterias, offices, locker rooms, etc.

. Heat is needed for ventilation air. Heating require-
ments vary according to climate.

. Economizer cycle can save significant amounts of
cooling energy.

.Indoor air quality should be considered.

. Not all school buildings have food service facilities.
Some are served from central food service facilities
within the same district.

Sclrool Buildings*
Enerry [rtursity Valueq 1D2

Regron

Northeast Midwest South West

CF Gas perFf, Region
950lo confidence ranee

43.9
3t-57

49.4
39-59

32.6
t8-47

36.6
24-49

luilding Size, Ft' AllBuildings
Heatedwith
Natural Gas

1,001 -
10,000

10,001 -
r00,000

over
100,000

CF GasperFf,U.S.
95% confidence range

41.9
33-50

47:t
34-61

33.8
23 -45

44.8

36-53

Natual GasEndUse

Space

Heating
Water

Heating
Food

Servic.e
Other

MBtr Gas perFf,U.S. 334 53 09 29

' Srclrcn'. Cornmercial hildings Dcrg Cowmtpfion otd Eryerditures, I 992,

DOBEIA-0318 (9), U.S. Energy krformation Administrarion.
* Buildings used for acadernic or technical classrmm instuuion. Includes prechmls,

elementary, junior hig[ and senior high sc]tools.
, 95% confidence range values indicale thatthere is a 95% certaintythatthe acual gas

consumption was within the given range n1992.

' See 'Notes" at the end of this chapter for geographical region def,rnitions and commenb.
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Competitive Equipment for Space Conditioning
. Electric resistance heat or electric air handling units.

) Gas heatinglelectric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Gas

heating/electric cooling PTACs, Direct-vent gas-

fired wall heaters.

$ Lo*"r fuel bills, Fast pick-up, Reduced electric
demand in winter.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

- Electric resistance roof-top with cooling.
) Gas heating/electric cooling roof-top units, Gas

heatinglgas cooling roof-top units, Gas-fired
boiler with hot water coil(s) added to existing
units, Gas-fired duct furnace added to existing
units.

$ Lo*er fuelbills, Fast pick-up, Reduced electric
demand in winter.

M Gas piping; Ductwork, Conversion costs,
Savings.

- Electric heat pump.
) Gas boiler and hot water coil(s) added to heat

pump, Gas duct furnace added to heat pump
ductwork.

S Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

tu'Gas piping, Venting, Ductwork, Conversion
costs, Savings.

Symbol DeJinitions:
ffi Information and features.

) Replacement or new gas equipment possibilities.

S Advantages of gas over competitive equipment.

4,, Consider (look at) before installing gas.
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) Gas-engine driven heat pump for both heating

and cooling.

$ Lower fuel bills, Higher supply-air temperature in
winter, Fast pick-up, Reduced electric demand in
winter.

M Gas piping, Venting, Conversion costs,

Savings.
- Oil-/iredfurnaca

) Gas-fired furnace, Gas heating/electric cooling
roof-top units, Gas heating/gas cooling roof-top
units.

$ uigtt experience lower fuel bills, No concerns

about oil storage or spillage.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

. Oil-fired boiler.
) Gas-fired boiler.

$ uigtt experience lower fuel bills, No concems
about oil storage or spillage.

M Gas piping, Venting, Conversion costs,
Savings.

- Electric or oil-/ired rnalee-up air units serving gtmna-
siums or kitchens.
) Gas-fired make-up air heaters, indirect-fired or

direct-fired (if appropriate).

$ Lo*e. fuel bills, No concerns about oil storage.

M Gas piping, Venting, Ventilation, Ductwork,
Conversion costs, Savings.

Competitive Equipment for Additional Applications
" Electric or oil-fired service water heating.

) Gas-fired storage water heating, Circulating wa-
ter heater, Gas-fired booster water heater for food
service.

School Buildings
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$ Lower fuel bills, Greater first-hour capacity of
water heater (compared with electric), Faster re-

covery rate (compared with electric), Higher oc-
cupancy rates.

M Gas Piping, Venting, Conversion costs,

Savings.
. Electric food service equipment.

i Gas-fired food service equipment.

$ Lower fuel bills, Greater control over food prepa-

ration process, Higher kitchen staff satisfaction,
Higher student satisfaction.

M Gas piping, Kitchen ventilation (some building
codes require more kitchen ventilation for gas

appliances), Conversion costs, Savings.
. Electric or Oil-fired pool heater.

I Gas-fired pool heater.
$ Lower fuel bills, Less maintenance.
M'Gas piping, Venting, Conversion costs,

Savings.

Shopping Complexes (Covered Malls, Strip Malls)
Comments
. Required Systems: Space heating and cooling, service

hot water, and ventilation. Sornetimes Required:
food service, outdoor gas-fired lighting, and

dehumidification.
. Common areas conditioned by owners of building.
.Individual retail stores might be conditioned by build-

ing owners or by retail tenants.
. Space conditioning is usually the most important

concern.
. Food court areas require special consideration.
. Outdoor air is important for economizer cycle and

ventilation air.
. Usually sub-metered for tenant billing.
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Competitive Equipment for Space Conditioning
, Electric heating/electric cooling r00f40p uniL

) Gas heating/electric cooling roof-top units, Gas

heatingl gas cooling roof-top units.
$ Fast pick-up, Reduced electric demand in winter

(and summer if gas cooling), Lower heating
costs.

M Gas piping, Conversion costs, Savings.
) Outdoor gas boiler with hot water coil for heat-

ing, Gas-fired duct furnace added to
electric/electric roof-top units for heating.

S Lo*er fuel costs, Lower electric demand in win-
ter.

M Gas piping, Venting, Conversion costs, Sav-

mgs.

Mercantile and Sewice Facilitirs*
Energr Intusity Valueq 1992

Region

Northeast Mdwest South West

CF Gas perFf, Regron
950lo confidence ranse

30.3
t8-42

45
33 -57

41.8
l8-65

38.2
22- 55

Building Size, Ff AllBuildings
Heatedwith
Natural Gas

1,001 -
10,000

10,001 -
100,000

over
100,000

CF Gas perFf, U.S.
95% conlidence range

56.1

45-68
51.1

36-55
14.4

l0-19
40.5

30-51

Natural GasEndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtr Gas perFf,U.S. 2s.6 12.2 l6 t4
- Sanrce:. Commercial Buildings bctgt Conwmpfion and Ewditules, 1992,

DOE/EIA{318 (9), U.S. Energ5r Informarion Administation.
* Buildings used for sales and displays of gmds or seruices---o<oluding food. Includes reail
stores, departuent stores, drugstoreq gasoline satioru, motor vehicle repair/sen ice,

shopping malls, strip malls, post offices, personal service establishmars, la:ndries, and

wtrclesale goods establishmenb.
.95% confidetrcerurgevalues indicatethatthere is a95% certaintythatthe actnl gas

consumpion was within the given range in 1992.
. See 'Notes" at the end of this chapter for geographical region definitions and comments.

Shopping Complexes
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. Central electric chiller with resistance heating coils.

) Gas-fired direct absorption chiller, Gas-fired in-

direct absorption chiller, Gas boiler/electric
chiller with air handling units, Gas engine-driven
chiller.

$ Lo*e. heating costs, Lower cooling costs, Re-

duced electric demand.

M Gas piping, Venting, Conversion costs,

Savings.
. Water-source heat pump with electric boiler.

) Gas engine-driven vapor compression heat pump,

Gas boiler/electric chiller with air handling units,

Gas boiler and hot water coil retrofit for heating,

Duct furnace retrofit for heating.
$ Lo*"r heating costs, Lower cooling costs, Re-

duced electric demand.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

" Central electric chiller with resistance heat in air-
handling units.
) Central gas boiler with electric chiller and air-

handling units, Central gas absorption
chiller/treater with air-handling units, Gas
engine-driven chiller.

$ Lower fuel bills, Reduced electric demand in
winter.

M Gas piping, Venting, Ductwork, Oil as a

backup if interruptible gas rate applies,

Conversion costs, Savings, Distribution piping.

Symbol DeJinilions:
EE Information and features.

) Replacement or new gas equipment possibilities.

$ Advantages of gas over competitive equipment.

M Consider (look at) before installing gas.
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- Water-source heat pump.

) Gas engino-driven vapor compression

chillerlheater.

$ Longer equipment life, Less maintenance, Re-

duced electric demand in winter.

M Gas piping, Venting, Conversion costs,

Savings.

S up ermarkets/Fo o d Stores
Comments
. Required Systems: Space heating and cooling, refrig-

eration, dehumidifi cation, and ventilati on. S o me t irne s

Required: Service hot water and food service.
- Some larger supermarkets have bakeries.
- Outdoor air is important for economizer cycle and

ventilation air.
. Good application for gas-fired desiccant dehumidifi-

cation. Allows separate control of sensible (tempera-

ture) and latent (relative humidity) cooling.
. The comfort of shoppers is important.
. The appearance of the product is important. Frozen

food containers should not have a covering of frost;
refrigerated case glass doors should not be covered

with condensation. D esiccant dehumidifi cation can
prevent these problems.

Competitive Equipment for Space Conditioning
- Electric heating/electric cooling roof-top

units/Electric heat pump roof-top units.
) Gas heating/electric cooling roof-top units, Gas

heating/gas cooling roof-top units.

S Lower fuel costs, Lower electric demand in sum-

mer and winter.

M Gas piping, Ductwork, Conversion costs,
Savings.

Supermarkets/Food Stores
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) Gas boiler with hot water coil for heating, Gas-
fired duct furnace added to electric/electric roof-
top units for heating.

$ Lower fuel costs, Lower electric demand in win-
ter.

M Gas piping, Venting, Ductwork, Conversion
costs, Savings.

) Gas-fired desiccant dehumidification added to
cooling.

$ Separate control of sensible cooling (from elec-
tric vapor compression) and latent cooling (from
desiccant dehumidifi cation system), Less product
frost-up/improved product qualrty, More com-
fortable customers, Lower summer electric de-
mand charges (usually able to deactivate some
existing electrically-driven vapor compression

Supermarkeh/Food Sbrrs*
Energr Intusity Values, 1992

Regron

Northeast Mdwest South West

CF Gas per Ff, Region
95olo confidence range

NoData NoData NoData NoData

Building Size,Ff AllBuildings
Heatedwith
Natural Gas

1,001 -
10,000

10,001 -
100,000

over
100,000

CFGasperFf,U.S.
95oZ oonfidencerange

51.2
22-81

NoData NoData 49.6
)'f _1',

Natural GasEndUse

Space

Heating
Water

Heating
Food

Service
Other

MBlr Gas per Ff, U.S. 26.4 53 82 73
- burcn: Conmercial Buildngs Dcrg Cowmpticn atd @itures, I 992,

DOFIEIA4318 (92), U.S. Enog5r Informarion Adminisradon.
* Buildings used for wholesale or reail sale offood. Includes convenience stores,

supermukes, retail bakeries, farmer's markes.
. 95% confidence range values indicate thatdrere is a 95% certainty thatthe actal gas

consumpion was within the given range in 1992.
. See'Notes" atthe end of this chapter for gographical region ddrnitions and oommens.

Supermarkets/Food Stores
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cooling), Lower refrigeration operating costs,

Reduced anti-sweat heater operation,

M Gas piping, Venting, Precise control of relative

humidity, Installation costs.
. Gas heating/electric cooling roof-top units.

I Gas heatinglgas cooling roof-top units.
$ Lower fuel costs, Lower summer electric

demand.

M Conversion costs, Conversion costs, Savings.

Warehouses
Comments
. Required Systems: Space heating and ventilation.

Sometimes Required: Space cooling, service hot wa-

ter, dehumidification, and refrigeration.
. Vary greatly in size.
. Storage area of building often is not served by cooling

equipment.
. Required inside temperature during winter months de-

pends on stored products, might be as low as 40'F
(4.4'C),just high enough to insure that sprinkler sys-

tem and stored products do not freeze.
. Office area is often served by separate FIVAC

systems.
. Some warehouses have refrigerated areas.

Competitive Equipment for Space Conditioning
. Electric resistance unit heaters.

) Gas-fired unit heaters, Gas-fired make-up air
heaters (direct- or indirect-fired), Gas boiler with
unit heaters (hot water coils).

$ Lower fuel bills, Reduced electric demand in
winter, Fast pick-up.

M Gas piping, Venting, Conversion costs,

Savings.
) Gas-fired floor-mounted vertical furnaces.

Warehouses
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S Lower fuel bills, Reduced electric demand in
winter, Fast pick-up, Dual-fuel capabilities.

M Gas piping, Venting, Conversion costs,

Savings.
. Electric infrared heater.

) Gas-fired infrared, high-intensity (unvented) or
low intensity (vented).

S Lower fuelbills, reduced electric demand in win-
ter, Fast pick-up, Able to spot-heat work areas.

M Gaspiping, Venting, Ventilation (if unvented
gas units used), Conversion costs, Savings.

. Any means of cooling.
I Gas-fired desiccant system to dehumidiff.
E Reduces chance of spoilage andhazards due to

condensation on floors and ramps.
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'Wardrouses*

Energr Intensity Valueq 1992

Regron

Northeast Midwest South West

CF Gas perFf, Regon
95% oonlidence range

29.5
t6-43

39.7
28-51

27.1

70-46
14.5
't -22

gfilrling Size, Ff AllBuildings
Heatedwith
Natural Gas

1,001-
10,000

10,001 -
100,000

over
100,000

CF GasperFf,U.S.
95% oonfidencerdnse

50
38-62

34.8
23 -46

2t:t
t4 -30

30.5
23 -38

Nahral GasEndUse

Space

Heating
Water

Heating
Food

Service
Other

MBtu Gas perFf,U.S. 245 26 04 34
Srlrce: Corunercial Buildngs bcrgt Consmpfim wdEryenditures, 1992,

DOFIEIA4318 (92) U.S. Enag5r Information Administration.
t Buildings used to store goods, manufactfed products, merchandise, or raw materials.

krcludes refrigerafed and non-refrigerated storage.

95% confidence range values indicate that there is a 95% ccrtainty that the actral 9s
:onsumption was within the given range in 192.
See'Notes" atthe end of this chapter forgeographical region definitions and commen8.

Warehouses
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$ Decreased loss of stored products, Lower liabil-
ity, Higher comfort level.

M Gas piping, Venting, Installation cost.

Competitive Equipment for Additional Applications
- Electric vapor compression refrigeration.

) Gas engine driven ammonia refrigeration; Ab-
sorption cooling to pre-cool area; Gas-fired des-

iccant system to dehumidiff, thus, reducing total
cooling load.

$ Lower fuel bills, Reduced electric demand, Fast
pick-up.

M Gas piping, Venting, Conversion costs,

Savings.

Notes Regarding Energy Intensity Tables
. Geographical regions are defined as follows:

Connecticut ldaine, Massaohusetts, New llampshire,
New Jersey, NewYodq Pennsylvada Vermont Rhode

Island

Illinois, Indian4 Iowa, Kansas, Mchigan, Minnesot4
Missouri, Nebrask4 Norlh Dakota Ohio, South Dakota,

Wisconsin

Alabama, A*ansas, Delaware, Dshict of Columbi4
Florida Georgi4 Kentrcky, I-ouisia.a, Maryland,
Mississippi, North Carolina Oklahom4 South Carolin4
Tennessee, Texas, Virgini4 West Virginia

Arizona, Alaska Califomi4 Colorado, Ilawaii, Idaho,

Montan4 Nevad4 New Medco, Oregoq Utatl
Washington, Wyoming

Sorxoe Commercial fuildngs Dorgl Cunmption otdEryndifrres, 1992,

DOE/EIA-03 I 8 (92), U.S. Enerry Information Administralion.

. For most commercial building types, the larger the build-
ing, the less intensively it used natural gas. This was
probably due to the use of natural gas mostly for space

heating. Because the ratio of exterior surface to total

Notes Regarding Energy Intensity Tables
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floorspace is smaller in larger buildings, building interiors
require less space heating to maintain comfortable
temperatures.
. For most commercial facility types, natural gas intensi-
ties were highest in the Midwest region. This is probably
because natural gzx was the dominant space heating fuel
in the Midwest.
. For residential and commercial buildings, the newer the
building, the less intensively it used natural gas, possibly
due to higher efficiency heating equipment or improve-
ments in the building thermal envelope.
. For residential buildings, natural gas was the predomi-
nant space heating fuel(1993). U.S. Households con-
sumed almost three times as much nafural gas as

electricity and they paid, on average,54 percent more for
electricity.

U.S. Residential End-Use Consumptfun of Natural Gas, 193

Percent of
Households

Main SpaceHeating 69

Serondary Space Heating > 0.5

WaterHeafing 25

Air{onditioning >05

Appliances 5

Srltre*: Houslpld Dcrgt Connanption od Eryndiures, 1993, U.S. Energ5r
tnformation Administratiorl 1 995.

Gas Appliances includeranges, ovens, clothes dryers, o:tdoorgas Sills, gas lighg
md hottrb and swimming pool heaters.

159

Notes Regarding Energy Intensity Tables





5. Energy Economics

5. ENERGY ECONOMICS

Introduction
Natural gas equipment often has a higher initial cost

than competing equipment, but may improve cash flow as

a result of lower operating and maintenance costs. Energy
economics can be a useful tool for convincing decision-
makers that natural gas equipment can enhance cash flow
and the financial viability of a business.

Economic efficiency is not the same as engineering ef-
ficiency. For example, one boiler might be more efficient
than another (engineering efficiency), but overall, it might
be more expensive to operate and maintain (economic ef-
ficiency). This chapter defines important energy econom-

ics terms, presents calculation methods, and calculates

examples using each of the analysis methods.

Energy economics calculations are often left to engi-
neers. This chapter presents simple methods to serve as

functional tools for marketing representatives and other
non-engineers. Become familiar with the terms and meth-
ods so that you are able to understand the methods and

discuss them with others, even if you will not be required
to perform the calculations.

When analyzing the cost-effectiveness of a natural gas

equipment option, remember to consider the collateral
equipment loads and benefits.6l For example, calculating
the value of replacing an oil-fired boiler with a residential
gas-fired boiler might not yield results favorable to the re-

placement. If collateral gas equipment is included in the

calculations-such as also replacing an electric water
heater with a gas water heater-the economics of bringing
gas to the house to replace the oil-fired boiler are likely to
look very favorable.

ur Collateral load is an accompanying gas load or appliance connected concurrently

with or peripherally to a primary gas load or appliance.

t6l

Introduction
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Discounting
The costs of installing new gas equipment usually in-

clude only those incurred during the time of initial design

and construction or retrofitting. On the other hand, the
benefits of gas equipment accrue over its useful life in the
form of yearly savings in energy and maintenance costs.

To perform a realistic economic energy analysis, it is nec-

essary to compare costs and benefits realized at different
times. Discounting allows a time-equivalent comparison
of cash flows occurring during different periods.

The value of money is time-dependent for two reasons.

First, inflation erodes the buying power of money, or the
real value of the dollar decreases as prices for goods and
services increase. Second, money can be invested today to
yield a return equal to or greater than the rate of inflation.

Discounting methods are used to determine present

value, the equivalent value of past and future dollars cor-
responding to the dollar value today.

Discount Rate
The discount rate is the rate of interest used to convert

costs and benefits occurring at different times to a com-
mon time, usually the present (present value or present

worth). The selected discount rate for an analysis may be
guided by the 1) level of return on alternative investment
opportunities, 2) cost of borrowing money, or 3) man-
dated requirements (for non-govefilmental analysis, the
first or second choice is used).

Discount rates may be expressed as either nominal or
real. Nominal discount rates include the effects of general

inflation; real discount rates are adjusted for the effects of
inflation and, therefore, include only the real earning
power of money. Market interest rates are nominal be-

cause they include the effects of general inflation in addi-
tion to the real earning power of money.

Discount Rate
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Use care when selecting a discount rate, for your choice

can dramatically affect the results of an analysis. As the
discount rate increases, the present value ofany stream of
costs and benefits becomes smaller. Projects with quick
payoffs gain an advantage over projects with longer pay-

offs as the discount rate increases.

Inflation Rate of Fuel
As the costs of competing fuels increase over time, the

present value or benefit of a fufure stream of savings from
natural gas equipment increases. Like the discourrt rate,
the inflation rate of fuel can be expressed in nominal
terms (including the general inflation rate) or in real terms
(adjusted for the general inflation rate). If the nominal in-
flation rate of a fuel is 8% and the general inflation rate is
3Yo,the real inflation rate of the fuel is 5%.

The economic values used for an analysis must be con-
sistent with one another. For example, if the real discount
rate is used, the real inflationrate of fuel must be used. On
the other hand, if the nominal discount rate is used, the
nominal inflation rate of fuel should be used.

Simple Payback Method
Simple payback is the easiest energy economics calcu-

lation. This calculation determines the number of years re-
quired for the accumulated savings in energy costs to
offset the initial investment cost. This calculation does not
include the life of the subject equipment nor does it in-
clude discounting.

The advantages of this method are its simplicity and

speed. It is useful when fast recovery of investment funds
is required; the shorter the payback period, the better.

For the investment is to be viable, the payback period
must be shorter than 1) the desired investment recovery
period and2) the life of the subject equipment.
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Caution: Do not use the simple payback method for
ranking vaflous investment options, for an investment
with a longer payback period may prove more profitable
than an investment with a shorter payback if it continues
to produce savings for a longer period.

The equation for simple payback is:

Payback : Differential Installed Cost
Reduction in Energy Costs

For example: Installing an electrically driven centrifu-
gal chiller costs $120,000. Installing a competitive gas-

fired absorption chiller costs $275,000 and saves $12,219
the first year over the electrically driven chiller. The sim-
ple payback is:

Payback: $275.000 - $120.000
$12,219

: 12.69 years

Benelit/Cost Ratio Method
For the benefit/cost ratio method-also referred to as

the savings-to-investment ratio method-all benefits are

divided by all costs. The project is acceptable if the
benefit/cost ratio is greater than one. This method may be
calculated in a simple manner without discounting or with
the use of discounted values.

The method allows the determination of whether a pro-
ject is an acceptable investment or nof without having to
compare it to another project. It should not be used to rank
competing projects.

The simple benefit/cost ratio equation, without dis-
counting is:

BIC: Differential Energ,v Cost x Life of Equipment
Differential Installed Cost

Benefit/Cost Ratio Method
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For example, installing a gas-fired absorption chiller
with a median life of 23 years at a cost $275,000 uses

$19,401 of energy the first year. An electric centrifugal
chiller costing $120,000 to install uses $31,620 of energy

the first year. The simple benefit/cost ratio is:

BIC: ($31.620 - $19.401) x 23 years

($275,000 - $12o,ooo)
: 1.81

In other words, over the life of the gas equipment the
return will be $1.81 for every $1.00 invested in the gas

equipment in excess of the electric equipment investment.

This simple formula is adequate for initial analysis and

marketing, but it would be judged inadequate by financial
analysts because the values are not discounted.

The discounted benefit/cost ratio can be determined
with this formula:

Blc: (E-My(P-S+R)

Where:
E: present value reduction in energy costs due to gas

equipment. This is the present value of the calcu-
lated savings in energy cost resulting from the gas

equipment during the expected life of the equipment.
M: present value of differential maintenance and repair

costs.

