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INTRODUCTION 

In our efforts to develop and implement energy conservation programming 
for business, industry and local governments in Virginia, we identified the 
need for staff of Virginia Tech to obtain in-depth information on specific 
energy management and conservation techniques. At the same time, we recognized 
that -0ther individuals and organizations could utilize such information. Thus, 
we envisioned a series of workshops to fulfill these needs. 

This Energy Management Workshop is the first of such a series. It was 
designed to provide university extension personnel, governmental officials, 
and plant and manufacturing engineers with practical methods for reducing 
energy waste in public, commercial, and industrial buildings. The specifics 
of the workshop program are presented below. 

WORKSHOP PROGRAM 

Wednesday, July 20 

Coping with the Energy Crisis: The National Energy Plan and 
It's Impact - Patricia Spencer 

Energy Management Program - Robert Massey 

Industrial Building Standards - Neil Patterson 

Commercial Building Standards - James Grinnan 

Development of Walk-Through Teams - John Hart 

Thursday, July 21 

Life Cycle Costing - Charles Dorgan 

Heating, Ventilating and Air Conditioning - Goodwin Taylor 

Lighting - Robert Dorsey 

Boilers - William Axtman 

Engineering Conservation Practices in Industry - Donald Hillier 

Waste Heat Recovery - Goodwin Taylor 

Utilities and Energy Management - Jack Kepner 

Heat Pumps - C. H. Long 

Computer Energy Analysis Program - Neil Patterson 

Friday, July 22 

Computer Based Building Controls - Michael Shehadi 

Energy Related Publications - Roy Stamm 

Adaptation of Codes and Standards - James Shivar 

University Interface with State and Local Government and Industry 
on Energy Problems and Issues - Robert Stephenson 

We are indeed grateful to the Office of Energy Programs of the U. S. 
Department of Commerce for their assistance in identifying and securing 
well-qualified speakers and their financial support of the workshop. 

Every effort has been made to preserve the speakers' material as 
presented at the workshop. These proceedings have been typed and printed 
directly from author prepared copy without any technical review. The views 
expressed are those of the authors. 

The Editor 



ESTABLISHING AN ENERGY MANAGEMENT PROGRAM 

Robert G. Massey 
Program Officer 

Industry/Association Programs 
Office of Energy Programs 

U.S. Department of Commerce 
Washington, D. C. 20230 

INTRODUCTION 

This discussion presents . in outline form . 
the elements needed for the initiation and 
implementation of an energy conservation program. 
It may be used as a guide to design your own 
program, tailored to your company's requirements 
and capabilities. Detailed information on the 
elements of this program is given in the publica
tion, "Energy Conservation Program Guide for 
Industry and Commerce" NBS Handbook 115. 

PROGRAM OUTLINE 

I. Top Management Commitment 
A. Inform line supervisors of: 

1. The economic reasons for the 
need to conserve energy 

2. Their responsibility for imple
menting energy saving actions in 
the areas of their accountability 

B. Establish a co111T1ittee having the 
responsibility for formulating and 
conducting an energy conservation 
program and consisting of: 

c. 

D. 

1. Representatives from each depart
ment in the plant 

2. A coordinator appointed by and 
reporting to management 
NOTE: In smaller organizations, 
the manager and his staff may 
conduct energy conservation 
activities as part of their manage
ment duties. 

Provide the committee with guidelines 
as to what is expected of them: 

1. Plan and participate in energy 
saving surveys 

2. Develop uniform record keeping, 
reporting, and energy accounting 

3. Research and develop ideas on ways 
to save energy 

4. Communicate these ideas and 
suggestions 

5. Suggest tough, but achievable, 
goals for energy saving 

6. Develop ideas and plans for en-
listing employee support and 
participation 

7. Plan and conduct a continuing pro-
gram of activities to stimulate 
interest in energy conservation 
efforts 

Set goals in energy saving: 

1. A preliminary goal at the start of 
the program 

2. Later, a revised goal based on 
savings .potential estimated from 
results of surveys 
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E. Employ external assistance in surveying 
the plant and making recommendations, 
if necessary 

F. Communicate periodically to employees 
regarding management's emphasis on 
energy conservation action and report 
on progress 

II. Survey Energy Uses And Losses 

A. Conduct first survey aimed at identi
fying energy wastes that can be cor
rected by maintenance or operations 
actions, for example: 

1. Leaks of steam and other utilities 
2. Furnace burners out of adjustment 
3. Repair or addition of insulation 

required 
4. Equipment running when not needed 

B. Survey to determine where additional 
instruments for measurement of energy 
flow are needed and whether there is 
economic justification for the cost 
of their installation 

C. Develop an energy balance on each 
process to define in detail: 

D. 

1. Energy input as raw materials and 
utilities 

2. Energy consumed in waste disposal 
3. Energy credit for by-products 
4. Net energy charged to the main 

product 
5. Energy dissipated or wasted 

NOTE: Energy equivalents will need 
to be developed for all raw 
materials, fuels, and utilities, 
such as electric power, steam, etc., 
in order that all energy can be 
expressed on the common basis of 
Btu units. 

Analyze all process energy balances in 
depth: 

1. Can waste heat be recovered to 
generate steam or to heat water or 
a raw material? 

2. Can a process step be eliminated or 
modified in some way to reduce 
energy use? 

3. Can an alternate raw material with 
lower energy content be used? 

4. Is there a way to improve yield? 
5. Is there justification for: 

a. Replacing old equipment with 
new equipment requiring less 
energy? 

. b. Replacing an obsolete, ineffi
icient process plant with a 
whole new and different process 
using less energy? 



E. Conduct weekend and night surveys 
periodically 

F. Plan surveys on specific systems and 
equipment. such as : 

1. Steam system 
2. Compressed air system 
3. Electric motors 
4. Natural gas lines 
5. Heating and air conditioning 

system 

III. Implement Energy Conservation Actions 
A. Correct energy wastes identified in 

the first survey by taking the 
necessary maintenance or operation 
actions 

B. List all energy conservation projects 
evolving from energy balance analyses, 
surveys. etc. Evaluate and select 
projects for implementation: 

1. Calculate annual energy savings for 
each project 

2. Project future energy costs and 
calculate annual dollar savings 

3. Estimate project capital or 
expense cost 

4. Evaluate investment merit of 
projects using measures, such as 
return on investment. etc. 

5. Assign priorities to projects based 
on investment merit 

6. Select conservation projects for 
implementation and request capital 
authorization 

7. Implement authorized projects 
C. Review design of all capital projects. 

such as new plants, expansions , build
ings. etc., to assure that efficient 
utilization of energy is incorporated 
in the design. 
NOTE: Include consideration of energy 
availability in new equipment and 
plant decisions. 

IV. Develop Continuing Energy Conservation 
Efforts 

A. Measure results : 
1. Chart energy use per unit of pro

duction by department 
2. Chart energy use per unit of pro

duction for the whole plant 
NOTE : the procedure for calculat
ing energy consumption per unit of 
product is presented in "How to 
Profit by Conserving Energy" 

3. Monitor and analyze charts of Btu 
per unit of product, taking into 
consideration effects of complica
ting variables. such as outdoor 
ambient air temperature. level of 
production rate. product mix. etc. 
a. Compare Btu/product unit with 

past performance and theoret
ical Btu/product unit 

b. Observe the impact of energy 
saving actions and project 
implementation on decreasing 
the Btu/unit of product 
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c . Investigate identify. and 
correct the cause for increases 
that may occur in Btu/unit of 
product, if feasible 

B. Continue energy conservation committee 
activities 
l. Hold periodic meetings 
2. Each committee member is the 

colTlllunication link between the 
committee and the department super
visors represented 

3. Periodically update energy saving 
project lists 

4. Plan and participate in energy 
saving surveys 

5. Communicate energy conservation 
techniques 

6. Plan and conduct a continuing pro
gram of activities and colTlllunica
tion to keep up interest in energy 
conservation 

7. Develop cooperation with community 
organizations in promoting energy 
conservation 

C. Involve employees 
1. Service on energy conservation 

committee 
2. Energy conservation training course 
3. Handbook on energy conservation 
4. Suggestion awards plan 
5. Recognition for energy saving 

achievements 
6. Technical talks on lighting. 

insulation . steam traps, and 
other subjects 

7. 11 savEnergy" posters, deca 1 s, 
stickers 

8. Publicity in plant news. bulletins 
9. Publicity in public news media 

10. Letters on conservation to homes 
11. Talks to local organizations 

0. Evaluate program 
l. Review progress in energy saving 
2. Evaluate original goals 
3. Consider program modifications 
4. Revise goals, as necessary 



A VEHICLE FOR IMPROVING ENERGY MANAGEMENT 

FOR BUSINESS AND INDUSTRY 

Herbert M. Eckerlin and Albert S. Boyers 
North Carolina State University 
Raleigh, North Carolina 27607 

INTRODUCTION 

The Industrial Extension Service (IES) of the 
School of Engineering of North Carolina State 
University has developed a new program of tech
nical assistance in the area of energy. This pro
gram is designed to assist small business and 
industry in improving their utilization and man
agement of energy resources . 

Implementation of this program is being 
accomplished in two phases. The first phase -
called the 11 walk-through assessment 11 

-- consists 
of an IES staff member making an on-location, 
qualitative audit of the sources of major energy 
losses within requesting companies. This is 
followed by a written report which outlines the 
major corrections needed to reduce energy consum
ption and improve energy management. The 11 wa l k
through assessment 11 program has been in operation 
for about nine months. During that time, over 
sixty organizations have been visited. Tire re
sults to date are encouraging. 

In the projected second phase of the pro
gram, the major energy losses will not only be 
identified but measurements will be made to help 
assess these losses. Based on this information, 
an analysis will be made and the results summari
zed in a final report, along with recommendations 
for reducing energy losses, the approximate cost 
for implementing the recommendations, and the 
expected savings. Throughout both phases of the 
program, the assisted companies will be encouraged 
to use the National Bureau of Standards Handbook 
115 as a guide· in establishing and maintaining 
their own energy management program. 

This service is offered at no charge to all 
North Carolina business and industry by the Indus
trial Extension Service. However, the focus of 
the program is on small companies, since these com
panies -- with their limited technical and finan
cial resources -- are least able to cope with the 
problems associated with energy management. It is 
envisioned that this program will be the beginning 
of a series of extension activities (extension 
education, referral services, and additional tech
nical assistance) to aid North Carolina industry 
in reducing its energy needs . 

WALK-THROUGH ASSESSMENT PROGRAM 

Approach 

A highly qualified engineer with broad, ener
gy-related experience visits a facility and, accom
panied by company representatives, makes a thor
ough plant tour. During this walk-through, the 
company representative usually describes the 
plant operation -- and during the ensuing ques
tions, explanations, and discussions, new per
spectives and opportunities for saving energy are 
often uncovered. The plant visit (which includes 
the walking tour and meeting with various people) 
usually takes from 1 1/2-3 hours depending upon 
company size, complexity of operation, and the 
ability of company representatives to convey in
formation. Consequently 2 or 3 companies can be 
visited in one day if they are located close to
gether. 
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Types of Companies 

Based on experience in the walk-through as
sessment program, the companies visited can be 
conveniently subdivided into three broad groups 
with respect to their energy conservation activi
ties.* 

Large companies (>500-1000 employees), tech
nically intensive with full-time, qualified 
staff concerned with energy conservation . 
Intermedia t e to large size companies (>250 
employees) with one individual who, among 
other duties, is responsible for energy con
servation activities. (Efforts at energy 
conservation are not based upon measurement 
or data but usually consist of the applica
tion of a checklist of ideas.) 
Small to intermediate size companies (<250 
employees) with no one qualified to work in 
energy conservation or employed in that capac
ity. 

The last two groups of industry predominate 
in North Carolina (and thus in the companies visi
ted) and consequently can profit from a program 
like the 11 walk-through assessment 11 program. 

Since companies request the 11 walk-through 11
, 

their representatives are usually very helpful and 
appreciative during the plant tour. Occasionally 
a plant tour is conducted by someone other than 
the requesting manager, and that person may at 
times appear defensive. Also, in some instances, 
the company environment (both internal and exter
nal) is either so polluted or processes so deter
iorated that rational technical and economic 
priority dictate that they defer energy conser
vation considerations until other problem situa
tions are resolved. 

Reports To Company 

After the in-plant visit, a report is written 
for the company to summarize observations and 
recommendations. The report might include the 
results of observations or engineering calcula
tions, information from various references, or 
referrals to people or agencies. The report is 
written in letter form and consists of a series of 
paragraphs under various headings. A report var
ies in length from 2-6 single spaced, type written 
pages and usually takes 3-5 hours to write. 

The following list represents a cross-section 
of recommendations from typical reports: 

l. Recommendations pertaining to the estab
lishment of energy conservation programs. 

* The bulk of the facilities visited are manu-
facturing plants. A few commercial buildings 
(insurance, shopping center) and a hospital have 
been visited but are excluded from the above. 



Record of energy usage. As a prelude to a formal 
energy conservation program, you should begin to 
keep plant and departmental records of energy 
usage (fuel, electricity, water, steam, etc.) on 
a monthly basis and compare these to production 
levels. This information is not difficult to 
record and will give you a valuable perspective 
on the cost level and trends involved in energy 
usage per unit of production. 

Establishment of a company-operated energy con
servation program. The most important step in 
conserving energy is the establishment of an 
ongoing energy conservation program, with a pro
gram director who is given top management support. 
Top management support is essential in obtaining 
employee cooperation and participation. The 
essential elements of such a program are given in 
a recent government publication, "Energy Conser
vation Program Guide for Industry and Commerce"-
NBS Handbook 115--put out by the U. S. Department 
of Commerce. 

I believe your organization is totally commit
ted to energy conservation, and now simply needs 
to establish and publicize an official program. 
It will prove advantageous if all employees of 
the plant are conscious that there are ways in 
which they can help. Most employees probably will 
not consider the "big picture," tending to feel 
that energy conservation ends at the front door. 
If energy conservation is to work, employees must 
be reminded regularly about energy conservation 
ideas pertaining to both the company and their 
lives outside of working hours. Some suggestions 
could be implemented with some modification in 
the employee Habits. Suggestions falling in this 
category relate to: bath water temperature, drip
ping faocets, room temperature levels, deactiva
tion of electrical equipment when not in use, 
reduced use of products manufactured from petro-
1 eum or wood, use of the refrigerator, and pol
icies on washing. Interesting suggestions which 
require some equipment modification are (a) reuse 
of wash water for flush toilets, and (b) replace
ment of commodes with urinals in men's restrooms. 

To more fully involve and motivate employees 
in the business of energy conservation, you might 
want to put up ENERGY SAVING SUGGESTIONS boxes 
throughout the plant, and then give awards for 
those ideas which result in substantial savings. 

NBS Handbook 115 indicates that one of the 
first steps of any energy conservation program is 
keeping a monthly record of energy consumption. 
For employee information and motivation, you 
could place large bar graphs of this information 
in conspicuous locations throughout the plant. 

2. Recommendations pertaining to changes in 
operations and/or procedures. 

Open doors. During the walk-through, we found a 
number of open doors leading to the outside atmos
phere. As you know, large quantities of condi
tioned air (heated and cooled) escape through 
these open doors -- and this lost air represents 
a significant energy (and dollar) loss. I real
ize that the "state" of a door is the responsi
bility of the manager whose group is working in 
the area, but, somehow, these employees must be 
made aware of the significance of this action. 

I understand that this is a difficult manage
ment problem, but it must be addressed since heat
ing and air conditioning account for a large per
centage of your energy bill. 

Control of thermostats. As you know, employee 
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control over individual thermostats can create 
serious inefficiencies in your heating and/or 
air conditioning systems. For obvious reasons, 
you cannot remove these thermostats. Some com
panies have gotten around this personnel problem 
by rewiring the system and placing the actual 
control in some other location. 

Spring and fall operation. During the spring and 
fall, the climate in eastern North Carolina is 
quite mild. Rather than heating and/or air con
ditioning during these seasons, you should consi
der ventilating your entire plant with outside 
ambient air. The amount of fresh air introduced 
into the plant would be controlled by roof mounted 
exhaust fans operated in conjunction with certain 
outside doors. This policy has been adopted by a 
number of companies in your area and has resulted 
in significant energy savings. 

Fix/maintain leaks in air, water, steam lines. I 
realize the difficulty of starting and maintaining 
a periodic maintenance program aimed at the above, 
particularly in some of the manufacturing opera
tions, in the summer, however, I think you may 
be overlooking a considerable savings. For in
stance, Charles Norton of General Motors in a 
paper entitled, "How to Survey Your Pl ant for 
Energy Waste" reported first year savings in an 
energy ·conservation program as follows: 

"In 1972, on a production unit basis, Livonia's 
water consumption declined 30%, steam was 
reduced 23%, natural gas 19%, and electricity 
3%. 
It is important to note that the reductions 
achieved to date are not the result of tech
nological advances or major rework and re
design of our facilities and equipment ... 
To date we have relied upon and obtained 
quite satisfactory results from some rather 
simple but vigorous maintenance and plant 
engineering efforts directed at finding and 
fixing the energy leaks in our plants." 
Simil~rly there are a number of examples 

(ECO's) in NBS Handbook 115 that indicate the 
monetary savings of repairing leaks in compressed 
air lines, steam lines, faulty steam traps, etc. 

Good housekeeping. As you know, effective energy 
conservation is the accumulation of numerous small 
steps -- in a sense, it often comes down to good 
housekeeping. It involves such items as repairing 
small steam leaks, replacing insulation that has 
fallen off the toaster, insulating all hot water 
and steam lines (no matter how small), etc. In 
the industrial setting, I realize that most atten
tion must be given to maintaining or improving 
production. However, in this day of continually 
increasing energy costs, I believe considerably 
more attention should be given to such mundane 
tasks as equipment maintenance -- more specifically 
all equipment should be kept at an energy efficient 
level of operation. 

3. Information from other sources. 

Ventilation hoods-waxing area. The one hood you 
have here I believe is undersized. Enclosed is a 
copy of the recorrmended ratio for a canopy hood. 
Note the hood should overhang 40% of the height 
the hood is above the process. 

In most cases you should install an individual 
ventilation pickup at the source rather than use 
a general overhead fan. Consequently, I would 
put a hood over the small waxing machine. 



4. Recommendations pertaining to building 
modifi ca ti on. 

Plant room (and die room) - install suspended 
ceiling. Particularly in the plant room where 
environmental conditions are getting high (65% 
relative humidity, 76° F. temperature) you should 
install a suspended ceiling. You don't need the 
overhead space and a new ceiling will reduce the 
room volume by around 40% and make it much easier 
and cheaper to maintain appropriate conditions 
in these rooms . 

Shipping/receivin~ docks. You lose a tremendous 
amount of "heat" in the winter by having loading 
docks adjacent to the building which are open and 
prohibit the use of "dock curtains," etc., to 
reduce infiltration of air. You could do one of 
two things. First, you could build an enclosure 
on the docks out to the edge so that they have a 
typical entry way on which you can install dock 
curtains. Or, second, you can remove the loading 
docks so that the trucks can back up to the build
ing and be shielded with dock curtains . 

Exposure between air conditioned and un-cooled 
areas. You have a number of situations where air 
conditioned areas share a common open side with 
un-air conditioned areas in which there is high 
process heat release . You exhaust from the un
conditioned areas to remove fumes and to reduce 
the temperature levels but, in turn, attempt to 
keep the windows closed. This is classic example 
of "operating at cross purposes." 

It is my opinion that you should consider 
isolating conditioned areas from unconditioned 
areas, say, with movable partitions and installing 
considerably more ventilation capacity in the heat 
release areas . In this way you could open all the 
windows in these areas in the summer. Hopefully, 
the result would be a very large reduction in the 
cost of air conditioning, a small increase in fan 
electrical consumption, and cooler and happier 
people in both areas . Of course, I think you 
should seek information from other plants operating 
under similar circumstances as well as from air 
conditioning and ventilation consultants. 

5. Recommendations pertaining to process 
changes. 

Preheating combustion air. Another approach to 
reducing the radiant heat loss from the tunnel 
surface to the atmosphere is to enclose part of 
that surface (wall) with a pressurized air duct. 
In effect, what I am suggesting is that the 
surface and duct form an air preheater--and the 
resulting heated air be used as combustion and/or 
dryer air. Two regions of the furnace envelope 
that appear particularly suited for th i s approach 
are the undercar zone and the burner zone. Both 
zones would have to be pressurized--such that the 
car bearings and kiln burners are kept reasonably 
cool. 

Most side-fired units use ambient air as 
combustion air to the burners. If this combustion 
air were heated to 550° F. in the preheaters 
suggested above, the following energy savings would 
result: 

FUEL: Bunker C oil 
HHV = 152,000 BTU/gal or 6.58 gal/106 

BTU 
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Assume: 20% excess air on oil firing 
+ 900 lb. air/106 BTU. For each 
106 BTU fired, you could expect 
to save approximately 100,000 BTU 
or .66 gallons of oil if the c~mbus
tion air were preheated to 550 F. 

I'm sure you will agree that a 10% saving is 
significant. 

Kiln stack temperature. Stack temperature is one 
of the most important variables which influence the 
energy efficiency of a tunnel kiln. Under your 
present operating conditions, the temperature of 
the flue gas leaving your stack varies from 450° 
to 550°F.--which is much too high for efficient 
operation. 

For oil firing, I would recommend a stack temp
erature of 325° to 350°F. The minimum temperature 
limitation of 325° F. is imposed by the fact that 
the flue gas contains condensable vapors that de
posit on the stack duct work, in the liquid phase, 
if the plant temperature falls below the dew point. 
In the case of sulfur bearing oil, sulfur trioxide 
may be formed which, in the presence of the water 
vapor, may in turn form sulfuric acid. The dew 
point of flue gas containing this acid is much 
higher than if water alone were present. 

For natural gas firing, a somewhat lower stack 
temperature can be tolerated. 

6. Recommendations pertaining to the purchase 
of new equipment. 

Heat recovery systems. Since your present kiln exit 
temperatures are considerably higher than 325° F., 
you may want to consider a heat recovery system in 
the base of the stack. In selecting the heat ex
changer appropriate for your facility, you should 
consider the following factors: 

How will the recovered heat be used? 
Preheated combustion air+ heat wheel, 
heat, pipe, tubular airheat 
Heated air for space heating + heat pipe or 
tubular air heater (heat wheels usually have 
some leakage associated with them) 
Heated water for process -or feedwater 
heating + economizer 

What is the terminal difference of the 
heat exchanger? 
Terminal Difference = (Flue Gas Temperature 
Leaving Heat Exchanger) - (Fluid Temperature 
Entering Heat Exchanger) 
Note: For effective utilization of heat 
exchanger surface, you should design for a 
terminal difference of +200° F. 

How large is the heat exchanger? Is suffi
cient space available? Will the existing 
structure support the heat exchanger? 

What fuels will be fired in the furnace? 
The resulting flue gas will effect: 
(a) the type of heat exchanger surface 
(b) the surface spacing 
(c) the tendency to plug the surface 
(d) the need for soot blowers 
(e) the tendency to corrode the heat 

exchanger surface. 

Compare the cost of each type of heat ex
changer on an equal recovery basis. Con
sider both equipment and installation costs. 



Is the heat exchanger compatible with 
existing equipment? Can the existing 
fans handle the additional draft loss 
and/or air pressure drop? 

What additional operating costs will the 
heat exchanger create? For example--
what is the draft loss across the heat 
exchanger and what are the operating energy 
costs resulting from this additional loss? 

How much energy (and money) will the heat 
exchanger save? As a general rule, you 
can expect to increase the boiler effic
iency by approximately 1% for each 400 F. 
reduction in stack temperature. 

MEASUREMENT PROGRAM 

This second phase of the overall IES energy 
~ssistance program is projected for the future. 
Funds are being pursued with which to buy instru
Tients to make measurements in the key areas of 
combustion, stack temperature, heating, venti
lating, lighting, and electrical motors. In 
this case, the visiting engineer would spend a 
,Tiinimum of one day in a facility, observing oper
ations, asking questions, looking at records, and 
making physical measurements. Based on this info
rmation, an analysis will be made and the results 
summarized in a report, along with recommendations 
and anticipated savings. Approximately two weeks 
after the initial inspection, the IES engineer 
will personally review the report with the com
pany representatives and relate the losses to 
specific sections in NBS Handbook 115. 

In addition to initiating an energy conserva
tion plan, each company is requested to provide 
IES with a quarterly record of its energy consump
tion--and when possible relate this consumption 
to production quantities (on an absolute or rela
tive basis) and degree days. Because uniform 
record keeping, reporting and energy accounting 
are important factors in an effective energy 
conservation plan, this information should be 
readily available. 

Six months after the initial measurement and 
walk-through survey, each company will be con
tacted by the inspecting engineer--either by 
phone or visit--to evaluate the company's progress 
in energy conservation. 

CONCLUSIONS 

Educational programs in energy conservation 
tend to be applicable to people knowledgeable 
enough in energy conservation to extend their 
own abilities. As a general rule, these programs 
do not reach the smaller industries that often
times function without trained engineers. Con
sequently, direct technical assistance is deemed 
to have the most immediate effect on the energy 
saving capability of small companies. Also it is 
hoped that the money saved will serve as an in
ducement to these companies to consider energy 
conservation more seriously and eventually set 
up their own on-going energy conservation programs. 

There are many situations in the companies 
visited that are tremendously wasteful of energy 
and yet are simple and inexpensive to rectify. 
Many of these situations remain unknown, usually 
because the affected individuals are not aware 
of the technical concepts involved. Even in cases 
where energy waste is known, the manager of a 
small company is often reluctant to act--simply 
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because he is not technically informed and 
therefore uncertain of the possible consequences 
of his actions . This individual desperately needs 
competent technical assistance if he is to stay in 
business . 

The IES program of direct technical assis
tance in energy conservation shows promise of 
being an effective means for identifying energy 
waste and promoting energy conservation. 
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Introduction 

Those who approve energy reduction projects 
must have a base for making the decision; usually 
this requires a comparison with alternative means 
of spending capital or assigning manpower. Saving 
energy saves money, and usually requires an ex
penditure in capital investment and a change in 
the funds required for future maintenance, taxes, 
etc. Therefore, all energy management action 
should be analyzed to present the total time value 
of all expenditures and savings. 

The method selected for presenting energy 
projects should be realistic and provide the 
decision maker with all the information required 
to adequately evaluate the proposed project. The 
energy analysis can be presented by several differ
ent means; however, they should all be based on the 
real time value of money . 

The most acceptable means of presenting an 
energy proposal is by Life Cycle Cost (LCC) analy
sis. Even this results in several different 
alternatives depending upon tax rate, inflation, 
fuel escalation, productivity, benefits, etc. 

In this paper, the basic forms of energy 
analysis will be discussed, with a major emphasis 
on LCC analysis. 

Life Cycle Cost Analysis 

Dollar expenditures made at one point in time 
cannot be directly compared to expenditures at 
other points in time. This is quite evident and is 
due to the fact that money has an earning capacity 
with respect to time. Consider an offer that would 
enable you to receive $1,000 today or $1,000 one 
year from today. These two amounts are of equal 
numerical value but quite obviously they have a 
different meaning in terms of purchasing power. 
Even the most unimaginative of individuals could 
place $1,000 on deposit in a savings account 
earning a minimum of 5 percent per year. Under 
these considerations, $1,000 today would be equiv
alent to $1,050 one year from today. Life cycle 
costing studies must then involve the basic princi
ples of investment analysis. 

Investment analysis (often referred to as 
engineering economics) is based upon the earning 
capacity of money. This earning capacity is 
expressed as a yearly interest rate having a 
minimum value equal to the least acceptable rate 
of return expected by the owner on any investment. 
Percentage returns on investments below such 
established rates are uneconomical for the 
investor, and as a result are undesirable. If a 
company or individuals is in a "borrowing situa
tion," the interest rate used for analysis purposes 
should at least equal the yearly rate paid for 
loan repayment. The interest rate used for 
analysis purposes can be viewed as the percentage 
return one would expect to receive if additional 
funds were available for investment purposes. They 
are opportunity rates or simply the 11worth 11 of 
money to the investor. 

The mechanics of life cycle costing involves 
the translation or conversion of an initial 
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investment into a series of equivalent annual 
expenses covering the anticipated life of the item 
under investigation. In this manner, an appropri
ate portion of the initial investment can be 
directly apportioned to annual operation and main
tenance expenses. Another method, used in some 
life cycle costing studies, is to convert the time 
stream of future expenses to an equivalent dollar 
amount at the time of initial acquisition. Such a 
process is called discounting, or present worth, 
and the present value of the entire life cycle cost 
is obtained by adding the initial investment to the 
discounted future expenses. 

Conversion of dollar amounts from one point in 
time, to another desired time reference, involves 
the use of interest factors. The following list of 
symbols explains the various commonly used symbols 
and interest factors encountered in life cycle 
costing studies. 
SYMBOL 

p 

A 

n 

A 
p 

p 
A 

F 

A 
F 

p 
r 

EXPLANATION 
a sum of dollars at the beginning of an 
economic study 
an annual dollar amount in the form of 
a series of uniform end of period 
expenses or receipts 
the number of years, or life, covered 
by the economic study 
the yearly interest rate or "worth of 
money" expressed as a percentage 

capitol recovery factor, used to 
convert an initial investment to an 
equivalent uniform annual end of 
period series 
uniform series present worth factor, 
used to discount a series of expenses 
or receipts to the beginning point in 
time of an economic study-the numerical 
value of this factor is the inverse 
of the capitol recovery factor 
a single future sum of dollars 
sinking fund factor, used to convert a 
single future expense or receipt to an 
equivalent uniform annual, end of period 
series-the numerical value is equal to 
the capitol recovery factor less the 
interest rate expressed in decimal form. 
present worth factor, used to discount 
a single future expense or receipt to 
the beginning point in time of an 
economic study-the numerical value of 
this factor is equal to the uniform 
series, present worth factor times the 
sinking fund factor P X A _ P 

A r-r 



Table I is an abbreviated table of commonly 
used capitol recovery factors . In addition, an 
accompanying example shows the method of computing 
other related factors that are helpful in 
performing life cycle costing studies . Complete 
tables for all factors are available in engineer
ing economy textbooks and these should be consul
ted for the ease of calculations . 

In practice the interest factors are all 
multiplicative in their usage. For example , if 
it is desired to convert an initial investment of 
$19,000 to an equivalent series of end of year 
payments over 12 years at an interest rate of 10%, 
the tabular capital recovery factor is multiplied 
by $19,000 (ie, $19,000 x 0.14676 = $2788 .44) . 
The "set-up" of such a problem is very simple when 
the symbols explained previously are used . The 
$19,000 by definition is designated as a P term . 
It is desired to compute an equivalent end of year 
series---by definition a series of values with an 
A designation; therefore , 

A = p (~). 
note the algebraic "correctness " of this equa
tion. Of course, the specific capital recovery , 
or ~factor, is dependent upon the interest rate 
used and the span of time involved. 

TABLE I 

It is often desirable to draw a sketch, or 
cash flow diagram, to visually depict the flow of 
dollars with respect to time. Additional items 
that should be included on such a diagram are the 
interest rate per compound period used and the 
span of time covered by the study. By way of an 
expansion of the previous problem, let us assume 
that the $19,000 item will have a salvage or resale 
value at the end of 12 years equal to $900. In 
addition, annual maintenance and operation costs 
are estimated to be $1,500 and at the end of the 
sixth year management believes an overhaul of the 
item will be necessary costing $1,800. The desired 
output of the economic study is the equivalent 
annual cost of ownership if money is "worth" 10% 
to the organization. 

The first step is to develop a cash flow 
diagram showing anticipated expenses and income 
amounts as they occur with respect to time. By 
convention, a downward directed arrow is used to 
indicate an expense and an upward directed arrow 
is reserved to show an income . 

TABLE OF CAPITAL RECOVERY FACTOR VALUES , ~ 

Interest Rate 

Years 6% 8% 10% 12% 

2 0.54544 0.56077 0.57619 0.59170 

4 .28859 .30192 .31547 .32923 

6 .20336 .21632 . 22961 .24323 

8 . 16104 .17401 .18744 .20130 

10 . 13587 . 14903 .16275 . 17698 

12 0. 11928 0 .13270 0.14676 0.16144 

14 . 10758 . 12130 . 13575 .15087 

16 .09895 .11298 . 12782 . 14339 

18 .09236 . 10670 . 12193 .13794 

20 .08718 .10185 .11746 .13388 

25 0.07823 0.09368 0.11017 0.12750 

30 .07265 .08883 .10608 . 12414 

35 .06897 .08580 .10369 . 12232 

40 .06646 .08386 .10266 . 12130 

. (A\ 8% Capital recovery factor for 8% & 14 years, le p) 
143 

= 0.12130 

. (P) 83 1 Uniform series present worth factor for 8% & 14 years, le A 
143 

= -:T2T30 =.8.2440 

() 
8% 

Sinking fund factor for 8% & 14 years, ie ~ 143 = 0.12130 - .08000 = .04130 

. (P) 8% (P) 8% (A) 8% Present worth facto.r for 8% & 14 years, le f 
143 

= A 143 X f 143 

= 8.2440 x .04130 = 0.34048 
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0 2 4 6 9 3 5 

= 10% $900 t 

12 ears 7 8 10 11 

$1500 $1500 etc. thru year 12 
11 A" 11 A11 

1 $19,000 
11p11 $1800 

"F" 

. ) l 0% ( p) l 0% ( A ) 10% ( A) l 0% 
A = 1500 + 19 ,000 ( ~ + 1800 f p - 900 F 

12 6 12 12 

A= $4330 per year, the effective life cycle cost of ownership. 

NOTE: The double use of the factors in conjunction with the 
$1800 at year 6 is as follows--the $1800 is first 
di scounted to time 11 011 and then converted into an 
equivalent series of 12 end of year, annual expenses. 

The life cycle cost for the above example 
could be expressed in terms of present dollars. 
If this approach were to be used, all monetary 
amounts shown on the cash flow diagram are 
discounted to time 11 011 and a summation of results 
is obtained. This method of expressing the 
equivalent time flow of costs is referred to as 
present value or present worth. The present 
worth of the life cycle cost for the previous 
example is computed in the following manner. 
Present worth at time 11 011 or simply -

l 0% l 0% l 0% 
PW = 19, 000 + 1500 (~) + 1800 ( ~) - 900 (?) 

12 6 12 

PW= $29,507 the life cycle cost of ownership 
in terms of present dollars. 

It should be understood that the two life 
cycle cost figures computed above have the same 
mathematical significance--$29,507 at time 11 011 

has the same meaning (providing interest rates 
are 10%) as a series of twelve end of year pay
ments of $4330. This fact can be demonstrated by 
simply converting the $29,507 into series of 

10% 
twelve end of year payments=$29,507 (8-) 0 

= $4330 
p 12 

The value of such life cycle costing 
computations lies in the fact that optional 
items of equipment or processes can be directly 
compared even though both require different 
initial investments and have dissimilar cash flows. 
This direct comparison is made by converting the 
respective costs of each option to an annual 
series or by discounting all future costs to the 
time of initial acquisition. It must be recogniz
ed, however, that the discounting method to obtain 
a present value, or present worth, is only valid 
for comparison purposes when the service lives 
of all options are equal. 

In computing the life cycle cost of ownership 
it should be evident that Federal and State 
income tax laws drastically effect cash flow, 
actual cost of ownership, and hence final decis
ion making policy. Three main elements of in
come tax considerations will be considered in 
the following pages--investment tax credit, de
preciation, and the effect of maintenance and 
operation expenses on taxable income. 

10 

The current investment tax credit is estab-
1 ished at a rate of 10% and in the context of this 
paper will be treated as an effective cash return 
to the investor equal to 10% of the acquisition 
cost. Generally speaking, three common methods 
are available to owners of depreciable property-
straight line, declining balance, and sum of the 
years-digits. Depreciation should be viewed as 
an accounting procedure for tax purposes . Such 
computations result in tax deductions and have no 
direct correlation with the actual value or worth 
of the item being considered . In the following 
pages only the straiqht line method will be consid
ered . This should not be construed as an endorse
ment of this particular method, as it is selected 
only to facilitate the computation process. With 
regard to maintenance and operation expenses, it 
must be recognized that these are a cost of doing 
business and as such are tax deductible items. 
Quite naturally, as expenses increase, profit will 
decrease and, as a result, income tax payments 
wi 11 lessen. 

When computing the true life cycle cost of 
ownership all of the above mentioned tax parameters 
must be considered along with the initial acquisi
tion cost, the annual cost of maintenance and oper
ation, the time value of money (ie interest rate) 
and any salvage value that the item under investiga 
tion might have at the end of its useful life. 
This process is best illustrated by the following 
example. 

Life Cycle Costing Example 
A 12,000 S.F. office building, owned by a 

corporation, is to be equipped with a 30 ton, 
rooftop air conditioning unit. Two systems are 
available--a standard system "A 11 and system 11 8 11 

which has an economizer. Cost data for the two 
units is given below. 

Capital Cost 

Salvage 
Life 
Operating Cost Per Year 

Maintenance 
Energy 

S_}:'.stem 11 A11 

$30,000 

$ 200 
10 years 

$ 300 
$ 2,360 

Sj'.Stem 11 8 11 

$34,000 

$ 200 
l 0 years 

$ 350 
$ 1,780 



When computing the true cost of ownership, 
it will be assumed that . the corporation pays 
combined state and federal income taxes at a 
rate of 55 percent in addition to local property 
taxes of $30/$1000 of true value. Also, consider 
money is worth 10 percent to the corporation and 
use an annual method to compare the economics of 
ownership of the two systems. 

At first glance, the problem of analysis 
appears quite simple. For an investment of an 
additional $4000 an annual cost reduction of $530 
is realized. Over a 10-year period this would 
amount to $5,300, or a net dollar savings of 
$1,300. Such an approach, however, is erroneous 
since it ignores the basic principles of invest
ment analysis. The following procedure is 
used for combining the true yearly cost of owner
ship for both systems. 

System 11 A11 

Initial investment tax credit=$30,000XO.l $3,000 
Annual disbursements: 

Maintenance and Operation 
Property taxes = $30 x 30 

Tax return computation: 

= $2,660 
= L1QQ 

$3,560 

Annual disbursements = $3,560 
Depreciation(30,000-200)710 = $2,980 

$6,540X0.55=$3,597 

$3000 $200 

I 1 
$3597 etc. thru 10 

I i = 10% 

0 2 3 4 5 6 7 8 9 10 

l ! $3560 etc. thru 10 

$30,000 

Equivalent annual cost of ownership of System 11 A": 
10% 10% 

(30,000-3000) ( ~) 
0

+ 3560-3597-200( ~) 
0

=$4,345 
10 10 

System 11 8 11 

Initial investment tax credit=$34,000XO.l 

Annual disbursements: 
Maintenance and Operation =$2,130 
Property taxes= $30 x 34 =$1,020 

Tax return computation: 
Annual disbursements =$3,150 
Depreciation(34,000-200)710=$3,380 

=$3,400 

$3, 150 

$6,530X0.55 =$3,592 

T0 

1 
$3592 etc. thru 10 

10% T 
0 1 2 3 4 5 6 7 8 9 10 

l 1 $3150 etc. thru 10 
$34000 
Equivalent annual cost of ownership of System 11 811 

10% 10% 
(34,000-3400)(~) + 3150-3592-200(~) =$4,525 

10 10 
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Therefore, System 11 A11 will have the lowest annual 
cost of ownership and will actually save the corp
oration $180 per year . 

.The results of the life cycle cost analysis 
indicate several factors. First, in the comparison 
of the two systems, a cost differential cannot be 
measured by simply computing apparent out of pocket 
savings, and comparing these directly with an addi
tional expenditure. This was the erroneous ap
proach mentioned in the initial discussion of Sys
tem 11 A11

• The reason for this, of course, is due 
to the investment worth of money (ie, interest 
rate) with respect to time. Interest factors, 
such as capital recovery, must be used to translate 
dollar sums at one point in time to equivalent 
dollar amounts at desired other points in time. 
Hence, in the previous pages, the initial invest
ment was converted into equivalent annual amounts 
so that they could be directly added to other 
yearly expenditures. 

Second, and perhaps the most important aspect 
of the problem, is the effect of taxes on the 
actual cost of ownership. The efficient System 
11 811 has an energy consumption rate of 25% below 
the level of System 11 A". However, the cost of 
ownership of the efficient air-conditioning unit 
is $180 per year more than a comparable, but 
inefficient unit .-----nle reason for this, of course, 
is due to the fact that operational business ex
penses, such as payments for fuel and energy, are 
tax deductible. In the case of the energy effic
ient unit, a savings in annual cash flow will 
result equal to $410. To realize this savings, 
however, an extra $3,600 must be initially in
vested by the corporation--$4,000 less the 10% 
tax credit. If money is worth 10% to the corp
oration, an annual savings of at least $585 should 
be realized in order to justify the expenditure. 
This annual savings is computed by converting the 
actual additional expenditure necessary to acquire 
System 11 8 11 to an end-of-year series lasting 10 
years -- (A)l0% 

$3,600 p = $585. 
10 

It is interesting to note that if the corporation 
did elect to install the System 11 8 11

, their actual 
return on the additional funds required to pur
chase this unit would be about 2.2%--far less 
than could be obtained from a regular bank savings 
account! 

Problems most certainly exist with our 
Federal Tax System which is compounded on the 
State and local level. Quite simply, the present 
tax structure in the United States is inconsistent 
with any policy of National Energy Independence. 
Energy demands over the next 10 years must be met 
in a large part through an extensive program of 
energy conservation. Given our present system 
of taxation, there is often no economic incentive 
for business to practice energy conservation. 
On the contrary, rather than a reward, an economic 
penalty is often the result of good engineering 
designs that reduce the rate of energy consump
tion. 

What is required is a change in our corporate 
Federal tax structure providing economic incen
tives for energy conservation programs. Such a 
proposal is "The Minnesota Plan" that contains the 
following provisions: 

- an initial investment tax credit of 25% 
- a one year write-off for depreciation 

purposes 
- the above two provisions applying only to 

capital expenditures resulting in energy 
savings of at least 25% 



An understanding of the basic elements of 
life cycle costing is necessary in order to make 
intelligent decisions about the investment of 
funds for capital expenditures. Such procedures, 
of course, should be applied with or wfthout any 
changes in the existing U.S. tax structure . 

Effect of Inflation on Energy Analysis 

The orevious discussion assumes that either 
inflation. does not occur or that all investment 
values involved in LCC analysis have equal in
flation. Wherever a fixed interest rate is being 
used in the LCC evaluation process, then inflation 
does change the outcome in tha t the energy pro
posal has increasingly higher monetary returns 
when compared with fixed interest returns. Like
wise, the evaluation of energy proposals and other 
capital investments in production processes must 
include inflation on all items if the correct 
decision is to be made. It should be assuemd that 
profits (or energy savings) from a capital invest
ment will increase at the same rate as inflation, 
in that inflation on labor, parts, etc., will be 
equal and the differential inflates at the same 
rate. 

As an example of inflation, assume the follow
ing options: 

a. $10,000 fixed interest investment @10% 
b. $10,000 energy investment with the follow

ing cost and savings: 

Salvage Value: 
Life: 
Energy Savings: 
Maintenance: 

Zero 
10 years 
$1,500 year 
$200 year 

Case A. First, assume no inflation, then P. 
(Energy Savings-Yearly Maintenance) = (1500 - 200) 
x 6.144 = $7,987.94. 

Case B. Assume inflation is 6% per year, 
then the present worth is P = (1500 - 200) X 7.738* 
= $10,060.39. Therefore, the rate of return is 
greater than a fixed compound investment of 10% in 
that the present worth of our savings is greater 
than $10,000 investment. 

The equivalent compound interest rate re
quired to earn a real 10% rate of return when 
inflation is 6% is: 

i {equivalent)=i (interest}+ib(inflation)+(i )(ib) e a a 

OR 
ie = .10 + .06 + 0.006 = 0.166 

This means that when we have inflation of 6% 
and the interest received on our fixed investment 
is 10%, the rate of return in equivalent present 
value dollars is: 

i(realized) = 3.77% 

Effect of Escalating Energy Costs 

To further complicate the analysis, the rate 
at which energy is currently increasing is 
greater than the rate of inflation for other 
products, services and wages. Extending the 

*See section on Effect of Escalating Energy 
Costs for computation of present worth factor. 
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above example, we see that i flation has an effect 
on our energy evaluation dee sion; but when energy 
increases faster than inflat on, it adds another 
dimension to the problem. 

Case C. Same as Case B, except inflation is 
6% and energy costs are escalating at 11 % per year. 
Now our evaluation of the energy investment is 
substantially changed: 

PW= 1500 X 9.472 - 200 X 7.738 
PW = $12,660.20 

This is clearly an economical energy proposal 
when both inflation and escalation of energy costs 
are considered. 

The formulas used for inflation and escalation 
are (r =rate of inflation or escalation): 

a. where r > i 

b. where r < 

c. where r 

p A Q1+wt - ~ =ITT 

where: w 
_ 1 + r 
- l+T-

p A ~l + ul" ~ T+r u(l + u) 
1 + i where: u = m -

lj 

In the initial example, the LCC analysis was 
presented as comparative annual costs. This 
method is somewhat more difficult when cost 
escalations are included. The best method to 
present the evaluation data when escalation is 
included is to determine the cost and savings 
for each year (since taxation will vary with the 
yearly expenditures) and related all values back 
to present month to determine the best investment 
selection. 

Effect of Uncertainty on Energy Analysis 

Most capital investments have a degree of 
uncertainty related to the actual outcome. This 
includes maintenance costs, salvage values, energy 
usage, profit on sale of products or services, 
taxes, etc. Frequently, experience factors are 
developed which require any capital proposal to 
earn a rate of return larger than guaranteed 
investment. For example, if a firm can invest 
long-term funds at 10%, they may use a rate of 
return of 16-20% on capital investments which 
carry a risk. 

On large projects, uncertainty can be treated 
statistically or through various modelling tech- · 
niques. This allows decision makers to evaluate 
proposals on both the expected outcome and ex
tremes which may occur, including losses and 
unusually high projects. This can be expressed 
as the Opportunity Rate, the return that is 
available, compared~other investments with 
equivalent risk. 

A related analysis technique that is more 
appropriate for energy projects is the use of 
Sensitivity Analysis. This allows energy projects 
to be evaluated on their sensitivity to fuel 
prices which may have a wide range of expected 
outcomes . . This is especially useful in evaluating 
projects which use natural gas and petroleum fuels. 



Presentation of Data 

There are several methods for presenting LCC 
evaluations. Two have been given already. The 
methods most commonly used are: 

l. Present Value. Relates all proposals 
as a net present value at a given 
interest rate. May also be presented 
as present worth differentials. 

2. Annual Cash Flow. Relates all proposals 
to net annua..,.---cash income or expense. 
For housing where taxes are excluded, 
this is frequently calculated as a 
Monthly Shelter Cost. For commercial 
firms this is frequently labeled 
Profitability Index, the sum annual net 
savings. 

3. Rate of Return (ROR). Comparison of 
proposal to determine the interest rate 
which will give a net present worth of 
income and expense equal to the capital 
investment. This is frequently labeled 
return~ investment (ROI). 

4. Break Even Point. At a given interest 
rate, the cash flow payments are used 
to pay off the investment in N years . 
Investments with the lowest Nth year 
are selected for investment, since they 
usually have the lowest level of un
certainty and reduce long-term committ
ments . This is usually referred as the 
Payback period. When N is less than two 
years, evaluations are frequently made, 
neglecting interest (the time value of 
money). 

Regardless of the method selected, it should 
conform to the LCC analysis methodology. Care 
must be taken to prevent incorrect inputs, over
estimating maintenance costs, energy savings, or 
neglecting the costs related to productivity. 

Inflation and fuel escalation rates should be 
included in all evaluations . Figures should be 
coordinated with present and future expectations 
of your utilities. The effect of changes, such as 
time-of-day differentials and load demand changes 
must be included in long-term proposals, especially 
new buildings . 

The current policy of Public Service Comm
issions should be checked, as they may have plans 
that will substantially change the outcome of your 
LCC evaluation. 

One error of many LCC evaluations is that 
assumptions are not clarified, nor mentioned. 
These must be included, along with an interpreta
tion of the results, including uncertainty and 
the life-committment of various alternative 
proposals. Otherwise decision makers may select 
the incorrect project, assuming all are equivalent 
dollar comparisons. 

Summary 

To fairly evaluate energy proposals, Life
Cycle-Cost analysis must be used. The ti.me value 
of money must reflect the return available for 
alternative opportunities to invest capital. The 
impact of taxes, inflation, and fuel escalation 
must be included in all LCC analysis which 
involve large investment or committments longer 
than two years. 
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EXISTING BUILDING ENERGY CONSERVATION THROUGH 
SYSTEM MODIFtCATION 

Neil Patterson 
Manager 

Application Engineering 
The Trane Company 

La Crosse, Wisconsin 54601 

Existing buildings today are generally over
heated, overcooled, and have an overabundance of 
air circulation and outside air use. 

Therefore, when we, as manufacturers of 
equipment, go into heating, ventilating and air 
conditioning systems, we look at these functions 
of the building with our energy reduction eyes 
in an attempt to align ourselves with those 
products that can be utilized to reduce energy 
in each function for existing buildings as well 
as new building construction. 

Gentlemen, we're looking at 25 to 30 years 
worth of buildings that were designed when 
energy was cheap and plentiful - at least we 
thought it was. 

And as any owner will tell you, there is 
nothing more expensive today to own and operate 
than a building with a cheap, inefficient heating, 
ventilating and air conditioning system. 

With this in mind, I 1d like to take the next 
20 minutes to give you some of the ideas that we 
think can be utilized effectively in existing 
building modification that will conserve energy 
and justify economically. 

Keep in mind throughout the discussion one 
underlying thought - 11 Economics is the Driving 
Force Today for Energy Conservation. 11 Said 
another way - If a change to an existing building, 
system or equipment is not economically justified 
within a reasonable payback period, it will not 
go ahead. 

Most of the products that align themselves 
well with existing building modification are 
those energy conserving types that can be incor
porated into existing systems with a reasonably 
low installation cost and, therefore, relatively 
rapid payback period. 

While some products or systems are more 
geographically oriented than others because of 
climate, etc., they all offer potential for energy 
conservation. Today I 1 d like to give you a rather 
broad brush picture of some of what we consider to 
be the more important ideas that you may be able 
to apply. 

On buildings that use large amounts of outside 
air such as hospitals, laboratories, etc., the 
use of exhaus.t to intake air heat recovery loops 
to preheat makeup air with exhaust air are 
generally a good energy buy that will normally 
pay back, particularly in colder climates, in 
two years or less. 

In the case of heating products such things 
as economizers on the boiler can be used to pre
heat boiler makeup water or other process water 
from the heat normally going up the stack. These 
also have a relatively fast payback period well 
withjn most economic bounds to justify their use 
on bpilers in existing buildings. 