P: differential purchase and installation costs.
S: present value ofdifferential salvage costs.
R : present value of differential replacement costs.

All costs must be in present value dollars and adjusted

for taxes and incentives, if any. Purchase and installation
costs need not be discounted for they are already present

value costs. An example of the benefiVcost ratio method is
calculated on line sixteen of the Discounted Energy Eco-
nomics Form on page 175.
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Lrfe-Cycle Cost Method
Life-cycle cost (LCC) analysis is a method for evaluat-

ing the economic performance of alternative mechanical
systems for a building. The LCC method allows one to
calculate an alternative's present worth or value. The al-
ternative with the lowest life-cycle cost while meeting the
investor's objective and constraints, is the preferred

option.
This method must only be used for comparing projects

competing for the same purpose. These types of invest-
ments are often called mutually exclusive because under-
taking one generally precludes undertaking the other.

In addition, LCC analysis can be used to find the eco-

nomically efficient size of an investment-if the LCC
falls with increased investment it is profitable to increase

the investment level.
Life-cycle cost analysis can help determine, among

other things, whether a natural gas heating system is a bet-
ter option than other fuels for heating.

The LCC equation below shows that the LCC of a pro-
ject alternative is the sum of its initial investment costs d
present value of replacement costs R, base yeff energy

costs E, and the present value of operation, maintenance,

and repair (OM&R) costs, minus the present value of sal-

vage S (sometimes referred to as resale value or residual
value).

LCC:I+R+E+OM&R-S
When using the LCC method, it is important to use the

same discount rate and analysis period for each alterna-

tive. To equate analysis periods, you might have to in-
clude replacement costs for shorter-lived altematives and

account for salvage value for some alternatives.

The steps in the LCC process include:
I . Identiff acceptable alternatives..

Life-Cycle Cost Method
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2. Establish common assumptions--discount rate,

analysis period, expected life of alternatives, and in'
flation rate of energy.

3. Estimate all costs and benefits of all project

alternatives.
4. Discount future costs and benefits to find present

values.

5. Compute the LCC of each alternative.
6. Identiff alternative with the lowest LCC.

7. Consider unquantifiable costs and benefits.

8. Consider any uncertainties of analysis

9. Compute supplementary measures of relative

economic performance, if required.
10. Select best alternative.
An example of the life-cycle cost method is found on

page 175, where the LCC values for the two example al-
ternatives are calculated on line seventeen of the Dis-
counted Energy Economics Form.

Net Present Value of Savings Method
This method is very similar to the life-cycle cost

method, having the same advantages and disadvantages.
The Net Present Value of Savings of one alternative over
another is the differential savings of one alternative over
the other, less the differential costs.

This method is used for mutually exclusive projects, be-
cause undertaking one precludes undertaking the other.

On the Discounted Energy Economics Form on page

175, line eighteen, the Net Present Value of Savings is
worked out for the example problem.

Uniform Annual Cost Method
For the Uniform Annual Cost Method all past, present

and future costs and benefits are converted to an equiva-
lent constant annual amount. This method is used for

Uniform Annual Cost Method
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mutually exclusive alternatives having lives of the same or
differing duration.

The basic procedure for determining uniform annual

cost 1) is to determine the present value life-cycle cost of
an alternative and 2) apply the appropriate capital recov-

ery factor to determine equal payments over the period of
analysis. On page 175, line nineteen of the Discounted

Energy Economics Form, this is done for the example

problem.

Example of Energy Economics Methods
For examples of the energy economics methods dis-

cussed above, assume the two options for providing cool-

ing for an office building are as follows:

Alternative l:
. Gas absorption chiller, direct-fired, two-stage.
. COP: 1.05.

'Gas cost of operation: $4.15/1000 CF ($0.403 per
therm).

. Chiller uses 1l CF of natural gas per ton of cooling.

" Chiller size is 500 tons.
. Chiller operates an average of 850 full ton hours per

year.
. Expected life of gas absorption chiller :23 years.
. Salvage value at end of 23rd year: $4,500.
. Annual OM&R costs: $1,000.
. Cost of chiller: $275,000 ($5SO per ton).

Alternative 2:
. Electrically driven centrifugal chiller.
. COP:5.0.
. Electric cost of operation, including demand

charges: $0.121kWh.
. Chiller uses 0.62 kW per ton of cooling.
. Chiller size is 500 tons.

Example of Energy Economics Methods
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. Chiller operates an average of 850 full ton hours per

year.
. Expected life of electric chiller: 20 years.
. Replacement cost at20 years: $200,000.
. Salvage value at end of 23rdyear = $80,000.
. Annual OM&R costs: $1000.
. Cost of chiller: $120,000 ($2+O per ton),

The operating costs of the two chillers can be estimated

with the following equation:

C: HxTx Ex R

Where:
C: annual energy costs, in dollars.
11: equivalent full hours of operation.
T: rated capacily of chiller, in tons.

E: chiller energy use at fulI load.
R : cost of chiller fuel per unit.

The estimated energy cost for the direct-fired, two-
stage, gas chiller is:

C: HxTx Ex R
: 850 x 500 x 11.0 x $4.15/1000
: $19,401

The estimated energy cost for the electric centrifugal
chiller is:

C: HxTx Ex R
:850 x 500 x0.62 x $0.12
: $31,620

It will be assumed that the real discount rate is llYo,the
fuel-price inflation rate for both electricity and natural gas

is 5%o, and the period of the analysis is 23 years.

Refer to the Discounted Energy Economics Form on
page 175 to follow along with the calculation of 1) dis-
counted benefit/cost ratio, 2) life-cycle cost present value

Example of Energy Economics Methods
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of alternatives, 3) net present value of savings, and

4) uniform annual cost 0f alternatives.
Notice that the 1) two equipment alternatives, 2) period

of analysis, 3) discount rute, and 4) inflation rate of en-

ergy costs have been entered on the first four lines of the

Discounted Energy Economics Form.
Column "a" must be used for the alternative that is most

expensive to install and the least expensive to operate.

Column "b" must be use for the alternative that is the least

expensive to install and the most expensive to operate.

On line five, the installed cost of each alternative is en-

tered, for the example, $275,000 for the gas absorption
chiller and $120,000 for the electric centrifugal chiller.
These values do not require discounting for they are pre-
sent costs. Costs for chilled water distribution, fan coils,
etc. need not be included here because these costs are the
same for each of the two options. In the right-most col-
umn of the form, the difference between column "d' and
"b" is entered; $155,000. Notice that just below the value
$155,000 is the instruction for the calculation of the dif-
ferential value, [5a - 5b].

On line six, enter replacement cost if replacement is
predicted during the period of analysis. For the gas equip-
ment this value is zero, for the electric equipment it is

$200,000. This is the cost of a new electric chiller less the
salvage value for the old electric chiller (net replacement
cost).

On line seven, the year of replacement in entered. The
gas alternative entry is zero, the electric entry is the 20th
year because it is estimated that the electric chiller will re-
quire replacement at this time for a net replacement cost of
$200,000.

The entries for columns "a" and "b" of line eight are

calculated with the use of a present value table. This line
is the present value of the replacement cost that will be

expended years from now. For the gas equipment there is

Example of Energy Economics Methods
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no calculation because there is no predicted replacement

during the analysis period. However, for the electric

equipment there is a $200,000 expected replacement dur-

ing the 20th year. Multiply this projected expenditure by
the single present worth factor in Table 5-8 (page 183),

using the appropriate discount rate 00n and year of re-
placement (20). The single present worth factor is 0.15,

therefore, for the electric chiller, the present value of the

$200,000 replacement cost at 20 years is 0.15 x $200,000
: $30,000. This is the present value of this single payment

to be made in the future.
In the A column of line 8, ($30,000) is entered as the

differential present value of replacement costs, [8a - 8b].
The parenthesis indicates this is a negative value for the

example.
Line nine is for the entry of the annual energy costs of

each alternative. Both of these values were figured
previously-$19,401 for the gas chiller and $31,620 for
the electric chiller. The difference between these two en-
ergy costs the first year is entered in cell 9A, $12,219.

Line ten is for the calculation of the present value of the
energy costs for each option. Unlike the one-time replace-

ment cost of the electric chiller, these costs are experi-
enced each year during the analysis period. Use the
rnodiJied uniform present worth factor from Table 5-3,

which is calculated for a l0% discount rate. The inodified
uniform present worth factor for 23 years and an energy
price escalation rate of 5%o is 13.8. For the gas chiller, the
present value of energy costs is 13.8 x $19,401 :
$267,734. For the electric chiller, 13.8 x $31,620 :
$436,356. The present value of differential energy
costs-$168,622- is entered in cell 10A, [10b - 10a].

On line l l are the operation, maintenance, and repair
costs (OM&RF$1,000 for each alternative.

17l
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Line 12 is the present value of the annual OM&R costs.

As with the recuning energy costs, these are annually ex-
penditures. The modified uniform present worth factor

from Table 5-3 is used here. The modified uniform pre-

sent worth factor for 23 years and an energy price escala-

tion rate of 5Yo is 13.8. For the gas chiller the present

value of OM&R costs is 13.8 x $1,000 : $13,800. For the
electric chiller the present value of OM&R costs is 13.8 x
$1,000 : 13,800. In cell 12A is the value for the differen-
tial OM&R costs-$0, llzb - l2al.

The salvage value for each alternative, if any, is entered

on line thirteen. For the gas chiller this is expected to be

$4,500 at the end of 23 years. Since the period of analysis
is 23 years and the expected life of the electric chiller is
only 20 years, the electric chiller must be replaced after
the twentieth year. This is reflected on lines six and seven
of the form.

The replacement electric chiller will have been in serv-
ice for only three years by the end of the 23 year analysis
period. Its salvage value is expected to be $80,000. The
year the salvage value will be received is entered on line
fourteen.

The one-time receipt of $4,500 for the gas chiller's sal-
vage and $80,000 for the electric chiller are calculated
with the use of Table 5-8, single present worth factors.
The factor for23 years atlUYo discountrate is 0.11. Thus,
for the gas chiller the present value of the salvage is

$4,500 x 0.11 : $495. For the electric chiller the present
value of the salvage is $80,000 x 0.11 : $8,800. These
values are entered on line fifteen. The differential salvage
value of $8305 is entered in cell 15A, [15a - 15b].

The discounted benefiVcost ratio of 1.26 is calculated
and entered on line sixteen of the form. The numbers in-
parentheses in the right-most column represent negative
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values. The equation for the calculation listed on line six-
teen in the form works out as follows:

B/C Ratio: $168.622-50
$ I 5 5,ooo-(-$83 o5)+(-$3 o,ooo)

:1.26

This ratio indicates that for each dollar invested in the
gas-fired chiller in excess of the cost of the electric chiller,
the benefit over the life will be $1.26.

The life-cycle cost present value of the two alternatives
is calculated on line seventeen (add lines 5, 8, 10, 12, and
subtract line l5). The lowest LCC present value is the fa-
vored option. The gas chiller has an LCC of $556,039; the
electric chiller has a LCC of $591,356. Therefore, the gas

chiller is the favored option. These two values are calcu-
lated as follows:

LCC : $275,000+$0+$267,734+$ 1 3,390-$495
: $556,039

LCC : $120,000+$30,000+$436,356+$13,800-$8,800
: $591,356

The net present value of savings-$35,317-is on line
eighteen. It is found by using the differential values in the
right-most column of the form. The equation is worked
out as follows:

NPV : $168,622-15 I 55,000-(-$83 05)+$0+(-3 0,000)j
: $35,317

This is the net present value of the savings of the gas

chiller over the electric chiller during the analysis period.
Finally, the uniform annual cost is found on line nine-

teen. This is all past present, and future costs and benefits
converted to an equivalent constant, annual amount recur-
ring over the period of analysis. The uniform annual cost

for each of the alternatives is found by multiplying the

173
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LCC present value by the uniform capital recovery factor

in Table 5-9, using the appropriate discount rato and

analysis period. The uniform present worth factor for llYo
and23 years is 0.113. Thus, the uniform annual cost for
the gas chiller is $556,039 x 0.113: $62,832. The uni-
form annual cost for the electric chiller is $591,356 x
0.113 : $66,823. The alternative with the lowest uniform
annual cost is the favored option.62

A blank Discounted Energy Economics Form appears

on page 186 of this chapter. Use it as a guide for your en-

ergy economics calculations. Contact the author if you
wish to obtain a spreadsheet template of this form.63

62 Software programs are available to conduct economic and rate analysis in a manner

that is more detailed and advanced than what is discussed here. One is "Market
ManagefM'from SRC Systems, Ino., 1300 Clay Street Suite 850, Oakland, C494612.
Telephone: 510-839-2700. Another is "System Analyzernn'from C.D.S Networlg 3600

Pammel Creek Road, La Crossg WI 54601. Telephone.608-787-3926.
6 The author's address can be found at the front and the back of this book.
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DISCOI]NTED ENERGY ECONONtrCS FORM

CosbAnd Benefib a b A

l. Equipment Altemative [Option a: highest

installd cost, lowest operating cosl Option b:

lowest installed msg highest opa-ating costl

Cas,D,F,
2-S, Ab.,
500 ton

Electrio
Cenriftg
500 ton

B/CRatio
Differential
Amormb

2. Period ofAnalysis 23 23

3. DscountRate lt/o |U/o

4. Inflation Rate of Energy Costs s% s%

5. InvqbuntC-ost
Bquipment and Installation Cossl

8275,U)0 $120,000 $155,0N

[sa - sb]

5. NetReplacement Cost 0 $200,000

7. Year ofReplacement 0 20

8. Presenl Volae of Rqlocemenl Cost
fiable 5-8 value times 7a and 7b]

0 $30,000 (83o,No)

[8a - 8b]

). Enerry Costs, Base Year $rq,+ol $31,620 $12,219

10. Presenl Volae of Energt hsa
fiables 5-l through 5-7 value times 9a and 9b]

8267,734 M36,356 $168,622

[0b - loa]

ll. OM&RCosts $1,000 $1000

12. hesent Vahe of OM&R Cosfr
fiables 5-l through 5-Tvaluetimes llaand llb]

813,8M $1i,800 80

lt2b - r2al

13. Salvage Value M,s00 $80,000

14. Year of Salvage 23 23

15. Prqenl Value of Salvage

fiable 5-8 value times 13a and l3b]
$495 $8E00 (8E3os)

[5a- lsb]

16. Discounted Benefit/Cost Ratio (A lGA 12y(45-A 1s+48)l 1.26

17. LCC PrrsentYalue of Altematives [ 5+8+10+12-15]

|sssr,m;ls5r1es6
1& Net Present Value of Savings [Al0{45-A l5+A 12+A.8) $3s317

19. Uniform Annual Cost of Alternatives
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Tables for Discounting

MODTFTED UNIFORM PRESENT WORTH (UpW) VALUES
6%DISCOT]NTRATE

TABLEIl

6 508 526 5.43 5.62 581 6 62 641 662 6.84

58 6A 625 649 674 7 141 '1 5: 7.84 814
t 648 6',76 705 735 7.67 8 835 871 9.@ 948
9 7t 7.46 '7 82 819 859 9 944 98t 10 38 l0 88

10 774 814 8.5? 9.02 95 10 10.53 1233

11 833 88 93 983 104 lt tl& t2.33 3.06 383
12 889 943 l0 0l 10.63 129 t2 12.7( 13 58 t4 45 t5.39
13 942 10 03 to'1 4t 211 13 13 89 14 85 15 89 t7 01

t4 9.93 IO 62 1t 36 t2t7 305 14 t5 03 16 l 17.37 18.6!

l5 l0 41 ll18 7207 t2.92 t3 92 l5 l6 18 t7 48 18 89 20.4

16 10 88 t;72 12.65 t3 6< 1478 l6 735 l8 83 20 45 7) 7t

t7 tt32 12.vl 13.26 14 38 15.63 t7 t8 52 20.2 22.U 24t
18 174 12.74 13 86 l5 09 t6 47 l8 t9'1 216 23.71 26.U

t9 t2.13 13.22 t4 44 1579 173 t9 20.9 23.03 :z5.41 28Cf,
20 t2.52 13.69 15 t6 41 18 13 20 22 tt 24.48 n.rc 30.19

12 88 t4 t3 l5 55 t7 t4 t8 95 2t )1L 25.96 289e 32.3(
aa L3 22 t4 56 16.08 t9 I 22 u.55 n.4'1 308 34.62

23 13 55 1497 16 59 18 45 20.57 23 25.7s 29 0t 32.7 36.Yt

24 13 87 t5.3i l9 08 2136 24 27 05 30 5',1 34 6(, 394
25 t4 t6 15 75 17.58 191 22.t5 25 2831 32t',l 36.6'.1 41 92

26 t4 45 16 1 l8 06 20.31 22.94 26 29.59 33.19 38.73 44.54

27 14't2 1641 t8.52 20.91 23;1 27 30.88 35 45 40.86 47.2(
2E 14 98 7682 18 97 2t 24.48 28 3278 37 t4 43.U 50 08

29 ts.23 t7 I 194 2201 25.24 29 33 49 38.86 45 29 53 0t
30 15.46 t.4(. t9 82 22.64 25.99 30 3482 40 6l 47( 56 05

An endoflbaseyear payment timc the UPW value for the approriate enury price escala-

tion rate gives the presentvalue ofa sum ofmoney atthe discount rare of6% overN dis-
ount periods. This table is used for a equal multiple paymen8 over a number of yean.
See 'Notes" at the end of this chapter for the equation fi,om which the values in this table

were derived.
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MODTFTED r.rNrFORM PRESENT WORTH OPW) VALUES

8%DISCOT]NTRATE
TABLES2

6 4.78 494 5n 544 562 581 6 62 64
7 54 561 582 6.U 6.2C 6. 675 7.26 7s4
8 599 624 65 6.78 7M 7.6'l 834 87
9 6.53 684 715 749 7U 821 8.59 9 943 988

10 705 74 778 81? 859 9U 951 10 t0 52 l1 08

11 7.53 8.3? 883 933 985 104 1 ll63 12.3

12 't 91 844 894 9 4'1 10 04 10 65 r13 t2 12.75 13.55

13 839 891 9.48 l0 08 10.73 lt 43 t2.t9 13 13 88 1482
t4 878 936 9.99 10.67 tt 4t 122 lf o7 t4 15 01 16 11

15 9I 9;79 l0 48 1124 t2M 1296 t3 94 15 16 16 17.43

l6 9.49 l0 19 10 95 tt 79 12;1 137 148 16 t7.32 187'.1

l7 981 10.57 tt4 12.3 1332 14 43 l5 65 I 18.49 20 t3
18 l0 l1 10y2 tlE2 12.82 13.y2 75 t4 165 l8 19.61 1.53

19 10.35 11.26 12.23 13 31 145 15 84 t'|34 t9 20.8( 22.94
20 l0 65 ll58 12.62 13 78 15 08 16.53 18 I 20 22.U 2439

2t 109 11 88 12.99 423 t5 63 t7.21 18.99 2l 23.28 2s.86
,, l3 t2t 334 4.67 t6 t7 t7.87 19E a1 245 n35
23 34 12 43 13 68 509 16.69 18.52 206 23 25;74 28.88

24 54 72.69 t4 5.49 t7.2 19. l6 2t 4t 24 26.99 30 43

25 73 1293 143 5.88 t7 69 19.79 ))a 25 2825 3201

26 ll9 315 14 59 16.25 18 I 204 22.% 26 29.52 33 63

t201 3.31 1487 rc.4 l8 64 2l n.7'1 27 308 5.n
28 12.22 351 t5 t4 1696 19 I 2t 24.54 28 32.09 36.94

12.36 37( 15.39 17.3 19.54 22.7E 25.3 29 334 3854
30 125 394 15.63 17.62 1997 22.75 26.U. 30 3472 4037

An endof-base-year payment times the UPW value for the approriate energSr price esca-

lation rate gives the presentvalue ofa sum ofmoney atthe discountrate ofS% overN
discount periods. This table is used for a equal multiple paymanb over a numbe ofyears.
See 'Notes" at the end ofthis chapter for the equation from ufiich the values in dris table
were derived.
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MODn'mD UNTFORM PRESENT WORTH (UpW) VALI]ES

10%DISCOT.INTRATE
TABLEA3

6 45 4.65 48 495 5.t2 5.28 545 563 581 6

505 523 543 563 584 6.05 6.28 651 675 7
E 55 5.78 602 6.27 653 68 708 't't7 7.68 8

9 6.02 6.29 657 6.87 718 751 7.86 8.22 86 9

10 6.44 6.76 7.09 744 781 82 8.62 905 951 10

11 6.83 719 758 798 841 887 935 9.87 10.42 I
t2 719 76 803 849 898 9.51 10.07 to.67 ll 3l t2
13 1<) 797 846 8.97 9.53 l0 l3 1o.77 ltM 12.2 13

L4 7.83 E.32 885 943 l0 05 t0'72 il45 7223 13 08 t4
15 8l 8& 9.23 986 l0 55 113 t2t 72.99 13 95 I

t6 8.36 894 9.58 1027 t.2l 185 12.75 13 74 1482 l6
t7 859 AJ' 99 10 65 ll48 12.38 13 38 14 47 t5 6'7 t7
l8 881 948 l0 2t 11 02 ll 91 129 13 98 15 19 t6 52 l8
19 9 971 r05 11 36 72.32 13.39 14.58 159 l7 36 l9
20 993 to76 l0 69 12.72 lf 87 15 15 16 59 182 20

2l 935 l0 14 tt 02 t2 13 09 1433 t5 7L t7.2't t9 02 2l
,,, 95 l0 33 7.25 1229 t3 45 L4 I 76.26 t7.94 l9 84 )1

23 965 l0 51 t7 47 72.56 138 152 16.78 18 59 20.65 23

24 9.77 t0 67 ll68 12.82 t4t 15 6l 173 1924 2t 45 u
25 989 10 82 ll 87 t3 07 t4.44 l6 178 t9 87 )') )< 25

26 10 10.96 1205 133 t4 74 16 38 1829 20.49 23M 26
a1 10 I 1l 09 12.22 t3 52 15.02 1675 18.76 2tl 23.82
28 10 19 tt 2l 1238 1373 15.29 t7 tt 1922 217 24 59 28
29 10.28 tt 32 12.53 13.93 l5 55 t7 45 19.6'1 )) 19 25.36 )o
30 10 36 143 12.6'1 t4 tl 15.8 r'1'18 20 tt 2286 26.72 30

An andof-baseyear payment times the UPW value for the approriate uragy price escala-

tion rate gives the presentvalue ofa sum ofmoney attlrc discount raf€ of l0lo overN dis-
count periods. This table is used for a equal multiple paymenb over a number ofyears.
See 'Notesrr at the end of this chapter for dre equation from 'r,r,hich the values in this table

were derived.