For that matter, coils in general have 
excellent application using up to 5000 F. exhaust 
air 1for drying applications, preheating ovens, etc. 
They have virtually unlimited application for 
inter-plant heat recovery, if one really explores 
the processes to apply them properly. 
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Keep in mind that of all the climate condit
ioning functions within the building, perhaps the 
most important nationally is the heating function 
since it usually consumes the lion's share of the 
energy within a building or building complex. 

The heating function is rivaled in magnitude 
only by lighting which also offers excellent 
potential where task lighting can be employed to 
reduce energy consumption in today's existing 
buildings. 

Not only does task lighting reduce the actual 
energy draw by the lights but it also reduces sub
stantially the air conditioning loads within the 
building including air moving loads which, as we 
all know, are sensible loads. 

Lighting does, however, add heat to the 
building during the heating months and the removal 
of it may add heating load to the building. This 
in turn may bring forth an idea and products that 
have existed for some time - the double bundle 
heat recovery centrifugal and reciprocating product 
lines to recover the heat that would normally be 
exhausted to the cooling tower. 

One must be careful, however, to apply this 
principle only where an internal cooling load 
exists within the building such as a computer room, 
etc., to generate the coincident source of heat 
that can be used on the perimeter of the building 
or some other heating function such as domestic hot 
water heating. 

Beyond this, the coincident cooling and heat
ing loads must exist for a reasonable duration of 
time to provide the energy conservation base to 
justify the additional capital expenditure. 

One of the biggest potentials for energy con
servation in existing buildings today is in system 
modification work. 

There are a number of buildings that exist 
today that are being heated and cooled with systems 
that reheat or mix to maintain space temperature 
control. 

These, of course, are the central station and 
terminal reheat systems, the multizone systems, 
and the double duct systems which, by comparison 
to current system hybrids available, are relatively 
inefficient from an energy standpoint in their 
conventional form. 

The strongest system trend in new building 
construction today is the use of variable air 
volume as a system to cool the building. Ideally, 
then, we should look at existing systems with an 
eye toward conversion to this type of system either 
through control conversion or basic system hardware 
conversion to approach the energy consumption of 
the variable air volume system. 

If we do this, the potential for energy con
servation, on both the heating-cooling and the 
air side of th~ system can be considerable. 

There are several hybrids of variable air 
volume available today which consist of variable 
air volume reheat or variable volume double duct 
systems that we believe adapt well into the 
existing building system conversions process. 



When these systems are considered, one must, 
of course, modify the existing ·fan system with 
some form of capacity control which usually 
consists of speed control or inlet vane control 
to accommodate variable air volume system air 
cutback. 

Today, I'd like to give you an example of 
the conversion energy and economics that may well 
apply to a typical building in this area of the 
country. 

For our example, we're going to examine a 
building system equipment combination that en
compasses the use of a conventional double duct 
system. Next, we'll convert this system to a 
double duct variable volume system where the cold 
deck side of the double duct variable system 
modulates to a predescribed minimum air flow. At 
that time, the hot deck of the double duct system 
modulates toward the open position as the system 
goes into the heating mode with subsequent re
duction in cooling air volume off the cold deck. 

This system uses cooling only variable 
volume terminals from the duct handling the cold 
air for internal zones and utilizes both hot and 
cold deck air streams in the perimeter zones which 
theoretically have the ability to cut back to 
zero air flow unless controlled to do otherwise. 

Our example building is a 5-story building 
located in Austin, Texas which is basically a 11 
hour utilization building with approximately 20% 
glass and major orientation facing east and west . 
The total square footage of conditioned space is 
95,849 square feet distributed between two 
primary air handling unit systems. 

The wall construction has a 11 U11 value of 
. 20, the glass has a 11 U11 value of 1 .13 and a 
shading coefficient of .86. The roof has a "U" 
value of .08. 

The building is a government office building 
which has a people density of 180 square foot per 
person and a lighting intensity of 3 watts per 
square foot. 

Fortunately the building when built will 
actually utilize the double duct variable system. 
However, we are going to assume that it currently 
exists and that it currently utilizes a convention
al double duct system which operates on the supply 
air side at 5.0 inches of static pressure and on 
the return air side at l inch of static pressure. 
The system utilizes a enthalpy actuated econo
mizer to reduce the load whenever possible. 

For equipment, the building has a centrifugal 
chiller for cooling which provides chilled water 
to the air handling units. The air handling 
units have airfoil fans on the supply and axial 
flow fans on return side. For heating equipment, 
the building utilizes a hot water gas-fired 
boiler. 

The basic double duct system has a base first 
cost of $1600 a ton. To convert this system to 
a double duct variable system, it will be 
necessary to change the terminals and add inlet 
vanes to the supply and return fans. 

It will also be necessary to modify the con
trol system to accommodate double duct variable 
volume. This will have an additional first cost 
of $200 a ton. It is this additional $200 per 
ton that must be justified with a reasonable pay
back period to justify the conversion of the 
conventional double duct system to a double duct 
variable air volume system. 

In the analysis for purposes of example, we 
have used an estimated inflation rate on fuel for 
both electricity and gas of 8% which most of you 
I'm sure will agree is very, very conservative in 
today's energy market. 
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The installed tonnage on the building is 
325 tons. and the installed heating capacity is 
2044 MBH. 

After an analysis of utility data and com
pletion of a preliminary energy audit, the 
information can and has been input to a com
puterized energy and economic analysis program. 
Also, input to the program were the current 
energy rate structures in effect as well as 
other economic factors required to perform the 
economic analysis such as installed cost and 
maintenance cost as well as replacement cost 
and the additional inflation factors associated 
with maintenance and replacement. 

We were reasonably certain that the proposed 
double duct variable air volume system would 
have a significant potential for reduction in 
energy associated with the conventional double 
duct system, insofar as the heating, cooling and 
air moving energy. 

However, the key question that needs to be 
answered is whether the modification cost of $200 
per ton to convert the system from double duct 
to double duct variable air volume is economically 
justified by the amount of energy dollars that 
can be saved. 

The analysis has been very revealing and I'd 
like to share the results with you. 

The energy consumption of the existing 
building with its conventional double duct system 
turned out to be 162,859 BTU/Square Foot/Year. 
The current utility bill utilizing the existing 
rate structures was $99,692. This amounts to 
$1 .04 per square foot of conditioned space per 
year . 

At a 8% inflation rate the utility bill at 
the end of the 20th year would increase to $4.49 
per conditioned square foot per year. This in 
effect says that energy costs for the building 
will double every 9 years. 

I believe this puts the impact of rising 
energy costs in proper perspective. The average 
annual owning and operating cost over the life 
cycle of this building came to $2.68 per 
conditioned square foot per year. 

If we break the energy consumption down by 
function within the building, it provides some 
interesting information as to where the energy 
is being consumed. In this case, (See Figure 1), 
heating accounts for 103,479 BTU per square foot 
per year. 

Energy Consumption - 162,859 BTU/Sq. Ft./Year 

Heating 
103,479 

Figure 1. DUAL DUCT SYSTEM 
Energy Consumption By Function - BTU/Sq. Ft./Yr. 



This looks high although keep in mind two things: 
1. Double duct systems requires heating or 

use of warm air even at design conditions 
on the building. 

2. Economizer control can add heating energy 
requirement to the system. If the econo
mizer opens on a small cooling demand it 
opens both hot and cold decks. It, 
therefore, requires heating a large 
segment of air from the outside air tem
perature to the hot deck temperature 
rather than air at say 730 F. to the hot 
deck temperature required to temper the 
cold deck. 

The cooling function accounts for 14,854 BTU 
per square foot per year. The air moving function 
accounts for 15,918 BTU per square foot per year 
and the lighting and base utility consumption 
accounts for 28,608 BTU per square foot per year. 

If we look at this in terms of the per
centage of energy use for each function , 
(Figure 2), heating represents 63.5%, cooling 
represents 9.1 %, air moving represents 9.8% and 
the lighting and base utilities account for 
17.6% of the total energy consumed in the 
building. 

Heating 

63.5% 

Cooling 
Air 

Moving 

Lighting and 
Base Utilities 

Figure 2. DUAL DUCT SYSTEM 
Percent Energy Consumption By Function 

If we look at the energy dollars, (Figure 3), 
we get quite a different picture in that the 
heating function, because we are utilizing gas, 
only consumes 32.6% of the energy dollar, whereas, 
the cooling represents 16 .8% and the air moving 
18.1%. The lighting and base utilities consume 
a large share at 32.5% of the energy dollar. 

Remember, these are the energy and economic 
values for the existing building with its existing 
double duct system. 

We not have a benchmark against which to 
compare the effect of the double duct variable 
air volume system energy and economic performance. 

If we look at the double duct variable system 
utilizing the same rate structures, etc., the 
energy consumption was reduced to 83,343 BTU per 
square foot per year. Because we're now looking 
at a variable volume system, the design air flow 
drops to 117,408 CFM. Because of this 15% drop 
in air quantity, the required tonnage at design 
conditions has now dropped 318 tons . Keep in 
mind that we still have slightly over 1 CFM per 
square foot of conditioned space which is 
reasonable air flow. 
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Heating 

32.6% 

Cooling 

Lighting and 
Base Utilities 

Air 
Moving 

32.5% 

Figure 3. DUAL DUCT V.A.V. SYSTEM 
Percent Energy Cost By Function 

That reduced air flow is significantly import
ant in that it will represent a sizable reduction 
in energy consumption and cost due to air movement 
in the bu i1 ding. 

If we look at the energy consumption break
down for the modification, we find from Figure 4 
that heating represents 30,445 BTU per square foot 
per year, cool i ng is 13,840 BTU per square foot 
per year, air moving is 10,450 BTU per square foot 
per year, and l ighting is constant at 28,608 BTU 
per square foot per year. 

Energy Consumption - 83,343 BTU/Sq. Ft./Yr. 

Cool i ng 
13,840 

Air Moving 
10,450 

Heating 
30,445 

Lighting 
28,608 

Figure 4. DUAL DUCT V.A.V. SYSTEM 
Energy Consumption By Function - BTU/Sq. Ft./Yr. 

Looking at the energy consumption by function, 
(Figure 5), the heating now has been reduced from 
63.5% down to 36.5% of total energy used, the cooling 
now represents 16.7% of the total energy, the air 
moving has been increased from 9.82% up to 12.5% of 
the total energy and the lighting now represents 
34.3% of the total energy used in the building. 



Heating 

36.5% 

Cooling 

116.7%1 

Lighting and 
Base Utilities 

Air 
Moving 

34.3% 

Figure 5. DUAL DUCT V.A.V. SYSTEM 
Percent Energy Consumption By Function 

If we look at the energy dollars, (Figure 6), 
we see 14.4% of the energy dollars is now 
utilized in heating, 22.4% is in cooling, 16.9% 
is in air moving and the lighting and base 
utility represents 46.3% of the total energy 
consumption within the building boundary. 

Cooling 

n Heating 

114.4%1 

Air 
Moving 

Lighting and 
Base Utilities 

46.3% 

16.9%1 

Figure 6. DUAL DUCT SYSTEM 
Percent Energy Cost By Function 

Overall, this represents a 49% reduction in 
the energy consumed per year by converting from a 
double duct to a double duct variable air volume 
system. Therefore, from strictly an energy 
conservation or management standpoint, this 
change would appear to be very desirable. 

We must, however, evaluate the cost of making 
the change versus the energy dollars that it can 
save per year to determine if the proposed change 
is cost effective and if so, how soon will the 
energy cost reduction pay for the capital 
expenditure. 

Physically, the system conversion will 
require that the double duct mixing boxes be 
removed and replaced by double duct variable air 
volume terminals in the perimeter and variable 
air volume terminals only in the interior. In 
addition, it will be necessary to add inlet vanes 
to the air foil fans to provide the turndown on 
air volume associated with the variable air 
volume system operation. 
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Beyond this, the only other modifica~ions 
required will be the addition of sensors in the 
duct to control the inlet vane plus minor control 
modification to accommodate the double duct 
variable air volume pneumatic control system. 

The additional capital expenditure necessary 
to complete the system conversion on this.building 
was estimated at $53,065. The annual owning and 
operating cost reduction associated with the 
change was $60,081 per year which on a simple 
payback basis would be less than one ~ear to 
recover the additional capital expenditure for the 
change. 

If, however, we were talking about a tenant 
office building with developers involved, 
utilizing the cost of money, dep~eciati?n, and 
the other economic factors associated with the 
cash flow on the building, the payback calculation 
becomes somewhat more complex and with the tax 
base of 50%, yields a payback on investment.of . 
approximately 3 years, and a payback on equity if 
the conversion were 75% financed of less than 2 
years. 

To summarize the proposed system change 
would reduce energy consumption in the building 
by 49% going from 162,859 BTU per square foot 
per year down to 83,343 BTU per square foot per 
year . The annual owning and operating cost . . 
difference neglecting income taxes and dep~eciation 
offered a reduction of $60,081 per year, with a 
capital expenditure outlay of only $53,065. 

If we look at the present worth of the 
annual owning and operating cost savings for the 
20 year life of the building at 13% cost of 
capital, we see that the savings is worth $422,052 
which leaves little doubt as to the cost effect
iveness of the change as well as the energy 
effectiveness of the change. 

With this type of information, the energy 
manager can now approach the deci~ion maker to 
receive the approval to proceed with the energy 
conservation plan. The only remaining step.is to 
put the plan into operation as fast as possible. 

This is an example of only one change to the 
building heating, ventilating and air conditioning 
system. It is by no means th~ final op~imiz~ti?n 
of energy conservation potential for this b~ilding. 
For example, reduction in lighting energy via use 
of task lighting would certainly bear careful 
analysis on life cycle cost basis. So, gentlemen, 
life cycle costing for existing building renova
tion is rapidly becoming a fact of life. It will 
provide one good result - it will require that 
energy be analyzed to insure that the pote~tial. 
for energy conservation is being realized in exist
ing building construction. Notice I said P?te~t
ial: we will not save energy unless the building 
and system is maintained and operated efficiently. 

From our experience this requires an ed~ca
tional program for building operation and ~ainte
nance personnel with full support.at the highes~ 
administrative level. Without this, the potential 
to save energy will be lost even though it was 
designed or retrofitted into the building by the 
building and system designers. 

So, I emphasize to you that energy management 
is a team effort. It requires involvement and 
commitment of all segments of the management team 
starting at the highest administrative level to 
be effective. 

With this commitment to move forward as a 
team effort and get on with it, we will have 
energy conservation in lieu of just energy 
conversation. 
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The United States uses about 70 quads of en
ergy per year. Of this, lighting uses about 5% or 
about 3 1/2 quads. 

What I am going to tell you has the potential 
to save about one-third of this through the use of 
higher efficiency light sources, reduced wattage 
light sources, and more careful operation of light
ing systems. That is a saving of about a quad 
which is a lot of energy. 

President Carter and Mr. Schlesinger have em
phasized the efficient use of energy and this is 
just as true of lighting as any other energy use. 

Let 1s go back to 1973 and the Arab oil embar
go and the sudden realization that our resources 
are finite. Then came the President 1 s request to 
reduce energy consumption. Almost immediately 
lighting became a symbol of the energy crisis. I 
guess that 1 s because it is such an obvious part of 
our lives. It touches all of us every day in just 
about everything we do. Somehow we developed a 
11 turn 1 em off, take 1 em out 11 syndrome. While this 
was a simplistic, easy, quick way to save some en
ergy, it did create problems. The fact is that 
most lighting in the United States is dirty, out
moded, inefficient, and carelessly operated. Ac
tually about half of American is underlighted, not 
overlighted. Indiscriminate delamping created 

poor working environments, reduced the appeal of 
stores to customers, and in some cases, reduced 
productivity. For example one weekend GSA removed 
half the lamps in the Social Security Administra
tion complex in Baltimore. This clerical opera
tion was processing 7 million cards per week. 
After the lighting was reduced, this fell to 5 
million cards per week. The lamps were left out 
for six weeks. Productivity did not return. 
Finally the lamps were put back in and productivity 
returned to its normal level. 

Today the lighting industry is totally commit
ted to energy conservation. More efficient lenses 
and lighting fixtures are being produced (Figure 
1) and the user has the option of choosing one of 
several systems that is far more efficient than 
incandescent lighting. 

The consequence of higher efficienty (higher 
lumens-per-watt)--lumens-per-watt is exactly an
alogous to miles-per-gallon--is dramatically re
duced energy consumption. For example, Figure 2 
shows the KWH per year to light 10,000 square feet 
to 100 footcandles based on 4,000 operating hours 
per year. 

The payback of converting from incandescent to 
metal halide and to high pressure sodium is given 
below. As you will note in this example, the 
payback is about a year which yields nearly 100% 
return on investment. 

Lighting Investment Payback Analysis 
1000-120V MV400/BUH LU400/BU 

$ 7,035.67 
$22,500.33 
$21 ,816.00 

Ann. Op. Costs 
Op. $ Savings 
Total New Investment 
Investment Years 
Payback Interest-Months 

R.O. I. 

$29,806 

As you will note in this example, the payback 
is about a year which yields nearly 100% return 
on investment. 

It should be pointed out that conversion to 
more efficient lighting is now included in the FEA 
list of approved energy measures. That means that, 
depending on how the states decide to handle it, 
conversion to effici.ent lighting may qualify for 
financial assistance. 

Another ~roup of lamps simply involves re
moving an existing lamp and substituting another 
that consumes less wattage. For example, the 
regular 4 1 fluorescent lamp consumes about 40 watts. 
The combination of lamp and ballast consumes about 
100 watts for a 2-lamp fixture. Those lamps can 
now be removed and reduced wattage fluorescent 
lamps substituted. The total energy consumption 
with the new lamps is 86 watts per lamp. At an 
energy cost of 4¢ per KWH which is close to the 
national average, the savings per lamp over the 
life of the lamp is $5.60 . . This 4 1 lamp is used 
in 806 million sockets throughout the country. If 
all of these lamps were changed to the reduced 
wattage type it would represent a savings of 22 
bi 11 i on KWH . 
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$11,068.80 
$18,737.20 
$20,875.75 

1.11 
13.3 
89.8% 

97 
11.6 

103 .1 % 
The 8 1 fluorescent lamp which is widely used 

in supermarkets and other kinds of stores is also 
available in the reduced wattage type. In this 
case, the saving is 17 1/2 watts per lamp and at 
4¢ per KWH the savings would be $11.88 over the 
life of the lamp. If all these lamps were changed 
to the reduced wattage type, it would save an 
additional 14 billion KWH. 

The new reduced wattage type costs a little 
more than the standard lamp. The payback based 
on the incremental increase in lamp cost is about 
four months of operation at 4¢/KWH. Even at 
2¢/KWH the user would recover the added cost 
within eight months. 

A newcomer to the incandescent family of lamps 
is the ellipsoidal reflector lamp, Figure 3. This 
lamp has the unique property of focusing the light 
as it comes out of the reflector as contrasted to 
the regular R40 which disperses the light coming 
from the reflector. 

The result is that in a baffled downlight 
about 60% is trapped inside the fixture with the 
R40 whereas nearly all of the light from the 
ellipsoidal reflector lamp gets out of the fixture. 
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FIGURE 2 

-~------~ A reflector lamp projects 

150 Watts 

a cone of light. As 
much as 60% is trapped 
by fixture baffles. 

The "er" beam focuses 
2 inches ahead of the lamp, 

trapping less light in 
the fixture baffles and 

reducing lamp face glare 
by 90%. 

FIGURE 3 

75 Watts 

The result is that the 75-watt ER lamp produces as 
much useful light as the 150-watt R40 which is 
commonly used in this type fixture. The payback 
based on the incremental lamp cost is less than 
200 hours of operation at 4¢ per KWH and at 2¢ a 
KWH is less than 400 hours. 

Following are three case histories which 
illustrate the impact of using some of the lamps 
I have just described. 

The Rexnord Manufacturing Company in Milwau
kee, Wisconsin had bare strip fluorescent lighting 
which was providing about 70 footcandles. They 
removed this lighting system and put in 150-watt 
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high pressure sodium lamps in a 2 1 square wit~ a 
refractive grid lens underneath the lamp. This 
lens has the property of extremely high efficiency 
and excellent brightness control. One-hundred
thirty-five fixtures were mounted on 8 1 x 8 1 

centers to produce 115 footcandles average. Opera
ting costs were reduced 18% and the lamps last for 
24 ,000 hours. 

Stanford University in Palo Alto, California 
replaced 94,000 regular 4 1 fluorescent lamps with 
the new reduced wattage type. Their annual savings 
will be $336,000. Furthermore, they set up a 
system where the light output is monitored. When 
it drops to 80% of initial, the lamps are group 
relamped. In this case the same lighting level 
is provided with reduced wattage.lamps under th: 
group relamping plan as was provided f?rmerly with 
regular 40-watt lamps on a spot relamping plan. 

The Ford Tractor Plant in Romeo, Michigan was 
lighted with 400-watt high pressure sodium lam~s in 
a fixture which has a 30 11 diameter lens for bright
ness control and also to help diffuse the light. 
Operating costs with this lighting system are 26.4% 
less than they would have been had the same space 
been lighted to the same illuminati?n u~ing !luor
escent lamps. In this case, 3600 lighting fixtures 
were mounted on 20 1 x 20 1 centers to produce a 
lighting level of 60 footcandles. 
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I will attempt to cover energy conservation 
management for heating, ventilating and air con
ditioning systems in our brief time this morning. 
My comments will be directed to as many areas as 
possible. These areas will cover existing system 
operations, addition of new controls or subsystems 
as well as new design considerations. While it 
may seem like a sacrilege at an energy management 
seminar, it is appropriate to remember, however, 
that buildings and their .innate heating, venti
lating and air conditioning systems are designed 
and built for an end purpose. Whether this end 
purpose be the manufacturing of an end product 
or dissemination of knowledge or the accomplish
ment of general office work, this purpose must 
be considered. The point that I am attempting 
to make is that it may be possible, in the name 
of energy conservation, to markedly affect the 
efficiency in obtaining this end product of a 
specific facility. There is no question that 
individually we should be able to acclimate 
very happily to a 650 F. indoor temperature in 
a residence during winter operation, and a 
considerably higher indoor temperature than we 
have previously enjoyed during the summer. 
However, while not being an expert in the behav
orial sciences, I have seen instances where energy 
programs have dictated working conditions which 
I believe markedly affect productivity. 

Another general comment which needs to be 
covered in the preface to my remarks is that 
generally, a most important factor in any energy 
management program is sorely neglected. That 
factor is building system operation personnel. 
Our experience indicates that regardless of what 
heating, ventilating and air conditioning system 
is designed and installed, its overall efficiency 
remains a function of the degree of control 
designed into the system and conscientiousness 
and intelligence of the people operating the 
system. This is obviously a reason for computer 
based building control systems. Regardless of the 
degree of automatic control, one of the most 
difficult aspects of any energy management program 
will be educating and significantly motivating the 
people on the job who have the responsibility for 
systems operation. 

Specifically now, how do we develop a good 
energy management program relating to heating, 
ventilating and air conditioning. It cannot be 
done without an energy audit indicating how much 
energy is being expended; for what aspect of the 
systems; and at what time period. As you can 
appreciate, the heating, ventilating and air 
conditioning loads on a facility are very transient. 
While we can approximate with engineering experi
ence, it is impossible to develop a comprehensive 
energy audit without creating an energy model. 
Prior to the advent of software programs relating 
to heating, ventilating and air conditioning 
systems, this energy model was virtually im
possible to accurately create. But with the 
software programs currently available, the task 
has been radically simplified. In my opinion, the 
initial step in creating any comprehensive energy 
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management program is an energy model created by 
computer simulation. The most difficult problem 
in creating the energy modeJl"s to correctly 
simulate how the facility actually is or is 
planned to operate. Since this evening's session 
should provide details on the operation of these 
programs and how you obtain this simulation, I'll 
progress to what it can do once the model is 
obtained. 

Basically, it is the tool for doing two things. 
One, it will accurately predict any energy sav
ings obtained by modifying existing equipment 
operation and/or the addition of any subsystems. 
The other important thing that the energy model 
does is that it allows management to look, on 
a month by month basis, at actual energy con
sumption versus projected energy consumption to 
determine if their heating, ventilating and air 
conditioning system operations are being con
trol led as predicted. A little later in this 
discussion you will see a graph which indicates 
how this tool picks up non-standard building 
operations. 

Figure l, on the next page, is presented as 
an example of how close the energy model can 
follow actual operation. This project is a 
240,000 sq. ft. office building located in 
Northern Virginia. I wanted to comment on it 
because we ran this study as a cross-check on 
our computer software program. For our basic 
energy analysis we utilized five year Washington 
integrated weather data which basically averages 
five years of hourly data. In initial runs, our 
attempts to correlate the energy model were 
disasterous. After test metering the facility to 
confirm that our projected input correlated with 
actual consumptions, a rerun indicated that we 
still had poor correlation. We finally resorted 
to utilizing the specific weather data for the 
eleven month period indicated in 1969. You will 
note that the actual curve pattern for the energy 
model correlates closely with actual consumption, 
giving a total error for the eleven month period 
of 7.2% between simulated consumption and actual 
consumption. The point of the illustration is to 
show how even small deviations in weather data 
input affect specific simulations. 

As another example of how this energy model 
can be utilized in an energy management project, 
the next few figures indicate our analysis in 
1971 of one of the more infamous buildings in 
the world. Our own Watergate Office Building. 
Figure 2 indicates chilled water consumption. The 
cross-hatch curve indicates our computer simulation 
projected operation for 1971 and the dash curve 
indicates actual chilled water consumption. 