Tables for Discounting



5. Energy Economics t79

MODIFIED UNIFORM PRESET.{T WORTTI (UP}9 VALTIES

12%DISCOT]NTRATE

OF' ENE.RGY PRICE ESCAI,ATION
4Vo 5Yo 60A 1Yo EYo

TABLE54

6 4U 438 452 467 4.82 491 513 s29 s.46 5&
,7 4'73 49 5.08 5.26 5.45 5.65 5.86 6.07 629 6.52

8 517 53'.1 5.5s 581 605 629 6.55 6,82 '7@ 738
9 556 58 6.06 6.33 661 69 7.2t 754 788 8n

10 <o, 62 649 68 7t3 '1 48 785 823 864 9.07

11 6.24 6.55 689 7.25 7.63 803 845 89 9.38 989
12 653 6.88 7.2C 76 8.09 8.54 903 9.55 l0 I l0 69

l3 679 718 7.59 804 8.52 903 9.58 l0 l7 l0 81 |49
t4 7.U 74s 839 8.92 9.49 10 I 10.7'l tt 49 t2.26

15 723 7.69 819 8.72 93 9.93 10 6l ll35 t2 t6 13 03

t6 743 7.v) 845 903 9.6(. 10.35 191 128
t7 76 812 869 931 9% to.74 156 12.45 t3 43 14 5l
18 '7.75 831 891 9.51 103 12.9'1 t4 05 5.23

19 789 848 911 982 106 tt 4( 241 13 47 14.& 15 95

20 802 8.63 93 10.05 10.8? 179 282 13.95 15.22 t6&

2t 813 8.71 941 10.26 l3 2tt 13.2 14.42 ts;79 t7.33
1) 824 89 9.63 10 45 J 241 t3 51 1487 1634 18

23 833 901 9.78 t0& I 269 13 9l 15 16.88 18 66

24 841 912 991 10 81 81 29s 1425 t5;72 174 19 3l
25 8.49 9.22 t0 04 10.96 t2.01 321 t4 5'.1 t6 t2 19.95

26 856 93 l0 l5 1 122 t3 45 t4 87 16 5l 184 20.57

n 862 938 1o.25 24 2.31 3 6'1 l5 16 16 89 18 88 zt t:
2E 867 946 10.35 3'l 254 13 89 t5 44 17 25 1935 2179
29 8.72 9.52 70 44 48 269 14.@ 157 176 19 22.38

30 8.71 958 1o.52 59 2U t42E 15.% 't 93 20.24 22.97
An ardof-bas+year paymanttimes theUPW value for the approriate enerry price escala-

tion rate gives the presentvalue ofa sum ofmoney at0re discount rate of 12% overN dis-
count periods. This table is used for a equal multiple paymenb over a number of yea$.
See 'Notes" at the end of this chapter for the equafion from which the values in this table
were derived.
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MODIFTED UNIFORI\{ PRESENT WORTTI (UP}Y) VALIIES

15%DISCOTJNTRATE

RATE OF ENERGY PRICE ESCAI"ATION
lyo 2yo 3y" 4yo sYo 6yo 1yo Eo/o 9yo l|y"

39 403 415 428 4.42 4.56 47 484 5 515

7 431 4.4C 462 4.78 4.95 5t2 53 549 568 588

8 4.6 4U 5.03 5.n 5.43 564 5.86 6@ 6.33 6.58

9 4.97 518 54 5.63 5.87 6t2 6.39 6.6 6.95 7.25

10 5.24 548 5.73 6.n 6.s6 687 72 7s4 79

548 5.75 603 633 664 6.97 809 85
t2 5',7 s.99 6. 6.63 6.98 7.35 7:15 81, 8.62 9l
13 588 62 654 69 728 7'7 814 861 912 96
t4 6.U 638 6.7: 't t4 t.50 801 85 9U 9.59 l0 19

15 619 6.55 6.94 7.3C 7.82 831 8M 941 10.04 10 71

t6 631 61 7tt 7.5(. 805 858 915 9;78 l0 46, tt2
642 683 7.n 8.26 883 9.45 t0 12 r0 86 tt 6'1

18 652 6.94 7 79r 846 906 9.72 l0 45 lL24 12.12

6( 7U 753 80( 864 9.27 998 10 75 l1 12.55

20 668 7t3 7& 8.19 EE 9.47 702 11 04 1.95 t2.96

2t 614 721 7.74 8 31 8.95 9.65 10.43 t2.2'l t335
,) 68 t.z9 1.82 8.42 908 982 70 64 1l 5s 1258 1373
B 685 7.35 7 852 92 9.97 10 83 ll 79 12.81 14.@

A 689 741 7.9',1 861 932 10 1l ll0l t20l 13 15 t4 43

25 6.93 746 804 8.69 9,42 10.24 I t'l 12.22 t3 41 14.76

26 6.9'l 8.09 8.76 951 10.36 tt32 t24l 1365 15 0i
,,1 7 754 815 883 96 t0 4'7 lt 4'l 126 13 89 15.38

28 7.02 7.57 819 889 968 10 58 716 72.77 14 12 15.6(

29 7,05 76 8.23 8.94 10.67 t7 72 12,93 1433 15.94

30 7.07 7.63 8.n 8.99 982 rc.7e, 11M 13 08 14.53 162
An ord-of-bas+year payment times the UPW value for the approriate energy price escala-
tion rate gives the presentvalue ofa sum ofmoney atthe disoountraie of 15% overN dis-
oount periods. This table is rsed for a equal multiple payments over a nunber ofyears.
See 'Notes" at the end of this chapter for the equation from which the values in this hble
were derived.
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MODIFTED UNIFORM PRESENT WORTTT (UPIY) VALIIES

20%DISCOT]NTRATE

EI{ERGY PRICE ESCALATION

ly" 2yo 3yo 4V. 5y" 60/o 1yo EVo 9Yo l0yo

TABLE5-6

6 3.43 353 3.64 3;75 386 398 4.09 4.22 434 4 4'1

7 3.73 3.85 3.98 411 4,25 439 4s4 47 485 502
8 398 412 4n 443 46 471 494 13 532 5.52

9 419 435 453 47r 49 509 53 I 5't4 5.9'1

10 43',7 455 474 4.95 516 5.38 5.62 586 6t2 6.39

11 4.52 4',72 4.% 515 539 5& 59 618 6 4',1 678
t2 4il 486 509 5.33 559 586 615 646 6.78

13 475 498 5.23 5.49 5.71 6.06 638 671 7.U 745
t4 4.U 5.08 535 5.4 592 624 658 6.94 7.33 7.7s

15 492 5 r') 545 574 606 639 676 7t5 757 802

t6 498 525 5.53 584 6t1 6.53 692 '133 7:t8 827
t7 5.03 53 561 5.93 6.28 6.65 7.M 798 849
18 508 536 5.67 601 6.37 6.76 7t9 7.65 815 87
L9 512 54r 5.73 6.07 645 685 13 778 831 889
20 515 545 s.7'7 6l 6.52 6.94 791 8 216 907

2t s.t7 5.48 58 618 658 701 7.49 802 8.59 9.23
)) 52 I 5.85 6.22 6.63 7.08 7.s7 Elt 871 938
23 <aa 553 588 626 6.68 714 7.U 82 882 951
u 5.23 5.55 59 6.29 672 7t 771 8.28 8.92 9.9
25 524 557 5.93 6.32 6.75 1)'l 7',76 835 9Ul 9.75

26 5.2( 558 5.95 6.34 678 7.n 842 9 986
n1 5.21 56 5.96 63( 681 '131 786 848 917 9.95

28 5.n 561 5.98 6.38 683 734 1 853 924 l0@
29 5.28 5.62 5% 64 685 7.36 794 858 93 lo t2
30 529 5.62 641 687 862 9.36 l0 19

An end-of-baseyear paymenttimes the UPW value forthe approriate energ5r price escala-
tion rate gives the presentvalue ofa sum ofmoney atthe discount rate of2OZ overN dis-
count periods. This table is used for a equal multiple paymenb over a numbo of years.

See 'Notes" at the end ofthis chapter for the equation from wldch the values in dris table
were derived.
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MODTFIED LINTFORM PRESENT WORTTI (UPW) VALUES

25%DISCOI]NTRATE
TABLE'7

6 3U 313 1)a 3 31 341 35 361 37r 382 393

7 326 3.37 3{t 3.59 5t 382 394 407 42 434
8 344 3.56 369 3.82 395 4@ 423 438 454 4

9 359 3.72 386 401 416 431 4.481 4.6s 483 501

3.85 4 433 4 469 488 508 <rc

l1 381 3.96 4t 43 4.48 467 487 50E 53 554
L2 388 4.05 a)) 441 46 481 5.02 5.2s 55 5.75

13 3.95 412 43 45 471 493 516 54 5.66 5.94

t4 418 437 458 479 5A <41 5.53 581 611

l5 4M 4.23 4+3 4.& 48'.7 51 5.37 564 594 6.2(

I 407 426 447 469 493 518 545 574 605 639
t7 4 43 4 4'74 498 5.24 5.52 582 61 6

1E 412 4.32 454 4.11 5.O2 5ra 5.58 59 6.23 66
l9 414 434 45( 48 506 534 5& 5l)6 63t 669
20 4t 436 458 483 5.09 537 568 601 63 6.71

2L 416 431 4C 485 512 54 572 606 6.43 683
22 477 438 462 481 514 543 5.75 6 648 689
23 418 4.39 463 488 516 5.45 578 613 6.52 695
24 418 44 4.9 489 54 58 616 656 699
25 419 441 465 49 518 549 582 6t9 6.59 703

26 419 441 4.65 491 519 55 584 621 6.62 7 0'l
27 42 442 4.ffi 492 52 551 586 6.23 6& 77
28 42 442 4ffi 4v2 521 5.52 5.87 6.25 66'1 7t
29 42 4.42 467 4.93 5.22 5.53 588 6.26 6.68 7t5
30 42 443 4.6'1 493 \)) 554 589 6n 67 718

An end-of-baseyear payment times the UPW value for the approriate enugy price escala-
tion rate gives the presentvalue ofa sum ofmoney atthe discourfrate of25% overN dis-
oount periods. This table is rsed for a equal multiple paymmb over a number of years.

See 'tlotes" at the end ofdris chapter for the equation fiom which the values in this Uble
were derived.

Tables for Discounting
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SINGLE PRESENT WORTH VALT]ES

TABLES8

N DISCOI'NTRAIE
6Yo 8'/" L0Yr lzYa lsY" 20Vo 25Y.

1 094 0.93 091 089 087 083 08
,' 089 086 083 08 076 069 0&
3 084 0;19 0.75 071 0.6 058 051

4 079 074 068 o& 057 048 041

0.75 0.68 o.62 057 05 04 0.33

6 o7l 0.63 0.56 051 043 o34 026
0.67 0.58 0.51 045 038 028 021

8 0.63 o.54 047 o4 033 023 o t'|
9 059 05 042 036 028 019 013

10 056 046 039 0.32 0.25 0.16 011

11 0.53 0.43 035 0.29 022 014 009

12 05 o4 o32 o.26 019 011 o07

13 0.47 0.37 o29 023 016 009 006
t4 o44 034 0.26 02 014 008 0.M
15 o.42 0.32 0.24 018 012 007 004

16 039 o29 0.22 016 011 005 003
o.37 o27 02 0.09 005 002

18 0.35 o25 018 013 008 004 ou
0.33 o23 016 01 007 003 001

20 03r 022 015 0l 006 003 001

2L 0.29 02 014 009 005 002 001
,, 0.28 018 012 008 005 002 001
23 026 017 0ll 007 004 0.02 001
24 0.25 016 0l 007 004 001 001
25 o23 015 009 006 0.03 001 0

26 0.22 014 008 0.05 003 001 0
a1 021 0.13 008 005 0.02 001 0
28 02 o.t2 007 004 002 001 0
,o 019 011 0.06 004 0.o2 001 0
30 ot7 01 0.06 003 o.o2 0 0

A firtre amount of money times the values in this table, at the ap
propriate discotrnt ratg gives the present value ofthe amount of
money.

See 'Notes" at the end of ttris chapter for dre equarion fiom wfiich
the values in this table were derived.

Tables for Discounting
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6 o.203 0216 023 0.243 0.2& 0.301 0.339

7 0 179 0 t92 o.205 o219 0.24 o.n'1 0 316

8 0 161 0 r74 0.187 0.201 0.223 0261 03

9 0 147 0.16 o t't4 0 188 o2t o248 0289

10 0 136 o 149 0 163 0 t77 0199 0.239 0.28

11 0.127 014 0.1s4 0 168 0 r91 o.nl 0.n3
I 0 119 0 133 o 147 n 6l 0 84 0.225 0.268

13 0il3 otn 0l4l 0 56 0 79 0.22 o.265

t4 0 108 0l2l 136 0 51 0 75 o2t7 o262

15 0 103 0 tt7 013l 0 47 0 7t 0214 o259

t6 0.099 0 113 0 128 0 143 0 168 oztt o.25'1

t7 0 095 011 o.725 o14 0 165 0.209 0.256

o.092 0 107 o.t22 0 138 0 163 0.208 o.255

19 009 0 104 ot2 0 136 0 161 0206 0.254

20 0.087 0 102 0.117 o 134 016 0205 0.253

2t 0.085 01 0 116 o.132 0 158 02M 0.252
a1 0 083 0.098 0 114 0131 0.t57 0.2M 0.252

23 0 081 0 096 0 113 013 0 156 0203 0251
u 008 0 095 0 111 0 128 0 155 0.203 0.251
t< 0 078 0.094 0l 0.177 0 155 o.202 0.251

26 0.077 0 093 0 109 0.t27 0 154 o.202 o25l
11 0 076 0 091 0 108 0 t26 0 154 0201 o25t
28 0.075 0.09 0 107 0 t25 0 153 o20t 0.25

29 o.u4 0.09 0 lo7 o 125 0 153 o20t o.25

30 o.o73 0.089 0.106 o.724 0 152 o20l 0.25

A presant zum of moneylcentvalue--+imes thevaluc in this
hblg atthe appropriate disoount ratg over dre number ofdiscount
periods, gives the umual value equivalent
See 't{otes" at the end ofdris chapter for the equaion ftom which
the values in this table were derived.

Tables for Discounting
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Notes
The values in Tables 5-l through 5-7 were derived from

the following equation:

,=olffil[,-(i#)"]
The values in Table 5-8 were derived from the follow-

ing equation:

p=FJ-
(l+D'

The values in Table 5-9 were derived from the follow-
ing equation:

a= p i(l*.!*
(1+i)n-l

Where:
P: a present sum of money.
A : end-of-base-year payment.
e: percentage price escalation above general inflation, as

a decimal.
i : percentage discount rate, as a decimal.
N: number of discount periods.
F: a fufure sum of money.

185
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DISCOT]NTED ENERGY ECONOMICS FORM

CosbAndBenefih a b A

l. Equipment Altemative [Option a: highest

installed oo4 lowest operating cost Option b:

lowest inshlled cost highest operating cost]

B/CRatio
Differertial
Amounb

2. Poiod ofAnalysis

3. DscountRate

4. InflationRate ofEnerry Costs

5. InvesfiuntCosb
[Equipment and Installation Cosb] [sa - sb]

6. NetReplacement Oost

7. Year ofReplacement

8. Prsent Volae of Rqlacencnl Cost
flable 5-8 value times 7a and 7bl [8a - 8b]

9. Energy Costs, Base Year

10. PresenlValae of Energ CosA

[Tables 5-1 thtough 5-7 value times 9a and 9b] [lob - loa]

ll. OM&RCosts

I 2. Prqent Value of OM&R CosB
[Tables 5-1 tfuough 5-7 value timc l la and l lb] l12b -t2a)

13. SalvageValue

14. Year of Salvage

15. Prqenl Valae of Salvage
[Table 5-8 value timc l3a and l3b] [1sa - 1sb]

16. Discounted Benefit/Cost Ratio ( lGA l2y(A5-Al5+A8)l

17. LCC PrcsentValue ofAlternatives 1 S+S+ rGf12-l5l

1& Net htsent Value of Savings [Alo{A5-Al5+A 12+As)]

19. Uniform Annual Cost of Alternatives

Discounted Energy Economics Form
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6. Useful Information and Calculations

Table 6-1. Typical Natural Gas Distribution Pressures
Gas distribution pressures vary from one gas company

to another and sometimes within one gas distribution
territory.

Typical Natural Gas Distribution Pressures

Low 5 to 14 inches water

Medium 3 to 10 pounds/i# gauge

litermediate 11 to 65 poundVi# gauge

High 66to 175 pounds/in2 gauge

Note: 1 pound/irf :n.68 inches water

Table 6-2. Approximate Input Values for Common Gas

Appliances
For precise Btu/hr input values, check with the

manufacturer of the gas appliance.

Approximate Input Values For
Common Gas Appliances

Applinrce B tu/hr Inptt, Appr oximate

Range, free standing res. 65,000

Built-in oven/broiler, res. 25,000

Built-in range-top unit 40,000

Water heater, 30 to 40 gal 45,000

Waterheater, 50 gal. 55,000

Fireplace/Gas log 21,000-55,000

Grille 30,00040,000

Clothes dryer, residential 20,000-35,000

Gas light 2,500

Incinerator, residential 35,000

Input Values for Common Gas Appliances
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Table 6-3. Energy Budgets for Commercial Buildings
An energy budget is a range ofprojected energy use for

a particular building facility type. Energy budgets vary ac-

cording to climate, envelope characteristics, usage, etc.,

therefore, the values should be used with caution.
If a building is located in a more moderate climate and

is built using relatively energy-efficient standards, it will
be nearer the lower end of the energy budget range.

Enersv Budseb For
Com mercial"And Public Facilities

FacilityType Energ Budget, I d Bh^lfr ,yr
Dining &Entertainment

Cafeterias 50 to 400

Restaurants 50 to 500

Bars 50 to 400

NightClubs 20tD250

Commercial Kitchens 100 to 400

OfficeBuildings 25to300

Libraries, Museums

Average 150 to 250

Archival 25to 100

Communications

Telephone Terminal 150 to 500

Teletype Centers 50 to 150

Radio &TV Sf,rdios 100 to 200

Transportation Centers

AirportTerminals 100to 150

Ship Docks 25 to 100

Bus Terminals 150 to 250

Garages 20tD200

Warehouses 20 to 350

Reprinted by pennission of the American Society of Heating
Refrigeration and Air{onditioning Engineen, Atlant4 Georgq
from the 1989 ASHME Pocket Guide Jor Air Conditioning,
Heding, Ventilation, ReJrigerdion, p. 122.

Energy Budgets for Commercial Buildings



6. Useful Information and Calculations

Table 6-4. Btu Equivalent Fuel Input Values
The "Btu Equivalent" valuos in the following table are

input values, not output values<ombustion efficiencies
are not included. Many of the values vary according to the
source of the fuel or the refining methods. For example,
the Btu value of natural gas may be as low as 950 or as

high as 1100 Btu per cubic foot. The value for No. 2 oil
may be as low as 138,000 or as high as 140,000 Btu per
gallon.

Fuel Btu Equivalent Unit

Natural Gas 1,030 Cubic Foot

No.l Oil 135,000 Gallon

No.2Oil 139,000 Gallon

No.4Oil 145,600 Gallon

No.5LOil 148,400 Gallon

No.5HOil 150,700 ' Gallon

No.6Oil 153,600 Gallon

Propane 91,600 Gallon

Electicity 3,412 Kilowatthour

DisfictHeat 1,000 Pound

Table 6-5. Equipment Service LW Values
Equipment service life values are often needed for a

feasibility or energy-economics study of the installation of
new equipment or the replacement of existing equipment.

If, while talking with a potential customer, you become
aware that a piece of equipment is near or past the end of
its median service life (listed in the table below), there is
good reason to bring it to the attention of the manager or
owner.

For example, if you find that an electrically-driven cen-
trifugal packaged chiller (median service life of 23 years)
has been in operation for 24 years, it would be a good
time to convert to a gas absorption chiller, better than if

189

Equipment Service Life Values
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the electrically-driven chiller had been in operation for
only fivo years,

The numbers listed in the table are median values, not
ayerage values. Thus, of the equipment surveyed, one-half
of the pieces of equipment had longer service lives than
that listed and one-half had shorter service lives.

The service life values are based on a 1986 study.

Coils, DX, Water, or Steam

Roof-Top AC, Single Zone

Unit Heaters, Gas or Electric

Water Heaters, Gas & Electic

Reprinted by permission of fte Arnerican Society of Heathg,
Refrigeration and Air.Conditioning Engireers, Atlanta, Georgi4 fiom
the 1989 ASHRAE Pocket Guidc for Air Conditioning, Heating,
Ventilation, ReJri geration, page ll7 .

Equipment Service Life Values

Equipment Service Life

Equipmenl MedidnYeqrs

Air Conditioners, Commercial 15

Air Conditioner, Window Unit 10

Air Conditioner, Water-Cooled Package l5

Boiler, Hot Water, Fire-Tube 25

Boiler, Hot Water, Water-Tube 24

20

Compressors, Reciprocating 20

Condensers, Air-Cooled 20

Condensers, Evaporative 20

Cooling Tower, Metal 20

Cooling Tower, Ceramic 34

Engines, Reciprocating 20

Fumaces, Gas- or Oil-Fired 18

Heat Pump, Commercial, Air-to-Air 15

Heat Pump, Commercial, Water-to-Air 19

Package Chiller, Absorption z3

Package Chiller, Reciprocating 20

Package Chiller, Centifu gal 23

Roof-Top AC, Multizone 15

15

13

13



6. Useful Information and Calculations

Table 6-6. Gas Boiler Conversion Factors
This table is for converting boiler horsepower (bhp) to

MCF (1,000 cubic feet) of natural gas per hour.

Table 6-7. Efficiency/Output/Input Eqaations
Use these simple equations for space heating systems.

Efficiencv: Outout
Input

Output: Input x Efficiency

Inout: Outout
Efficiency

191

Gas Boiler Conversion Factors
(Boiler Demands @80% Efficiency)
(Natural Gas at 1,030,000 Btu/MCF)

12.19 MCF/hr

33,47 5 BAt : I boilo horsepower

33-475:41,U4 Btu/bhp input at 80% efficie,ncy
0.80

41.844 Btu/bhp input:0.04062 MCF/bhp input
1,030p00 BtuiIvICF

250 bhp x 0.O1062 MCF/bhp: 10.16 MCF/hr

Effi ciency/OutpuVlnput Equations
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Table 6-8. Cooling Load Quick-Check Figures
These are quick-check figures only, used to check if a

load calculation is within range. Da not use these values

for sizing cooling equipment.

Btu's/tr per Ff of Floor Area &
Ff per Ton of Air Conditioning

FacilityType BfilFf Fffton
Apartueirts, High Rise 26 450

Aparbnent Corridon 22 550

Auditoriums & Theaters 18*

Banl$ 50 240

Barber Shops 48 250

Bars and Tavems 133 90

Beauty Parlors 66 180

BowlingAlleys 68 175

Churches 20*

Cocktail Iounges 68 175

ComputerRooms t4t 85

Dental offices 52 230

Departnent Stores, Basernent 34 350

I{ain Floor 40 300

UpperFloor 30 400

Dormitories, Rooms 40 300

Corridon 30 400

Dress Shops 43 280

Drug Stores 80 150

Educational Facilities, Classrooms 150

Factories, Assernbly Areas 150

LightManufactudng 150

Heary Manufachring 80

HighRise Offices, Extemal Rooms 46 263

InteriorRooms 37 32s

(continued)

Cooling Load Quick-Check Figures
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Btu'VtrperFf of FloorArea &
Ff per Ton of Air Conditioning (continued)

Facilily$tpe BhlFf Ffllon
Hospitals, Patient Rooms 220

Public Areas 140

Hotels, Dormitories, Guest Rooms 44 275

Public Spaces 55 220

Corridors 30 400

Libraries &Museums 280

Medical Centers 28 425

Motels 28 425

Offi ce Buildings, General 43 280

Residences 20 600

Restaurants 60 200

Retail Stores 55 220

Shoe Stores 55 220

Shopping Centers 34 350

Specialty Shops 60 200

*Persons per ton. One ton: 12,000 Btu/hr.
Sizing will vary with age of building stmcture, amount of
insulation, and amount of glass.