As I mentioned earlier, this tool can be 
utilized to pick up a conforming operation. You 
will note that from approximately the first part 
of July the actual consumption skewed from our 
projected curve. Investigating this situation, 
we found that at this date, a large major tenant 
went on a 24 hour operation which resulted in 
the increased chilled water consumption. 
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FIGURE 3. WATERGATE OFFICE BUILDING -
STEAM CONSUMPTION 



Figure 3 indicates again the correlation 
between projected 1971 consumption and actual 
steam consumption for the same facility. 

Figure 4 indicates similar compari son for 
base power consumption at this fac i lity. 

Figure 5 indicates cumulative total expense 
reduction for a period of a year indicating 
approximately $50,000 annual reduction in utility 
costs. It should be noted that the reduction in 
energy for this project simply amounted to fine 
tuning the heating and air conditioning system. 
No reduction in lighting levels were made, nor 
were other requirements of the owner modified. 

Digressing from these illustrations of what 
energy models can accomplish from the standpoint 
of energy management, let's consider general 
areas which we might want to attack in any energy 
management program. 

If we look at Table I, the first area 
indicated is to optimize energy transfer to 
ambient. This is obviously related to i tems such 
as increased insulation on walls and roof, instal
lation of storm windows, or double glazing in the 
case of new construction, building configuration, 
orientation, and shading, ratio of glass to 
wall, et al. 

The second item listed is ventilation air. 
This one item probably contributes more to wasted 
energy than any other single factor . In the first 
place, code requirements for ventilatio~ air 
were instituted before any concern for energy 
arose and in my opinion are excessive . Secondly, 
the absolute quantities of ventilati on air being 
introduced to a building are normal ly incorrectly 
calibrated and do not control as per design 
specifications. 

The third consideration relating to venti
lation air is obviously the heat recovery possible 
from the air exhaust of a faci l ity. This waste 
heat recovery will be discussed this afternoon 
in some detail. 

The next item under general areas of con
sideration is the redistribution of internal heat 
gains. Of great significance to energy management 
of heating, ventilating and air conditioning is 
the fact that, in most conmercial facilities, 50% 
of the energy consumed is relat ed to base electric 
consumption external to the heating and air con
ditioning system. For the mos t part , this base 
electric load affects the air condi t ioning 
capacity and the energy consumption of same; and 
thus is a major factor in heating, ventilating 
and air conditioning systems. The use of non
uniform lighting standards, task lighting, more 
efficient fixtures and other systems which hopefully 
will be discussed in this seminar can impact 
heavily on this area. Again, the redistribution 
of internal heat gains will be discussed in our 
heat recovery session this afternoon. 

The next item which is a major area would be 
the recovery and incorporation of process waste 
heat into the heating system. This will ·also be 
covered under the discussion of waste heat 
recovery systems. 

TABLE I. GENERAL AREAS 

Optimize Energy Transfer to Ambient 
Ventilation Air 
Redistribution of Internal Heat Gains 
Recovery and Integration of Process Waste Heat 
Incorporation of New Subsystems 
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The last item indicated would be incorporation 
of new subsystems such as solar heating or total 
energy systems. While the Federal Government is 
pushing solar systems heavily, I am of the opinion 
that greater economic incentives must be forth
coming if solar is to be extensively utilized. 
With respect to total energy plants, the same 
consideration of economic incentives hold today. 
We know that the average efficiency of utility 
generating plants is approximately 32% while 
localized total energy plants can obtain from 
60 - 70%. However, the financial and capital 
investment costs still make total energy plants 
a poor investment even with increasing utility 
rates. 

At this point, I would like to digress from 
general areas of energy management and get down 
to some specific recommendations for those of you 
in the audience who are closer to system operation. 

Considering Table II, the first item in this 
area is to institute automatic system operations 
for all items of equipment. Unfortunately, human 
beings being what they are, our experience 
indicates that very few items of equipment get 
controlled as designed unless it is done auto
matically. This does not necessarily mean the 
installation of an automated building control 
system but can be simply done with time clocks. 
In this area of consideration, all equipment 
energization should be programmed either by time 
or temperature. This will include chillers, 
condenser water pump, chilled water pump ~nd 
cooling tower. These items we reco1T111end to be 
interlocked not only with time, but also such that 
they would not operate at temperatures below a 
certain set point. Along the same line, all 
heating equipment including pumps, et al, should 
be if at all possible, ·automatically de-energized 
based on demand. 

Economizer cycles should be controlled based 
on total heat rather than dry bulb. Chilled water 
temperatures should be scheduled rather than set 
at a constant temperature. Hot water for the 
heating system again should be reset inversely 
with outdoor temperature. Appropriate controls 
should be installed in all cases where heating and 
cooling systems interface to preclude systems 
fighting each other. Condenser water temperature 
(which has convention.ally been set at a constant 
temperature) can be controlled to integrate with 
chiller efficiency. For all facilities which 
operate on an occupied/unoccuplied system, night 
setback controls should be installed with no 
ventilation unless the ventilation minimizes 
energy consumption during this period. The startup 
time for warm-up or pre-cool should be set for 
minimum operation, i.e., basically inversely -with 
outdoor temperature. 

As previously mentioned, the general area of 
ventilation control offers considerable potential 
energy reduction opportunities. For most facilities 
the requirement for 7-1/2 cfm per person is 
nationally recognized. We feel this is extremely 
excessive, and even more so in the case of schools 
and areas where no smoking is allowed or where 
occupancy is for a short period of time. Another 
area where ventilation becomes a significant 
factor in energy consumption is in multi-family 
facilities such as dormitories or apartments. The 
use of individual exhaust fans in bathrooms and 
kitchens can make as much as a 50% reduction in 
the heating consumption in these type facilities. 
And again reiterating what was said generally· 
under ventilation, in all cases where central 
ventilation systems are installed, the quantity of 
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ai.r tn the faci.lity should be frequently monitored 
to tnsure that the amount of venti.lation air is 
as des.i:re.d. 

The next specific item to be recognized would 
be the use of demand 1 imi.ters, whether on the 
entire building, domestic hot water system, 
chillers, or other large single source consumers. 
These demand limiters are fairly inexpensive in 
today's market and while they have a minimal 
affect on overall consumption, they can be very 
effective in minimizing electrical demands. In 
relating to this item, it is our opinion that we 
will see power company's demand charges increase 
perhaps as much as ten times in the next ten 
years. Their current rate schedules do not truly 
reflect their capital investment cost required to 
meet the peak demands put on these plants. 

In relating to chilled water production, 
chiller configuration affects energy efficiency 
of these systems; thus with smaller systems a 
series chiller configuration can provide increased 
efficiency and lower pumping horsepower with 
reduced water flows. In larger systems chiller
pump combinations, in conjunction with primary 
secondary piping systems, will optimize energy 
consumption. In some areas of the country, free 
coolers on the chilled water side represent an 
inexpensive means of energy conservation during . 
winter months. It should be noted that some 
centrifugal machinery currently on the market will 
produce up to 45% capacity without running the 
compressor by simply utilizing a principal of 
migrating refrigeration (with optimum condenser 
water temperatures). 

In summary, any energy management program 
that relates to heating, ventilating and air 
conditioning must incorporate the knowledge of 
what energy is being used, where it is being used, 
and for what periods of time. Only by creating 
an energy model of system operation, analyzing 
possible system alternatives, instituting the 
most viable modifications and controlling systems 
with motivated personnel will an energy management 
program produce optimum results. 

I must apologize for the shotgun approach I 
have used in presenting heating and air condi
tioning system energy management techniques; 
however, based on the limited time schedule and 
diversified audience, I knew of no other way to 
cover this subject. 

TABLE II. SPECIFIC AREAS 

Automatic Operation of Systems 
. Ventilation 
. Demand Limiters 
. Minimize Base Electrical 
. Equipment Operating Condition 
. Optimize Subsystem Efficiencies 
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There have been a number of changes affecting 
the fuel usage pattern of boiler sales in the past 
fifteen years. The changes have been brought 
about largely by the following pressures: 

1. Environmental regulations 
2. Fuel costs vs. equipment costs (Fig. 1) 
3. Fuel availability patterns 
4. Energy conservation requirements. 
The current severe winter has emphasized 

availability problems affecting fuel supply and 
will, perhaps, accelerate the shifting fuel 
patterns that have already started to emerge. The 
Federal Power Cormiission and the Federal Energy 
Administration had previously forecast a 22% 
curtailment (Figure 2) of natural gas for the 1976-
77 heating season. The fact that the severity of 
the winter has accelerated this curtailment is not 
news to anyone reading the daily paper, watching 
TV or having been laid off. 

In analyzing changing fuel patterns, it is 
useful to consider fuel changes by boiler use 
category. 
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INDUSTRIAL BOILERS 

An analysis of fossil fuel utilization 
patterns for industrial boilers for the period 
1961 to 1976 shows coal reaching a high point of 
19.8% of sales in 1963. Coal declined steadily 
from that point and with the passage of the Clean 
Air Act in 1970 reached a low of 1.0% in 1971 . 
Since that time the market has had a modest 
recovery to 8.7% in 1975. 

In contrast, natural gas went from 31.5% in 
1961 to a high of over 60% in the late 60 1 s . 
Pressures from projected shortages of natural gas 
and rate changes for industrial customers have 
caused this to drop steadily from the high of 61 . 3% 
in 1969 to a current 27.5% in 1976 . 

Oil dropped from 39.5% in 1962 to a low of 
17.1 % in 1969. With pressures on gas supply, oil 
has rebounded to 38.1 % in 1976 showing an almost 
inverse curve to that of gas. 

If one examines the total fossil curve (Figure 
3) a steady decline can be seen since 1970 when 
fossil fuels represented 87.2% of industrial 
boiler sales. The area above this curve, then, 
represents non-fossil or waste fuel utilization 
which amounted to 27.2% in 1976. If you add this 
to coal percentage of 7.2% then units using fuels 
other than gas and oil totaled 34.4% in 1976 up 
from 16.3% in 1970. This healthy increase shows a 
strong trend for industrial units away from de
pendence on scarce gas and oil. 

An analysis of selected waste fuels may also 
be of interest. Sales of industrial boilers fired 
with waste wood products has increased dramatically 
since 1966 when a low of 0.1 % was realized (Figure 
4). Since that time sales of waste wood units 
climbed to 6.5% of the industrial market. In 
contrast, black liquor boilers have been more 
cyclic ranging from a high of 7.7% to a low of 1.2%. 
Current sales of these boilers amount to 4.0% 
(Figure 5). Bagasse boilers are also somewhat 
cyclic ranging from a low of 0.0% in 1967 to a high 
of 5.0% in 1975 (Figure 6). In recent years heat 
recovery boilers have been increasing in importance 
amounting to 8.6% of sales in 1976. Some interest 
in burning municiple waste is also shown but at 
present it is spotty and spasmodic. 
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COMMERCIAL-INDUSTRIAL BOILERS 

Boiler units in the conmercial-industrial size 
ranges are, perhaps, of greater interest to most 
HVAC engineers. These boilers are used for HVAC 
i~stallations and also for small process applica
tions. 

Packaged firetube boiler sales for oil fired 
units started with 48.7% of the market in 1963, 
dropped to a low of 32.7% in 1970 {the year of the 
~lean Air Act) and have since rebounded to 47.3% 
~n 1976. In contrast gas units went from 28.6% 
in 1963 to 36.9~ in 1969. In 1976 gas units drop
p:d to.an all time low of 13.8%. Combination gas
oil units held steady between 23 to 28% until 1969 
when -they started to climb to a high of 41.6% in 
1975 {Figure 7). This reflects desires of pur
chasers to utilize any fuel available for this 
c 1 ass of units. 

Data on sales of other design types in the 
convnercial-industrial market is not as well defined 
with oil accounting to about 20 to 25% of the 
ma~ket and.combination units covering 15%. Gas 
units declined from 69% in 1971 to 21.6% in 1975 
but r?se ~o 45.4% in 1976 reflecting easing gas 
supplies in some areas and demands for replacement 
units {Figure 8). 
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There has been some interest in coal and 
waste fuel fired units in the conmercial-indus
trial market but units costs, environmental con
tracts and fuel haridling problems have made use 
of ~hese fuels viable only on a highly selected 
basis . 

As.we have seen, pressures from government 
regulation, fuel shortages and equipment costs 
have affected the fuels available for boilers 
resulting in the changing of fuel patterns. ' 
Current trends indicate decreased reliance on 
natural gas and emphasis on waste fuels and coal 
for industrial units. It would be useful, there
fore, to examine various types of boilers consid
ering their size, application and fuel burning 
capabi 1 iti es. 

BOILER TYPES AND USES 

. Electric boilers are available in two types, 
resistance and electrode. Resistance limits are 
available in sizes from 3 to 3000 KW {120 to 
10,236 MBh). Electrode units are available in 
sizes up to 50,000 KW {up to 170,600 MBh). The 
units a~e availab~e in pressures up to 300 psig 
for resistance units and 900 psig for electrode 
units. These boilers are used for steam and hot 
water supply, anywhere fossil fired units are 
used and economic analyses makes use of electric 
boilers attractive {Figure 9). 

Rf.quic7!111q 
· c/lomber '. 

Wo~r 
1e~ .t:' 

Capacities 
Resistance to 3000 KW 

Electrode to 11,000 KW 
Maximum Operating Pressure 

Resistance to 300 psig 
Electrode to 900 psig 

FIGURE 9. ELECTRIC BOILER 



Cast iron boilers are available in sizes up 
to 13,000 MBh at maximum pressure of 15 psig steam 
or 160 psig, and 250 OF for hot water. They are 
suitable for heating applications and can be fired 
with oil, gas or solid fuels. {Figure 10). 

Tubeless boilers are available in sizes up to 
1,750 MBh at 125 psig maximum pressure. They are 
frequently used for small laundries or dry clean
ing plants or other high pressure applications. 
They can be · fired with light oil or gas. {Figure 
11). 

Capacities 
50 ... 13 ,000 MBh 

Maximum Operating Pressure 
steam 15 psig 

hot water 160 psig, 250 oF. 

FIGURE 10. CAST IRON BOILER 

Capacities 

235 - 1,750 MBh 
Maximum Operating Pressure 

125 psig 

FIGURE 11. TUBELESS BOILER 
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Vertical firetube boilers are available in 
sizes up to 2500 MBh at 150 psig maximum pressure. 
They are frequently used for small laundries or 
dry cleaning plants or other high pressure applica
tions. They are suitable for firing with light 
oil or gas. (Figure 12) . 

Firebox boilers are firetube boilers. They 
are available in sizes up to 20,000 MBh at 200 
psig maximum pressure. They are used for heating 
and process applications. The low set firebox 
boilers (Figure 13) are suitable for oil or gas 
firing. A version with an extended base is also 
available for solid fuel firing. 

Capacities 
67 - 2,500 MBh 

Maximum .Operating Pressure 
150 psig 

FIGURE 12. VERTICAL FIRETUBE BOILER 
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FIGURE 13. FIREBOX BOILER 



Packaged scotch boilers are firetube boilers 
and are available in sizes up to 69,000 MBh at 
300 psig maximum operating pressure. (Figure 14) 
They are used for heating and process applica
tions and are suitable for oil or gas firing. 
Recently some units have been manufactured with 
furnaces designed for coal firing with single 
retort underfeed stokers. 

Watertube boilers (commercial-industrial) of 
a design configuration shown in Figure 15 are 
available in sizes up to 10,000 MBh at 300 psig 
pressures. They are suitable for heating and 
process applications and are usually fired with 
gas or oil. 

Watertube (coil type) boilers are available 
in sizes up to 12,000 MBh at 3500 psig maximum 
pressure. They are used for heating and process 
application and are particularly suitable where 
a small boiler with very high steam pressures is 
required. They are fired with gas and oil (grades 
no. 2 and no. 4). (Figure 16) 

STEAM SAFETY VALVE 

Capacities 
350 - 35,000 MBh 

Maximum Operating Pressure 
300 psig 

WATERLINE 

FIGURE 14. PACKAGED SCOTCH BOILER 
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Capacities 
125 - 10,000 MBh 

Maximum Operating Pressure 
300 psig 

FIGURE 15. WATERTUBE BOILER (COMMERC1AL-INDUSTRIAL) 
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Watertube boilers 
design configurations own in Figure 17, are 
available in sizes up to 350,000 pounds of steam 
per hour (350,000 MBh) at pressures up to 2000 
psig. These boilers are suitable for all applica
tions and are fired with oil or gas. 

Watertube boilers (field assembled) are avail
able in a variety of design configurations in 
sizes up to 9,500,000 pounds of steam per hour, 
at pressures in excess of 3500 psig. They are 
suitable for all heating, process and power gener
ation applications and are fired with fuels rang
ing from oil, gas and coal to black liquor, bag
asse and wood waste. 

Capacities 
600 - 12,000 MBh 

Maximum Operating Pressure 
3500 psig 

FIGURE 16. WATERTUBE BOILER (COIL TYPE) 

Capacities 
10,000 - 350.000 PPH 

Maximum Operating Pressure 
2000 psig 

FIGURE 17. WATERTUBE BOILER (SHOP ASSEMBLED) 



ENERGY CONSERVATION 

The largest energy consuming sector in the 
United States is Industry which comprises all 
manufacturing. In 1972, the industrial sector 
accounted for approximately 36 percent of the 
Nation's energy consumption, equal to some 26.4 
quadtrillion Btu's (12,500 MB/D of oil equivalent). 
A 10 percent savings based on the 1972 energy 
demand during the short-term period will flatten 
the projected demand curve which has been 
increasing at 4-5%/yr. since the early 60's. 

Industry has had limited economic incentive 
in the past to stress energy efficient processes 
or equipment due to relatively low fuel costs and 
relatively high capital costs. However, as energy 
costs increase as a percentage of total manufac
turing costs, there will be incentive to invest 
in and modernize processes in order to minimize 
energy costs. This will result in energy conser
vation that will aid in solving the overall energy 
problem. Greater attention to energy management 
to ensure good operating design and practices 
should also substantially reduce energy consumption 
while not requiring major capital investment. 

ENERGY MANAGEMENT 

Recognizing that energy is a vital industrial 
resource and that the cost of this resource is now 
of prime economic importance, effective energy 
management programs take on a special significance. 

First of all, top management emphasis must be 
applied to the energy problem. Realistic obj~c
tives must be defined, and support for effective 
programs given in the form of qualified, aggressive 
people and adequate operating and investment fund
ing. Management must sustain this emphasis in
definitely and demand continued progress. 

Establishment of an effective management 
program involves the following basic elements: 

Understanding the basic principles of energy 
and its use in an industrial plant. 
Undertaking comprehensive surveys to deter
mine, quantitatively, where and how energy is 
used in the plant. 
Application of sound principles of industrial 
economics to determine the cost of energy 
usage (This may not be possible using only 
accounting cost allocations, and these are 
tools for internal control and ma~ not give a 
true picture of energy economics.) 
Establishment of goals, both overall and for 
specific areas or plants, taking into account 
the variety of processes encountered, whether 
batch or continuous, etc. 
Identifying energy-reduction opportunities 
and opportunities for increasing the value 
obtained from the energy used. 
Review, analysis, evaluation, and finally, 
implementation are essential. A positive 
approach should be taken in any energy manage
ment program and opposition to change in 
energy use should be justified. 
Periodic evaluation of results against estab
lished goals is critical and may involve 
measuring decreases in losses rather than 
trying to detect changes in otherwise variable 
input costs. 
Establishing training programs for plant oper
ators with special emphasis on energy conser
vation. 
Continued emphasis by top management and a 
permanent program that reflects full corporate 
dedication. 
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Enlisting the support of employees through 
in-house education ·and information programs. 
It is estimated that there are some 63.5 

thousand industrial boilers in sizes above 10,000 
PPH units in the field which produce an hourly 
output of some 2,342 billion Btu and would require 
fuel inputs of about 3,346 to 2,760 billion Btu 
per hour. The variance in this input depends on 
the maintenance and adjustment of the units which 
obviously will affect its operating efficiency. 
Looking at it in another way this is equivalent 
to 478.0 to 569.1 barrels of oil per hour, assuming 
all units were oil fired. Furthermore, an increase 
in overall operating efficiency of 10% would de
crease the maximum fuel input by as much as 70 
thousand barrels per operating hour. 

Reduction of input energy used for steam or 
hot water generation for sources shown above can 
be accomplished by the following means: 

1. Loading Parameters vs. Boiler in Operation 
Analysis of steam flow meters should be made 
in relation to the total boiler plant output 
and individual unit output. Operating sched
ules can then be arranged so that output of 
boilers on the line matches steam demand as 
closely as possible and the number of units 
fired at less than optimum rate is minimized. 
2. Regulation of Operating Cycles 
Where possible loads should be scheduled or 
adjusted so that boiler operation at the 
optimum rate can be achieved and on/off 
cycle operation is minimized. 
3. Combustion Rate Control 
Use of combustion rate control equipment 
should be reviewed so that input rate tracks 
load demand and on/off cycle operation is 
reduced to an absolute minimum. This may 
require replacement or moderization of the 
combustion control system or re-adjustment to 
assure best operating conditions. 
4. Fuel Selection and Preparation 
While the primary fuel used should be that 
which the unit manufacture recommends for most 
efficient fuel utilization consistent with 
emission requirements, due consideration 
should be given to use of waste fuels as 
primary alternate or supplemental fuels. The 
equipment used for the preparation of fuel for 
burning needs careful study and checking for 
adequacy and adjustment. For example, liquid 
fuels should be at the correct pre-heat temp
erature and correct atomizing pressure for 
optimum burning. Such items as coal cleaning, 
sizing and pulverizing equipment; fuel 
pressure regulation and special facilities 
needed for waste fuels need consideration. 
5. Fuel Air Ratio Control 
All modern boiler units in the size ranges 
discussed in this report are equipped with 
systems of intergrated devices which auto
matically regulate the fuel and combustion 
air inputs to satisfy the rate of heat demand 
from the units. The selection of the particu
lar type of systems listed below depends on 
an analysis of the system loading and operat
ing characteristics. 
The following list shows systems from which 
this selection may be made: 
a. On-Off System (not recorrmended for units 

in this class 
b. Modulating Control Systems 
c. Full Metering and Proportioning Control 

System 



6. Control of Auxiliary Systems 
Auxiliary systems need review and a system of 
maintenance to be sure that items such as 
defective steam traps, poor lubrication, bad 
bearings and/or inoperative subsystems do not 
reduce the overall efficiency of operation. 
7. Water Treatment 
Proper water treatment is necessary to 
minimize boiler outages, protect the unit 
and promote high heat transfer efficiency. If 
encrustations of scale are allowed to accumu
late efficiency can be drastically reduced. 
A qualified water consultant should be emloy
ed and his recommendations as to sampling 
procedure, frequency and quantity of treatment 
be carefully followed. 
8. Maintenance Schedule and Records 
Maintenance is the key to keeping a well 
designed and efficient system in peak opera
ting condition. The maintenance schedule and 
appropriate check off sheets and record keep
ing procedures must be reduced to writing. 
It is a management responsibility to be 
absolutely sure this function is carried out. 
Record keeping is an important part of this 
operation and will enable supervising person~ 
nel to spot trends and off-normal conditions. 
Consideration should also be given to equip-

ment modification and/or replacement of additional 
equipment to maximize operating efficiency. In 
the past this may not have been economically 
feasible but with today's fuel availability and 
costs review is justified. Items to be considered 
include, but are not limited to, the following: 

a. Air heaters 
b. Economizers 
c. Fuel burning systems 
d. Combustion control systems 
e. Operating instrumentation 
f. Soot blowing equipment 
g. Feed water systems 
h. Water treatment equipment 
i. Insulation to minimize losses 
j. Feasibility of unit replacement 
The best designed and maintained system is no 

good without well trained operating personnel. 
Because of personnel turn over and also because 
poor operating habits can creep into a well 
planned system, continuous operator training is a 
must. Coupled with a system for inspection and 
supervision this will insure that the steam 
generating units remain at peak operating 
efficiency. 

The environmental impact of changes in fuel 
pattern has to be considered. When the fuel 
supply situation is such that fuel switching is 
necessary, the consideration of clean-up equipment 
(e.g. scrubbers, mechanical collectors, electro
static premipitators) may be required. Changes in 
NOx, SOx particulate and visible emission should be 
considered as well as the problems of solid or 
liquid waste disposal from fuel burning. 

Reduced emissions as a result of reduced 
fuel consumption and improved operating efficiency 
also needs to be "cranked into 11 this calculation. 
Trade-offs between solid waste pollution and air 
emissions should be considered when using waste 
fuels. 

Consideration of all these factors and 
implementation of the decisions made will result 
in the best system of operation from a fuel 
consumption point of view. 
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In summary ~ the following offer means to 
conserve industrial boiler fuel (Refer to Tables 
I and II and figures 18 , 19, 20, and 21) 

a. Add heat traps 
b. Better combustion controls 
c. Better maintenance 
d. Effective cleaning of boiler surfaces 
e. Better plant heat balance 
f. Utilize waste fuels 
g. Utilize waste heat 

TABLE I 

EFFECT OF WATERSIDE SCALING 

Percent Loss of Heat 
Th' k i c ness 
of Scale Soft Hard Hard 

Inches Carbonate Carbonate Sulphate 

1/50 3.5 5.2 3.0 
1/32 7.0 8.3 6.0 
1/25 8.0 9.9 9.0 
1/20 l 0 .0 11 .2 11.0 
1/16 12 :5 12.6 12.6 
l /11 15.0 14.3 14.3 
1/9 16.0 16.0 

TABLE II 

HEAT LOSS FROM 211 PIPE 
(BTU PER LINEAR FOOT) 

AT Pipe To Air, OF 

100 200 300 400 500 

Bare Pipe 55 136 248 393 583 

With Standard 28 59 92 128 167 
85% Mag. Insul. 
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THE MANAGEMENT OF ENERGY PRODUCED 
AND REQUIRED BY THE HEAT PUMP 

C. Hardy Long, P. E. 
Professor of Mechanical and Nuclear Engineering 

Virginia Polytechnic Institute and State University 
BlacksbOrg, Virginia 24061 

The heat pump is a refrigerator, so ~named 
because we are more interested in the energy 
discharged from the condenser at a high, hot 
temperature than we are in the energy absorbed 
in the evaporator at a low, cold temperature. 