Table 6-9. Electric Compressor Energy ase

Electric Comprrcssor Energr Consumption

CompressorType Electrical Corcamption

Centavac - 0.51 - 0.65 kWton

Reciprocating Water Cooled -0.95kWton
Reciprocating Air Cooled - 1,20kWton

Incremental Unit - 1.50 kWton

Scroll, W*er Cooled -0.84kWton

Series \ Water Cooled -0.80kWton

Electric Compressor Energy Use
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Table 6-10. Condenser Dala

CondenserData

CondenserFlow Rae

CTV/Reciprocaring - 3.0 gpnr/ton

ABS -3.6 - 4.5 grn/ton

Heat Rejection

WaterCooled - l.25xEvaporatorBtu

AirCooled - 1.30 xEvaporatorBtu

Table 6-11. Evaporator Data

EvaporatorData

EvaporatorFlowRaie I -z.4gprnlton

Table 6-12. Absorption Cooling and Vapor-Compression
Cooling Cy cles Compared

Absorption cooling and vapor-compression cooling
cycles perform the same basic operations, but in different
ways. This table compares the two cycles.

Absorption Cooling and Vapor{omprtssion
Cooling(ldes Compared

Absorption Cooling
Cycle

Vapor{ompession
CoolingCycle

EnetgtSource Gas, Steam, or
Electricity

Elecricity orNatural
Gas-Driven Engine

Energtlnptt Generator (Boiler) Compressor

Heqt Remoyed Absorber and
Condenser

Compressor and
Condenser

ReJrigerwtt Ammonia orWater Ilalocarbon or
Ammonia

Cooling Cycles Compared
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Table 6-13. Comparison of Gas & Electric Food Service

E quipment Op er ating C ostsun

The compuative operating costs of gas and electric
food service equipment can be determined by using the
information in the table below. The equation for
comparison is included at the bottom of the table. Food
service equipment energy ratios, needed for the
comparison, are listed in the table.

Comparison of Gas & Electric Food Service Equipment Operating Cosb

Equipment EnergtRatio

Broiler 2

BraisingPan l7
Fryer, Standard 22

Fryer, Pressure 2.3*

C,riddle, Flat 2t
Griddle, Grooved l4*
Oven, Convection l8
Oven, Deck 2.2*

Range, HotTop 22

Range, OpenBumer 23

Steam Kettle 1.7*

Steamer, Atnospheric 2

Steamer, Pressure 2l*
Operating Cost Ratio Calculation

: EnerryRatio x Gascost x0.03412
Elec. cost

For example, ahottop rmge:
: 2.2 x $0.60/Iherm x0.03412 :@%o

$0.07/kwh
Therefore, the cost ofoperating this appliance with natural gas is 64% the
cost of operating itwith electicity.

Sourcts: *University of Mnnesot4 7982 and Efuient Use oJNawal Gas in Hotels md
lloteb, AG!1984, p. 12. Pacific Gas & Electic Company study, 1987.

e A computer program called "kitchenCOST" calculates food service equipment
operating costs, ventilation rates, and heating and cooling loads. This software is
available from AGA Research, Cleveland, Ohio 44131-5575. Telephone:
216-524-4995.

195

Food Service Equipment Operating Costs
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Table 6-14. Sizing Residential Storage Water Heaters

Residential storage water heaters are sized by matching
the peak first-hour demand with the rated first-hour rating

of the appliance.

Use this table to determine the peak first-hour demand
for a household. Multiply the usage in gallons (column 2)
by the number of times used (column 3) during the peak-

hot-water-use hour. Record the result in column 4. Add
the gallons used in one hour (column 4 values) to find the
total peak first-hour demand in gallons. A typical peak

first-hour demand for a family of three to four people is

66 to 74 gallons (250 to 280 liters).
After determining the peak first-hour demand, select a

water heater having a first-hour rating within one to two
gallons of the calculated peak first-hour demand. First-
hour ratings for gas-fired storage water heaters are listed
in the Consumers' Directory of Certified Efficiency Rat-
ings for Residential Heating and Water Heating Equip-
ment (GANIA Directory), published by GAMA.

Filst-Hour Demand Calctlation for
Residential Storage Water Heaters

(1)

HotWaterUse

a)
Gallons of
HotWater
PerUsage

(3)
TimesUsed
DuringOne

Hour

(4)
Gallons
Usedin

OneHour

Shower 20 x

Bath 20 x

Shaving 2 x

Ilands &FaceWashing 4 x
Ilair Shampoo 4 x

HandDshWashing 4 x
Automatic Dstrwasher t4 x

Foodheparation 5 x

Automatic Clothes Washer 32 x

TOTAL (peak first-hour demand, gallors)

Sowcre:. Consumers' Dbeclory of Certfied Eficiency Ratings for
Residential Heaing md Waer Healing Equipment,by GANIA.

Sizing Residential Storage Water Heaters
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As an example of a typical residential sizing calcula-
tion, see the sizing chart below. A water heater with a

first-hour rating from 68 to 72 gallons should be chosen
for this case.

First-Hour Demand Calculation for
Residential Storage \ilater Heaten

(l)

HotWaterUse

a)
Gallons of
HotWater
PerUsage

(3)
TimesUsed
DuringOne

Hour

(4)
Gallons
Usedin

OneHour

Shower 20x360
Bath 20

Shaving 2xl:2
Hands &FaceWastring 4xl:4
Ilair Shampoo 4xl:4
IlandDishWashing 4x
Automatic Dshwasher t4

FoodPreparation 5x
Automatic Clothes Washer 32x:

TOTAL (peak first-hour demand, gallons) 70

Sowere'. Consmers' Diredory of Cenijed Eficiercy Raings Jor Residenfial Heating md
Wqter Heding Wipn ent, by GANIA-

Table 6-15. Storage Water Heater Comparisons
These are good values for natural gas and electric cost

comparisons. See the GAMA Directory for other values.

Operating Cost Comparisons for
Stomge Water Healing S5ntems

Equip. EF* AmualEnergtUsed Annual OpemtingCosts

Nat. Gas 07 214 therms $134

Nat. Gas 053 283 therms $177

Electic 095 4662kwh $397

Electic 084 5227kwh $450

tEnergy Factor. Se, GANIA Direaty for list of energy facton.
Sowce: U.S. Dept ofEneqgy, F6. 1995.

Based on equipment with 65 to 74 gallon frs-how rating (typical for residential use).

Enugy Cosb perunit Natural gas, $0.63/therm ($0.649lccQ; elecrricity,

Storage Water Heater Comparisons
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Table 6-16. Operating Cost Comparisons for Heating
Systems

These are good values for natural gas, oil and electric
cost comparisons. See Consumers' Directory of Certified
Efficiency Ratings for Residential Heating and Water
Heating Equipment (GAMA Directory) for a method of
determining space heating costs.

Operating Cost Comparisons forHealing $ntems

Annualoperaling Cosfr

ESuip. Ell: Armual EnergtUsed Fuel Elec. Totql

Nat. Gas 78% 921 thermV695 kwh $577 $60 $637

Nat. Gas 94% 752therms/l4?k\Nh $471 $12 $483

a\#2 80% 633 gallons/839 kWh $582 $72 $654

a\#2 87% 608 gallonV475 kWh $559 $41 $600

Electic 99% 20,087 kwh $1727 $1727

HeatPump 80* 88l2kwh $758 $758

*Heating Season Performance Factor SISPF).
Analysis based on 2100 square foo! well-insulated home in St I-ouis, MO.
Energ5r Cosb: Na[rral gas, $0.63ltlerm ($0 .e9lccf); eleIfiirty, $0.08671kWh No. 2
oil, $1.008/gallon. Source: U.S. Dept ofEnergy, FS. 195.

Table 6-17. Average Costsfor Residential Energt, 1995
These U.S. Department of Energy figures show that

natural gas was the least expensive energy in 1995. This is
likely to continue during the next two decades.

Average Cosb for Residential Energr in tre U.S., 1995

EnergtForm Cost/Unit s/Itfillion Btu

Nahral Gas $0.63/therm $6 30

No.2HeatingOil $1.O08/gallon $7.2',7

Kerosene 1.O94/gallon $8.10

Propane 0.985/gallon $10.79

Electicity $0.086/kwh $25.41

Source: U.S. Dept. of Energy, Feb. 1995.

Average Costs for Residential Energy, 1995
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Annual Heating Cost, From Fuel X to Natural Gas

Use the following oquation to find the cost 0f spaco

heating with natural gas in a building that has been heated

with a alternative fuel. You must know the cost of heating
the building with the alternative fuel, the cost of the alter-
native fuel per unit, the cost of natural gas per uniq the ef-
ficiency of the alternative space heating system, and the
efficiency of the replacement gas system.

This procedure uses the cost of gas per therm, rather
than per CCF or MCF. If you need to convert from either
of these units to therms, please see "Converting from CCF
and MCF to Therms" in this chapter.

Total Gas cost -l zco*'qu1l gr-'
L $runun )lptt.c^ )* B x$lTherm

Where:
Total Gas Cost: Equivalent annual cost of space heating with

natural gas.

XCost Alt: Total cost of space heating building with the al-
ternative fuel.

$/Unit Alt: Cost of alternative space-heating fuel in kWh or
gallons (oil or propane).

EffAlt: Original seasonal efficiency of altemative system.
EffGas : Seasonal effrciency of replacement natural gas heat-

ing system.

P : Therms per unit of alternative fuel, from table below.
$lTherm: Cost of natural gas per therm.

Note: $/Therm: $/CCF x [100,000/@tu per CCF)].

Annual Heating Cost From Fuel X to Natural Gas
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Example: If it has cost $12,000 per year to heat a build-
ing with electric rosistanco heat, what will be the approxi-
mate cost to heat the same building with natural gas? The

cost of gas is $.70 per therm, the electric cost has been

$0.11 per kWh, electric heat efficiency is l00yo, and gas

heating system efficiency is 80%. Using the equation from
the previous page,

rotat Gas cost= [t+#fl]t#]r 0.034 x $0.70

Total Gas Cost =53245

This method is fast, but it is for approximation only.
You can see that the saving from converting to natural gas

from electricity is substantial ($12,000 - $3245 : $8755
savings). The equation on the previous page can be used

to find the estimated saving of natural gas over any major
competing fuel.

Cost Per Therm of Fuel
If you wish to calculate the per therm cost of fuels for a

comparison, the equation below will help. The answer,
cost per therm of output incorporates the seasonal effi-
ciency of the appliances being considered. For example,
heating system seasonal efficiencies might average 100%
for electricity, Tzyo - 85% for oil-fired, and 72% - 95o/ofor
natural gas and propane.

Use a realistic per unit fuel cost for the fuel and facility
under consideration. A few examples are worked out be-

low. Refer to Table 6-4 Btu Conversion Factors, on page

189 for Btu values per unit of fuel.

$ Per Unit x 100,000 BtulThem
Cost per Therm of Output = BtulUnit x Seasonal Eficiency

If No. 2 oil costs $0.96 per gallon.and the seasonal effi-
ciency (similar to AFUE) of an the oil-fired furnace is
82%o, the cost per therm of output is figured like this:

Cost Per Therm of Fuel
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Cost per Therm of Output =
$0.96lgal x 100,000 BtulTherm

tr39,000 Btulgal x 0.82

Cost per Therm of Output = $0.84

If natural gas costs $0.66 per therm and the seasonal ef-
ficiency (similar to AFUE) of an the natural gas furnace is
94Yo,the cost per therm of output is figured like this:

cost per Therm of output = W
Cost per Therm of Output = $0.70

If natural gas costs $0.0+ per CCF and the seasonal ef-
ficiency (similar to AFLIE) of an the natural gas furnace is
94%o, the cost per therm of output is figured like this (as-

suming the natural gas is 103,000 Btu/CCF):

$0.64/ CC Fx I 00,000 Btal Therm
Cost per Therm of Output = 103,000 BtulCCFx0.94

Cost per Therm of Output = $0.66

If electricity costs $0.084 per kWh and the seasonal ef-
ficiency is 100%, the cost per therm of output is figured
like this:

Costper Therm of Output:W
Cost per Therm of Output =$2.46

Break-Even Price of a Fuel
The break-even price of fuels is the cost at which using

one fuel at a given effrciency will just equal the cost of us-
ing another fuel. If you know the cost per therm of one
fuel (the alternative fuel) and wish to find the break-even
price of another fuel (the base fuel), use the following
equation.

BtalUnit x Seasonal ElJiciency x $lTherm oJAlternative

100,000

201

$lUnitr-r:

Break-Even Price of a Fuel
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Where:

$lunitt-n= Break-evon prico of base fuel, based on a
per therm cost of an alternative fuel.

Btu/Unit: British thermal units per unit of the base

tuel.
Seasonal Efficiency: Seasonal efficiency for the base

fuel. Usually the szlme seasonal efficiency used
for calculating the cost per therm of the alterna-
tive fuel is used here, but this is not required.

$/Therm of Alternative = Calculated cost per therm of
alternative fuel. See "Cost per Therm of Fuel" sec-

tion above for this calculation procedure.

For example, if the price of No. 2 heating oil is $0.96
per gallon, what is the break-even price of heating with
natural gas, if the seasonal efficiencies of both the gas and

the oil heating units is 82%? In the previous section, the
cost per therm of No. 2heating oil at $0.96 per gallon and

82olo seasonal efficiency is calculated to cost $0.84 per
therm of output. Thus,

$lUnits-s =
100,000x0.82x$0.84

100,000

$lUnitn-p = $0.69

This result indicates that natural gas has a price advan-

tage over $0.96 per gallon No. 2 oil if the price of natural
gas is less than $0.69 per therm (assuming the seasonal ef-
ficiencies of the oil and natural gas heating systems are

S2yA.If the price of natural gas is more than $0.69 per
therm, No. 2 oil at $0.96 has a price advantage. In other
words, the break-even price of nafural gas compared to
No. 2 oil priced at $0.96 per gallon ($0.84 cost per therm
of output) is $0.69 per therm.

Break-Even Price of a Fuel
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Convertingfrom CCF and MCF to Therms

Natural gas is billEd to customers in CCF 0r therms. At
various times it is necessary to convert from one unit to
another.

Note: CCF: 100 CF, MCF: 1000 CF, MCF = 10 CCF.

Therms=ccFxffi

Therms-MCFxffif
.r 100,000 Btultherm

CCF =therms* a,utCcp

MCF = therms * loo'ooo Btulthermxlo
BtulCCF

For example, if a customer is being billed for 897 CCF,

how many therms is the customer being billed for if one

CCF is equal to 103,000 Btu?

Therms=g97 ccFxW
Therms = 924

Converting from CCF and MCF to Therms
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Conversion Factors

Multiply By To Obtain

Btu
Btu
Btu
Btu
Btu
Btu
Btu
Btu
Btuftrr
Btu/hr
Calories, kg
Calories, kg
Calories, kg
Calories, kg
calories, gm
calories, gm
calories, gm
Celsius
centimeter
COP
dekameter
dekatherm
EER
Fahrenheit
feet
feet
feet
Ft-lb
ft-lb
ft-lb (work)
ff/min

777.649
251.9957
0.000029
0.2931
0.2520
1,055.06

0.0002931
1.055
0.2931
0.000293 t
3088
3.9683
1000
4187
0.00396832
0.001
4.187
(1.8'c) + 32
0.3937
3.367
r0.0
10.0
0.297

cF - 32)/r.8
0.3048
304.8
0.3048
0.001285
3.766x l0-7

1.3s582
0.00508

ft-lb
calories, gm

hpftr (boiler)
Wtrr
Calories, kg
Joule

kwh
KJ

Watt
kw
ft-lb
Btu
calories, gm
Joule
Bfu
Calories, kg
Joule
Fahrenheit
inch
EER
meter
therm
COP
Celsius
meter
flrm
meter
Btu
kW/hr
Joule
m/s

Conversion Factors
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Mukiply To ObtainBy

gallon (US) HrO@60"F 8.32823
gallons (US) liquid 3.7853

tr
tr
tr
ff/min, cfm
ff/sec, cfs

0.0929
0.0283
28.32
0.4719
28.32

8.0
r.05
0.0631
0.000142857
0.0022046

m'
m3

liter
L/sec
L/sec
lb of HzO

liter
pint
mL/s
Lls
pound
pound
hp (metric)
kw
Joules/sec
Btu/hr
hp (electric)
hp (water)
hp (mech)
Btu/hr
Joules/sec
ft-lb/hr
lblin2
Pascal
kPa
meter
mm
cm
ft-lb
Btu
Watt/sec
calories, gm
Calories, kg
hp (boiler)

horsepower (boiler) 13.337

horsepower (boiler) 9.809
horsepower (boiler) 9809.5
horsepower (boiler) 33,479
horsepower (boiler) 13.149
horsepower (boiler) 13.149
horsepower (boiler) 13.155
horsepower (mechani cal) 25 42. 48

horsepower (mechani cal) 7 45.7
horsepower (mechanical) 1,980,000

gallons
gph
gpm
grain
gram

in IlO
in HrO
in HrO
inch
inch
inch
Joule (abs)

Joule
Joule
Joule
Joule
Joule/sec

0.036127
249.08
0.249
0.0254
25.4
2.54
0.73756
0.0009478
1.0

0.2388
0.000239
0.0001

Conversion Factors
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Multiply To ObtainBy

kg
kilometer
kiloWatt
km
kw
kw
kw
kw
kW1000 cfm
kW/hr
kW/hr
kW/hr
kWtrr
L/sec
L/sec
L/sec
liter
liter
liter
liter
liter
m/s
m2

m'
m3

megabyte
meter
meter
meter/sec
mile
miles/tr
miles/tr
milesftr

2.2046
0.621
1000
0.621
0.102
3.6 x 106

1000

3412.14
2.12
3.6
3412.14
3,600,000
2,655,222
2.119
15.8478
0.0353
1.0567
0.2641
0.03531
0.001
0.264
196.85
10.7643
1000
3s.3357
1,048,576
39.3701
3.28084
2.2369
t.6t
1.466
88
0.447

pound
mile
Watt
mile
hp (boiler)
Jouleftr
Joule/sec

Btu/hr
yL
MJ
Btu
Joules

ft-lb
ff/min, cfm
gpm
ff/sec, cfs
quart
gallon
tr
m'
gallon (US)
fl/min
tr
liter
tr
byte
inch
feet
mileftrr
km
ff/sec
fl/min
m/s

Conversion Factors
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Multiply By To Obtuin

mL/sec
mm
mm
parts/million, ppm
Pascal

Pascal

Pascal
Pascal
pound
pound
pound
pound/in2
pound/in2
pound/in2
quart (U.S.)
therm
therm
tons of refrigeration
tons of refrigeration
Watt
Watt/hr
Watt
Watt
Watt
Watt
Watt/sec
year

0.9524
0.00328
0.03937
0.0001

1.0

0.001

0.000145
0.00401463
7000
453.6

0.45359
6.89476
6894.76
27.68
0.946
100,000

105.505
12,000
3.52
0.0002843
3.41214
0.0001
3.41214
1.0

0.001
1.0
8765.81277

gph
ft
inch
percent
N/m2
kPa
lblin2
in HrO
grain
gram
kg
kPa
Pascal
in H2O
liter
Btu
MJ
Btu/hr
kw
tons refrig.
Btu
hp (boiler)
Btu/hr
Joule/sec
kiloWatt
Joule
hours

Conversion Factors
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7. Resources for Natural Gas Marketing

Organizations

AGA Research, A Division of Energy International,
Inc. 8501 East Pleasant Valley Road, Cleveland, OH
44131. Telephone: 216-524-4995, Fax: 216-328-g10l.
Publishes software and conducts research related to natu-
ral gas use and marketing.
Air Conditioning Contractors of America (ACCA),
1513 16th Street, NW, Washington, DC 20036. Tele-
phone: 202-483-9370, Fax: 202-234-4721, E-mail:
accaordr@acca.org, The ACCA internet web address is:

http://www.acca.org. Publishes many manuals useful to
the natural gas industry, for example, Manual -r (residen-

tial heating and cooling systems sizing), Manual D (low
velocity duct design and sizing), Manual N (heating and

cooling sizing for low-rise commercial buildings), and
Manual S (equipment selection).
Air-Conditioning and Refrigeration Institute (ARI),
4301 North Fairfax Drive, Suite 425, Arlington, VA
22203. Telephone: 703-524-8800. Internet web address:

http:i/www.ari.org. Publishes the ARI Unitary Directory:
Directory of Certified Unitary Air-Conditioners, Unitary
Air-Source Heat Pumps, Sound-Rated Outdoor Unitary
Equipment. Also publishes lRlDirectory of Certified Ap-
p lie d Air- C o nditi oning P r o ducts.
American Gas Association (AGA), 1515 Wilson Blvd.,
Arlington, YA 22209-9828. Telephone: 703-841-8400.
Publishes books, videos, brochures, magazines; gathers

data, does market research; does demand forecasting, co-
ordinates key accounts; and holds educational sessions

and conferences for the nafural gas industry.

Organizations
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American Gas Cooling Center (AGCC), 1515 Wilson

Boulevard, Arlington, YA 22209. Telephone: 703-E41-
8409. Publishes books, sponsors research, gathers dat4
and coordinates marketing activities for natural gas cool-
ing equipment.
American National Standards Institute (ANSD, 11

West 42nd Street New York, NY 10036. Telephone:

212-354-3300. Publishes standards for industry, such as

ANSI 2223.1, commonly called the National Fuel Gas

Code.

American Marketing Association. 250 South Wacker
Drive, Chicago, IL 60606-5819. Telephone: 800-262-
1150, Fax: 312-648-5625, E-Mail: info@ama.org, Inter-
net web address: http://www.ama.org. Publishes periodi-
cals for marketing, sponsors educational activities, does

market research.
American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, Inc. (ASHRAE), l79l Tullie
Circle, NE, Atlanta, GA 30329. Telephone: 404-636-
8400, Fax: 404-321-5478, Internet web address:

http://www.ashrae.org. Publishes IfVAC & R books and
manuals, writes standaxds for the industry, and holds an-
nual conferences.
Canadian Gas Research Association, 55 Scarsdale
Road, Don Mills, Ontario M3B 2R3, Canada. Telephone:
416-447-6661.
Canadian Gas Association (CGA), 243 Consumers
Road, Suite 1200, North York, Ontario l[{2J 5E3, Canada.
Telephone : 416-498-1994.
Compressed Gas Association, Crystal Square 2, Suite
1004, 1725 Jefferson Davis Highway, Arlington, VA
22202-4102. Telepho ne 7 03 -412-0900.
ETL Testing Laboratories, Inc., 3933 U.S. Route 11,

Cortland, IIY 13045. Telephone: 607-753-6711. ETL
Labs. tests gas appliances and publishes the Consumer's
Directory of Certified Efficiency Ratings for Residential

Organizations
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Heating and Water Heating Equipment (GAMA Direc-

tory), every April and Octobor.