The most important difference between an 
air conditioning unit (meaning a summer cooling 
unit to most of us) and a heat pump is. as shown 
by Figure 1 (1) that by switching the flow of 
indoor air from flowing through the evaporator 
in the summer to flowing through the hot condenser 
in the winter, the indoor air can cool in the 
summer and heat in the winter. This requires 
lots of dampers and voluminous ducts, requiring 
space and metal, both of which are expensive. 
Controls to make the changes also cost money. 
A less expensive switching method is to change 
the refrigerant flow path for sununer and winter 
operation. Figure 2 (2) shows the four-way valve 
and check valves with parallel expansion valves or 
pressure reducing devices used to direct refrig
erant liquid to the evaporative coi1 where cooling 
is to be done and remove the evaporated vapor 
from this coil and steer it to the compressor. 
The hot compressed gas leaving the compressor is 
then directed to the condenser where the heat is 
to be removed by outdoor air or cooling water in 
the summer or where the indoor air is to be heated 
in the winter. The hot gas is condensed into 
liquid to be returned to the evaporator and repeat 
the cycle. 

So the big difference in heat pump and air 
conditioner is that the air conditioner just cools 
indoor air while the heat pump can cool, or heat, 
as required by weather conditions day or night, 
summer or winter. 

But the biggest incentive which really sells 
the heat pump is that two-thirds or ·more of the 
energy supplied to heat""a space by the heat pump 
l2_ free!! The energy is absorbing from the space 
being cooled . . All you pay for is the compression 
energy. 

Why have not more of these units been sold in 
the previous years? The heat pump price, because 
of the cost of controls, ducts, valves, and tubing, 
has been two to three times th.at of oil-fired 
heating systems, electric baseboard, gas-fired 
systems and even coal~fired .systems before 1950 . 
But now that operating costs are becoming more 
expensive and important to consider as well as 
initial cost, heat pumps move well ahead of the 
other systems, with the parameter of two of every 
three BTU's (watts) free! 

Another disadvantage quoted about previous 
heat pumps is that they were designed to just meet 
the summer cooling load for a system and would, 
therefore, be too small for winter heating. Then, 
they would need electric resistance heating to 
supplement the heat pump when the outdoor tempera
ture was below 350 F (1.7° C) shown in Figure 3 (3). 

As energy managers, I suggest that you size 
your unit for winter and reduce the speed of the 
refrigeration unit in the summer to handle the 
smaller summer load. Some companies are already 
preparing such units for next season's market. 
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Then, the resistance heater is only an emergency 
unit, not a below 35° F (1.7° C) must unit. 

Unitary units are available Trll.5 to 20 
tons capacity sizes. Multiunit types are 
available in 5 to 20 ton capacity sizes. 

Large applied heat pump systems for central 
systems are available in 30 to 100 Hp (22.4 to 
746 Kw) which equals approximately 30 to 100 tons 
capacity. As the energy market changes in the 
future, many more sizes will beGome available. 

Figure 4 (4) shows air to air, air to water, 
water to air, earth to air, and water to water 
heat pump systems. To date, air to air has been 
the least expensive and most applicable system 
for small units while water, earth and other 
natural, or industrial heat· sources have paid 
off, depending on their advantages against dis
advantages. 

A natural energy source is well wate·r, and 
water from lakes, rivers, or pools. Provided you 
can cool this source, or even freeze it, in the 
winter while you extract energy these would be 
great heat sources. Be sure you do not kill fish, 
worms, plant life, or in any way disturb the 
natural environment, or you may loose your source 
of heat. 

The most natural source of energy is .the sun. 
350 sq. ft. (3251.5 sq. meters) of solar collectors 
on a roof or in a yard will make 140,000 BTU 
(41,019.6 watts) per day at least available for 
storage during the five hour average time available 
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in winter for solar storage. It would probably 
require a 3000 gallon storage tank. 5833.3 BTU/hr 
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(1709.2 w~;ts) would then be available if this sun 
energy was stored in water which could be picked 
up by the heat pump fluid to heat the space. Many 
applications of solar assisted heat pumps will be 
seen in the future. They are a natural. 
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VPI&SU has had a split heat pump running on 
the roof of Randolph Hall and in the HV&AC Labora
tory at Blacksburg, Virginia since 1960. The 
outdoor fan has had the _blade replaced three times. 
The Power Companies of the Virginians, who gave 
us the unit, replaced the compressor once just to 
see how a new kind of compressor would work. No 
other trouble has been experienced except maybe a 
relay point replacement or spring adjustment. 
Summer or winter the unit has performed excellently. 
There are those which need new compressors every 
five years or so. Even this speaks well for a 
compressor that is outdoors with the outdoor coil 
and fan. One of the problems with heat pumps is 
defrost, but the removing of ice or frost from the 
cooling coil only takes seconds, or minutes, de
pending on the removal system. Then, you are back 
in business for an hour at least. 

The heat pump earns its value in that it 
supplies 30,000 BTU/hr (8789.9 wa~;s) by paying 

only for 10000 BTU/hr (2929.97 wa~;s) which at 
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3¢/KwHr would cost $0.087/hr or times 720 equal 
$63.29/month compared to $189.86/month for 
electric baseboard heat or $137.42/month for oil 
heat at 50¢/gallon and $74.88/month for gas at 
$2.60/1000 cuft. 

The oil, gas, or electric baseboard systems 
in the past have cost $800-$1500 while heat pumps 
costs $3-$6000. Today, with the . cost of energy 
possibly heading to $1.50/gallon, or 7-10¢/KwHr, 
or $5-10.00/100 cuft, then, it will certainly be 
feasible to consider a system where two-thirds 
of the energy is free! 

There are many corrmunities in the country, 
like Pulaski, Virginia, where the heat pump has 
already arrived because there were knowledgeable 
engineers, electricians and mechanics, who knew 
how to install and maintain the equipment. The 
owners brag on their inexpensive equipment with 
low electric bills, $50 vs $200 this year, for 
example, and rightly so they should! Maybe 
we all will one day down the road see the 
advantage of the heat pump as the heating system! 
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The recent New York City crisis has even 
made an auxiliary diesel or gasoline operated 
compressor a very definite consideration for 
heating or cooling as well as one for lighting 
a building in winter or summer. 

Hospitals already are supplying emergency 
electricity this way. Maybe an auxiliary heat 
pump would also be a worthwhile investment. 

REFERENCES 

1. ASHRAE 1975 Equipment Handbook, Figure 
l, p. 43. 2 

2. Heat Pump Manual, York Division, Borg
Warner Corporation. 

3. ASHRAE 1975 Equipment Handbook, Figure 
10, p. 43.4 

4. ASHRAE 1976 System Handbook, Table l, 
p. 11.2 



ENERGY CONSERVATION WITHIN INDUSTRY 
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INTRODUCTION 

The invitation to speak at this workshop 
suggested that I talk on the subject of Energy 
Conservation Within Industry. This subject alone 
could occupy the entire two days and more of 
this workshop. Hence, it will only be possible 
within my one hour time frame to cover the 
highlights of my topic. 

First, I would like to comment on what I 
am not going to talk about, namely; 

----rhe need for Energy Conservation. I am 
sure we are all very well aware of this 
and the fact that energy availability will 
become worse and the costs will increase. 
We cannot say that it will get worse 
before it gets better or predict there 
is a silver lining someplace. We have 
waited too long already for specific 
actions to reduce our energy consumption 
and the rate of increased usage. 
I do not plan to discuss specific engineering 
details of waste heat utilization, heat 
recovery systems within industry, nor 
review all of the details of how to study 
a particular operation for better energy 
utilization and/or conservation. 
While I am not qualified to talk on the 

specifics of energy conservation within all 
industry, I do plan to review with you these 
areas of energy conservation which may help 
in the development of even better programs for 
this important activity. The areas I will 
review are: 

1. A little about my company, Johns
Manville, and their energy conservation 
efforts. 

2. An Industrial Energy Management 
Conservation Program. 

3. Development and implementation of "How 
To - Cost Benefits Energy Audits." 

4. An overview of Johns-Manville's 
cooperative effort with the Federal 
Energy Administration in conducting 
representative energy audits. 

5. A review of J-M activity on Energy 
Conservation Workshops and Energy 
Conservation Self-Help Package for 
plant engineers. 

THE JOHNS-MANVILLE COMPANY 

J-M is a large diversified company with 
approximately 85 plants in the United States, 
manufacturing many products, from asphalt 
roofing, fiber glass insulation, transite pipe, 
sprinkler systems, golf carts, etc. About four 
years ago, J-M developed what some might call 
a rather complicated but concentrated Energy 
Conservation Program. This Program was initi
ated because we foresaw future critical energy 
procurement problems. We use large quantities 
of energy and much of it is process gas. In 
many locations, we were on interruptable 
service and we found ourselves waiting at the 
pumps with no gas when curtailments occurred. 
During the past three years, J-M has spent 
about 10 million dollars for propane standby 
facilities. We spent this money so we could 
use a fuel that costs 5 times the cost of 
natural gas. This was cost reduction in 
reverse except that we wanted to continue to 
operate our plants. 

Johns-Manville is a relatively large user 
of energy. Let's look at how the units of 
energy used on an annual basis are distributed. 

The cost of energy as shown on Chart No. 1 
is about $63,000,000 per year, which is about 
7% of the total U. S. sales. 

CHART NO. 1 

DISTRIBUTION OF ENERGY-U. S. PLANTS 

EQUIV. BARRELS 
UNITS USAGE M BTU 'S OF OIL 

Electrical Power MKW Hrs. 848,000 2,895,456 492,000 

Natural Gas MCF 18,054,017 18,054,017 3,070,000 

Propane Gallons 20,000,000 1,845,143 314,000 

Fue 1 Oil Gallons 33,000,000 4,683,825 796,000 

Coal Tons 38,000 908,378 155,000 

TOTAL BARRELS OIL: 4,827,000 
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ENERGY MANAGEMENT PROGRAM 

As Energy Coordinator for the Johns-
Manvi l le Corporation, I will be glad to present 
our Company's Energy Management Program. While 
I am not in a position . to say t~at the J-M 
Program is typical of industry, I do know that 
energy conservation programs within industry 
vary from very sophisticated programs with much 
paper work and follow-up, to rather routine 
programs with minimum effort, to those companies 
that are now thinking about a program, to 
companies with no program at all. 

The Johns-Manville Program, which really 
consists of two different programs, is rather 
sophisticated and in some respects may be called 
unique. 

In 1974, the J-M Energy Conservation Program 
won the Power Magazine Energy Conservation Award. 
The Program was briefly outlined in the November 
1974 issue of Power Magazine. 

Prior to our Company's formalized Energy 
Management Program, there was energy cost 
reduction activity as a part of a long-time 
cost reduction program. 

Records of completion of specific energy 
cost reduction projects were maintained and the 
dollar saving reported. 

Early in 1973, we felt a pressing need to 
concentrate on Energy Conservation; hence, the 
present program was developed. 

The initial objective of the program 
expressed in dollars was 5% reduction over prior 
year of the total of all types of energy used. 
On the basis of Annual Energy Bill at that time 
of 48 million dollars, this represented a 
savings of $2,400,000. 

At this point, may I say that in any 
corporate organization, any company-wide 
program such as Energy Conservation, Cost 
Reduction, Housekeeping, etc., is not worth its 
salt and probably would not get off the ground 
floor without a top officer approval and backing. 
In this regard, I quote a paragraph written by 
our Company's Chief Executive Officer to all 
Division General Managers and Production 
Managers. I quote: 

11 While 5% Energy Conservation is a worth
while goal, greater emphasis on Energy 
Conservation is very important to our 
operations. Failure to accomplish the 
ultimate may result in serious curtailment 
in some operations. We should review our 
plans and goals for Energy Conservation 
to reduce and save as much as 10% of the 
prior year's energy used. 11 

The J-M Program has now been in existance 
about four years. The operation of the program 
is that each division, of which there are 
twelve, has established an Energy Coordinator 
within the division and an Energy Coordinator 
at each plant within each of the divisions. 
Someone has to be given the responsibility for 
establishing a program and follow-up of actions 
planned and accomplishments. 

The Corporate Industrial Engineering 
Department developed the program and established 
company-wide goals using data submitted by the 
divisions. Monthly Status Reports on perform
ance versus goals are issued. The Corporate 
Industrial Engineering Department also dissem
inates information throughout the Corporation 
on energy saving ideas through the media of 
what we call Energy Highlights. 
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I would like to explain the program. This 
program may not be the right one for other compa
nies, but it meets our particular needs and the 
important thing to remember is to have a program 
to create interest and activity and to monitor 
the results. 

The unique feature of our program is that we 
measure energy usage and conservation activity on 
a common basis across the entire company. 

The common basis being Energy Consumption 
and Conservation in BTU's per production unit. 

The quantities of the various types of 
energy used each month; that is, electric power, 
gas, propane, coa l , etc., are all converted by 
the use of standard factors to million BTU basis. 

Here is a Chart showing the conversion 
factors used. 

CHART NO. 2 

STANDARD CONVERSION FACTORS - BTU'S 

M BTU Is 
Electric Power MKWH 3.413 
Natural Gas M CU. FT. 1.000 
Propane Ga 11 ons .092 
Fue 1 Oil Ga 11 ons . 104 
Coal Pounds .014 
Gasoline Ga 11 ons . 128 
Steam M LBS. 1.000 

What we call a production unit is in effect 
the value added concept. It is a common measure 
by which all physical units of production can be 
combined. The formula for value added may vary 
considerably by industries, but in our company 
value added briefly stated is the sum of direct 
labor including overtime, shift premium, incen
tive pay, plus absorbed indirect expenses. 

For example, Chart No. 3 lists the items of 
cost that make up value added. 

CHART NO. 3 

VALUE ADDED 

Usage of Direct Labor 
(Includes O.T. & Shift Premium) 

Indirect Expense 
Charge Per Facilities In Use 
Shop Expense 
Plant Expense 
Taxes & Employee Benefits 

xxxxxx 

xxxxxx 
xxxxxx 
xxxxxx 
xxxxxx 
xxxxxx 



I would like to briefly explain the deri
vation of the value added factor for each product 
line. Let's look at Chart No. 4. In this much 
simplified example, the physical volume for 
each product group is measured for a base period. 
For the same base period, the value added was 
compiled and the total value added for all 
products. 

Note the $7500 total value added for these 
two products. 

The total value added for the company for 
one month was arbitrarily chosen as 15,000 
production units. This large figure was selected 
so that individual products might have some 
volume as expressed in production units. 

A calculation was then made on the basis of 
actual value added by each product group in the 
base period to that portion of the arbitrary 
15,000 units to establish conversion factors for 
each item in the product line. 

Prior to the end of each year, the Corporate 
Industrial Engineering Department issues the 
Energy Conservation Program instructions for the 
next year. These instructions request each 
division's goals for the next year. The goals 
are based on prior 12 months actual usage. 

Chart No. 5 shows the form used by each 
plant and mine to show the energy conservation 
goal for the year and to report the energy 
usage for the current month and for year-to-date. 
The lower portion of this form is a running 
record by month of the usage of each source of 
energy. 

ASSUME: 

CHART NO. 4 

PRODUCTION UNIT CALCULATION 

EXAMPLE 

Product No. - Physical Vol. 
Value Added 

Product No. 2 - Physical Vol. 
Value Added 

Total Value Added 

Arbitrary Prod. Units-Entire Company 
Production units/$ of Value Added 

Production Unit Factor 

1000 pcs. 
$5000 
5000 lbs. 

$2500 

$7500 

15000 
2 

Conversion of Physical Vol. to Prod. Units 
Product No. l - $5000 x 2 = $10,000/1000 = 

$10.00/pcs = 10 Prod. Units/Pc. 
Product No. 2 - $2500 x 2 = $ 5,000/5000 = 

$1.00/lb. = l Prod. Unit/lb. 

CHART NO. 5 

DISTRIBUTION: CIE, DHQ SUBMITTAL DATE: 

ENERGY USAGE FOR MONTH OF: PLANT: DIVISION: 

I. ENERGY USAGE SUMMARY CURRENT MONTH YEAR-TO-DATE I I. POWER ANALYSIS QTY. "M" STU'S DOLLARS QTY. "M" STU'S DOLLARS 
Energ~ Used: 
Electric @ 3.413/MKWH KW (Peak) 
Gas@ 1.00/MCF KW (Billing) 
Oil@ .140/gal KVA (Peak) 
Propane @ .092/gal KVAR (Peak) 
Coal, Coke @ KVARH 

P.F. 
TOTAL: --- ---Production Units 

"M" BTU/PU Goal I I 

III. USAGE/ELECTRICITY NATURAL GAS OIL PROPANE COAL/COKE PRODUCTION 
Latest Latest Latest Latest Latest 
Cost/ Cost/ Cost/ Cost/ Cost/ 

KWH KWH MCF MCF Gals. Gal. Gals. Gal. Otv. Unit Production Units 
~N. 
FEB. 
~AR. 

PR. 
~ AY 

UNE 
k ULY 
~UG. 
)EPT. 
)CT. 
ov. 

DEC. 

trOTAL 
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Chart No. 6 is a copy of an actual monthly 
report submitted by one plant. Note the goal of 
1.13 HBTU's per production unit versus 1976 
actual of 1.25. This is a 10% reduction goal. 

Chart No. 7 is a Division Summary Report. 
The basis of the system is to compare the present 
rate of usage to the rate of usage in a base year. 

CHART NO. 6 
Date: June 28, 1977 

ENERGY USAGE FOR MONTH OF ------June 1977 PLANT __ w_a_u_ke ....... g._a_n _ DIVISION -----------BMMD Mineral Panels 

May 1977 Data CURRENT MONTH YEAR-TO-DATE 
I. ENERGY USAGE SUMMARY QTY. 1'f STU'S DOLLARS QTY. 1'f STU'S DOLLARS II. POWER ANALYSIS: 
Energ~ Used: 
Propane@ .092/gal. 925 85 269 5,578 513 1 ,543 KW (Peak) 
Gasoline@ .128/gal. -- -- -- 20 3 10 KWH (Bi 11 i ng) 
Process Gas@ 1.00/MCF 44 44 104 247 247 522 KVA (Peak) 
Electric @ 3.413/MKWH 323 1, 102 5,715 1, 955 6,672 39,618 KVAR (Peak) 
Steam: Gas@ 1.00/MCF 5,820 5,820 13,071 43,382 43,382 84, 131 KVARH 

Oil @ .150/Gal. -- -- -- 252,033 37,806 92,681 P.F. 
TOTAL -- 7,051 19, 159 -- 88,623 218,505 
PRODUCTION UNITS 7,179 46'118 

f'1" BTU/PU .981 1. 921 1976 = 1.25 1977 Goal = 1. 13 
USAGE ST AM 

III. PROPANE GASOLINE PROCESS GAS ELEC. POWER FUEL OIL GAS PRODUCTION 
Cost/ Cost/ Cost/ Cost/ Cost/ Production 

Gals. Cost/Gal. Gals. Gal. MCF MCF MKWH MKWH Gals. Gal. MCF MCF Units 
JAN. 914 .2613 -- -- 48 1. 9368 341 20.7673 67 '110 .3543 10 ,532 1. 7286 7,024 
FEB. 1 .127 . 2681 -- -- 50 1.9769 332 20.4065 99.742 .3562 6.796 1. no: 7.794 
MAR. 783 .2689 20 .5093 35 1. 9572 287 21.5736 58,420 .3875 6,324 1. 751C 8,048 
APR. 902 .2794 -- -- 40 2. 1484 361 20.2925 25.304 .4000 6,256 1.9327 8.633 
MAY 927 .2899 -- -- 30 2.3670 311 20.9895 1,457 .4229 7.654 2.3071 7,440 
JUNE 925 .2910 -- -- 44 2.3556 323 17.6925 -- -- 5,820 2.245E 7 .179 
JULY 
AUG. 
SEPT. 
OCT. 
NOV. 
DEC. 
TOTAL 

CHART NO. 7 

CORPORATE ENERGY CONSERVATION PROGRAM 
DIV IS ION YEAR-TO-DATE MARCH 1977 

ENERGY RATIO PERFORM PRODN ENERGY PROJECT 
MILLIONS OF BRITISH THERMAL UNITS TO BASE YEAR RATIO BTU RATIO COST SAVINGS 

LAST YR LAST YEAR THIS YEAR THIS YEAR LAST THIS THIS YR/ THIS YR/ -;=ms THIS 
PLANT ACTUAL AT BASE ACTUAL AT BASE YEAR YEAR LAST YR LAST YR YEAR YEAR 

A 367144 342410 304880 245670 1.072 1. 241 1 . 157 .717 725264 0 
B 192999 155520 176510 121167 1. 241 1 .457 1. 174 . 779 325661 0 
c 208232 214723 217845 226897 .970 .960 .990 1.057 492075 2090~ 
D 128968 132657 156465 157791 .972 .992 1.020 1. 189 307830 
E 97407 113061 147163 167044 .862 .881 1.023 1.477 366903 0 
F 148287 142681 139637 130224 1.039 1.072 1.032 .913 296970 30000 
G 567588 523047 548286 499841 1.085 1.097 1.011 .956 1228353 0 
H 9700 7042 8785 7620 1.377 1. 153 .837 1.082 36913 0 
I 250297 230357 292801 322863 1 .087 .907 .835 1.402 608872 0 
J 235434 200114 195345 184909 1. 176 1.056 .898 .924 465743 28000 
K 137526 129595 126908 96869 1. 061 1. 310 1.235 .747 340621 0 
L 225255 175684 366997 330577 1. 282 1.110 .866 1.882 1173035 255000 
M 131887 159665 147533 191005 .826 . 772 .935 1. 196 371803 29000 
N 280235 327735 416110 543053 .855 .766 .896 1.657 1351673 63000 
0 215551 216895 226301 230145 .994 .983 .989 1. 061 569955 0 
p 290683 292540 283337 287220 .994 .986 .993 .982 864668 34000 

TOTAL 3487193 3363726 3754903 3742895 1.037 1.003 .968 9526339 459000 
DIV. 
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The energy ratio of million BTU's per produc
tion unit for each plant for the base year is 
multiplied by the current number of production 
units to obtain million BTU's at base year rate. 
The current actual BTU's divided by BTU's at base 
rate is the current performance ratio. Ratios 
under 1.00 indicate less energy used than in the 
base year. For the division as shown on this 
Chart, the energy ratio is .968% of last year. 

Chart No. 8 is an overall company summary 
report which is a summation of all the division 
reports. The way I have presented this may 
appear to seem like a lot of effort, but once 
this data is programmed, it is a simple matter 
to generate the monthly division and company 
reports. 

The company summary shows last year's 
performance ratio to base of 1.053 versus this 
year's ratio of 1.046. The lower the ratio, the 
better, but this report is a long ways from 
meeting the 10% goal. 

These are interesting figures because on 
analyses, the reason for poor energy usage per
formance is the result of namely two factors: 

1. Constraints due to volume. 
2. Constraints due to operation of 

environmental control facilities. 
A word about constraints due to volume. We 

have attempted to analyze with some degree of 
success the variation in energy usage at different 
levels of volume. 

, I believe we will all agree that the most 
efficient use of energy is at 100% capacity. At 
zero capacity there is residual energy used which 
varies widely by type of plant and process. 

The last column on this report shows project 
dollars saved. The total of $562,000 is the 
result of specific action by project on the part 
of the plants to conserve energy. These dollar 
figures are transferred to the monthly summary of 
the company's cost reduction activity report. 
The actions taken to accomplish the dollar savings 
is reflected in the energy usage per production 
unit. 

CHART NO. 8 
CORPORATE ENERGY CONSERVATION PROGRAM 

COMPANY SUMMARY YEAR-TO-DATE MARCH 1977 
ENERGY RATIO PERFORM ENERGY PROJECT 

MILLIONS OF BRITISH THERMAL UNITS TO BASE YEAR RATIO BTU COST SAVINGS 
LAST YR LAST YEAR THIS YEAR THIS YEAR LAST THIS THIS YR/ THIS THIS 

DI VIS ION ACTUAL AT BASE ACTUAL AT BASE 

A 1026648 948075 1136010 922164 
B 1018443 968560 1142442 1096409 
c 79710 69424 79890 80533 
D 914669 894115 846148 780369 
E 719612 698855 758961 731359 
F 3487193 3363726 3754903 3742895 
G 549016 502242 580908 586675 
H 97139 81349 117501 107047 
I 322597 319346 290339 307671 
J 511686 502064 530395 575823 
K 429145 342294 518810 396146 
L 38588 37583 39475 41257 

TOTAL 9194446 8727633 9795782 9368348 
COMPANY 

Chart No. 9 provides a few examples of energy 
savings projects resulting in cost reduction. 

The response to this program by employees, 
supervisors and management has been excellent. 
After all, when a number of our plants have waited 
at the fuel pumps and in fact have had gas 
supplies shut off, energy conservation comes home 
to our people rather quickly. 

We have no formalized incentive program for 
energy conservation accomplishments. Several 
divisions do run contests with awards. 

We believe we have a successful program since 
it has created a great deal of interest among all 
levels of management from the top, down. Further, 
it has resulted in a constant demand for plant 
energy audits by out company's energy audit teams. 

I have taken considerable time to outline 
results oriented energy management conservation 
program. Many companies do not require what one 
might feel as a complicated program, but any or all 
parts of this program may give others ideas to 
develop their own. 

39 

YEAR YEAR LAST YR YEAR YEAR 

1.083 1.232 1. 138 2647316 0 
1 .052 1 .042 .991 2326788 2000 
1. 148 .992 .864 159249 0 
1 .023 1.084 1.060 2204218 0 
1.030 1.038 1.008 1592149 30000 
1 .037 1. 003 .968 9526339 459000 
1. 093 .990 .906 1591300 16000 
1. 194 1.098 .919 403711 30000 
1.010 .944 .934 961896 0 
1. 019 .921 .904 1424491 5000 
1. 254 1. 310 1 .045 1562771 0 
1.027 .957 .932 195483 20000 

1. 053 1.046 .993 24595711 562000 

CHART NO. 9 
1. $1,000,000 by substitution of self-help gas for 

propane. Gas well drilling program. 
2. Optimized controls on ovens and replaced oven 

burners. - $77,000. 
3. Oil fired furnaces - improved combustion 

through improved burners. 
4. $300,000 in improved machine efficiency and 

productivity for less energy per pound. 
5. Board plant-$200,000-reduced dryer leaks and: 

A. Improved burners and controls. 
B. Nuclear thickness gauges for more 

product uniformity - less rejects. 
6. Return paper mill condensate under high 

pressure direct to boiler - $10,000. 
7. Insulate asphalt tanks - $13,000. 
8. Truck hot asphalt to plant, instead of rail car 

(less reheating) - $35,000. 
9. Reduce boiler blowdown and shutdown blowers 

instead of idling - $43,000. 
10. Reduce blower - RPM - $11,900. 



HOW TO-COST BENEFITS ENERGY AUDITS 

In my opinion, this is one of the most impor
tant tools of management. It requires manpower 
and time, but the benefits are well worth it. 
Without energy audits, it is most difficult to 
get a handle on where to look for real energy 
conservation activities. 

Under the direction of corporate industrial 
engineering, J-M has established energy audit 
teams that visit the J-M plant locations to con
duct energy audit surveys. We have established 
in writing for internal Use: 

1. Our approach to energy audit surveys. 
2. A list of equipment and instruments 

required to make proper energy audits. 
3. A tabulation of the skills required of 

the audit team depending upon the type 
of operation to be audited. 

4. A formal table of contents of what is 
to be included in an energy audit. 

In our opinion, the most important part of 
any energy audit is an energy balance study. In 
other words, what goes in -- what goes out -
where is it used -- and how much is wasted. 

We break down the recommendations in these 
audits into three categories as follows: 

Short Term Recommendations 
Intermediate Term Recommendations 
Long Term Recommendations 

The definitions of these categories are given 
in Chart No . 10. 

CHART NO. 10 

ENERGY AUDIT SURVEYS 

SHORT TERM RECOMMENDATIONS 
Accomplishment within six months involving 
plant changes with minimal investment. 
Procedural changes and improved maintenance. 

INTERMEDIATE TERM RECOMMENDATIONS 
Accomplishments within eighteen months involving 
some expenditures, process changes, changes to 
equipment and engineering studies. 

LONG TERM RECOMMENDATIONS 

Accomplishments over eighteen months requ1r1ng 
significant capital expenditures, process 
changes, development work and technology 
improvements and necessary engineering studies. 

I would like to say that these energy audits 
conducted in our plants are "How To" -- "Cost 
Benefits" audit. 

Upon completion of a plant audit and the 
preparation of the report, a meeting is held with 
the division involved to go over each item of 
recol1lllendation and make decisions on how to 
implement the recol1lllendations. These may be 
implemented by: 

1. Action on the part of the plant. 
2. Division action. 
3. Assignment of the project to the 

company's general engineering or corpo
rate industrial engineering departments. 

We have three -- two to three-man audit teams to 
conduct these audits within the company. 

Chart No. 11, on the next page, lists our 
energy audits and what has been accomplished so 
far. We still have a lot of work to do in this 
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area for, as we all know, things are always 
changing, new equipment being installed, and there 
is much effort being expended on improved pro
ductivity. All of these things affect energy 
usage and the conservation effort. 

JOHNS-MANVILLE'S COOPERATIVE EFFORT WITH F.E.A. 

You may be in t erested in the work that our 
company performed in cooperation with the Federal 
Energy Administration in conducting "How To --
Cost Benefit" audits in the meat packing and bakery 
industries. As a result of our company's conserva
tion efforts, our President accepted a request by 
F.E.A. to conduct ten energy surveys in the meat 
packing and bakery industries. These audit surveys 
were to be made in these high intensive energy 
industries as representative examples of what 
could be accomplished in the conservation of energy. 

These ten energy audits have been completed and 
presented to F.E.A. They have now been officially 
published by the F.E.A. We learned something from 
making these audits in industries foreign to us and 
we found numerous areas where there were some early 
opportunities for energy conservation. In fact, 
we received several letters thanking us for making 
these energy audits. These services were performed 
by Johns-Manville at no charge to F.E.A . or to the 
companies surveyed, and at a considerable cost to 
Johns-Manvi 11 e. 

Again, I would like to say that these 10 
energy audits for F. E. A. are "How To -- Cost 
Benefits" audits. A few highlights regarding these 
audits are as follows: 

Chart No. 12 is the Organization Chart which 
was developed for this cooperative effort: 

Note the 2 audit teams of 3 men each, and the 
advisors to the audit teams which consisted of 
specialists in insulation for both buildings 
and process pipe lines, research and engineering 
people, and also a representative from Libbey
Owens-Ford on glazing. 

Now a little about the procedure established 
for conducting these audits. 

1. Initial plant visits were made to each of the 
10 locations to review the plant operation to 
establish the makeup of the audit teams, to 
explain the reason for the audit and J-M's 
part in it, to leave a questionnaire to be 
filled out and returned so that we would have 
some preliminary data before the energy audit 
team visited the plant, and most inportant of 
all, to become acquainted. 

2. Upon receipt of the questionnaire, we then 
scheduled the audit team. 

3. The audit team conducted the plant survey 
which required from 3 to 5 days at each 
location, and upon returning to Denver, pre
pared a rough draft of the audit report. 

4. A rough draft was then sent back to the plant 
and about one week later, a J-M man visited 
the plant to review the audit report to 
delete proprietary information and correct 
errors. . 

5. The audit reports were then prepared in final 
form and issued to F.E.A. 

A word about the audit teams. They generally 
consisted of an industrial engineer, an electrical 
engineer, and a heating, ventilating, air condition
ing and oven specialist. 

The problems encountered in conducting these 
audits were few, the main problem being one of 
suspicion as to why J-M was conducting these audits 
in strange industries. When the plant personnel 
learned that these audits were being conducted for 
the public good, so to speak, without charge to the 



CHART NO. 11 

JOHNS-MANVILLE ENERGY CONSERVATION AUDITS - POTENTIAL SAVINGS 

Savings 

ITEMS 
REQUIRING OTHER ESTIMATED 

PLANT/DATE SURVEY TEAM MAINT . ITEMS CAPITAL POTENTIAL TOTAL EXPENDITURE 

Ft. Worth R. Anderson Not. Est. $ 35,000 Potential $ 35,000 $ 100,000 
B. Jacobs 

Pittsburg DuPont $ 113' 200 40,600 Areas 153,800 54,020 
C. Irvin 

Def. 8 R. Anderson 41,200 65,500 discussed, 106,700 38,000 
c. Irvin 

New Orleans T. Gressett 15, 900 89,000 but not 104,900 62,020 
M. Curley 
c. Irvin included 

Marrero T. Gressett 67 '100 2,250 in to ta 1. 69,350 5,800 
M. Curley 
c. Irvin 

Lompoc p. Chandra 166,350 373,000 539,350 95,000 
R. Page 

Zelienople s. Davidson 60,350 26,600 86,950 27,500 
s. Daner 

Stockton T. Gressett 8,675 46,600 55,275 136,500 
R. Page 

Alexandria F. Schmidt 70,470 33,570 104,040 192,000 
R. Page 

Manvi 11 e c. Irvin 241,650 800,500 1,042'150 878,000 
J. Joyce 
P. Chandra 

Natchez R. Alleman 62,000 173,500 235,500 135,000 
s. Davidson 

Rockdale R. Alleman 37,000 156,000 193,000 141,500 
s. Davidson 

Research Ctr. c. Irvin 3,600 28,000 31,600 6,400 
J. Joyce 

Pueblo w. Doty 13,326 5,301 18,627 8,690 
J. Kline 

Savannah s. Daner 31,600 77,700 109,300 55,500 
T. Gressett 

Jarratt R. Alleman 160,950 132,500 293,450 152,400 
P. Chandra 
E. Caren 

Springfield w. Doty 10,480 25,550 36,030 91,000 
E. Caren 

Parkersburg T. Gressett 16,170 70' 100 86,270 104,500 
c. Irvin 

TOTALS: $1,120,021 $2, 181,271 $3,301,292 $2,283,830 
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CHART NO. 12 

FEA AND J-M PILOT ENERGY AUDIT PROGRAM 
COMMUNICATIONS AND FLOW OF INFORMATION 

F. E.A. 
TINA HOBSON 

r 

JM WASHINGTON OFFICE 
J.S. AUTRY 

STEPHANIE A. SOLARI 

I 
I I 

GENERAL MANAGER JM SR. VICE PRESIDENT l JM SR. VICE PRESIDENT I CORPORATE RELATIONS C.E. SHEPPERLY C.J. SULEWSKI 
\~.F. GOODWIN 

I 
I 

I CLIFF L. HAYDEN I I J.B. O'BRYANT I JM ENERGY COORDINATOR 
312-431-2611 I D.E. HILLIER j 816-561-6600 

I 
I 

JM-OPE-REP. 
L. W. JENSSEN 

I 
I 

ENERGY AUDIT TEAM • JM ADVISORS ENERGY AUDIT TEAM 
MEAT SPECIALISTS BAKERY 

C. IRVIN CONSULTANTS B. JACOBS 
W. VANDERVEER IPD R. JOHANSON 

M. CURLEY IT. NEAL 
R. ANDERSON 

L.O.F. REP. L.O.F. REP. 
F. E.A. REP. S.A. TOMPKINS F.E.A. REP. 

A&EPD 
R. FRICKLESS 
R.H. BENGTSON 
HOLOPHANE 

MEAT J.J. BURKE BAKERY 
PLANT SURVEY DATE GPED PLANT .... - PLT. MANAGER SPECIALISTS AS NEEDED PLT. MANAGER 
PLT. ENERGY COOR. ENV. ENGRG. PLT. ENERGY COOR. 

-- J. GOLDFIELD -
- A.R. MARKUS --- -CORPORATE RELATIONS -- -W. F. GOODWIN 

plants and without charge to F.E.A., al l obstacles 
were rather quickly overcome. We received 
excellent cooperation. 

A . . It is hard to convince people of energy con
servation where there seems to be plenty of 
it. 

One problem we thought we might encounter 
was that one company had a very complete energy 
conservation program. We thought we were being 
set up. However, we proceeded to conduct the 
survey and I would like to say that our recommen
dations in the final audit report resulted in an 
approximate 11 % savings in energy over and above 
the program they already had. 

The results of the energy audits in the 
meat packing and bakery plant are presented in 
Chart No. 13. Note the percentage savings in 
energy units and the percent savings in dollars 
based on energy costs at the time of the survey. 
-- Why did we conduct these surveys and what 
does all this mean to us? · 
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B. By their action or inaction, even some 
Congressmen apparently do not believe there 
is an energy problem. 

So it goes with industry. What have we done 
toward energy conservation? Some have good 
programs, some are thinking about establishing a 
program. Others haven't even thought about it. 

I have often heard it said by some large and 
small companies, 11 we have done everything we could 
that is cost justified. 11 My question is -- "cost 
justified by what means?" Last year's cost, this 
year's cost, or future cost? 



CHART NO. 13 

MEAT PACKING ENERGY SURVEY-SUMMARY STATUS AFTER FINAL DRAFTS 

E N E R G Y D 0 L L A R S 
1974 Usaqe Recommended Savinqs Rec $ Savinqs 

Equiv Equiv % NRG $ @ 1975 Rates Cost to 
Bbls Bbls M BTU Usage @ % $ Achieve 

Plant M BTU Oil M BTU Oil Savinq 1 75 Rates $ Savinqs Savinqs 
A) 55,240 9,363 22'112 3,748 40.0 $ 114 ,306 $ 26,000 22.7 $108,450 
B) 211 ,645 35 ,872 37,403 6,339 17.7 355,783 41,000 11. 5 120,000 
C) 7,478 1 ,267 1 ,248 211 16.7 22,950 2,980 13.0 8, 100 
D) 2,290 380 314 53 13. 7 11 '791 1'140 9.7 3,635 
E) 583,884 98,963 70,841 12,007 12. 1 783,250 77 ,690 9.9 247,800 

TOTAL 860,537 145,845 131,918 22,358 15. 3% $1 ,288,080 $148,810 11.6% $487,985 
5 Plants (Avg) (Avg) 

FEA BAKERY ENERGY SURVEYS-SUMMARY STATUS AFTER FINAL DRAFTS 

E N E R G Y D 0 L L A R S 
1974 Usaqe Recommended Savinas Rec $ Savinqs 'i Equiv Equiv 

Bbls Bbls 
:i1 ant M BTU Oil M BTU Oil 

A) 135, 774 23,091 36,788 6,256 
B) 34,368 5,825 6,015 1 ,019 
C) 1 ,553 263 192 33 
0) 80,510 13,692 12,792 2,176 
E) 43, 118 7,333 5,734 975 

TOTAL 295,323 50,204 61 ,521 . 10,459 
5 Plants 

Please look at the alternative. If you are 
using gas, what are the alternatives when there is 
no gas? 

Propane 
Oil 
Electric 
Coal 
Shut Down 

Let's cost justify in the future when the 
price of energy will be doubled, tripled what it 
is today. If you do, an entire different picture 
may present itself. 

The sample audits made in the meat packing 
and bakery industries are examples of what can be 
done to conserve energy. 

As a result of our work within our own com
pany and the energy surveys made in the meat 
packing and bakery industries, we recommend the 
following program for energy conservation within 
industrial plants. These same recommendations 
could apply to all industry as well as commercial 
buildings, hospitals and other areas. I recommend: 

The appointment of an individual at each plant 
location to be responsible for energy conserva
tion. This should be a plant manager or plant 
engineer. 
The individual appointed should receive some 
training in how to make an energy balance and 
conduct a survey. Let this man learn a little 
about energy conservation and he will do wonders 
for you. 
Further, a little training goes a long way. In 
looking at ways to save energy, one begins to 
question the process and it may surprise you 
what turns up. 

% NRG $ @ 1975 Rates Cost to 
M BTU Usage @ 

% $ " 
Achieve 

Savinq 1 75 Rates $ Savings j, Savings 
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27.1 $279,423 $49,785 17 .8 $50,400 
17.5 94,593 11 '543 12.2 I 8,290 
12.4 5,302 672 12.7 200 
15. 9 165,369 23,175 14.0 29,950 
13.3 62,331 5,840 9.4 6,385 

20.8% $607,018 $91,015 15.0% $95,225 
(Avg) (Avg) 

There are well written articles on: 
Work Simplification 
Elimination Approach 
Value Engineering 

I recommend them . 
Establish a formal program for energy conserva
tion. Don't just give it lip service. It must 
be an on-going program, not a one-shot deal . 
Develop an energy balance. It is easy. Every
thing that comes in must go out -- where does 
it go and where is it being wasted? 
Divide the program into 3 categories: 

Short Term 
6 months to accomplish, very little 
expenditure. 
Intermediate Term 
Up to 18 months to accomplish. Some $ 
required. Payback period about 1 year. 
Long Term 
Over 18 months to accomplish. Require engi
neering studies, design changes. Capital 
expenditure extended payback periods. 

I repeat, do not overlook payback periods 
now 2, 3, 4 or even 5 years out. A year from 
now these periods may be cut in half. 

Implement the program by making assignments to 
individuals, setting time periods, and follow 
up on monthly basis. 
Establish reporting system. BTU/LBS packed or 
shipped, or any other unit as long as it is con
sistent. The real numbers mean little. It is 
the change . The trend that is important. 



Go after the big ones first. Make the largest 
reduction for the least $, then tackle the harder 
ones. 

REVIEW OF J-M ACTIVITY 

Finally, I would like to say a few words 
about other areas of J-M activity for better energy 
utilization and conservation. 

Any program within industry, as well as in 
other areas, to be successful must continue to have 
a "shot in the arm", so to speak, to maintain 
interest and motivate people. This is particularly 
true if various areas have not yet suffered as a 
result of energy curtailment and the high cost of 
energy. 

Our company's continuing activity in this 
regard are at present threefold. 

One being an energy conservation self-help 
package which has been distributed to all plant 
managers, directors of manufacturing, production 
engineers, and division energy coordinators. I 
have given Mr. Mashburn several copies of this 
self-help package in case others are interested 
in it. 

The second activity which our company has 
undertaken is the establishment of an energy 
conservation workshop for plant engineers, indus
trial engineers and other operating people. This 
workshop, which is 3 days long, is held at periodic 
intervals and is attended by 12 to 16 people. This 
is a hands on how to workshop with demonstrations, 
participative practices, talks, questions, and the 
distribution of a manual on energy conservation . . 
Typical subjects covered are: 

1. Combustion chemistry and burner efficiency. 
2. A film on heat. 
3. Oven operations, energy content, heat balance. 
4. Heat recovery. 
5. Heating, ventilating, air conditioning. 
6. Heat measurement, air flow demonstrations. 
7. Steam system and steam traps. 
8. Electrical 
9. Class problems 

We feel we have had success with this workshop 
as measured by the attendance and the interest 
created as well as the critique of the attendees. 

A third item of activity which we are presently 
working on is a set of energy conservation standards. 
These standards will include such items as: 

Site Development and Planning 
Design of Buildings 
Lighting Standards 
Peak Demand Considerations 
Space Design Considerations 
Heat Recovery 

In our business, there are many other areas of 
energy activity that will become more and more 
important as energy becomes less available. In 
fact, there may be some high intensive energy 
products that may not be produced at all. I 
believe many products will be eventually classified 
in this category at some future point in time. 

In closing, let me say that energy conserva
tion is good for everybody and regardless of the 
issues of energy conservation and shortages, an 
energy conservation program is in reality just 
plain good business because it offers cost re
duction and/or cost avoidance opportunities which 
betters the bottom line, which is why we are in 
business. 

Thank you! 
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WASTE HEAT RECOVERY SYSTEMS 

Goodwin H. Taylor, Jr. 
Goodwin H. Taylor, Ltd. 
Consulting Engineers 
6121 Lincolnia Road 

Alexandria, Virginia 22312 

This afternoon we are going to look at 
Waste Heat Recovery in four different categories 
(Refer to Table I). 

TABLE I 
WASTE HEAT RECOVERY 

Exhaust Air 
Heat Wheel 
Run Around Cycle 
Heat Pipe 

Process Refrigeration 
Building A/C System 

Closed Circuit Heat Pumps 
Double Bundled Condenser 
Water Cooled Light Fixtures 
Heat of Light 

Miscellaneous 
Waste Heat Boilers 
Water Cooled Transformers 
Industrial Processes 

The first major category will be recovery 
systems that are utilized to extract heat from 
exhaust air. Currently, three methods are 
employed. They are the heat or enthalpy wheel, 
a run-around cycle, and the heat pipe. We will 
touch on each one of these techniques as soon as 
we review the remainder of the list. 

The second major category which we consider 
in the commercial market is the reclaim of heat 
from process refrigeration systems. 

The third category of waste heat recovery we 
will consider is that of recovering heat in typical 
space air conditioning systems. As we mentioned 
in this morning's session, the ability to re
distribute heat from high internal heat gain 
areas of a facility to areas requiring heating 
offers good potential with the equipment currently 
available. Under this general category, we will 
look briefly at closed circuit heat pumps, the 
use of a double bundle condenser, water cooled 
light fixtures, and briefly at what is known as 
a heat-of-light system. 

The fourth category I have lumped as miscel
laneous which would include numerous industrial 
processes, such items as water cooled transformers, 
water cooled waste pipes, waste heat boilers, etc. 

Digressing to our exhaust air waste heat 
recovery system, we will consider the operation of 
a heat wheel. This device is basically made in 
two types, either a straight sensible heat 
transfer type or what is known as the enthalpy 
wheel where both sensible and latent heat is 
transferred. This system basically consists of 
a large wheel, the diameter of which is a 
function of the quantity of air flow involved, 
wherein the exhaust air passes through one-half 
of the wheel housing, and the incoming air passes 
through the other half. The wheel slowly turns 
and a transfer of heat occurs between the exhaust 
air and the incoming air. Based on our experience, 
the enthalpy type should be utilized since either 
of the other two systems mentioned becomes 
normally a more economical alternative to obtain 

45 

sensible heat transfer. We will limit our dis
cussion to the enthalpy type heat wheel. 

Figure 1 illustrates the design conditions 
for a project which we currently have in the 
design process. You will note that building 
condition exhaust air had 750 dry bulb/630 wet 
bulb being exhausted through the exhaust section 
of the wheel with 100% outside air at 950/780 
entering the intake side and leaving at a 
c·ondi tion of aoo1700. 

EXHAU.5T 
AIR 

1 

OUT61DE 
AIR 

E.XHAU~T 

~ 
-------75/<;.3 

oUPPLY ----AIR 
55/54 

95/7_a_......,.ll&-___ ~---~:i...---~ 

FILTER 
HEAT WHEEL 

FIGURE 1 . HEAT WHEEL 

Figure 2 is a section through one of the 
mechanical rooms on this project and gives you 
some idea of the space requirement for this type 
of installation. To give you some perspective, 
the enthalpy wheel is 8 feet in diameter delivering 
appr·oximately 14,000 cfm. Thus, the requirement 
to have outside air and exhaust air at the same 
location in conjunction with the physical size of 
the exhaust fan and enthalpy wheel demands a 
considerable amount of building area. 

.. .. Entha lp y Wheel 
EW-3 

--~--1------Fan F-3 

·---- Access Section W/Door 

'-------- Preheat Coil 

FIGURE 2. SPACE REQUIREMENTS FOR HEAT WHEEL 



Figure 3 shown, indicates a schematic of a 
run-around system which would be employed in the 
same circumstance to obtain sensible heat recovery 
between exhaust and intake air systems. In the 
run-around cycle, large coils are installed in the 
exhaust air system as well as the outdoor air 
intake system with a fluid medium transferring 
heat from one to the other. The fluid medium is 
normally 30% glycol solution to preclude 
freezing problems. 

OUT.61DE 
--+-
AIR 

FIGURE 3. RUNAROUND SYSTEM 

EXHAU!>T 
~ 

AIR 

Figure 4 indicates the basic construction of 
what is known as a heat pipe. This piece of 
equipment is an outgrowth of the space program. 
It consists of a sealed copper tube with a 
cylindrical wick and refrigerant charge. The 
temperature difference between the ends of the 
pipe causes the liquid in the wick to migrate by 
capillary action to the warmer end where it 
evaporates and absorbs the heat. The refrigerant 
vapor then returns thru the hollow center of the 
wick to the cooler end where it gives off heat, 
condenses, and then repeats the cycle. 

HEAT OUT 

ft t 

c.m.JDE~SATIOU 

EVAPOR.ATIOt..J 

LIQUID 
F"ILLEO 
WICK 

FIGURE 4. HEAT PIPES 

HEAT lt.J 

Hl 

46 

In an air to air heat recovery system, 
bundles of heat pipes are installed with a barri
er between the exhaust air and incoming air, thus 
providing the heat recovery system. The control 
of heat recovery can be obtained by the angle of 
the two bundles of heat pipes. 

To review all three systems, we see each 
system has its advantages and disadvantages. The 
enthalpy wheel obviously is capable of transfer
ring the greatest quantity of heat since it has 
latent capability but requires the greatest amount 
of space with the requirement for the exhaust and 
intake air streams being located adjacent to each 
other. 

The same proximity of exhaust and intake air 
streams holds true for the heat pipe. 

The run-around cycle allows remote location 
of exhaust and intake air systems but is the 
least efficient from the standpoint of heat 
recovery. 

The heat pipe system has no moving parts and 
therefore, from a liability standpoint, should 
provide the least maintenance cost. 

While the heat wheel incorporates a purge 
cycle to prevent cross-contamination between the 
air flows, only the other two systems preclude 
any possibility of cross-contamination. 

Table II is a copy of one of our preliminary 
design work sheets for this same project. The 
project would not be typical of most exhaust air 
heat recovery systems since it involves a 100% 
outside air system and thus the results of uti
lizing exhaust air heat recovery approach maxi
mum results. Under the inside condition of 75° 
and 50% relative humidity, you will note that the 
system requires, without any heat recovery, 530 
tons of refrigeration. 