Gas Appliance Manufacturers Association, Inc.
(GAMA), P.O. Box 9245,1901 North Moore Street, Ar-
lington, Y A 22219. Telephon e: 7 03 -525 -9565.

Gas Research Institute (GRf), 8600 West Bryn Mawr
Avenue, Chicago, IL 6063 1. Telephone: 312-399-8 100.

Industrial Gas Technology Commercialization Center,
1515 Wilson Boulevard, Arlington, VA 22209. Tele'
phone: 703-841-8463. Started in 1991 to help introduce
gas-fired equipment into the industrial marketplace.

International Approval Services - Canada, Inc., 55

Scarsdale Road, Don Mills, Ontario M3B 2R3, Canada.

Telephone: 416-447-6468. Call to find out if a gas appli-
ance is certified. Publishes the Directory of Appliances
and Accessories (updated twice annually, January and

July).
International Approval Services - U.S., Inc. (formerly
American Gas Association Laboratories), 8501 East

Pleasant Valley Road, Cleveland, OH 44131. Telephone:
216-524-4990. Call to find out if a gas appliance is certi-
fied. Publishes the Directory of Appliances and Accesso-
ries (updated twice annually, January and July).
National Fire Protection Association (NF'PA), One Bat-
terymarch Park, Quincy, MA 02269. Telephone:

617-770-3000 and 800-344-3555, Fax: 800-593-6372.
Publishes the National Fuel Gas Code OfFPA 54, ANSI
2223.1) and other codes important to the natural gas

industry.
Natural Gas Vehicle Coalition, 1515 Wilson Blvd., Ar-
lington, V A 22209. Telephon e: 7 03 -527 -3022.
Natural Gas Vehicle Producers Association, 1300 L
Street, N.W., Suite 1050, Washington, DC 20005. Tele-
phone: 202-371-1322.

2tt

Organizations
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Books and Periodicals

Principles of Marketing, 7th ed. by Philip Kotler and

Gary Armstrong. Published by Prentice-Hall, Englewood
Cliffs, NJ, 1996. ISBN 0-13-190208-3. Probably the best

marketing textbook available. Good for an overview of
the discipline of marketing as it is taught at business

schools.

National Fuel Gas Code,1996 OmPA 54, ANSI 2223.1)

by National Fire Protection Association (NFPA). The na-

tional code for natural gas and propane appliance installa-
tion and venting. Available from NFPA, I Batterymarch
Park, Quincy, MA 02269. [Natural Gas and Propane

Equipment Information]
National Electrical Code, 1993 OfFPA 70) by National
F'ire Protection Association G.IFPA). Available from
NFPA, I Batterymarch Park, Quincy, MA 02269.
Consumers' Directory of CefiiJied Efficiency Ratings for
Residential Heating and Water Heating Equipment (of-
ten referred to as the "GAMA Directory") by Gas Appli-
ance Manufactures Association (GAMA). Includes current
listings of all certified central residential gas- and oil-fired
furnaces and boilers; gas vented direct heating equipment;
and all certified residential electric, gas-fired, and oil-fired
storage water heaters. Also included are methods for com-
paring costs of spaco heating, sizing water heaters, and
comparing costs of water heating with different fuels.
Published each April and October. Available from GAMA
Efficiency Certification Program, ETL Testing Laborato-
ries, Inc., 3933 U.S. Route 11, Cortland, NY X3045.

[Gas/Electric Equipment Information]
Directory of Certifted Appliances and Accessories by
International Approval Services (American Gas Associa-
tion Laboratories). Includes current listings of all certified
gas appliances and accessories, manufacturers, model
numbers, input and output ratings. Available from

Books and Periodicals
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International Approval Services (AGA Laboratories),

8501 East Pleasant Valley Road, Cleveland, OH 44131.

fNatural Gas Equipment Information]
Commerciol Gas Sales Reference Manual by Richard
Karg. Includes descriptions of commercial natural gas

equipment, gas equipment applications for fourteen com-
mercial facility types, glossary, and helpful calculation
procedures. Available from Niagara Mohawk Power
Corp., 300 Erie Boulevard West, Syracuse, NY 13202 or
R.J. Karg Associates, 220 Meadow Road, Topsham, ME
04086. Telephone: 207-725-6723, Fax: 207 -725-7818.

fNatural Gas Equipment Information and Applications]
Natural Gas Cooling Equipment Guide by American Gas

Cooling Center. Includes description and manufacture list-
ings for l) absorption systems,2) gas engine-driven sys-

tems, 3) desiccant systems, 4) hybrid systems, and 5)

systems under development. Available from American
Gas Cooling Center, 1515 Wilson Boulevard, Arlington,
YA22209. fNatural Gas Equipment Information]
Foodservice Gas Equipment Catalog by CP Publishing.
Catalog of commercial gas foodservice equipment listed
by appliance type with descriptions and specifications.
Regularly updated. Available from CP Publishing, 104 S.

Main Street 7th Floor, P.O. Box 267,Fond du Lac, WI
54936-0267. Telephone: 414-923-3700. fNatural Gas

Equipment Informationl
HVAC Directory & Source Guide by Business News
Publishing Co. Includes gas & electric IfVAC/R products,
manufacturers, and where to buy products. Updated annu-
ally. Available from Business News Publishing Company,
P.O. Box 2600, Troy, Mich. 48007. Telephone:

810-362-3700, Fax: 810-362-0317. [Gas/Electric Equip-
ment Information]

213
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A Guide to Natural Gas Cooling by American Gas Asso-

ciation, edited by Richard Itteilag. Includes overview of
gas engine-driven cooling, gas desiccant cooling, gas ab-

sorption cooling, gas rooftop systems, utility support for
gas cooling, and gas cooling equipment and the environ-
ment. Economic analysis for each gas technology is in-
cluded. Available from Fairmont Press, Inc., 700 Indian
Trail, Lilburn, GA 30247. fNatural Gas Equipment
Information]
ASHRAE llandbooks include four volumes, one is re-

vised each year: Fundamentals; HVAC Systems and
Equipment; HVAC Applications; and Refrigeration. All
by American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE). These are the most
popular handbooks for FIVAC/R engineers and designers.
Available from ASHRAE, l79l Tullie Circle, N.E., At-
lantq G A 3 0329 . [Gas/Electric Equipment Information]
Glossary for the Gas Industry by American Gas Associa-
tion. Available from AGA, 1515 Wilson Boulevard, Ar-
lington, Y422209. fNatural Gas Information]
ASIIRAE Terminology of Heating, Ventilation, Air Con-
ditioning, and Refrigeralion by American Society of
Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE). A glossary. Available from ASHRAE,lT9l
Tullie Circle, N.E., Atlant4 GA 30329. [Gas/Electric
Equipment Information]
Ventilationfor Acceplable Indoor Air Quality: ASHRAE
Standard 62-1989 by American Society of Heating, Re-
frigerating and Air-Conditioning Engineers (ASHRAE).
The accepted standard for commercial and residential ven-
tilation guidelines. Available from ASHRAE,lT9l Tullie
Circle, N.E., Atlanta, GA 30329.
Means Mechanical Cost Data (revised annually) by R. S.

Means Company. Includes costs for installing IIVACi{R
equipment, materials and labor. Available from R. S.

Books and Periodicals
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Means Company, 100 Construction Plaza, P.O. Box 800,

Kingston, MA 02364-0800. Telephone: E00-334-3509,

Fax : 8 00-6 32-67 32. [Gas/Electric Equipment Information]
Commercial Applications, Systems and Equipment:
Manual CS by Air Conditioning Contractors of America
(ACCA). Includes overview of design procedure, system

selection, application by building type,load analysis, se-

lecting cooling and heating equipment, radiant heat, hu-
midification equipment, all-air systems, water systems,

unitary systems, and more. Available from ACCA, l7l2
New Hampshire Avenue, NW, Washington, DC 20009.

[GaslElectric Equipment Information]
Residential Load Calculation: Manual "f by Air Condi-
tioning Contractors of America (ACCA). This is the most
commonly used method for calculating cooling and heat-
ing loads for the purpose of sizing cooling and heating
systems. Available from ACCA\ l7l2 New Hampshire
Avenue, NW, Washington, DC 20009.
Commercial Load Calculation: ManualNby Air Condi-
tioning Contractors of America (ACCA). Method for
calculating cooling and heating loads for low-rise com-
mercial buildings. Available from ACCA, 1712 New
Hampshire Avenue, NW, Washington, DC 20009.
Cooling and Heating Load Calculation Manual,2nd ed.,

1992 by American Society of Heating, Refrigerating and
Air-Conditioning Engineers (ASHRAE). Method for cal-
culating cooling and heating loads for all commercial
buildings. Available from ASHRAE, l79l Tullie Circle,
N.E., Atlantq GA 30329.
Residentiul Duct System Design, Manual D by Air Con-
ditioning Contractors of America (ACCA). Method for
designing and sizing ductwork (equal friction method) for
residential and small commercial buildings. Available
from ACCA, l7l2 New Hampshire Avenue, NW, Wash-
ington, DC 20009.

215
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Air Distribution Basics for Residential and Small Com-

mercial Baildings: Manuul I by Air Conditioning Con-

traetors of America (ACCA). Good, non-mathematical
overview of the basics. Available from ACCA, 1712 New
Hampshire Avenue, NW, Washington, DC 20009.

American Gas, the monthly magazine of the American
Gas Association, 1515 Wilson Blvd., Arlington, VA
22209.
Air Conditioning, Heating and Refrigeration News
(The News), a weekly magazine by Business News Pub-
lishing Company, P.O. Box 2600, Troy, Michigan 48007.
Telephone : 810-3 62-37 00.
ASHRAE Journal, the monthly magazine of the Ameri-
can Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., 1791 Tullie Circle, N.E.,
Atlarfi4 GA30329.
Consulting-Specifying Engineer, a monthly magazirre
for engineers speci$ring equipment for buildings. Pub-
lished by Cahners Publishing Company, 8773 South
Ridgeline Blvd., Highlands Ranch, CO 80126-2329.Te\e-
phone: 847-635-8800.
Engineered Systems, monthly magazine regarding
HVAC equipment by Business News Publishing Com-
pany, P.O. Box 7016, Troy, MI 48007. Telephone:
810-362-3700.
Heating/PipinglAirConditioning (IIPAC), a monthly
magazine covering mechanical systems. By Penion Pub-
lishing, P.O. Box 96732, Chicago, IL 60693. Telephone:
3 l2-861-0880.
Home Energy, a bi-monthly magazirte covering residen-
tial and multifamily energy we. 2124 Kittredge Street,
No. 95, Berkeley, CA 947 02. Telephone : 5 10-524-5405.

Books and Periodicals
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Public Utilities Fortnightly, a semi-monthly magazine

about utility rogulation, marketing, structural changes, and

case studies. P.O. Box 84, Spencerville, MD 20868-0084.
Telephone : 800-421 -449 4.

Online Services

Online services change quickly. At this time in the early
years of the internet many new sites are being added

weekly. Listed here are the internet sites that were found
to be the most useful for nafural gas marketing informa-
tion and activities.

There are two ways you can find new sites not listed
here. First, you can use one of the search engines on the
world wide web. Second, you will find that many of the
sites you visit will be linked to other relevant sites, allow-
ing you to move to another site with the click of your
mouse button.

It is easy to waste time on the internet. It is a good idea
to use the fastest modem available and to know what you
are looking for.

American Council for an Energy Efficient Economy,
maintained by ACEEE. A nonprofrt organization involved
with research, publishing, and consulting. Keywords: en-
ergy efficiency, gas and electric demand-side manage-

ment utilities. Internet web address : http ://crest. org/aceee/

American Gas Online, maintained by the American Gas

Association. Includes industry information, consumer in-
formation, and access to Gas Industry Online Network
(subscription required). Keywords: natural gas, gas utili-
ties, natural gas applications, appliances. Internet web ad-

dress : http ://www .aga.com/
Alternative Fuels Data Center, maintained by the United
States Department of Energy. Good resource for CNG and

LNG vehicle topics. Keywords: fuels, natural gas vehi-
cles, compressed natural gas (CNG), liquefied natural gas

Online Services
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(LNG), alternative fuels. Internet web address:

http ://www. afdc. nrel. gov/
ASHRAE Online, maintained by the American Society of
Heating, Refrigerating and Air-Conditioning Engineers.
Keywords: standards, energy calculations, heating sys-
tems, cooling systems, ventilation, information systems.
Internet web address : http ://www. ashrae. orgl
Association of Energy Services Professionals (AESP),
maintained by AESP. Good place to look for consulting
services or to communicate with consultants. Maintains
the AESP-Net mailing list for utility personnel and energy

service professionals. Keywords: energy, energy services,

energy consultants, public utilities. Internet web address:

http ://www. dnai. com : 80/AESP/
Energy Information on Internet (EII), maintained by
Netherlands Energy Research Foundation (in English).
Listing of over 250 web sites related to energy and public
utilities. Keywords: energy, web-sites. Internet web ad-
dres s : http ://www. ecn. nUeii/m ain.htmll
EnergySource Desktop, Clean Fuel Network, main-
tained by Tech 2000 Worldwide, Inc. Keywords: natural
gas, information services, product information, market in-
formation. Under heading of "Natural Gas Marketplace,"
lists gas sales market trends and forecasts for ten geo-

graphical divisions of the U.S. market. Internet web ad-

dress: http ://www.naturalgas. com/
Gas Industry On-Line (GIO), maintained by the Ameri-
can Gas Association. The online link to AGA. Subscrip-
tion fee required. Keywords: natural gas, databases"

Internet web address: http://www. gio.com/
Gas Research Institute, maintained by GR[. Keywords:
natural gas, research, databases. Internet web address:

http://www.gn.orgl

Online Services
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GASWEB, maintained by International Approval Serv-

ices (AGA Laboratories). Keywords: natural gas, gas utili-
ties, NGV, gas appliances, manufacturers, research.

Internet web addres s : http ://www. apk. net/gasweb/
GRI NET, maintained by the Gas Research Institute. Sub-

scription fee required. Keywords: natural gas, NGV,
power generation, exploration, distribution, safety, re-

search. Internet web address : http ://www .gri.orgl
Institute for Gas Technology, maintained by IGT. Key-
words: information services, energy, environment, natural
gas. Internet web address: http ://www .igt.or gl
United States Department of Energy, maintained by
DOE. Keywords: energy, information services. Internet
web address : http : //web. fie. com/w eb / fe d/ do e /
United States Energy Efficiency and Renewable En-
ergy Network, maintained by DOE. Keywords: energy,

renewable energy, transportation, utilities. Internet web
address : http ://www. eren. doe. gov/
United States Energy Information Administration,
maintained by DOE. Good information for natural gas

marketing. Keywords: energy, natural gas, data bases,

marketing. Internet web address: http ://www. eia. doe. gov/

Online Services
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Absorption Refrigeration Cycle. This basic refrigeration
cycle involves the repeated absorption, separation, con-
densation, vaporization and reabsorption of the refriger-
ant. Heat energy rather than mechanical energy moves the

refrigerant. The two most common types of absorption
systems use water as the refrigerant and lithium bromide
as the absorber, and ammonia as the refrigerant and water
as the absorber. These systems are relatively simple and

require little maintenance. Natural gas is often used to
supply the heat for absorption refrigeration.
Absorption Chiller. A refrigeration device used to trans-

fer heat between fluids. An absorption chiller refrigeration
device uses heat energy, such as that from natural gas

combustion, an.d an absorption unit to produce chilled wa-
ter. See Chiller and Chilled Water.
AFUE. See Annual Fuel Utilization Efficiency.
Air-And-Water System. Refers to a central conditioning
system for a medium to large building. These systems

condition spaces by distributing air and water from a cen-

tral mechanical arca to terminal units installed in the con-
ditioned spaces. The air supplied to the conditioned spaces

is called primary air, the hot or chilled water supplied is

called secondary water. Ducting is relatively simple. Sec-

ondary water distribution can be installed as two-pipe,
three-pipe, or four-pipe systems.
Air-Handling Unit. A device, usually connected to duct-
work and containing a blower to move conditioned or

ventilation air through the ductwork.
AII-Air System. Refers to a central conditioning system

for a medium to large building. All heating and cooling
(sensible and latent) energy is carried by the distribution
air from the central plant to the zones or rooms. These

systems may be single zone (often roof-top), reheat,
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variable-air-volume (VAV), dual duct, or multizone. Con-

trast with Air-and-Water system and All-Water System.

All-Water System. Refers to a central conditioning sys-

tem for a medium to large building. Hot or chilled water is
supplied from a central plant to the conditioned spaces

through the water distribution system. Individual air han-

dlers with hot water and chilled water coils supply the
spaces with conditioning. It is quite easy to install these

systems in existing buildings because the distribution
pipes do not require much space.

Annual Fuel Utilization Efficiency (AFUE). A value de-

rived by a standard test procedure (NBSIR 78-1543 or
ANSVASHRAE Standard 103-1988) which is meant to
estimate the seasonal efficiency of a combustion heating
system. May be expressed as the total heating output di-
vided by the total energy or fuel input.
Atmospheric Steamer. A pressure-less steam cooker
made to operate at normal atmospheric pressure.

Base Load, Residential Gas. The gas consumed by all
gas appliances----clothes dryers, water heaters, and
ranges----€xcluding space conditioning appliances.
Bio-Gas. Methane gas produced by the decomposition
and processing of organic materials.
Boiler Horsepower. A unit used for rated boiler input and

output. One boiler horsepower equals 33,475 Btuh.
Boiler Trim. Apparatus, usually for safety, connected to
the pressure side of the boiler. Examples are steam gages,

water gages, and pressure safety valve.
Boiler, Dry-Base. A boiler with a firebox below all the
water-filled areas of the heat exchanger. Water-fil1ed areas

are only above the firebox.
Boilen, Wet-Base. A boiler with a firebox surrounded by
water-filled sections of the heat exchanger, except for nec-

essary openings. Water-filled areas are above, on all sides,

and below the firebox.
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Boiler, Wet-Leg. A boiler with a firebox having water-

filled sections abovo, and on the sides, but not below.
Booster Water Heater. An auxiliary water heater used to
raise water temperature from 140"F to above 180"F for
commercial kitchen dish washer rinse cycles.

British Thermal Unit @tu). The amount of thermal en-

ergy (heat) required to increase the temperature of one

pound of water by one degree Fahrenheit.
Broker. A natural gas wholesaler who does not take title
to gas, whose function is to bring gas buyers and sellers

together and assist in negotiation.
Btu. See British Thermal Unit.
CCF'. One hundred cubit feet. A common unit for meter-
ing natural gas.

CFM. Cubic Feet per Minute. Often used to measure

airflow.
Char Broiler. A broiler with an.open grill over charcoal

or ceramics, most often natural gas-fired. Gas input rates

are usually 40,000 to 100,000 Btu/hr.
Chilled Water. Water of 42'F to 45'F circulated through
water coils for space cooling and dehumidification.
Chiller. A refrigeration device used to transfer heat be-

tween fluids. An absorption chiller refrigeration device
uses heat energy, such as that from natural gas combus-

tion, and an absorption unit to generate chilled water. A
mechanical chiller refrigeration device uses mechanical
energy input to generato chilled water.

Chinese Range. A specialized gas range with integral
range top racks for woks (a Chinese pot).
City Gate. The point at which a gas distribution company
receives gas from a pipeline company.

Coefficient Of Performance (COP). The ratio of usable

output energy divided by input energy. The total heating
output of a heat pump includes the heat generated by the
circulating fan but excludes supplemental resistance heat.
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Cogeneration. The use of a single fuel source to simulta-

ncously produce electricify and heat (steam or hot water).

Coil. A device made up of a configuration of tubes or
pipes through which steam, hot water or chilled water
flows. Used for heating or cooling air.
Collateral Appliance. See Collateral Load.
Collateral Load. Accompanying gas loads or appliances

connected concurrently with or peripherally to another gas

load or appliance. The economic advantages of these col-
lateral loads are often included as part of the benefits of a
primary load or appliance.
Combination Oven/Steamer. A convection oven and

steam cooker integrated into one compartment.
Commissioning. A set of procedures to ensure that build-
ing components and systems are installed and operating in
an optimal fashion to meet or exceed the designed intent.
Compartment Steamer. A device that rapidly cooks food
by direct contact with steam. Either low or high pressure

steam. The compartments vary from 30 to 100 pounds in
capacily.
Compressor. A device used for mechanically increasing
the pressure of a gas, such as a refrigerant.
Condensate. A liquid formed by the condensation of va-
por (phase change from vapor to liquid).
Condenser. A heat exchanger upon which water vapor
condenses (changes state) as a result of the coil tempera-
ture being below the dew point temperature of the air
passing through. A heat exchanger in which high pressure

refrigerant gas is condensed by transferring thermal en-

ergy to a cooling medium.
Condensing Unit. A high-efficiency heating unit-most
often a furnace, but sometimes a boiler-that has an ex-
haust temperature below the dew point temperature of the
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exhaust gasos (about 130"F). The slightly acidic conden-

sate must be discharged from the appliance.

Conditioned Space. The space within a building that is

intentionally heated or cooled.

Convection Oven. An oven in which heated air is rapidly
circulated by a fan. Allows for the even baking of foods.
The gas input rate for most convection ovens is from
50,000 to 110,000 Btu/hr.
Conversion Gas Burner. A gas burner designed to be in-
stalled in an appliance originally intended to use another

tuel.
Conveyorized Oven. Ovens that use gas-fired infrared

bumers and forced convection. A conveyor mechanism

carries the food to be baked, often pizz4 through the oven
over a specified time for proper baking.
Cooling Capacity. The total cooling capacity of a cooling
device. Usually includes the latent cooling capacity (re-
moval of water vapor) and sensible cooling capacity (re-
duction of air temperature).
Cooling Tower. A heat transfer device or structure, often
tower-like, used for air-cooling wzum water, usually by
evaporation. There are many types of cooling towers.

Cooling Load. The amount of cooling needed by a build-
ing at design conditions during a given period, usually
one hour.
Cooling Tower Ton. The total heat rejection capacity of a
cooling tower, equal to 15,000 Btu/hr (12,000Btu/hr x
l.25yo: 15,000Btu/hr). Based on 25%o compressor heat

added to one ton of refrigeration capactty.
Deck Type Oven. Ovens that may be placed one above

another in various configurations. Depending upon the
type and number of deck ovens in a configuration, total
gas input rates can be from 30,000 to 240,000 Btu/hr, the
average being 100,000 Btu/hr or under.
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Deep Fat Fryer. A deep fat fryer consists of a deep kettle

that is filled with oil or fat and is heated from the under-

side by gas burners. The appliance is used for making
French fries, fried chicken, etc. These fryers are available
as floor and counter appliances. Counter fryers require
from 27,500 to 48,000 Btu/trr Larger units require from
84,000 to 212,000 Btuftr.
Degree Day, Heating. See Heating Degree Day.
Dehumidification. The process of removing water vapor

from the air.
Dehumidifier. An air cooler, absorption, or adsorption
device used for removing water vapor from the air.

Dekatherm. The equivalent heating value of 1,000,000

Btu's or l0 therms.
Demand Meter. An electric meter that measures demand

charge and kilowatt hours used.
Demand Charge. A charge for gas or electric service

based on actual or estimated peak daily (or hourly,
weekly, monthly) usage of a customer.

Desiccant. A substance in an air-conditioning system that
dehumidifies by absorption or adsorption.
Direct Purchase Gas. Gas purchased by a user directly
from the source rather than from the local natural gas

company. Also called transportation gas, spot market gas,

and gas transported for the account of others. In 1989,

l2%o of all gas consumed in commercial buildings was di-
rect purchase gas.

Direct Vent Appliance. Appliance constructed and in-
stalled so that all combustion gases are vented to the out-
side and all combustion supply air is derived directly from
the outside through a dedicated pipe or passageway.

Direct-Expansion Refrigeration System. A refrigeration
system that uses a compressor and expansion valve to pro-
duce a cooling effect. Sometimes referred to as a DX
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system. Split systems, roof-top units, and window units

are typically DX devices.

District Heat. Steam or hot water from an outside source

used as an energy source for space heating or another end

use in a building. The steam or hot water is heated at a
central plant and piped to buildings for use.

Diversity Factor. The ratio of the maximum probable de-

mand to the mo<imum possible demand.

Draft. The flow of combustion gases through a vent sys-

tem caused by differences in pressure. Natural draft is
created by the difference between the density of the flue
gases and the density of the outside air. The difference in
density is created by the temperature differences. Negative
pressure is created in the vent system. Induced draft is

mechanically created by a fan located at the point of exit
of the flue gases to the outside. Negative pressure is cre-

ated in the vent system. Forced draft is mechanically cre-

ated by a fan, integral to the combustion appliance,

creating positive pressure in the vent system.

Draft Diverter. A draft regulation device either built into
a gas appliance or added to a vent system. Also referred to
as a draft hood.
Draft Hood. See Draft Diverter.
Draft, Forced. Forced draft is mechanically created by a
fan, integral to the combustion appliance, creating positive
pressure in the vent system. The fan is always installed by
the manufacturer of the appliance and may not be installed
in the field.
Draft, Induced. Induced draft is mechanically created by
a fan located at the point of exit of the flue gases to the
outside. Negative pressure is crehted in the vent system.
An induced draft fan can be added to most natural draft
gas appliances, thereby converting them to induced draft
appliances. Generally, this is not a violation of the ,n/a-

tional Fuel Gas Code.
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Draft, Natural. Natural draft is created by the difference

bEtwEon tho donsity of the flue gases and the density of
the outside air. The difference in density is created by the

temperature differences. Negative pressure is created in
the vent system.
Dry-Base Boiler. See Boiler, Dry-Base.
Dual-Duct System. An air conditioning system having a

central plant that produces air at two temperatures and hu-

midities, that is distributed through two distinct duct sys-

tems to the conditioned spaces where mixing may be

carried out to achieve desired temperatures.

Dual Temperature Water Heating. A system for supply-
ing hot water at two temperatures, usually 140"F and

180"F, used in commercial kitchens. There are various
ways of supplying two water temperatures, including
booster water heaters and water heaters with hot/cold wa-
ter mixing valves.
Duct Heater. A heat source installed inside of a duct used

to heat the area served by the duct.
Economizer Cycle. A cycle or stage of a cooling system

that reduces the mechanical cooling requirements, usually
accomplished with the controlled use of outdoor air.
Energy Efficiency Ratio. A ratio calculated by dividing
the cooling capacity, in Btu's per hour (Btuh), by the
power input in watthours, at any given set of rating con-
ditions, expressed in Btuh per watt-hour (Btuh/watt-hour).
Energy Factor. A measure of overall efficiency----energy
output compared to energy consumption over a 24-hotx
period. Used primarily for direct-fired storage water
heaters.
Energy Management. The systematic planning and im-
plementation of building or facility energy requirements
for optimum p erformance.
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Energy Service Company (ESCo). Companies that offer
customors pricing options and contracts; information sorY-

ices; efficient lighting, heating, cooling, and drive power;

maintenance; and financing for energy equipment invest-

ments. These companies develop and coordinate energy

projects, similar to a real estate developer. Many ESCos

are unregulated subsidiaries of gas or electric utilities.
Envelope. The outer skin of a building that separates con-

ditioned air from unconditioned outside air. Sometimes

referred to the insulated envelope or insulated shell.

Equipment Service Life. The expected useful life of a

piece of equipment, usually expressed in years. Equip-

ment service life is necessary for the calculation of the life
cycle cost of a particular piece of equipment. Also, if a

piece of equipment has reached the end of its predicted

useful life, replacement should be planned.

Evaporative Cooling. The cooling of water and/or sur-

rounding air by evaporating a portion of the water.

Evaporator. A heat exchanger in which a refrigerant
evaporates by absorbing thermal energy from a medium to
be cooled.
Fan, Induced Draft. A fan used for exhausting hot com-
bustion gases by suction. Such a fan creates negative pres-

sure in the vent connector of the combustion appliance.

Fan-Assisted Combustion. An appliance equipped with a
fan to either draw air through the combustion chamber
(induced combustion fan creating negative pressure) or
force air through the combustion chamber (forced com-
bustion fan creating positive pressure).

Firm Gas Rates. Rates given to high-priority customers

whose service cannot be intemrpted.
First Hour Rating. The maximum number of gallons a
water heater can supply in one hour. First hour rating val-
ues for all residential water heaters currently manufac-
tured may be found in the Consumer's Directory of
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Certified Efficiency Ratings for Residential Heating and

Water lleating Equipment,the "GAMA Direct0ry," by the

Gas Appliance Manufacturers Association. The first hour

ruting of a water heater should be matched with the peak

hour demand of the occupants.

Food Warmer. An insulated container used to keep food
at serving temperature, either mobile or stationary.

Forced Air X'urnace. A furnace equipped with a fan or

blower that circulates the distribution air for heating

space. Downflow furnace discharges the circulation air

downward near the bottom or the furnace. Upflow fumace

discharges the circulation air upward near the top of the

furnace. Horizontal fumace moves the circulation air side-

ways, from one end of the furnace to the other.

Fry Top Range. A gas range with a flat metal surface for
a top with provision for carrying excess grease to a

receptacle.
Fuel Charge. The fuel charge represents the variance in
the cost of generation fuel-gas, coal, or oil-used for the
production of electricity. This charge is passed on to the
consumer.
Furnace. A heating system that heats, and usually force-
fully distributes, air. Often used as a general term for a

central heating system of any type.
Gas Transported For The Account Of Others. Gas pur-
chased by a user directly from the source rather than from
the local natural gas company. Also called transportation
gas, direct purchase gas, and spot market gas. In 1989,
1.2o/o of all gas consumed in commercial buildings was gas

transported for the account ofothers.
Gate Station. A receiving and pumping station operated

by a gas utility.
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Griddle. A flat metal surface on which food is cooked by
dry heat. The averago commorcial gas rango (griddle)

burner has an input rating of 24,000 to 30,000 Btu/hr.

Most griddles have two burners.

Grill. A cooking device with a top and bottom heating

element used for making grilled cheese sandwiches, etc.

Also, a term used for a griddle. The average commercial
gas range (grill) burner has an input rating of 24,000 to

30,000 Btu/hr. Most grills have two burners.

Heat Pump, Air Source. A refrigeration system that

cools and heats, using the outside air as a heat sink during

cooling operation and as a heat source for heating the con-

ditioned space. Air source heat pumps have five basic

parts: Outdoor coil (condenser coil for cooling, evaporator
coil for heating); indoor coil (evaporator coil for heating,

condenser coil for cooling); the compressor; the expansion
or metering device; and the four-way valve or reversing
mechanism.
Heat Pump, Ground Source. Also referred to as ground
water, water source, and geothermal heat pumps. A heat
pump for which the "outdoor" coil (condenser coil for
cooling, evaporator coil for heating the condition space)

exchanges heat with water, using the water as a heat sink
for cooling and as a heat source for heating the condi-
tioned space. Ground source heat pumps have five basic
parts: Water coil (condenser coil for cooling, evaporator
coil for heating); indoor coil (evaporator coil for heating,
condenser coil for cooling); the compressor; the expansion
or metering device; and the four-way valve or reversing
mechanism. In open loop-systems, the water flows
through the water coil (analogous to the outdoor coil of an
air source heat pump) from a well, pond, steam, or mu-
nicipal water supply. In closed-loop systems the water that
flows through the water coil is reused indefinitely. The
closed-loop, usually made of plastic pipe, is buried in the
ground surounding the conditioned building.
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Heat Recovery Ventilator. Air-To-Air Heat Exchanger.

A heat exchangor that transfers thormal onorgy from an

exhaust air-stream (stale air) to an isolated supply air-

stream (fresh air).
Heated Space Or Conditioned Space. The space within
a building that is intentionally heated.

Heater, Make-Up Air. A self-contained, gas-fired space

heater that heats air from the outside and directs it into a

building.
Ileating Degree Day (IIDD). The average temperature of
a twenty-four hour day subtracted from 65"F. The heating
degree day value for a weather year (July I through June

30) is the sum of the heating degree day values for each

day of the year.

Ileating Seasonal Performance Factor (HSPF). The to-
tal heating output of a heat pump during its normal operat-

ing season, in Btu, divided by the total electric input
during the same period.
lfeating Load (Design Heat Load). The heat required by
a building at design conditions for a specific duration,
usually one hour.
Ileavy Duty Range. Range designed for heavy commer-
cial use, usually made in modular sections that may be
joined. Gas range burners have input ratings from 14,500
to 30,000 Btu/hr and oven input ratings are 30,000 to
55,000 Btu/h. Design input for a gas rangeloven is from
92,000 to 195,000 Btu/hr.
Horsepower, Boiler. Equivalent to 33,475 Btu per hour
or the evaporation of 34.5 pounds of water at 212"F and
above.
Hot Top Range. A gas range with a flat metal surface for
a top. Once it is brought up to operating temperature, the
entire surface can be used for cooking.
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HSPF. See Heating Seasonal Performance Factor.
IfYAC. Heating, Yentilating, and Air Conditioning.

IMC & R. Heating, Ventilating, Air Conditioning and

Refrigeration.
IAQ. Indoor Air Quality. An often used guide for indoor

air quality is Ventilation for Acceptable Indoor Air Qual-
,0/ (ASHRAE 62-1989).
Incineration. The process of reducing refuse to ash.

Infiltration. Uncontrolled air leaking into a building
through the building envelope or shell.

Infrared Broiler. A broiler using infrared heat energy for
cooking. The infrared burner consists of a ceramic, perfo-

rated core, that is heated by a gas flame.
Infrared Heater. A heater that transmits a substantial

amount of its heat energy in the form of infrared energy.

Gas infrared heaters may be of the vented or unvented
type. Sometimes referred to as radiant heaters.
fnstantaneous Water Heater. A domestic or commercial
water heater with a relatively high energy input designed
to heat water quickly. Does not store water (so no storage
energy losses).
Interruptible Service. A service which many utilities of-
fer to large commercial and industrial customers allowing
reduced pricing on gas consumption if the customer
agrees to switch temporarily to another fuel whenever a
peak load on the system creates a risk that the utility
might not be able to serve all customers. This risk usually
only arises during cold weather.
Joule (Q. The work done by the force of one Newton act-
ing over a distance of one meter or the work done by one
ampere flowing through a resistance of one ohm for a pe-
riod ofone second.
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Latent Cooling Load. The part of a cooling load associ-

ated with the removal of water vapor-{ehumidifica-
tion-from the air.
Liquefied Natural Gas (LNG). Natural gas that has been

liquefied by lowering its temperature to negative 260"F.

Load Factor. The ratio of a gas customer's average an-
nual load to their peak demand.
Loads, Connected. The sum of the rated Btu input of gas

appliances connected to a piping system.
Make-Up Air. Air that is brought in from the outside to
replace exhausted air.
Manifolding. Piping of a series of lines to one common
intersection for distribution to other components. Some-
times used for the installation of multiple gas boilers serv-
ing one building.
Manufactured Gas. Gas that is made from coal or other
hydrocarbon fuels.
Market. A group of potential buyers of a product or
service.
Market Positioning. Planning for a product or service to
occupy a clear, distinctive, and desirable place relative to

::ilrr1,L:.products 
or services in the minds of the target

Market Targeting. The process of evaluating each mar-
ket segment's appeal and selecting one or more segments
to enter.
Marketing. A social and managerial process by which in-
dividuals and groups obtain what they need and want
through creating and exchanging products, service, ffid
value with others.
Marketing Strategy. The means of marketing by which
the company managers intend to achieve their marketing
objectives.
MBH. One thousand Btu per hour.
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MBtu. One thousand Btu.
MCF. One thousand cubic feet. Common unit for meter-
ing natural gas.

Mechanical Chiller. A refrigeration device used to trans-
f,er heat between fluids. A mechanical chiller refrigeration
device uses mechanical energy input to generate chilled
water.

Mechanical Refrigeration Cycle. Also called vapor-
compression refrigeration cycle. A common refrigeration
method using a special refrigerant (usually a chlorofluoro-
carbon or ammonia) which is compressed by a compres-
sor, condensed in a condenser, and vaporized in an

evaporator. The refrigerant is moved by mechanical
means. A direct-expansion refrigerating system is a type
of vapor-compression system.
Meter Bar. A setup tool (spacer bar) used by gas utilities
to assist field installers in the connection of the building
gas piping to the gas meter. The meter bar is installed on
the piping system before the gas meter is connected and
insures that the gas meter will fit on the piping system at
the time of connection.
Methane. The first of the paraffin series of hydrocarbons,
CHa. The primary constituent of natural gas.

Mission Statement. A statement of the company's pur-
pose-what it wants to accomplish in the larger
environment.
MMBtu. One million Btu.
Multizone. Various spaces of a building over which the
conditioning system may be controlled independently of
other spaces or zones. More than one zone.
Natural Gas. A nafurally occurring gaseous hydrocarbon
with a specific graviff of 0.5 and a heat content of about
1030 Btu per cubic foot. Its primary component is meth-
ane. The chemical formula for methane (natural gas) is
cI{4.
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Net Savings. The difference between savings and costs,

where both are discounted to present or annual values.

The net savings method of economic analysis can be used

as a measure of project worth.
Open Top Range. Gas ranges with grates on the top upon
which pots are set directly over the bumers.
Packaged Terminal Air Conditioner (PTAC). A self-
contained, factory-ready, air conditioning system for
through-the-wall installation. Commonly found in motel
and hotel rooms.
Packaged Unit. A refrigeration or heating system for
which all the major components are located in one cabi-
net. Packaged units are in contrast to engineer-specified
units built up from individual components for use in a

building.
Part-Load Efficiency Or Value. The efficiency of a de-
vice, usually a space heating or cooling system, at a load
less than full load.
Peak Hour Demand. The maximum demand for hot wa-
ter by the occupants of a building during a one hour pe-

riod. The first hour rating of a water heater should be
matched with the peak hour demand.
Peel Oven. This type of gas oven gets its name from the
long paddle or peel used to load and unload the baked
goods. These ovens are site-constructed of fire brick and
other materials and usually have capacities of from 80 to
200 one-pound bread loaves per baking.
Pickup Load. The load imposed on a space conditioning
system after the period of temperature setback ends. The
size of conditioning systems is often increased to accom-
modate the pickup load and shorten the pickup time.
Pickup Time. The time required for conditioned space

temperafure to rise to the set temperafure after a period of
temperafure setback ends.
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Pilot. A small gas burner used to light a larger gas burner.

Pizza Oyen. A deck type oven anangomont with a high
temperafure baking capacity with somewhat lower hearth

temperature. Most pizza ovens require a gas input rate of
from 50,00 to 140,000 Btuih.
PPM. Parts per million.
Present Worth Or Value. The time-equivalent value at a
specified base time-the present----of past, present, and fu-
fure cash flows.
Pressure, Atmospheric. The pressure of the weight of air
and its contained water vapor exerted on the surface of the
earth at sea level, approximately 14.7 pounds per square

inch or 29.921inches of mercury at32'F.
Process Air. In the process of desiccant dehumidification,
this is the air to be dehumidified.
Propane Gas (LPG). A colorless, flammable fuel gas

produced from petroleum. Propane has a specific gravily
of 1.52 and a heat content of 2500 Btu per cubic foot. The
chemical formula for propane is CrHr.
PTAC. See Packaged Terminal Air Conditioner.
Pulse Combustion. A type of gas combustion character-
ized, by the controlled chain reaction of 60 to 70 explo-
sions (pulses) per second in a special combustion
chamber.

Quick-Disconnect Coupling. A pipe coupling with a shut
off valve. This type of connection allows gas appliances
to be easily connected and disconnected for moving and
cleaning. Commonly used in commercial kitchens.
Radiant Heater. See Infrared Heater.
Range Oven. A heavy duty or restaurant range with an

oven under the range top. Gas range burners have input
ratings from 14,500 to 30,000 Btu/hr and oven input rat-
ings are 30,000 to 55,000 Btuftrr. Design input for a gas

range/oven are from 92,000 to 195,000 Btu/hr.
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Reactivation Air (Regeneration Air). In the process of
desiccant dshumidif,rcation, the heated air used to dry (re-
activate or regenerate) the safurated desiccant. The heat

for reactivation air can be supplied by natural gas combus-

tion and/or waste heat.

Recirculation Pump. A pump used to circulate service
hot water within a large building, often used in hotels or
motels, or coflrmercial kitchens.
Refrigerant. In a refrigeration system, the heat transfer
medium that absorbs heat by the process of vaporization
and releases heat by the process of condensation.

Refrigerants may be chlorofluorocarbons, halocarbons,

ammoniq water, etc.

Refrigeration System. A heat transfer device that moves
heat from a heat source (evaporator) to a heat sink (con-
denser) with the use of a heat transfer fluid or refrigerant.
Refrigeration, Absorption. This basic refrigeration cycle
involves the repeated absorption, separation, condensa-
tion, vaporization and reabsorption of the refrigerant. Heat
energy, rather than mechanical energy, moves the refriger-
ant . The two most common types of absorption systems
use water as the refrigerant and lithium bromide as the ab-
sorber, and ammonia as the refrigerant and water as the
absorber. These systems are simple and require little
maintenance. Natural gas is often used to supply the heat
for absorption refrigeration process.
Reheat Coil. A heating coil installed downstream of a
cooling coil.
Reheat System. An air system where sensible heat is
added to air that has been previously cooled to a tempera-
ture below that desired for the conditioned space. These

systems are being used less because of their high energy

consumption.
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Relationship Marketing. The process of creating, main-
taining, and enhancing strong, mutually beneficial rela-
tionships with customers.
Retailing. A11 activities involved in selling goods or serv-

ices directly to the final consumers.

Restaurant Range. Range designed for heavy use but not
as durable as a heavy duty range and usually not made to
be joined together as modules. Gas range burners have in-
put ratings from 14,500 to 30,000 Btu/trr and oven input
ratings are 30,000 to 55,000 Btu/hr. Design input for a gas

range/oven is from 92,000 to 195,000 Btu/trr.
Revolving Tray Oven. An oven with revolving trays sus-

pended from wheels,
Roof-Top Air Conditioning Unit. A packaged

heater/cooling unit mounted on the roof of a building, the
air from the unit being directed into the building, usually
through ductwork.
Rotisserie Broiler. This type of gas broiler is designed for
food service establishments that barbecue in a prominent
part of the facility. It is a vertical broiler heated by refrac-
tory, infrared, gas burners located at the back of the unit.
The capacity can be as much as 28 whole chickens per
loading. Input rates are 30,000 Btu/hr per burner; there are

usually one to three burners.
Rotary Meter. A high-capacity gas meter that uses the
gas passing through its impellers to measure gas volume.
Salamander. A small broiler or cheese melter mounted
over a heavy duty cooking range. Gas input varies from
30,000 to 66,000 BtuAr.
Sanitize Cycle. The rinse/sanitize cycle used in commer-
cial dish washers. This cycles use either water at a tem-
perature at or above 180"F or chemicals such as bleaches

to sanitize the dishes.
Sealed Combustion. See Direct Vent Appliance.
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Seasonal Efficiency. The efficiency of combustion, usu-

ally space heating, over an entire heating season. Ac-
counts for losses in the vent systems, absorption by the

unit, and stand-by losses. Annual Fuel Utilization Effi-
ciency (AFUE) is an estimate of seasonal efficiency.

Seasonal Energy Efficiency Ratio. The total cooling ca-

pacity of a central unitary air conditioner or unitary heat

pump, in Btu's, during its normal annual usage period for
cooling, divided by the total electric energy input, in watt-
hours, during the same period.
Sensible Heat Ratio (SHR). The ratio of the sensible

cooling load to the total cooling load (sensible cooling
load plus latent cooling load). Sometimes referred to as

the Sensible Load Ratio.
Sensible Load Ratio (SLR). See Sensible Heat Ratio.
Sensible Cooling Load. The part of cooling load associ-
ated with lowering the temperature of the air. See Latent
Cooling Load and Sensible Heat Ratio.
Service Line. Underground gas line running from the gas

main to a gas meter.
Service Regulator. A pressure regulator used to reduce

and regulate service line gas pressure at the meter. Usually
is the property of the gas utility.
Service Water Heating. The heating of water for domes-
tic or commercial use other than for space heating.

SI Units. Le Systeme International d'Unites. The interna-
tional agreement on the use of the metric system of units.
Spot Market, Gas. Gas purchased by a user directly from
the source rather than from the local nafural gas company.
Also called transportation gas, direct purchase gas, and
gas transported for the account ofothers. In 1989, l2%o of
all gas consumed in commercial buildings was spot mar-
ket gas.

Steam Cooker. A gas appliance that defrosts and cooks
food by direct contact with steam.
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Steam Jacket. The outer shell of a latge kettle in which

stoam is circulated under prossure so that the steam does

not come in contact with the food. Steam jacketed kettles

are used to braise, boil or simmer foods. A medium capac'

ity steam-jacketed kettle has a gas input rating of 100,000

Btu/hr.
Steam Table (Food Warmer). This device is used to

waffn foods. It consists of a shallow water reservoir with a
cover(s) that can accommodate standard meat trays, vege-

table crocks, gravy boats and roll warmers. Gas-fired

steam tables required an input rate of 3,500 Btu/tr per

compartment.
Stock Pot Range. A specialized gas range into which a
stock pot can be inserted for heating and cooking.
Strategic Planning. The process of developing and main-
taining an effective fit between the company's goals and

changing marketing opportunities.
Supply Air. For an air distribution system, the condi-
tioned air entering the conditioned space from the air han-
dler, heating appliance, or cooling appliance.
Terminal Unit Or Element. The means by which the en-

ergy of a system is finally delivered. Examples are regis-
ters, baseboard units, diffusers, radiators, and radiant floor
panels.

Therm. The equivalent of 100,000 Btu or approximately
100 cubic feet ofnatural gas.

Tilting Braising Pan. A griddle.pan mounted on pins so

that it can tilt to dispense the food prepared in it. Gas in-
put rates required vary from 36,000 to 240,000 Btu/hr.
Toaster, Commercial. This common gas appliance con-
sists of a motor driven conveyor that carries the bread
through a thermostatically controlled toasting compart-
ment. The toasted bread is automatically discharged at the
end of the toasting cycle. The average gas input rate is
32,000 Btu/hr.
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Ton Of Refrigeration. The equivalent of 12,000 Btu/hr

of oooling oapagity, Basod 0n tho numbor of Btu/hr re-

quired to make or melt one ton of ice over a 24 hour

period.
Transportation Gas. Gas purchased by a user directly
from the source rather than from the local natural gas

company. Also called direct purchase gas, spot market
gas, and gas transported for the account of others. In
1989, 12Yo of all gas consumed in commercial buildings
was transportation gas.