Utilizing a run-around system, tonnage can 
be reduced from 530 tons to 463 tons. Utilizing 
an enthalpy wheel with a 72% efficiency, tonnage 
is now reduced from 530 tons to 285 tons. 
Considering the heating analysis, you can see that 
for the same indoor design conditions, required 
boiler horsepower is reduced from 241 to 172 with 
a run-around cycle; and ultimately to 44 boiler 
horsepower with the enthalpy wheel. Due to the 
configuration of the building and the extreme 
critical nature of the building operation, our 
office initially recommended utilizing a run
around cycle since we were extremely concerned 
about cross-contamination even utilizing an 
enthalpy wheel with a purge system. Based on 
the owner's past experience and his directive, 
however, we did incorporate the use of the 
enthalpy wheel with the resulting reduction in 
capital cost and annual operating cost as 
indicated. 

Obviously, you would not currently design 
this type of facility without some type of heat 
recovery; however, the numbers are indicated to 
exemplify the heat recovery that this type of 
system is capable of producing. 



TABLE II 

HEATING & COOLING CAPACITY ANALYSIS -
HEAT RECOVERY VS. CONVENTIONAL 

BLDG. TONNAGE ANALYSIS 
Assume: 40 Tons of Recirc. Systems 

72,000 cfm 0.A. 

Inside 
Conditions 

750/60% 
750/50% 

75°/50% 

750/40% 

SENS. 
HUMID 
TOTAL 

SENS. 
HUMID 
TOTAL 

W/0 
HT. Recovery 

440 
530 

BLDG. HEATING ANALYSIS -

W/O 
HT. Recovery 

5054 
3035 
8089/241 BHP 

5054 
2448 
7502/224 BHP 

W/ W/ 
R.A.R. WHEEL 

72% Eff. 60% Eff. 
375 230 
463 285 325 

Excluding Process 

MBH 
W/ W/ 

R.A.R. WHEEL 
72% 60% 

2721 777 2336 
3035 685 1175 
5756/172 BHP 1462/44 BHP 3505/105 BHP 

2721 777 
2448 489 
5169/154 BHP 1266/38 BHP 

REDUCTION IN FIRST COSTS - $60K - $80K 
ANNUAL REDUCTION - ENERGY - $42K 

Figure 5 indicates waste heat recovery of 
process refrigeration used typically in chain food 
stores. Ten years ago, virtually all food chain 
stores simply wasted the refrigeration heat from 
the process refrigeration for all their food cases. 
Today, most all chain food stores utilize this heat 
to provide building heat during the winter months. 
In most operations, this waste heat recovery is 
sufficient to provide the total heating require
ments for the building. This application typifies 
the use of waste heat recovery from a process 
system utilized in an additional subsystem. The 
same technique can be utilized in any similar 
industrial process. 

AIR. C.OOLED 
C.OtJDEtJ~ER. 

t t t 

t t t 

FIGURE 5. HEAT RECOVERY FROM FOOD 
SERVICE REFRIGERATION 
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We will now consider environmental space air 
conditioning system - waste heat recovery systems. 

Figure 6 indicates a water source heat pump 
transfer system wherein closed loop condenser 
water is piped throughout the facility. The boiler 
in the loop provides the required heat when the 
heat balance is such that the heat rejected to the 
loop by the heat pumps providing the cooling needs 
of the building is inadequate to maintain loop 
temperature. The evaporative cooler is utilized 
to reject heat from the loop when the air condi
tioning load of the building exceeds the heating 
load. Since our later session will cover the heat 

WATER - TO- AIR 
HE.AT PUMP 

FIGURE 6. WATER SOURCE HEAT PUMP TRANSFER SYSTEM 



pump system in detail , we will omit any further 
details in this discussion . 

Figure 7 indicates the use of a double 
bundle condenser again to pick up the waste heat 
from one area of the facility and transfer it to 
other areas. This system is conventionally 
accompanied by storage capacity and the ability 
to false load the evaporator in order to meet the 
heating demands of the facility. 

---FROl--I TOWE.R 

TO COOLll..JC:s TOWER 

DOUBLE.-BUl-JDLE 
C.ONDE.N~ER 

HEATll..JC:I 

C.OIL 

£.VAPOR.ATOR 

___ _, C.OOLINC. 
.._ ___ COIL 

FIGURE 7. DOUBLE BUNDLE CONDENSER 

Table III indicates the projected reduction 
in energy for a project currently under construc
tion utilizing a central heat pump with a double 
bundle condenser. The base system used as a com
parison was a four pipe fan coil unit system 
utilizing electricity as a prime mover for heat. 
Note that our computer simulation indicated the 
double bundle condenser heat pump would provide a 
reduction in annual operating costs of $6,000 with 
the primary savings being in reduction in annual 
cost of heating . Electric consumption was reduced 
from 4100 MWH to 3669 MWH. As a matter of informa
tion, this project is designed utilizing twindow, 
double bundle condenser, central heat and 16,000 
gallons of storage and will be integrated with a 
water-to-oil waste heat recovery system from 200 
MVA transformer substation which occupies a portion 
of the building . We will obtain approximately 
900,000 BTU/hr. recoverable heat from these trans
formers. This should result in a zero energy heat
ing input to the facility when all transformers are 
installed. 

TABLE I II 

1919 PENNSYLVANIA AVENUE 

Base Base w/ heat Base w/ H.P. Base w/ H.P. Twindow Twindow w/ Twindow w/ 
~um~ +H.W. +15K H. p. H.P.+H.W. 

elec consump 
1000 KWH 4100.2 3669.5 3663.0 3591. 9 3479.8 3286.2 3284.6 

annual cost $ $143,507 $128,432 $128,205 $125,716 $121,793 $115 ,017 $114,551 

6$ 0 -15,075 -15,302 -17,791 -21,714 -28,490 -28,546 

% of base 100% 89% 89% 87% 84% 80% 80% 

base elec 
1000 KWH 1964.2 1964. 2 1989.9 1964.2 1964. 2 1964. 2 1989.9 

Di. % 0 +1 % +1 % 

elec ace 
l 000 KWH 477 .2 267.9 267.9 269.6 418.4 255. l 255.3 

6 % 0 -43% -43% -43% -12% -46% -46% 

elec heat 
1000 KWH 1030.4 679.3 646.1 569.9 588.9 366.3 339.8 

annual cost $ 36,064 23, 775 22,613 19,946 20,611 12,820 11 ,893 

6$ 0 -12,289 -13,451 -16,118 -15,453 -23,244 -24,171 

% of base 100% 66% 63% 56% 57% 35% 32% 

elec cooling 
1000 KWH 628.3 758.2 758.2 758.2 508.4 700.6 669.7 

6% 0 +20% +20% +20% -19% +11% +6% 
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Figure 8 indicates a schematic for a system 
incorporating waste heat recovery from lighting 
fixtures. This system had its inception approxi
mately 15 years ago and to date has really not 
had a market due to high first cost and potential 
maintenance problems with piping connections to 
each fixture. 

WATER 
C.OOLE:D 
LUMllJAIRE.S 

COOi... ii.Ju 
TOWER 

WARl.-I WATER. 
F'OR. HEATll.JC:. 

CHILLED WATER 
F'OR C.OOLll-IC> 

FIGURE 8. WATER COOLED LUMINAIRES 
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Figure 9 indicates schematically what is 
known as a heat-of-light system wherein cold 
primary air is mixed at a terminal box with space 
air that has been returned through the light 
fixtures thus picking up waste heat from the 
lighting fixtures . This system was initially 
promoted as being able to provide the ability to 
take heat from the interior of the building and 
provide heat to the exterior . While the system, 
from a functional standpoint, works beautifully; 
its ability to transfer internal heat to the 
perimeter of the building is minimal. 

Under the miscellaneous category of waste 
heat recovery systems , I have indicated recovery 
systems for boiler flue gases, which would also 
include packaged economizers for watertube boilers, 
water cooled transformers and other industrial 
process heat recovery systems. These systems are 
applicable to specialized installations and I have 
itemized them for information only. While we have 
touched on a few of these general waste heat 
recovery systems, it is my hope you will be able 
to expand the principles into a worthwhile energy 
management program. 

Thank you. 

C.ORRIDOR 
C.0"-.IDITI O~ED 

AIR 

FIGURE 9. HEAT OF LIGHT 



TRACE DIRECT ENERGY SYSTEM & ECONOMIC ANALYSIS 
EXISTING BUILDINGS -- TRACE VERSION V00200 

Neil Patterson 
Manager 

Application Engineering 
The Trane Company 

La Crosse, Wisconsin 54601 

Today, I want to discuss with you the availa
bility of an all new, computerized energy and 
economic analysis program for use on existing 
buildings. This program is called TRACE V00200. 

TRACE version two-hundred is based on the 
original TRACE version one-hundred program de
signed specifically for new buildings that was 
announced at the semi-annual ASHRAE meeting in 
January, 1973. 

Since its introduction, TRACE has been used 
on several thousand major energy studies of new 
buildings. TRACE in the past 74 months has been 
studied, accepted or used by each federal agency. 
As of today, TRACE has been used to help prepare 
more than three hundred major energy studies on 
federal buildings. 

This expansion of the capabilities of the 
TRACE family of energy programs is particularly 
important right now as federal and many state 
agencies are in the process of upgrading the 
energy efficiency of their existing public 
buildings. 

Specifically, we feel this announcement is 
very timely for the following reasons: 

Three states -- Florida, North Carolina and 
Washington -- have already enacted laws requiring 
energy and economic analysis of owned and 
leased public facilities. These laws deal with 
new facilities; but, these states and others are 
preparing similar legislation for existing, as 
well as new buildings. 

In addition, several bills have been drafted 
in congress that deal with saving energy in our 
nation's existing buildings. 

ASHRAE, at the annual meeting in Dallas in 
January of this year, officially commissioned the 
writing of energy conservation standards for 
existing buildings. Eventually, when completed 
next year, these standards will be known as the 
Standard 100-77 series. These new standards will 
be written by a nucleus of the key industry 
experts and other volunteers who wrote the ASHRAE 
Standard 90-75 that pertains to new buildings. 

Approximately 2~ years ago, ASHRAE made an 
agreement with the National Conference of States 
on building codes and standards to develop a 
consensus standard of guidelines to conserve 
energy in new building construction. 

The result was ASHRAE Standard 90-75 which 
was adopted in August of 1975. It will also be 
submitted to the American National Standards 
Institute to become an ANSI Standard. 

Thirty-five states have said they are going 
to use ASHRAE Standard 90-75 in part or in total, 
as part of their building codes. 

ASHRAE Standard 90-75 Chapters 4-9 estab-
1 ishes building component performance standards, 
known as the prescriptive portion, that must be 
followed by the designer for designing new energy 
efficient buildings. 

Chapter 10 of the standard permits a design 
different from that achieved through methods 
prescribed in Chapters 4 through 9, but only if 
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the new design can be shown to use the same or 
less energy than a building designed in accordance 
with Chapters 4-9. 

The im~ortance of Chapter 10 is that it 
provides the designer with the flexibility to 
use an alternative design if he can show that it 
consumes equal or less energy. For example, it 
allows the designer to make architectural and 
system trade-offs for lower energy consumption. 
Fortunately, the computer makes such analyses 
relatively easy. 

In fact, 11 TRACE 11 not only allows comparison 
of up to four energy design options in one 
analysis, but shows the economic impact of these 
options on the building first cost and total 
owning and operating cost over its design life. 

Most experts who have carefully analyzed our 
energy situation today indicate an immediate and 
urgent need to reduce energy consumption in 
existing buildings. They further indicate that 
this must be done in order to provide the lead 
time necessary to develop new energy resources. 

For this reason, ASHRAE has undertaken the 
development of these new energy standards to 
conserve energy in existing buildings. Once 
developed, these standards, like Standard 90-75, 
will offer the system designer the methodology 
to significantly reduce energy consumption in 
our existing buildings. 

Again, the need will exist to evaluate the 
economic impact of possible energy saving alter
natives to justify renovation of the existing 
building through architectural, HVAC systems and 
equipment modification or replacement. 

To fill this need for existing building 
energy analysis, The Trane Company is prepared 
and pleased to now announce the availability of 
the TRACE version two-hundred. This new TRACE 
program brings to the system designer a comput
erized energy and economic analysis program 
specifically geared to analysis of energy con
serving alternatives of existing building 
construction. 

To best understand the TRACE version two
hundred, it is necessary to understand the basic 
TRACE program. TRACE, as you know, allows you 
to consider each energy and energy-related 
economic aspect of a building, its architectural 
design, its system, its equipment, its use 
occupancy, and economic goals. Here is how it 
works. (Refer to Figure l on the next page) 

Load -- On new buildings, you do not have to 
1nput thermal loads with TRACE. TRACE 
accepts your building's architectural descrip
tion and location and then calculates peak 
and hourly loads by zone using hourly 
climatic data from U. S. weather bureau tapes. 
Design -- Zone CFM, Fan CFM, and fan supply 
air dry bulb temperatures are calculated in 
addition to design heating and cooling system 
loads. 



System Simulation -- The TRACE program tracks 
the performance of the air conditioning, 
heating and ventilating system by hour, by 
zone over a year's system operation. It 
translates building heat gains and losses 
into equipment load. 
Equipment Simulation -- The equipment loads 
are applied to full and part load performance 
of all heating ventilating and air condi
tioning eq~ipment and accessories. The 
program already contains part load equipment 
performance data, designers are not required 
to input part load performance. 
Economic Evaluation -- Energy consumption is 
converted into energy dollars using the 
actual utility rate schedule. Life cycle 
economic factors such as bond life, first 
cost, maintenance cost, taxes, depreciation, 
and insurance, etc., are used to obtain 
economic comparisons for the various alter
natives on a life cycle cost basis to 
determine the best life cycle cost design. 

From experience, we have learned that an ex
isting building energy analysis can be more com
plex than a new building energy analysis. The 
complexities are caused by the living patterns 
that have developed in the building since it was 
originally constructed. Also, complexities are 
caused by the fact that air conditioning is still 
a relatively new technology and, in the past 25 
years, air conditioning technology has become 
much more of a precise science. For this reason, 
in many existing buildings, the systems and HVAC 
equipment already installed are significantly 
oversized by today's design standards. 

Obviously, an accurate energy analysis must 
model the existing situation in an existing 
building before it can assess the energy impact 
of new changes to upgrade the building-system
equipment energy efficiency. 

TRACE version two-hundred has the capability 
of modeling the existing building situation. 
Specifically, it allows setting of values that 
exist in older buildings that might not be taken 
into account in new designs (Refer to Figure 2). 

TRfH3t f l[]l\JLH~RT 
VERSION V00100 

BUILDING 
DESCRIPTION 

•LOCATION 
•ZONES 
• DESIGN DATA 

SYSTEMS 
DESCRIPTION 

• SYSTEM TYPES 
• ECONOMIZER 

EQUIPMENT 
DESCRl.PTION 

• EQUIPMENT TYPES 
•PUMP HEADS 

ECONOMIC 
DATA 

• MORTGAGE LIFE 
• ECONOMIC FACTORS 
• FIRST COST 
• MAINTENANCE COST 

LOAD 
PHASE 

PEAK & HOURLY LOADS BY ZONE 

DESIGN 
PHASE 

WEATHER 
TAPE 

CFM & SUPPLY AIR DRY BULB BY ZONE 

SYSTEM 
SIMULATION 

PHASE 
EQUIPMENT LOADS BY SYSTEM BY HOUR 

EQUIPMENT 
SIMULATION 

PHASE 
ENERGY CONSUMPTION BY SOURCE 

ECONOMIC 
ANALYSIS 

PHASE 

EQUIPMENT 
PERFORMANCE 

TAPE 
ECONOMIC COMPARISONS OF ALTERNATIVES 

F I G U R E 1 
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TRfU~E fl[j~~HflRT 
VERSION V00200 

NEW 
BUILDING 

INPUT 

BUILDING 
DESCRIPTION 

• LOCATION 
•ZONES 
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EXISTING 
BUILDING 

INPUT 

r------1 
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I Shading •-11191 
II • Thermostat Setting II 

By Zone L _______ J 
r--------, 

LOAD 
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SYSTEMS 
DESCRIPTION 

I • Design Coo ling Tons I 
• Design Heating MBH I 

I • Design Supply Air Temp . I 

I • Cooling and Heating 

Supply Air Temp . 

DESIGN 
PHASE 

WEATHER 
TAPE 

• SYSTEM TYPES CFM & SUPPLY AIR DAY BULB BY ZONE 

• ECONOMIZER 
I Reset Schedules 

I • Supply Fan CFM 

I • Outside Air CFM 

I • Fan Schedules I 
L Minimu~R~e~ Cfm _J 

SYSTEM 
SIMULATION 

PHASE 
EQUIPMENT LOADS BY SYSTEM BY HOUR 

r------., 
EQUIPMENT I •Pump KW I 
DESCRIPTION •Fan KW 

----·TY•P111EnfS~ • Equipment Staging ,....., - r 
• EQUIPMENT I 
• PUMP HEADS L ______ _J 

EQUIPMENT 
SIMULATION 

PHASE 
ENERGY CONSUMPTION BY SOURCE 

ECONOMIC 
DATA 

• MORTGAGE LIFE 
• ECONOMIC FACTOf.S 

ECONOMIC 
ANALYSIS 

PHASE 

EQUIPMENT 
PERFORMANCE 

TAPE 
• FIRST COST ECONOMIC ~OMP..\RISOP'S OF Al TE~NA ilVES 
• ._.~l~TC\J~~r~ f'.O~T 

F I G U R E 2 

For example, it allows the user to account 
for adjacent building shading. 

It allows individual thermostat settings per 
thermal zone of the building to reflect its 
actual utilization. 

It allows input of actual installed cooling, 
heating and air moving capacities as well as 
measured outside air quantities. 

It permits input of actual supply air temper
atures and their reset schedules to reflect 
actual building system operating procedures as the 
building exists today. 

It allows input of the actual operating 
schedules of cooling, heating and fan equipment as 
it's being used in the building. 

It allows input of measured pump KW, and 
fan KW reflecting equipment actual operating 
points as opposed to designed operating points 
when the system was originally designed. This 
reflects equipment fouling, wear, etc. 

It allows input of the equipment staging as 
it is actually being operated to satisfy the 
building environmental control requirements. 
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These are the all-important items because 
they allow the program to reflect the actual 
situation of building operation as it exists 
rather than how it was designed to exist years 
ago. This is important because using TRACE on an 
existing bui lding energy reduction program is a 
two step process. 

The first step is to determine how well the 
building's energy system is performing at the 
present time versus the performance of the energy 
system as intended when originally installed. 
This helps ascertain what needs to be done to trim 
or adjust the energy system to obtain the original 
efficiency of operation. Running TRACE Version 
Two-Hundred and then comparing these results 
against the actual building utility bills tells 
one how the present building is performing. The 
detailed output values in TRACE Two-Hundred then 
provide the data necessary to analyze and find the 
areas that need trimming or adjustment. 



The second step is to evaluate physical 
changes that can reduce the energy. These changes 
are input into TRACE 200 and the output compares 
them to the present building. At the same time 
TRACE provides an economic life cycle comparison 
to help determine whether or not the contemplated 
changes are economically justified. 

Most engineers recognize that energy analysis 
is a very complex business, and experts aren 1 t 
made overnight. 

For this reason, The Trane Company has 
developed a means for building and system 
designers to become proficient in Energy analysis 
with a minimum investment of time and money. This 
means is -- the TRACE-DIRECT program. 

The purpose behind the TRACE-DIRECT program 
is to permit the average building system designer 
to easily use TRACE without help and through its 
use have energy analysis capability. 

Since TRACE was originally introduced, there 
has developed the need by frequent users to have 
fast turn-around time of computer outputs. 
Further, there has developed a need by many users 
to have a knowledge of the exact mathematical 
composition of TRACE as well as the function by 
function flow procedures used by TRACE. This is 
needed by users to insure the simulation procedures 
are correctly duplicating the operation of the 
specified HVAC system. 

Consequently, Trane made two important moves 
in the first quarter of this year in regard to 
TRACE. 

First, the TRACE program was placed on the 
computer facilities of MCAUTO, formally known as 
McDonnell Douglas Automation Company, and BCS, 
formally known as Boeing Computer Services, Inc. 
This allows the use of TRACE on a time-sharing 
basis. The turn-around time of outputs is now a 
matter of a couple of minutes instead of days as 
before. 
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Second, to allow the TRACE-DIRECT user to 
gain an understanding of TRACE and to insure the 
program can be used successfully, an extensive and 
intensive training program is conducted. This 
training program teaches the exact mathematical 
composition of TRACE on a function to function 
basis. Since these active users have already 
gained an operational understanding of TRACE, 
this detailed knowledge allows them to accomplish 
very sophisticated energy analysis very simply and 
quickly without errors. 

In addition, in support of each TRACE-DIRECT 
user we have a locally based engineer to answer 
questions relative to the use of the TRACE program 
on specific projects. Further, these on-the-spot 
engineers support the local McDonnell Douglas and 
Boeing personnel relative to the access of TRACE. 
The field engineers have a working proficiency 
with TRACE and have been especially trained to 
have an overall HVAC economic capability. As a 
result, they are very valuable to the TRACE-DIRECT 
users. 

Since the introduction of TRACE in 1973, 677 
firms have begun using TRACE on a frequent basis. 
The TRACE-DIRECT program was conceived primarily 
for these firms. 

One-hundred and sixty-nine TRACE-DIRECT users 
have been trained since the beginning of the 
second quarter of this year. This represents 66 
engineering firms located in 18 cities throughout 
the USA. Some of the most prestigious consulting 
engineering firms in the nation were the first 
firms trained. At present, scores more are 
scheduled for TRACE-DIRECT training. 

The use of TRACE by these firms is indicative 
of the level of acceptability and genuine benefits 
offered by TRACE and, shows it to be a viable tool 
in helping prepare accurate energy analyses. 



COMPONENTS AND COMPUTER BASED CONTROLS IN SMALL TO LARGE BUILDINGS 

Michael T. Shehadi 
Regional Engineer 

Mid-Atlantic Region 
Johnson Controls, Inc. 

10601 Decatur Road 
Philadelphia, Pennsylvania 19154 

T am thankful that I have been given this 
opportunity to be involved in an energy efficiency 
sharing seminar which presents subjects about which 
we are all interested. The main theme must be 
energy conservation. We mush direct our efforts 
toward the design or redesign of buildings and 
building complexes toward more energy conscious 
structures. It is our obligation to look to and 
evaluate all possible energy saving techniques. 

The areas to be investigated are as follows: 
A. Ins ta 11 a ti on 
B. Building Leakage 
C. Overheating 
D. Overcooling 
E. Overluminating 
F. Domestic Water Temperature 
As each of us know, this list could go on and 

on. What each of us must recognize is that there 
is a list that can be generated. This list nat
urally, will be different for each complex. Each 
of us should generate a list for his particular 
project, proprietarize it and set about resolving 
the solution to each problem. As cognizant as all 
of us are of the energy crisis, we are also cog
nizant of the financial needs and motivators. 
Without a return on investment, it is questionable 
whether or not any of us would proceed with energy 
conservation measures. Therefore, the list will 
be proprietarized, not only by energy savings, 
but also by dollar savings. 

The portion of this program assigned to me 
is 11 Components and Computer Based Controls in 
Large Buildings. 11 At this point, I would like 
to modify that title to 11 Components and Computer 
Based Controls in Small to Large Buildings." 

The components involved are the room therm
ostats, the return air humidostats, discharge 
controllers, pressure controllers, enthalpy con
trollers, etc. If any of us have applied the 
basic fundamental control systems to their build
ings, they are in effect conserving energy; how
ever, it is well known that thermostats are set 
too high or too low causing different entities 
of a given system to fight each other. A good 
example of this was the installation of a brand 
new central plant on a major university that 
tied into eleven (11) of the existing buildings. 
The first year the central plant was on line it 
was operated at full capacity which is 6,000 tons. 
The next year a computer based automation system 
was installed and implemented that gave the 
operators the ability to check each of the build
ings tied into the central heating and cooling 
plant. The operators and the computer based 
system detected that hot decks were too high and 
cold decks were too low, resulting in over heating 
and over cooling. From the central plant the 
operators reset the hot decks and cold decks to 
an optimum point. The result was the university 
added six (6) more buildings to the central plant 
loop and reduced the plant output by 33% down to 
4,000 tons. 

The physical plant director has told us 
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without his computer automation system his people 
would not have been able to see the waste that 
existed and would not have reduced the output. 
He realized that they were actually wasting steam 
and chilled water by allowing the hot decks to 
control at too high a temperature and to compen
sate for this the cold decks were overcooling. 

Before the energy crisis, the justifications 
for automation and centralization were: 

A. Manpower Savings (Time) 
B. Equipment Protection 
C. Extending Equipment Life 
D. Occupant Satisfaction 
And, Last But Not Least 
E. Energy Conservation 
Unfortunately, the fact did exist that other 

than the dollars saved by reducing power consump
tion, energy conservation did not concern us. 
The energy crisis is real -- we all recognize that; 
the fact we are here to explore the developments 
upon which we must embark is proof of that. 

The proper application of controls and auto
mation will indeed help us attain our goal of 
energy conservation. We should look upon our 
efforts as EC2, energy conservation control. 

Many times the question, 11 Why control or 
automate? 11 is asked. It is my conviction that any 
building or complex of buildings should be con
trol led and automated. The degree of control and 
automation, naturally, will depend upon the pro
ject's requirements. Buildings that should be 
centralized are not only new projects, but also 
existing buildings or complexes. 