Trunnion Kettle. A steam-jacketed kettle mounted on
pins so that it can tilt to dispense the food prepared in it.
Turndown Ratio. The safe operating range of a burner;

the ratio of the maximum input over the minimum input.

If a bumer has a safe operating range of 200,000 to

40,000 Btuh, the turndown ratio is 5:1.

Unit Heater. A self-contained, automatically regulated,

vented space heater. May be installed without ductwork
attached (Low-static pressure unit heater) or may be in-
stalled with ducrwork attached (High-static pressure unit
heater). Also called air heater or forced convection heater.

Utility Gases. Natural gBS, liquefied petroleum g&s,

manufactured gas, or mixtures of any of these gases.

Vapor-Compression Refrigeration Cycle. See Mechani-
cal Refrigeration Cycle.
Variable-Air-Volume System (VAV). Variable-air-
volume systems accomplish cooling and heating by keep-
ing the distribution air temperature constant and varying
the air volume delivered to the conditioned space.

Vented Gas Appliance Categories. Category,I is made
up of appliances which operate with negative pressure and
relatively high temperatures in the vent connector, high
enough to prevent excessive condensation from forming.
The National Fuel Gas Code addresses Category I appli-
ances. Category 11is made up of appliances which operate
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with negative pressure and relatively low temperatures in

thg ygnt gonnootor, low onough to oauss excossiYe 00n-

densation. There are few, if any, Category II appliances on

the market. Category III gas appliances operate with posi-

tive pressure and relatively high temperatures in the vent

connector, high enough to prevent excessive condensation

from forming. Category IV gas appliances operate with
positive pressure and relatively low temperatures in the

vent connector, low enough to cause excessive

condensation.
Water lleater. An appliance thtit supplies hot water for
domestic or coflrmercial purposes, usually for pu{poses

other than space heating. There are several types of water
heaters. Direct-fired storage, residential units heat and

store water at a controlled temperature for delivery on de-

mand. The input rating does not exceed 75,000 Btu per
hour. Direct-fired storage, commercial units heat and store
water at a controlled temperature for delivery on demand.
The input rating exceeds 75,000 Btu per hour. An
indirect-fired storage water heating system obtains ther-
mal energy for heating water from a space heating boiler
and stores the water in a vessel remote from the boiler.
This vessel often contains a water-to-water heat exchanger
that separates the boiler water from the stored water used
for domestic or commercial purposes. An instantaneous
water heater heats water instantly as it passes through the
device. There is no storage aroa for hot water.
Waterless Food Warmer. This gas appliance is similar to
a steam table food warmer, but it uses warm air rather than
steam for keeping food warm. The gas input rate for each

of the burners is approximately 3,500 Btu/hr.
Wet-Base Boiler. See Boiler, Wet-Base.

Wet-Leg Boiler. See Boiler, Wet-Leg.
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Yard Line. A underground gas pipe running from one

building to another, neither ond being conneotod directly

to a gas meter.

Zone. A designated part of a building in which the heat-

ing and cooling requirements are controlled by a single

control device, such as a thermostat.
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Appendix

Comporisons of Major Fuels

When marketing and selling, it is important to be aware

of the advantages and disadvantages of natural gas com-
pared with other common fuels. Fortunately, natural gas

has many more advantages than disadvantages.

This section also includes myths-and the facts-about
the major fuels.

Natural Gas and Propane
. Advantages of Natural Gas Over Propane

. Natural gas costs less.

. Natural gas does not require storage space.

. Do not have to pay for before it is consumed.

. Natural gas is lighter than air and, therefore, in
many situations will be safer than propane which
is heavier than air.

. Many people perceive that natural gas is safer
than propane.

. Advantages of Propane Over Natural Gas
. Propane is available in remote areas.
. Propane dealers are smaller and local (this may or

may not be an advantage).
. Myths about Propane

. An appliance converted from natural gas to pro-
pane produces more heat Fact: It will produce
the same amount of heat at the same efficiency.

. Considerations for Conversions from Propane to
Natural Gas

. Input rate.
o The manifold pressure of the appliance must

be reduced.
o The orifice(s) size must be increased.
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o The input rate (firing rate) after the conver-
sion to natural gas must be very close to what

is was before the conversion.
. Gas to building.

o Communication between utility and owner.
o Hook-up from street to building.
o Proper meter sizing.
o Codes and utility regulations.

. Gas Piping.
o From service entry to appliance(s).
o Proper sizing (I.IFPA 54, Part l0).
o Pipe material: steel, CSST, rigid plastic

. For most conversions, the venting materials will
not require alteration.

Natural Gas and Oil
. Advantages of Natural Gas over Oil

. Nafural gas use is promoted by some state regula-
tory agencies.

. Often results in higher resale value of building.

. Because there is no storage, there is no possible
environmental damage from spills or leakage.

. No storage tank regulations or fees.

. No fuel storage spaco is required.

. Do not have to pay for before it is consumed.

. Natural gas is a cleaner burning fuel and is less

likely to cause environmental damage. It emits
115 pounds and No. 2 fuel oil emits 170 pounds

of carbon dioxide per MMBtu of energy
consumed.t'

. Natural gas is cleaner burning and, as a result,

nafural gas appliances require less maintenance

than oil-burning appliances.
. Natural gas exhibits greater seasonal price stabil-

ity than oil.

65 U.S. Environmental Protection Agency
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. Natural gas heating equipment can be more effi-
cient than oil-burning equipment . ln late 1996,

the highest efficiency gas-fired furnace had a

listed AFUE of 96Yo, the highest oil-fired,84Yo.
The highest listed efflrciency for gas-fired boilers
was 9O%o, the highest for oil-fired was 88o/o.66

. Lower firing rates are available.

. More venting options are available.

. Direct venting appliances are readily available.

. No oil smell from over-fill of oil tank.

. Generally quieter than oil-buming appliances.

. Usually lower life-cycle cost that oil-fired
appliances.

. Natural gas is regulated be state utility commis-
sions. Most feel this is an advantage.

'Approximately 90Yo of the natural gas used in the
U.S. is produced domestically. Less than 50o/o of
the oil used in the U.S. is produced domestically.
This makes oil more vulnerable to foreign
influences.

. Oil imports represent a major element of the U.S.
international trade imbalance. Natural gas does
not contribute to this trade imbalance.

. Natural gas heating systems do not require as

high a sizing multiplier as oil-fired systems. This
is because gas-fired systems are not as likely to
become dirty and go out of tune as quickly as oil-
fired systems.

. Natural gas is usually available at less expensive
intemrptible rates for high-volume users.

. Other gas appliances---collateral load or collateral
appliances-are a convenient option once nafural
gas is supplied to building.

6 Consvmers' Directory of Certified Eficiency Rafings Jor Residential Heating and
Water Heating Equipment (often referred to as the "GAMA Directory") by Gas

Appliance Manufactures Association (GAMA), October, 1996.
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. The supplier is regulated, therefore, consumer is

protected.
. Advantages of Oil Over Natural Gas

" Oil is available in remote areas.
. Oil dealers are smaller and local (this may or may

not be an advantage).
. Little perceived chance of explosion.
. Smells if backdrafting, so if occupants are awake,

carbon monoxide is usually detectable.
. Storage gives some users a feeling of seourity.
. Can buy oil in bulk when prices are low.
. Can alter firing rate simply by changingnozzle

size.
. Choice of fuel suppliers.
. Natural gas is a strong greenhouse gas when re-

leased unburned into the atmosphere. 67

. Myths about Oil
. Oil is more efficient than natural gas. Fact: A

particular oil heating system or water heater

might be more efficient than a particular natural
gas unit but the most efficient natural gas units
on the market have significantly higher efficien-
cies than the most efficient oil units.

. Oil has more British thermal units @tu). Fact:
Oil is a more concentrated fuel-a one gallon
bucket of No. 2 fuel oil contains about 139,000

Btu of thermal energy, whereas, the same bucket
would only hold about 1,000 Btu of natural
gas-but this line of thought is faulty. The truth
is that one Btu of oil contains the same amount of
thermal energy as one Btu of natural gas. An oil

u' Methane, the primary component of natural gas, is a greenhouse gas 20 times more

potent than carbon dioxide. It is estimated that less than I percent of all gas that flows
through U.S. pipelines and distribution systems is released into the atmosphere. Efforts
by the U.S. Environmental Protection Agency, pipeline companies, and LDCs are

underway to reduce this release. For comparison, it is estimated that 17 percent is
released from the natural gas pipe system in the Russian city of Moscow.
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furnace that has an output of 80,000 Btu/hr pro-

duces exactly the same amount of heat as a natu-

ral gas furnace with the same output.
. Oil produces more heat. Fact: An oil furnace that

has an output of 80,000 Btuihr produces exactly
the same amount of heat as a natural gas furnace

with the same output.
. Better service with oil. Fact:This might be true in

somo areas, but it does not have to be. In most ar-

eas the service is the same because the same in-
dependent contractors service both oil and gas

appliances.
. Considerations for Conversions from Oil to Natu-

ral Gas
. Gas to building.

o Communication between utility and owner.
o Hook-up from street to building.
o Proper meter sizing.
o Codes and utility regulations.

. Gas Piping.
o From service entry to appliance(s).
o Proper sizing OfFPA 54, Part l0).
o Pipe material: carbon steel, CSST, rigid

plastic.
. Gas Venting.

o Chimney venting.
o Through-the-wall venting.
o Direct venting.
o Proper vent sizing (NIFPA 54, Part l l).
o Vent connector materials.

. Disposal of old oil equipment.
o Furnace or boiler.
o Oil tanks, under ground or above ground.

" Oil-spill cleanup.
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Natural Gas and Electricity
. Advantages of Natural Gas Over Electricity

. Natural gas is less expensive than electricity.

. On a full-energy-cycle basis, a typical natural gas

home requires 35 to 45Yo less total energy pro-
duction than a comparable electric home.

. Less damaging to the environment than electric-
ity. Natural gas homes are responsible for 99%
/ess sulfur dioxide, 90Yo less nitrogen oxides,
95Yo less particulates, and 40 to 50oh /ess carbon
monoxide than a comparable electric home.

. Significantly faster recovery rates for gas storage
water heaters (firing rate is about 40,000 Btu/hr)
than for electric water heaters (firing rate is about
15,000 Btu/hr).

. Easier to rent apartments if heated with natural
gas rather than electric resistance.

. Electric use of commercial and industrial applica-
tions is usually subject to demand changes, natu-
ral gas is not.

.Commercialan<Ilrulustrialffi ih--tGsc-anoft en

take advantage of lower rates-intemrptible
rates-from natural gas utilities. There is no
similar advantage for electric users.

. Advantages of Electricity Over Natural Gas
. Usually less costly to hook up an electric

appliance.
. No chance of carbon monoxide poisoning with

electric appliances in a home, however, high-
temperature cleaning of electric ovens has been
known to lead to dangerous levels of ambient
carbon monoxide.

. It is easy to meter electricity for multifamily
housing buildings.
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. Myths about Electricity
. Electricity is a clean-burning fuel. Fact: Electric-

ity is clean at the site, but if an analysis is done
on a full-energy-cycle basis, natural gas homes
are responsible for 99Yo less sulfur dioxide, 90%
/ess nitrogen oxides, 95o/o less particulate matter,
and 40 to 50Yo /ess carbon monoxide than a com-
parable electric home.

. Electric appliances are more efficient than nafural
gas appliances. Fact: If analyzed on a full-
energy-cycle basis, natural gas homes require
about 35 to 45Yo less total energy than what is re-
quired by a comparable all electric home. This is
because 9l%o of the gas energy produced makes
it to the dwelling. Only 27o/o of the energy used
to generate electrical power with fossil fuels
reaches the meter at the dwelling.

. Considerations for Conversions from Electricity to
Natural Gas

' Gas to building.
o Communication between utility and owner.
o Hook-up from street to building.
o Proper meter sizing.
o Codes and utility regulations.

. Gas Piping.
o From service entry to appliance(s).
o Proper sizing (l.tFPA 54, Part l0).
o Pipe material: carbon steel, CSST, rigid

plastic.
. Gas Venting.

o Chimney venting.
o Through-the-wall venting.
o Direct venting.
o Vent sizinglmaterials (NFPA 54, Part 11).

25t
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Major Features of FERC Order 636

Order 636, issued by the Federal Energy Regulatory
Commission (FERC) on April 8, 1992, has transformed
the interstate natural gas pipeline industry. Under this or-
der, interstate pipeline companies were required to sepa-

rate their merchant and transportation functions by
November 1,1993, the unofficial start of the winter heat-
ing season.68 Because this order has had and will have a

major influence on the natural gas industry, the important
features of the order are listed below.

. Local gas distribution companies are entirely respon-
sible for obtaining needed gas supply, transportation,
and storage. "Order 636 mandates the unbun-
dling-sep aration---of pipeline sales, transp ortation,
and storage services and makes all LDCs responsible
for sourcing and arranging for the delivery of their
own interstate gas. This marks aradical change from
the past when many LDCs could rely entirely on the
interstate pipelines to supply, virtually instantane-
ously, all the gas that was needed."6e

. Prices are market driven. Financial contracts are used
to manage price risk.

.Interstate natural gas pipeline companies must provide
transportation services unbundled-separate-from
sales services.

.Interstate natural gas companies can sell nafural gas at
market-based rates.

. Purchase contracts are between producers and 1) end
users; 2) LDCs, 3) marketers, who sell to end users
and LDCs; and 4) pipeline companies.

ut Energy Information Administration, Natural Gas 1994: Issues and Trends,
DOE/EIA-0560(94) (Washington, DC, November, 1994), p.37.
u' William P. Boswell, "The New Competitive Monopoly: A Thundering Silencg"
Public Utilities Fortnightly, October l, 1992, p. 28.
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. Pipeline companies must provide open-access trans-

portation that is equal in quality for all gas supplios

whether purchased from the pipeline company or not.
. Pipeline companies must provide customers with open

access to storage.
. Customers are responsible for maintaining adequate

storage to meet their peak requirements.
. Customers determine the most economical combina-

tion of transportation route and location of gas

purchase.
. Tariff provisions cannot inhibit the development of

market centers or production pooling areas.
. Generic capacity assignment mechanisms require

pipelines to provide firm downstream shippers with
access to their upstream capacity and to provide for
the re al I o cation of unwanted cap acity--c ap acity
release.

.In most cases, the straight fixed-variable rate design
must be used for billing and allocation purposes.

"Under this approach, all of a pipeline's fixed costs,
including return on equity and associated taxes, will
fall within the demand (or reservation fee) compo-
nent of rates, while the purely variable costs are re-
covered through the commodity rate."7o This means
that customers who use most of their gas on peak,

typically residential and small commercial customers,
will pay a bigger share of system costs. Those who
use large amounts of gas spaced out evenly, such as

most large industrial customers, will pay less.Tl
. Pipeline customers are liable for penalties if they do

not meet scheduled volumes.

'o William P. Boswell, "The New Competitive Monopoly: A Thundering Silencg"
Public Utilities Fortnightly, Ocwber l, 1992, p.29.
7r See "Courts and Commissions: Major Issues Remain for States as Order 636

Anives," Fortnighfly, November I, 1993, p. 58.
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. Customers aggregate supplies or contract with produc-
ers or markoting companies for this soryigo.

. Pipeline companies may abandon sales and intemrpti-
ble transportation service to any existing customer
upon expiration or termination of the contact without
seeking case-by-case approval from the Federal En-
ergy Regulatory Commission.

The restructuring process has been closely supervised
by FERC and has led to extensive changes throughout the
natural gas industry:72

. "It [forced] us collectively and individually to operate
more like traditional competitive business soctors."73

. Corporate changes have occurred as pipeline compa-
nies have shed their sales functions or reorganized
them into marketing subsidiaries.

. Additional marketing companies have formed to coor-
dinate the sales and transportation services for cus-
tomers who prefer that type of arangement.

. Pipeline company customers with contracts for gas

supply have now become shippers with contracts for
pipeline transportation capacity; they must arrange
separately to purchase the gas itself.

. Customers have had to become more knowledgeable
about operational aspects of the pipeline industry,
even as pipeline operations have been radically
altered.

.It is easier for industrial customers to completely by-
pass LDCs by taking interstate pipeline service
directly.Ta

'" Energy Information Administration, Natural Gas 1994: Issues and Trends,
DOE/EIA-0560(9a) (Washington, DC, November, 1994), p.37. All the bulleted items,

except those indicated otherwise, are directly quoted from this source.

" Erroll B. Davis Jr., Wisconsin Power & Light Co., "1992 Gas Executives' Forum,"
Public Utililies Fortnightly, Octaber l, 7992, p. 7O.
7a J.F. Busch and G.A. Comnes, " Resource Planning for Gas Utilities: Using a Model
to Analyze Pivotal Issues," Lawrence Berkeley Laboratory, Energy & Environment
Division, November, 1995, p. 5.
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.In addition, core customers (small commercial and

residential) are attempting to move to transport-only
service through core aggregation programs.T5

. Service options have become more flexible and

diverse.
. Pipeline capacily can now be traded among customers

in a capacity release program administered by the
pipeline companies.

. Changes in pipeline rates have affected how services
are priced and who pays for them. Each service now
has a separate charge, and transportation and storage
rates are generally required to follow the straight
fixed-variable (SFV) rate design methodology.

. The development of gas market hubs are increasing
competition and market liquidity. Hubs are points of
supply, storage, or pipeline interconnections where
multiple sellers offer gas.76

. LDC resource planners and modelers face new and
sometimes conflicting forces. On the one hand, LDCs
face more resource choices. On the other hand, in-
creased competition and unbundling make it harder
to forecast the future.77

.Industry restructuring has resulted in an additional $2
billion in transition costs as of mid 1995.

. Electronic bulletin boards are the primary link be-
tween customers and pipeline companies, allowing
transactions to be rapidly and efficiently completed.

75 J F. Busch and G.A Comnes, " Resource Planning for Gas Utilities: Using a Model
to Analyze Pivotal Issues," Lawrence Berkeley Laboratory, Energy & Environment
Division, November, 1995, p. 5
16 lbid,p.5.
" Ibid, p.9.
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American Marketing Association Code of
EthicsTE

Members of the American Marketing Association are

committed to ethical, professional conduct. They have

joined together in subscribing to this Code of Ethics

embracing the following topics:

Responsibilities of the Marketer
Marketers must accept responsibility for the consequences

of their activities and make every effort to ensure that

their decisions, recommendations, and actions function to

identiff, serve, and satisff all relevant publics: customers,

or ganizations and society.

Marketers' professional conduct must be guided by:
1. The basic rule of professional ethics: not knowingly to

do harm;
2. The adherence to all applicable laws and regulations;

3. The accurate representation of their education, training
and experience; and

4. The active support, practice, and promotion of this
Code of Ethics.

Honesty and Fairness
Marketers shall uphold and advance the integrity, honor,
and dignity of the marketing profession by:
l. Being honest in serving consumers, clients, employees,
suppliers, distributors, and the public;
2. Not knowingly participating in conflict of interest
without prior notice to all parties involved; and
3. Establishing equitable fee schedules including the
payment or receipt of usual, customary, and/or legal
compensation for marketing exchanges.

7' Reproduced with the permission of the American Marketing Association (AMA).
Please see Chapter 7 for information about the AMA,

AMA Code of Ethics
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Rights and Duties of Parties in the Marketing
Exchange Process
Participants in the marketing exchange process should be

able to expect that:
1. Products and services offered are safe and fit for their
intended uses;

2. Communications about offered products and services

are not deceptive;
3. All parties intend to discharge their obligations,
financial and otherwise, in good faith; and

4. Appropriate internal methods exist for equitable
adjustment and/or redress of grievances concerning
purchases.

It is understood that the above would include, but is
not limited to, the following responsibilities of the
marketer:
In the area of product development and management,
. disclosure of all substantial risks associated with product
or service usage;
. identification of any product component substitution that
might materially change the product or impact on the
buyer's purchase decision;
. identification of extra cost-added features.
In the area of promotions,
. avoidance of false and misleading advertising;
. rejection of high pressure manipulations, or misleading
sales tactics;
. avoidance of sales promotions that use deception or
manipulation.
In the area of distribution,
. not manipulating the availability of a product for purpose

of exploitation;
. not using coercion in the marketing channel;
. not exerting undue influence over the reseller's choice to
handle a product.
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In the area of pricing,
.not ongaging in prioo flxing;
. not practicing predatory pricing;
. disclosing the full price associated with any purchase.

In the area of marketing research,'
. prohibiting selling or fundraising under the guise of
conducting research;
. maintaining research integrity by avoiding
misrepresentation and omission of pertinent research data;
. treating outside clients and suppliers fairly.

Or ganizatio n a I Relatio n s h ip s

Marketers should be aware of how their behavior may
influence or impact on the behavior of others in
organizational relationships. They should not demand,

encourage, or apply coercion to obtain unethical behavior
in their relationships with others, such as employees,
suppliers, or customers.
1. Apply confidentiality and anonymity in professional
relationships with regard to privileged information;
2. Meet their obligations and responsibilities in contracts
and mufual agreements in a timely manner;
3. Avoid taking the work of others, in whole, or in part,
and represent this work as their own or directly benefit
from it without compensation or consent of the originator
or owner;
4. Avoid manipulation to take advantage of situations to
maximize personal welfare in a way that unfairly deprives
or damages the organization of others.

Any AMA member found to be 'in violation of any
provision of this Code of Ethics may have his or her
Association membership suspended or revoked.

AMA Code of Ethics
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Index

Absorption Cooling, 97 -99
ohiller/heaters, 98
cogeneration system, 98
direct-fired, 98
Double-effect,98
indirect-fired, 98
single effect, 98
and Vapor-Compression
Cooling Cycles, 97 -98, 194

Advertising, 50
managers of advertising
activities should. . ., 50

AGA Research,209
Air-Conditioning and
Refrigeration Institute (ARI),
209

Air Conditioning Contractors
of America (ACCA), 209

Alliances with Trade and
Professional Groups, 54-57
Architects, 55-57
engineers, 55-57
realtors, 55-56
to foster a close working
relationship, 54

Trade allies,54-55
Alternative Fuels Data Center,
2t7

American Council for an
Energy Effrcient Economy,
217

American Gas Association
(AGA),20e
National or key account

assistance, 57
American Gas Cooling Center
(AGCC),210

American Gas Online, 217
American Marketing
Association,2l0
Code of Ethics,256

American National Standards
Institute (ANSI),210

American Society of Heating,
Refrigerating, and
Air-Conditioning,2l0

Annual Heating Cost From
Fuel X to Natural Gas, 199

ASHRAE Online,218
Association of Energy Services
Professionals (AESP), 2 1 8

Automatic Direct-Fired Storage
Water Heaters, 88-89

Average Residential Gas
Customer Usage,22

Baking and Roasting Ovens,93
Benchmarking,32
BenefiVCost Ratio Method,

164-165
Booster Water Heaters, 9l
Break-Even Price of a Fuel,
20t-202

Btu Equivalent Fuel Input
Values, 189

Buildings ofAssembly,
1 l0-1 14
Buildings for Religious
Worship Energy Intensity
Values, 1992, Lll

cooling, ll3-ll4
Electric air-source heat pump
roof-top units, 1lLll2

Electric food service
equipment 114

Elecf ic heating/electric
cooling roof-top units, 111

Electric infrared spot heating,
113

Electric or oil-fired boiler
with hot water baseboard
distribution, 112

Index
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Electric or oil-fired furnace
with ducted dishibution,
n2

Electric or oil-fired pool
heater, l14

Electric or oil-fired service
water heating,Il4

Electric resistance heag ll2
Energy Intensity Values,

1992, 110,1 1 I
Outdoor electric lighting,
tt4

Required Systems, 110
Business Portfolio, 30

Canadian Gas Association
(cGA),210

Canadian Gas Research
Association,2l0

Central Heating Equipment
7r-76
Forced Air Systems, 72-73
Forced Hot Water Systems,

73-75
Steam Systems, 75-76

Ceramic Kilns, Gas-Fired, 105
Circulating Water Heaters,
90-91

city-gats price,23
Clean Air Act Amendment of

1990,7
Clean Fuel Network, 218
Clothes Drying Equipment, 92
Coal Basket, 103
Co generation Equipment

86-87
bottoming cycle, 86
topping cycle, 86

collateral equipment loads, 161

collateral gas load,48
Commeroial/Industrial
Buildings, 115-116
Cogeneration, 116

Desiccant dehumidifi cation,
gas-fired,115-16

Energy Intensity Values for
the Manufacturing Sector,
115

Required Systems, 115
Commercial and Residential
Food Service Equipment
93-96
Counter Appliances, 95-96
Deep Fat Fryers, 94
Gas Ranges,93
Ovens, Baking and Roasting,
93-94

Steam Cooking Equipment,
9s

Company culture,4l
company mission statement, 29

sample mission statement, 29
Competitor Analysis and
Shategies,3l
activities required, 3 1

competitive sffategies, 34
Compressed Gas Association,
210

Conceptual/Organizational
Chafi,14

Condenser DatU 194
Congress, U.S.,2
Construction Heaters, 85
consumer-oriented business, 20
Conversion Bumers, Gas-Fired,

103
Conversions from Electricrty to
Natural Gas, Considerations
for, 251

Conversions from Oil to
Natural Gas, Considerations
for,249

Conversions from Propane to
Natural Gas, Considerations
for,245

Converting from CCF and
MCF to Therms,203

Index
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Cooling Load Quick-Check
Figures, 192-193

Cost Per Therm of Fuel,
200-201

Costs for Residential Energy,
1995, 198

Counter Appliances, 95-96
bain maries, 95
coffee brewing equipment
95

food and dish warmers, 95
griddles,95
hot plates, 95
toasters, 95

Customer Satisfaction
Measurement,28

Decorative Appliances,
Gas-Fired, 103
Coal Basket, 103
Gas Fireplace Insert, 104
Gas Logs, 104
RadiantAppliance, 104

Deep Fat Fryers, 94
doughnut fryer,94
open fryers, 94
pressure fryers, 94

Demand Analysis and
Forecasting,25

Desiccant Dehumidifi c ation, 99
regeneration of desiccant 99

Direct Gas-Fired Circulating
Heaters for Agricultural
Buildings, T9

discount rate,162
Market interest 162
Nominal discount rutes, L62
real discount rates, 162

Discounting, 162
Discounting tables, 17 6-184
Distribution Pressures, Natural
Gas, 187

Duct Fumaces, 83

Economic effrciency, 161

Ef fi c iency/Output/Input
Equations, 191

Electric Compressor Energy
Use, 193

electric industry restructuring,
2l

electric utilities, regulation of,
5

Electrioity, Myths about 251
Electricity Over Natural Gas,
Advantages of,250

Energy Budgets for
Commercial Buildings, 188

Energy Economic Methods, an
example, 168-175
Electrically driven
centrifugal chiller, 168

Gas absorption chiller, 168
Energy Economics, 161
Energy Information on Internet
(EIr),218

Energy Intensity, natural gas,
108

Space Heating,
U.S.Households, 123

for ten building facility
types, 108

Health Care, 118
Lodging Facilities, 131

Manufacturing Sector, 1 15
Mercantile and Service
Facilities, 146,I52

Office Buildings, 136
Public Assembly Buildings,

110
Religious Worship, 111
Restaurants and Food

Service Facilities, 142
School Buildings, 148
Supermarkets/Food Stores,

I55
Warehouses, 157

energy service companies
@SCos),21

Index
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EnergySource Desktop, 21 8

engineering effrciency, I 61

Equipment Service Life
Values, 189-190

ethical marketing, 65
Ethics, Code of,256
ETL Testing Laboratories, Inc.,
210

Evaporator DatU L94

Federal Energy Regulatory
Commission, 2, 3, 17, 252

Federal Power Commission, 2
Federal Trade Commission, 2
FERC Order 436, 3
FERC Order 500, 3
FERC Order 636, 4,8,252-255

capacity release, 253
Elechonic bulletin boards,
255

gas market hubs, 255
gas supply,252
Pipeline capacity,255
pipeline companies, 252
storage,252,253
straight fi xed-variable rate,
253,255

transportation,252
unbundling,252

Fireplace Insert, Gas, 104
first-hour demand, 196
first-hour rating, 196
Floor Fumaces, 85
Forced Air Systems (Furnaces),
72-73

Forced Hot Water Systems,
73-?s
Dual-fuel,74
High pressure units, 74
Low-pressure units, 74

fuel cell,8

gas-turbine-based electrical
generation, T

Gas & Electric Food Service
Equipment Operating Costs,
Comparison of 195

Gas Appliance Manufacturers
Association, Inc. (GAMA),
2rt

Gas Boiler Conversion Factors,
191

Gas Cooling,96-100
Absorption Cooling, 97-99
Desiccant Dehumidification,
99-100

Gas Engine-Driven Vapor
Compression Cooling,
96-97

Industrial Refrigeration, 100
Gas Engine-Driven Vapor
Compression Cooling, 96-97

Gas Industry On-Lige (GIO),
218

Gas Ranges,93
char broilers, 93
griddles, 93
grills,93
hot tops, 93
open burners, 93

Gas Research Institute (GN),
2tt

Gas Utilization Equipment for:
Buildings ofAssembly,

I 10-l 14

Commercial/Industrial
Buildings, 115-116

Health Care Facilities,
tr6-tzl

Households : Multifamily
Dwellings, 125-130

Households: Single-Family
Residential, 122-125

Lodging Facilities, 130-135
Offrce Buildings, 135-138
Reoreational Facilities,

138-141

Index
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Restaurants and Food
Service Facilities, l4l-145

Retail Stores, 145-147
School Buildings, 147 -l5l
Shopping Complexes,

151-154
Supermarketsff ood Stores,

154-156
Warehouses, 156-158

Gas Water Heating Equipment,
87-92
Automatic Direct-Fired

Storage Water Heaters,
88-89

Booster Water Heaters, 91
Circulating Water Heaters,
90-91

circulation pump, 88
dual temperature, 88
Indirect-Fired Storage Water
Heaters,90-91

Instantaneous Gas-Fired
Water Heaters, 89-90

Pool Heaters,9l-92
tankless coil, 90

GASWEB,219
Geographical regions defined,

158
GRINET,219
Growth in natural gas
consumption,23

Health Care Facilities, 116-121
Central electric chiller with
resistance heat air-handling
units, 118-119

Cogeneration,l2l
cooling, 119
Electric air-source heat
pump, 117

Electric clothes dyers, 120
Electric food service
equipment 120

Electric fumace, 117

Elechic heating/electric
cooling roof-top units/Oil
roof-top units, 117

Elechic or oil-fired service
hot water, 120

Eleotric or oil-fired
therapy-pool heatsr, 120

Electric pressing machine,
120

Electric resistance baseboard
units, 118

Energy Intensity Values,
1992, lt8

Gas-fired incineration,
t20-L2l

Oil-fired boiler with hot
water baseboard
distribution, 118

Pathological Waste
Incinerator, 121

Required Systems, 116
Water-source heat pump with
electric boiler, 119

Heating Equipment 7 1-86
Construction Heaters, 85
Direct Gas-Fired Circulating
Heaters for Agricultural
Buildings, T9

Duct Furnaces, 83
Floor Furnaces, 86
Forced Air Systems
(Furnaces), 72-73

Forced Hot Water Systems,
73-75

Infrared @adiant) Heaters,
84

Large Industrial-Type
Ductless Furnaces, 82

Roof-Top Units, 77-78
Steam Systems, 75-76
Through-The-Wall Units,
79-80

Unit Heaters, 82-83
Unitary Gas Heating
Equipmenl76-86

Index
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Vent-Free (Jnvented) Room
Heaters, 80

Vented Room Heaters, 80
Wall Fumaces, 81

Households : Multifamily
Dwellings, 125-130
Centual chiller with fan coil
units and electric resistance
heat, 128

Electric air-source heat
pump, 128

Electric clothes dryer, 129
Electric fumace,l2T
Electric or oil-fired pool
heater,129

Electric or oil-fired service
water heating,l29

Electric r angel ov en, L29
Electric resistance baseboard,

t27
Natural Gas Consumption for

Appliances, per U.S.
Household, 1993,126

Natural Gas Consumption for
Water Heating, per U.S.
Household, 1993,I24

Natural Gas Energy
Intensity, Space Heating,
U.S. Househ olds, 1993, 123

Oil-fired boiler,l2T
Oil-fired fumace,l2T
Outdoor electric lighting,

130
Packaged terminal electric
heating units, 128

Required Systems, 125
Water-source heat pump with
elecffic boiler as back-up
heat source, 128-129

Households: Single-Family
Residential, 122-L25
Electric clothes dryer, 125
Electric or oil-fired boiler,

122

Electric or oil-fired fumace,
t22

Electric or oil-fired pool
heater, I25

Electric or oil-fired storage
watetheater,l24

Electric r angel ov en, 125
Electric resistance heat
122-t24

Natural Gas Consumption for
Appliances, per U.S.
Household, L993,126

Natural Gas Consumption for
Water Heating, per U.S.
Household, L993,124

Natural Gas Energy
Intensity, Space Heating,
U.S. Households, 1993, 123

Outdoor electric lighting,
125

Required Systems, 122

Illuminating Appliances,
Gas-Fired, 105

Improving Customer Retention
Rates,28-29

Incineration, Gas, 87
independent gas marketers, 3,
252,254

Indirect-Fired Storage Water
Heaters,90-91

Indusfial Air Heaters, 78-79
Direct-fired units, 78
Indirect-fired units, 7 8

Industrial Gas Technology
Commercial ization Center,
2lt

Industrial Refrigeration, I 00
Industrial S ector Marketing,

59-61
industrial sector marketing
tasks, 59-61

inflation rate, general, 163
inflation rate, nominal, 163

Index
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Inflation Rate of Fuel, 153
Infr ared (RadianQ Heaters,

84-85
High intensity, 84
Low intensity, 84

Input Values for Common Gas
Appliances, 187

Instantaneous Gas-Fired Water
Heaters,89-90

Institute for Gas Technology,
219

Intemational Approval Services
- Canadar Inc., 211

International Approval Services
- U.S.,lnc,,2lI

kitchenCOST software, 195

Large Industrial-Type Ductless
Furnaces, 82

Laundry Equipment Gas-Fired,
92
Clothes Drying Equipment,
92

Pressing Equipment,
Gas-Fired,92

LDC keys to survival, 21
Life-Cycle Cost Method, 166

economically efficient size of
an investment" 166

LCC equation,166
LCC process, steps of the,
t66

load factor, 59
Lodging Facilities, 130-135

Central electric chiller with
resistance heating coils, 133

Electric boiler,l32
Electric clothes dryers, 134
Elecffic food service
equipment, 134

Electric heating/elecfr ic
cooling PTACs, 130

Electric heating/electric
cooling roof-top unit 133

Electric infrared heater, 135
Electric or oil-fired pool
heater, 135

Electric or oil-fired service
water heating,l34

Electric packaged terminal
heat pumps, 131

Electric pressing machines,
135

Electric resistance heat, 132
Energy Intensity Values,

1992, l3r
Guest Rooms, Space
Conditioning of, 130-133

High-Nse fan coil unit, four
pipe, electric chiller, 131

Oil-fired boiler, 132
Outdoor electric lighting,

135
Public Areas, Space
Conditioning oe 133-134

Required Systems, 130
Water-source heat pump with
electric boiler, 134

Water-source heat pumps
with electric or oil-fired
boiler, 132

Logs, Gas, 104

Make-Up Air Units, 78
Direct-fired units, 78
Indirect-fired units, 78

Market-nichers, 35
Market forecasting, 42
Marketers, 2, 3, 2l-22
Market information system
(MIS),41

Market ManagerrM softwate,
t74

Market Segment Identification,
25

Index
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Market Segment Targeting,
26-27

Market shategy problems,
66-67

marketing approach, 25-29
Customer Satisfaction
Measurement,23

Demand Analysis and
Forecasting,25

Improving Customer
Retention Rates, 28

Market Segment
Identification,25-26

Market Segment Targeting,
26-27

Marketing Related Activities,
27

Product or Service
Positioning,28

Societal Benefrt,29
Marketing forNational or Key
Accounts, 57-59
activities and functions, 57
factors for the success, 58

Marketing Management
Philosophies,36-37
Production,36
marketing,3T
monopolistic or complacent,
36

Product,36
Selling,3T
Societal Marketing, 37

Marketing Mix, 11

four Ps of the mix, I I
Marketing planning, 37 -40

major topics included in
marketing plan, 39-40

marketing plan
implementation,40-41

marketing process, 24-29
Marketing Related Activities,
27

Marketing research and
analysis,4l-42

Market Information System
(MIS),41

market research process, 42
Miscellaneous Gas Equipment

103-105
Gas-Fired Ceramic Kilns,

105
Gas-Fired Conversion
Burners, 103

Gas-Fired Decorative
Appliances, 103-104

Gas-Fired Illuminating
Appliances, 105

Gas-Fired Toilets, 104
Outdoor Cooking
Appliances, 104

National Fire Protection
Association (NFPA), 2 1 I

National Fuel Gas Code, 106
Natural Gas and Electricity,

Comparison of,250-251
Natural Gas and Oil,

Comparison of,246-249
Natural Gas and Propane,

Comparison of,245-246
Natural gas as a greenhouse

gas,248
Natural Gas Market Trends,

22-24
Natural Gas Over Electricity,
Advantages of,250

Natural Gas over Oil,
Advantages of,246-248

Natural Gas Over Propane,
Advantages of,245

Natural Gas Policy Act of
1978,3

natural gaspices,2Z
Natural Gas Vehicle Coalition,
2ll

Natural Gas Vehicle Producers
Association, 211
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Natural Gas Vehicles (NGV),
100-103
bi-fuel systems, 102
CNGtanks, 102
Dual-fuel systems, 102
refueling systems, 102
travel range, 102

Net Present Value of Savings
Method, 167

NFPA 54, 106

Office Buildings, 135-138
Cenhal electric chiller with
resistance heat in
air-handling units and VAV,
137

economizer cycle, 136
Electric baseboard resistance,

138
Electric heating/electric
cooling roof-top unit
137-138

Energy Intensity Values,
1992,136

Interior zones, 136
Oil-fired boiler with hot
water distribution, 138

Peripheral zones, 136
Required Systems, 135
Water-source heat pump, 137

Oil, Myths about, 248-249
Oil OverNatural Gas,
Advantages of,248

oil production, world, 8

Operating Cost Comparisons
for Heating Systems, 198

Order 636, FERC, See FERC
Order 636

Organization Marketing, 52-5 4
basic activities, 52
public images, 52

Outdoor Cooking Appliances,
104

Ovens, Baking and Roasting
barbecue/rotisserie, 93 -94

oxygen depletion safety
shutoff,8l

Packaged Terminal Air
Conditioners, 79-80

Packaged Terminal Heat
Pumps,79-80

Packaged Terminal heaters,
79-80

Personal selling, 45 -47
and Building Construction,

47-50
characteristics of a good
personal seller,46

steps of personal selling, 45
Pool Heaters,9l-92
present value, 162
present worth, 162
Pressing Equipment, Gas-Fired,
92

Product or Service Positioning,
28

Propane, Myths about, 245
Propane Over Natural Gas,
Advantages of,245

PTACs, See Packaged
Te rminal A ir C ondit i oner s

PTHPs, See Packaged
Terminal Heat Pumps

PTs, See Packaged Terminal
heaters

Public relations, 52
managers of public relations
departments should . . ., 52

Radiant Appliance, 104
Radiant Heaters, 84-85

High intensity, 84
Low intensity, 84

Recreational Facilities,
138-141
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Electric food service
equipment l4l

Electric heat pump, 139-140
Elechic heating/electric
cooling roof-top units, 139

Electric or oil-fired make-up
air units serving
high-activity spaces, 140

Electric or Oil-fired pool
heater, I4l

Electric or oil-fired service
water heating,l40

Electric resistance heat or
electric air handling units,
139

Oil-fired boiler, 140
Oil-fired furnace, 140
Required Systems, 138

Refrigerators, Gas-Fired, I 00
Residential End-Use
Consumption of Natural Gas,
t993, t59

Restaurants and Food Service
Facilities, l4l-145
Dual temperature service hot
water,142

Electric food service
equipment, 145

Electric heat pump, 143-144
Electric heating/electric
cooling roof-top units, 143

Electric or oil-fired make-up
air units serving kitchen,
t44

Electric or oil-fired service
water heating,144-145

Electric resistance heat or
electric air handling units,
t43

Energy Intensity Values,
1992,142

Oil-fired boiler, 144
Oil-fired fiimace,l44
Outdoor electric lighting,
t45

Required Systems, 141
retail energy service companies
(RESCo$,2l

Retail Stores, 145-147
Electric heatpump, L47
Electric heating/electric
cooling roof-top units, 147

Electric resistance heat or
electric air handling units,
146

Energy Intensity Values,
1992, t46

Oil heat, 146
Required Systems, 145

Roof-top fumaces, 73
Roof-Top Units,17

Sales Force Management,
44-45
major functions of, 44

Sales Philos ophy, 42-44
Accountable Interaction, 43
Basic Interaction,43
Proactive Interaction, 43
Reactive Interaction, 43
Relational Interaction, 43

Sales promotion, 5l
S avings-to-Invesffnent Ratio
method, 164

School Buildings, 147 -l5l
Economizer cycle, 148
Electric food service
equipment 151

Electric heat pump, 149
Electric or oil-fired make-up
air units serving
gymnasiums or kitchens,
150

Electric or Oil-fired pool
heater,15l

Electric or oil-fired service
water heating, 150-151

Index
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Electric resistance heat or
electric air handling units,
149

Electric resistance roof-top
with cooling, 149

Energy Intensity Values,
1992,148

Oil-fired boiler, 150
Oil-fired furnace, 150
Required Systems, 147

Services Marketing, 61-63
characteristics of service

activities, 62-63
Marketing Strategies for

Service Departments, 63-65
Service differentiati on, 64
Service productivity, 55
Service quality,64

Shopping Complexes, I 5 l-1 54
Central electric chiller with
resistance heat in
air-handling units, 153

Central electric chiller with
resistance heating coils, 153

Electric he atinglelectric
cooling roof-top unit, 152

Energy Intensity Values,
1992, t52

Required Systems, 151
Water-source heat pump, 154
Water-source heat pump with
electric boiler, 153

Simple Payback Method,
1,63-r64

simple payback equation,
r64

Sizing Residential Storage
Water Heaters, 196-197
first-hour demand, 196
first-hour rating, 196

Socially responsible and ethical
marketing,65-66
characteristics of, 65
codes ofethics, 65

Societal Beneffi,29

Steam Cooking Equipment, 95
Compartment steamers, 95

steam j acketed kettles, 95
Steam Systems, 75-76

Dual-fuel,75
High-pressure, 75
Low-pressure,75

Storage Water Heater
Comparisons, 197

Strategic planning, 30-3 I
steps of the process, 30-3 I

street lighting, I
Supermarkets/Food Stores,

154-156
Electric heat pump roof-top
units, 154

Electric heating/electric
cooling roof-top units, 154

Energy Intens ity Values,
1992, L55

Gas heating/electric cooling
roof-top units, 156

Required Systems, 154
Supreme Court,3, U.S.
System Analy zeirM software;

174

tankless coil,90
Test for Commercial Sales
Representatives, 56

Through-The-Wall Units
(PTAC, PTHP, PT),79-80
Packaged Terminal Air
Conditioners, T9

Packaged Terminal Heat
Pumps,79

Packaged Terminal heaters,
79

Toilets, Gas-Fired, 105
Trade allies, 54-57
Triathlon heat pump, 97

Index
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U.S. Gaslight, 105
unbundling,252
Uniform Annual Cost Method,
167-t68

Unit Heaters, 82-83
Unitary Gas Heating
Equipment 76-86

Construction Heaters, 85
Direct Gas-Fired Circulating
Heaters for Agricultural
Buildings, T9

DuctFurnaces,83
Floor Furnaces, 86
Make-Up Air Units, 78
Infr ared (Radiant) Heaters,

84-85
Industrial Air Heaters, 78
Industrial-Type Ductless
Furnaces, 82

Roof-Top Units,77-78
Through-The-Wall Unis
(PTAC, PTIIP, PT), 79-80

Vented Room Heaters, 80
Vent-Free Room Heaters,

80-81
Unit Heaters, 82-83
Wall Fumaces, 81

United States Department of
Energy,2l9

United States Energy
Effrciency and Renewable
Energy Network, 219

United States Energy
Information Administration,
2t9

value of money,162
Vapor Compression Cooling,
97-98,194

Vent-Free (Unvented) Room
Heaters, S0

oxygen depletion safety
shutoff, 81

Vented Room Heaters, 80
vintages of nafural gas, 3
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Wall Fumaces, 81

Warehouses, 156-158

Electric infrared heater, 157

Electric resistance unit
heaters, 156

Elecfric vapor compression
refrigeration, 158

Energy Intensity Values,
1992,157

heating, 157
Required Systems, 156

World War I, 2
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An Invitation

Please contact us if you are interested in learning more
about our consulting and training services. All of our serv-

ices are tailored to the individual needs of your personnel

and company objectives.
c Performance Consultingfor Achieving Your Objectives

. We will work with you to identi$z and achieve

performance excellence linked to your business

objectives and goals.
) Training for Marketing Repres entatives

. Sales Training

. Basic Residential Gas Trarnrng

. Commercial Gas Training

.Andmore...
) Trainingfor Trade Allies and/or Marketing Reps.

. Gas Water Heating

.Natural Gas Pipe Sizing

. Sizing Heating Systems

. Gas Conversions for Multi-Family Housing

. Carbon Monoxide and Venting

.Andmore...
) "Marketing Gas," our monthly newsletter for Natu-

ral Gas Marketing.
. Ins i ghtfu 1, up-to -date information ab out marketing

methods vital to survival in the new competitive
natural gas market.

: Marl<eting Program Development and Analysis
- Our analysis is based on the needs of your company

and department, and the characteristics of your
market.

.Our marketing philosophy is based on offering high
value to your customers, exceeding their
expectations, enhancing your sales, and increasing
your company's profits.
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