A single automation center can serve any 
number of buildings. Automating functions such 
as: 

A. HVAC Control 
B. Lighting Control 
C. Fire Alarm Inputs and Outputs 
D. Smoke Alarm Inputs and Outputs 
E. Security Inputs and Outputs 
F. Communication Systems 
G. Life Safety Systems 
H. Management Systems 
I. Optimization 
J. Maintenance Management Systems 
Proper control of most of these functions 

will conserve energy. To help substantiate this, 
the following calculations are offered: 

Utility Savings - Programmed Start-Stop 
(Morning Start-Up and Evening Shut Down) 

Objective: 
Reduced running time hours of mechanical equipment 
results in less electrical energy expended through 
manual or prograrrmed start-stop. 
Considerations: 
There are 98 days that require warm up. Each day 
1.9 hours run time can be saved. Assume .75 KW 
per HP; cost of electricity .026 cents per KWH. 
Each motor operates at an average of 85% of its 
rated power. 



For each horsepower: 
1.9 Hours X 98 Days X .75 KW= 139 .65 KWH/HP/YR 

Day HP 

Formula: Using 300 HP available to program 
139.65 KWH/HP/YR X 300 HP=41895 Annual Power Savings 
41895 KWH/YR X .026/KWH=l089.27 Annual Savings 
There are 189 days that require pull down. 
For each horsepower: 
1.9 Hours X 189 Days X .75 KW= 269 .33/KWH/HP/YR 

Day HP 

Formula: Using 500 HP available to program 
269.33KWH/HP/YR X 500HP=l34665 Annual Power Savings 
134665KWH/YR X .026/KWH=3501.29 Annual Savings 

Light Savings - Programmed Start/Stop 
Objective: 
Use of programmed start/stop established per 
building use schedule to reduce the lighting load. 
Considerations: 
Assume that 1.5 hours of time can be saved per day, 
5.5 hours per week, 52 weeks per year. Tennant 
lighting is 2456 KW. 
Formula: 
1.5 Hours X 5.5 Days X 52 Weeks 

Day Week Year 
429 Hours X 1456 KW X • 026 $/KWH 

Year 
Note: If lighting is controlled 
to reduce dem~nd by 728 KW. 

Other EC programs that can 
A. Optimal Start-Up Time 
B. Chiller Optimization 
C. Boiler Optimization 
D. Program Lighting Control 
E. Load Limiting 
F. Load Cycling 
G. Enthalpy Control 
H. Supply Air Reset 
I. Supply Water Reset 

429 Hours Saved 
Year 

16,240.22 

it could be used 

save energy are: 

There are many systems on the market that are 
partial solutions to the above. Systems such as 
time clocks and demand limiting controllers. Indi
vidually these systems should cost less than a com
puter based automation system; however, if you 
desire to implement a number of these special pur
pose systems, the computer based system will cost 
less. 

When we evaluate the cost of systems, we must 
not overlook the installation costs. Special pur
pose systems must be hardwired from each point of 
control to the control device. All too often these 
costs are so high the system isn't installed. If 
50 loads were controlled, 150 to 200 wires must be 
installed. With this approach you would not know 
the status of the equipment. To indicate status 
another 100 wires would have to be installed. 

Computer based systems operate over coax 
cable, dedicated line or leased line. Remote ter
minal units (multiplexes) are located close to the 
equipment to be monitored and controlled, reducing 
installation costs. 

All of this information can be economically 
centralized because of the advancements made in 
the industry in the past fifteen years. One of 
the advancements that has been made in the industry 
is the use of solid state switching, multiplexing 
and time sharing. Multiplexing is very similar ~o 
the telephone circuits with which we are all famil
iar, that is, time sharing the wires to do a number 
of things. For the telephone, this would be a 
number of people able to talk over the same pair 
of wires at the same time. Multiplexing replaces 
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the need to run wires from a sense or control 
point all the way back to the central location. 
The wires that the information travels on would be 
called information wires. If multiplexing were 
not used, wires for each bit of information brought 
in would be required. If multiplexing were used, 
equipment would be decoding equipment and would be 
located in the field near the information point 
and the decoding equipment addressed through the 
multiplexing network in order that only a common 
set of infonnation wires for all the points in 
the field would be required. In this way, only 
one information point would be in address through 
the multiplexing network at any given instance. 
This is what is meant by time share the informa
tion wires . 

The multiplexing that a standard telephone 
uses is again, one that would be very complex if 
a telephone were directly connected by wire to 
each telephone that it could dial. Likewise, if 
each of these other telephones were connected by 
wires directly to each telephone it could dial, 
we would not have enough room in our cities to 
house all of the wires that would be required. 
Therefore, the telephone company uses the time 
sharing method so they may use a smaller cable and 
connect all these telephones on a time sharing 
basis. 

At the present time, there are hundreds of 
projects installed using computers as the building 
automation system. We have installed over 300 
systems and have under contract over 200 more sys
tems. Generally speaking, the computer operated 
system offers the only sirrple answer for accorrmo
dati ng the expansion and renovation capabilities 
required by the projects we are working on and 
designing today. . 

Initially, the computer systems were doing 
chores similar to those that were being done by the 
special purpose systems. However, the operators 
had a better presentation of data. For instance, 
he is able to request display of alarm values and 
make changes if desired, with automatic gen~ration 
or permanent records of such changes appearing o~ 
a log sheet. All information is written out so it 
can be understood (not in code that requires a look 
up directory). In addition any type of arithmetic 
operation could be performed. Presently, there are 
programs available for calculation of flow~, BTU's 
with totalizing, controller setpoints, equipment 
running times, energy balances, optimization pack
ages and maintenance programs. 

As mentioned earlier, any system would be cost 
justified. Your requirements should be evaluated 
and the system or system's costs should be evaluated. 
A building survey should be made in order that.eco
nomic analysis may be derived. In most cases it 
will not take more than three years to return your 
investment. The net cash flow, energy savings and 
time value of money and payback period should be 
calculated in order that you may detennine if you 
are undertaking a wise investment. 

In summary, make sure: 
A. You have a need. 
B. You evaluate a short term and long term 

need and solution. 
C. The system selected is not dead-ended 

(it can grow or change with your needs). 
D. The outlay is an investment not a cost. 



ELECTRIC UTILITY AND LOAD MANAGEMENT 

J. W. Kepner 
Executive Assistant to Vice President and General Manager 

Appalachian Power Company 
P. 0. Box 2021 

Roanoke, Virginia 24022 

The heart of designing and bui lding an 
electric utility system is the daily load curve 
created by our customers. The daily load curve is 
the hourly demand. As an electric utility, we are 
charged with the responsibility of providing 
reliable service at the lowest poss i ble cost. We 
are government regulated to see that there is an 
adequate supply of power and the company makes a 
reasonable return on its investment. The behavior 
of the customer use pattern of electricity certain
ly influences the cost of provi ding service and is 
reflected in the rate making process. Load man
agement by our customers is of real concern to us 
and this is reflected in the way we operate. 

In order to orient ourselves to the challenge 
of the electric resource utilization, let us 
review briefly the growth of an electric company 
like Appalachian Power. It is this development 
that brings us to a Load-Management Workshop in 
Blacksburg in the summer of 1977. The electric 
utility is relatively young compared to many 
industrial businesses. In fact, Appalachian Power 
Company celebrated its 50th year in 1976. In the 
very formative years, the company had to sell its 
product with lighting and street car operations 
being principal loads. This was soon followed by 
industrial application of motor drives, heating, 
chemical processing creating greater demands. 

Coal mines originally developed their own power 
at the mines and the coal operators had to be 
convinced we could provide power cheaper and more 
reliable. In order to build load, promotional 
rates were introduced to get greater use on home 
appliances such as clothes dryers, electric water 
heaters, and ai r conditioners. In these early 
days, the promotion of electric energy was very 
competitive with gas, coal and oil. The company 
could see a real advantage to having a good load 
factor and directed industrial development to 
high energy use and continuous processing such as 
chemicals, electric chemical and interruptible 
alloy loads. This helped to develop the load 
pattern we have today. On Figure 1 is the winter 
peak day in January 1977; Figure 2 is the summer 
of 1976; and Fi gure 3 is the spring of 1977. The 
load curve compared to many electric utilities' 
systems is extremely well balanced. Appalachian 
Power Company had a load factor which reached a 
high of 69.8% i n 1969. So far in 1977, the load 
factor is 60.8%. There has been a gradual deter
ioration caused by a number of factors with 
economic conservation of electricity being one. 
This past winter was the coldest in 50 years and 
created record peaks. In recent years regu·1 atory 
commissions have virtually eliminated promotional 
rates. 
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Now, let us take a look at how Appalachian 
Power Company manages the operation and installa
tion of generating units to meet our customer 
demands. The demand has been doubling about every 
10 years with a growth of approximately 7% per 
year. Figure 4 shows the American Electric Power 
Company demand curve for 1973 projected through 
early 1987. Since we operate the AEPCo. as an 
integrated system with APCo. as one principle 
operating company, this indicates the need for 
future generation. For many years, our primary 
energy source has been coal which, until 1973-1974, 
remained very stable in cost. However, other 
operating expenses were escalating. The company 
was able to avoid rate increased by building 
larger thermal units with gr~ater efficiency, 
higher steam temperatures, higher steam pressures, 
and more automation in operation. The size of the 
system permitted the installation of these larger 
units to gain the economies of scale. Figure 5 
shows how the load is carried on a typical weekly 
cycle, and the mix of generation to meet the 
customer demand. The base load is carried by the 
Cook Nuclear 1100 MW, Gavin, l & 2, 1300 MW, and 
Amos 3, 1300 MW. These are the most efficient and 
largest units on line. It is planned to operate 
them at nearly full load 24 hours per day. The 
next series is the 800 MW and 600 MW units which 
carry a portion of the base load, but are cut back 
during off-peak as necessary. The intermediate 
load is carried by the 225 MW to 480 MW units and 
is cut to minimum during off-peak periods. The 
peaking units are those which are taken off-line 
each day during off-peak hours and are the older, 
smaller, and less efficient units along with hydro 
units and pump storage units. With this combina
tion of generation, the system is incrementally 

loaded to optimize fuel costs, unit efficiency, 
and line losses. This is carried out by on-line 
digital ·computer, which drives an analogue system 
to control generation. This is pointed out so we 
can evaluate our operation if effective load-mana
gement is used to control our customer demands. 

The art of transmitting power from the gen
erating plant to the customer has also experi~nced 
great changes in the last few years such as higher 
transmission voltages of 765 Kv, high voltage 
circuit breakers to clear faults quicker and 
better protecting equipment, interconnectio~ oper
ations with diversity power exchanges, pooling to 
reduce reserves, electronic monitoring systems 
for power restoration. In distribution we.have 
increased voltages, better voltage regulation, 
underground systems and better insulation .. 

I would like to review energy source briefly 
to point out coal will be with us for many years 
in the future. The principal energy sources are 
coal, oil, gas, water and nuclear. Coal is in 
abundant supply or enough to last several ~undred 
years but certain grades are not so plentiful, 
such ~s low ash and low sulphur coals. The oil 
supply is largely from foreign sources with 
increasing costs. Gas is a very limited resource 
and continues to escalate in cost. Water power 
is limited by potential sites and environmental 
restrictions. Nuclear holds a bright future; 
however, uranium ore has a limited life unless 
the breeder reactor is developed. The technology 
for nuclear plants is new; however, since 1956 
breeder reactor offers promise of low cost energy, 
but is at least 10 to 15 years in the future. 
This means coal will be our principal resource 
for generation of electric power for the next 
decade. 
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In the early 1970's, inflation bringing about 
higher costs, it became necessary for utilities to 
begin seeking rate increases. The resulting high
er costs of electricity have brought on questions 
about peak load pricing, life time rates, invert-
ed rates, flat rates, and many other ideas for 
changing the rate making process. The electric 
utility has been subjected to pressures to change 
rates and to improve load factors. The company 
would be very happy to increase the load factor, 
and reduce the need for greater capital investment 
in generating plants. What are the tradeoffs? 
Will the housewife be willing to wash and dry 
clothes between 11 pm and 7 am? Will commercial 
and industrial customers change their operations 
to off-peak hours? Are people willing to change 
their present living habits? (Then, the next ques
tion, what are the benefits?) AEPCo. system has 
recognized these questions. Two years ago the com
pany initiated a load research program to determine 
the power use patterns of our customers as they are 
affected by the time of day, day of week and season 
of year, as well as weather conditions. Analysis 
of this data will help us to plan better for future 
electric needs, to evaluate better the cost of ser
vice for rate making, to advise customers on more 
efficient use of e·nergy, and to evaluate the potent
ial of any possible load management programs. In
herent in this concept of load management is the 
potential of a better and more efficient utiliza
tion of existing facilities, production plants, 
transmission and distribution with an associated 
improvement in overall system load factor. The 
traditional rate making factors will be examined 
with present and new data. We will be knowledge
able of the electric use patterns to see the influ
ence on time of day, seasonal loads, life-line, 
flatten block and other restrictions. This load 
research program consists of installing special 
meters with three magnetic tape tracks to record 
load demand and energy, time and reactive power. A 
to ta 1 of 600 meters wi 11 be used, inc 1 ud i ng those 
·Customers with electric heat and non-heating custom
ers. The program will also be extended to commerc
ial and industrial customers. This part of the 
survey will require some 750 installations due to 
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the diversity of load characteristics. The program 
will be considered in the future for all major in
dustrial customers. These tapes will all be pro
cessed through a translator and computerized so all 
data can be analyzed over a time period to be 
available for study purposes. 

We are now installing 30 residential electric 
thermal storage devices on APCo. lines in Virginia. 
The device i~ a brick-like refractor core material 
contained in a heavily insulated metal cabinet. 
The hours selected to heat will be 11 pm to 7 am. 
The heat will be released as required. Over 5 
million of these devices are used in France, Great 
Britian and Germany today. These units we are test
ing were made in England by Creda, a division of 
Tube Investment; an American company, Tennessee 
Plastics," Inc., Johnson City, Tennessee, has a joint 
working agreement with the English company. Special 
metering will be installed to collect data perfor
mance, and the State Corporation Commission has 
approved special rates for those customers. 

We have also initiated a residential insulation 
financing plan in Virginia. This plan permits loans 
up to $750 for 3 years for customers who want to 
insulate their homes. 

There are four homes under construction in our 
area which are being designed for solar heat with 
different systems, we have permission to install 
special metering to study the effects of inter
facing of solar collectors, storage and standby 
heater equipment. 

The Carrier Corporation has recently developed 
a storage cooling unit with 330,000 BTU of cooling. 
The d~vic~ will freeze ice during off peak hours to 
be used for total cooling. One of these units will 
be installed on the APCo. system and we will observe 
this operation for future reference. 

In conclusion, the electric industry is vitally 
concerned in future load characteristics which will 
be reflected in rates, reduce capital expenditures 
and give us better operating conditions. We thank 
you for giving us a part in the program and it is 
workshops like these which wi 11 influence the 
future in better utilization of our energy resources. 



"ABOUT NTIS 11 

Roy Stamm 
National Technical Information Services 

5825 Port Royal Road 
Springfield, Virginia 22161 

The United States has no national scientific 
and technical information system; it has a 
plurality of products and services offered by 
government and private sources. But, of all the 
sources NTIS -- the National Technical Information 
Service -- offers the broadest range and in-
depth coverage by products and services across 
the entire spectrum of science and technology. 

The organization originated in 1946 as the 
U. S. Government's mechanism for channeling 
captured German and Japanese research and tech
nology to U. S. Business. As U. S. Government
funded R&D grew in the 1950's and 60's, NTIS 
became the central public access for the resultant 
technical reports. 

Today NTIS operates the central information 
system for technical reports, computer software, 
data files on magnetic tape, and Government
owned patents. 

New reports and some journal articles are 
processed into the central information system 
daily. Bibliographic citations are created for 
each report by information specialists. Report 
flow into the system is controlled by traditional 
procedures for cataloging, subject classification, 
subject indexing, and abstracting. Each citation 
is keyboarded through a mini-computer system 
which provides 11 on-line 11 data entry and data 
edit for input processing and data selection for 
its various announcement media. 

Reports are added to the system at increasing 
annual rates, with growth progressing from 46,000 
reports in 1971 to over 60,000 in 1975. The total 
data base now includes some 1 million items -
with over 500,000 in machine readable form. 

The reports describe the results of the U. S. 
Government's entire research, development, testing 
and evaluation program or over 50% of the total 
research and development expenditures for both 
the public and private sector. This is twice the 
number of new books produced by all U. S. 
publishers. 

From the 270 new reports collected daily and 
the record we make of them, we create a number of 
current awareness periodicals. The newsletters 
called Weekly Government Abstracts, are created 
in 26 different subJect areas such as Chemistry, 
Physics, Energy, Behavior and Society, and the 
Environment. A comprehensive journal called 
Government Reports Announcements & Index, is 
published bi-weekly for 11brar1ans, technical 
information specialists and those requiring all 
the summaries in a single volume. A cumulative 
index is also produced each year. Also, there 
is available a published search -- a subject 
search or bibliography of our total file 
containing a collection of abstracts and 
corresponding citations for every document 
and other specialized packages of information 
we have in the system that pertains to that 
subject search. We have over 1000 published 
searches on subjects that are of topical 
interest. 

Federal agencies and non-profit organizations 
utilize NTIS as the public promoter and sales 
agent for many of their periodicals. More than 
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20,000 subscribers buy copies of over 30 different 
periodicals sold by NTIS. These subscriptions 
range in subject matter from Solar Energy 
Bibliographies to monthly energy statistics to 
the Environmental Protection Agency's Quarterly 
Bibliography. 

NTIS fills orders for about 12,000 reports 
daily in addition to 7,000 standing orders for 
its' periodicals. It supplies customers with 
about four-million research reports each year. 
The reports are generally available in both 
paper copy and microfiche. Microfiche are 4 x 6 
inch film sheets with spaces for 98 pages, each 
one-twenty fourth the size of the original paper 
copy. Your professional library can be portable 
thanks to microfiche. One hundred and fifty 
sheets of film are about one-inch thick so that 
you may easily carry the equivalent of fifty 
300 - page books in one pocket. An average file 
cabinet can hold ten thousand reports or the 
equivalent of a small technical information 
center. 

NTIS has a specialized service called 
Selected Research in Microfiche (SRIM) which 
automatically provides subscribers with micro
fiche copies of research reports in subject 
areas they select. 

NTIS analysts help subscribers choose from 
among some 500 different subject categories and 
200,000 unique descriptive terms. For example, 
if a subscriber's area of interest is Energy or 
Energy Use, Supply and Demand, he would receive 
about 140 complete report texts over a 12 -
month period at a cost within the reach of a 
modest information budget. The reports are 
sorted and distributed to subscribers every two 
weeks as a standing order service. 

For retrospective information retrieval, 
several large information processing systems 
supply the NTIS bibliographic search file, and 
some 20 others to a computer network serving 
3,000 - 4,000 subscribers who make over 200 
searches of the NTIS file daily. The data base 
is leased by 30 additional information organi
zations who perform more than 7,000 SDI and 
awareness searches each day. NTIS also provides 
on-line search services of its own and of several 
closely related bibliographic files. The on-
line interactive bibliographic retrieval service, 
called NTISearch provides librarians, technical 
information specialists, researchers, and those 
who have a need to know with instant access to 
over 500,000 document records. A customized 
strategy is developed in collaboration with an 
information specialist at NTIS. Using controlled 
language thesauri, frequency counts for subject 
terms in the NTIS data base, and the Boolean 
logical connectors (and, or, but not) the 
subject specialists develop search strategies 
to comb the entire collection of documents to 
find the specific information needed. The 
research summaries retrieved on-line are thorough 
and usually not otherwise available. Many times 
published searches have already been developed 
and prepared by analysts in anticipation of users' 
needs. Search strategies have already been 



developed on topics such as Solar Electric Power 
Generation, Nuclear Power Plants (Site Selection), 
Oil Spills or Oil Pollution Removal, and the 
Biological Effects of Mercury Pollution. The 
obvious advantage is that Published Searches are 
ready and waiting to be sent to you just as soon 
as you need it. 

Licensable technology is also made available 
by NTIS. It is the U. S. Government's central 
agency for announcing new Government-owned 
inventions and for promoting their commercial
ization. NTIS obtains foreign patent protection 
on selected government inventions, and negotiates 
directly for licenses utilizing these inventions. 
The availability of licensable government tech
nology is brought to world attention by NTIS
arranged exhibits and seminars, as well as by a 
special newsletter, mail eromotion and through 
other licensing organizations. 

Another major developmental area for NTIS 
is: Computer-based data files produced by 
Federal agencies and the computer programs for 
manipulating the files. These files which are 
listed in a directory -- represent a large 
part of the nation's computer-based data inven
tory available for public use. Special reports 
from some of these files are produced to meet 
individual user demands. In addition. under 
contract to the General Services Administration, 
NTIS operates the Federal Software Exchange 
Center for computer programs produced or owned 
by Federal agencies. These programs cover the 
full range of computer applications. and are 
sold to the public by NTIS. 

I have highlighted the major NTIS products 
and services available for your use. And in 
the Information Services Catalog, these 
services are described in detail. Should you 
wish to have further information, please feel 
free to contact NTIS. 
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FEDERAL INVOLVEMENT I~ STANDARDS AND CODES 

James F. Shivar 
Program Manager 

Energy Research and Development Administration 
20 Massachusetts Avenue 
Washington . D. C. 20545 

IS THERE AN OIL CRISIS? 

Washington Post, July 9, ~977 : 11 The U. S. 
economy is now balanced precariously on the 
Saudi's willingness to keep production high and 
to keep it rising .. . Does this constitute a 
crisis? . . . What are the chances that the 
Saudi's will change direction? 

11 No one knows, but for every barrel of oil 
the U.S. requi res from them , the risk_".'ises . 11 

The U. S. imports about 50% of the total 
domestic consumption. 

OIL PROBLEM 

World supply of oil is estima t ed to be two 
trillion barrels. More than 360 billion barrels 
have been consumed. Current proved crude will 
produce 600 billion barrels. Annual growth rate 
of consumption since 1960 is 8%. If 5% -- oil 
resources would be exhausted by 2010. We may 
not actually run out; the remaining oil resources 
will become more difficult and too expensive to 
extract. 

PRESIDENT CARTER'S NATIONAL ENERGY ACT 
20 APRIL, 1977 

Provides To: 
Reduce rate of growth to 2% 
Reduce gasoline consumption by 10% 
Reduce oil imports to less than 6 million 

BBS/day 
Establish a strategic reserve 
Increase coal production 
Insulate 90% of all homes 
Use solar in 2~ million homes 

Major Features: 
Conservation and increased fuel efficiency 
Rational pricing and production prices 
Substitution of coal for oil 
Develop new technologies for the future 

CONSUMPTION 

20% used for heating and cooling of buildings 
74 million residents 
1.5 million non-residential bu i ldings (29 billion 

SF) 
200,000 schools and hospitals 

PROPOSED ENERGY CONSERVATION PROGRAM FOR 
SCHOOLS AND HEALTH CARE FACILITIES 

$900 million; 3 years; 50-50 grant 
State pl an 
Energy audits: Sydney Berwager . FEA (202)~66- 7472 
Energy measures: Tom Gross, (202)566-7916 

FEA ENERGY CONSERVATION PROGRAM OBJECTIVES 

Reduce energy demand growth rate 
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Develop and implement programs that increase the 
efficient use of energy 

Ensure environmental concerns are balanced with 
national energy goals 

P. L. 94-163 , Title III , 
Part A - - Automotive fuel economy 
Part B -- Energy conservation program -- other 

than automobiles 
Part C -- State energy conservation program 
Part D -- Industrial energy conservation 
Part E - - Other federal energy conservation 

measures 
Goal: 5 percent reduction of total energy 

consumption for 1980 -- 350,000 BPD 
Promote (not promulgate) conservation of energy 

Establish guidelines 
Provide overall coordination 
Provide technical assistance 
Provide financial support to states 

PART C, STATE ENERGY CONSERVATION 
PROGRAM GUIDELINES 

Lighting efficiency standards (ASHRAE 90-75, 
Section 9) 

Carpool 
Energy efficiency for procurement practices 
Thermal efficiency standards (ASHRAE 90-75, 

Section 4-9) 
Turn right on red 
State plans due in by March 28, 1977 
State plans implemented nationally January l, 1978 

PART E, OTHER FEDERAL ENERGY CONSERVATION 
MEASURES GUIDELINES 

Develop mandatory standards for procurement 
programs 

Implement 10-year plan for energy conservation 
with federal buildings - owned and leased 
Lighting 
Thermal 
Insulati on 
Hours of operation 
Thermostat 

Public education program 
Energy conservation 
Carpool 

10 STATE COOPERATIVE AGREEMENTS 
(DUE JUNE 1977) 

Equate ASHRAE 90-75 to local climates 
Develop programs for building officials 
Education and training of program requirements 
Compare NCSBCS model code to 90-75 
Evaluate roles of code enforcement processed 
Investigate legislative problems 
Reconmended approach to development and 

implementation 
Provide framework for information transfer 

appropri ate to P. L. 94-163 and P. L. 94-385 



CONTRACTS ----

NBS Survey -- 20 stated (NBSIR 77 - 1259) 
LOC-COM -- city impact analysis 
NACo -- county impact analysis 
Provide framework for information transfer 
appropriate to PL 94-163 & PL 94-385 

Establish monitoring, evaluation and 
reporting systems 

ENERGY CONSERVATION WORKSHOP PROGRAM 

February to September 1977 - over 600 workshops 
planned (FEA : 202-566-9950) 

LOW-INCOME WEATHERIZATION PROGRAM (PL94-385) 

Authorization in Congress for $200 million , 
FY-77 thru FY-79 
The FEA provides $585 million thru FY-80 

FEA - AN IMPACT ASSESSMENT OF ASHRAE ---·- --
STANDARD 90-75 BY AOL 

11 ASHRAE 90 generally increases the cost of 
the exterior wall, floors . roof~and domestic hot 
water system. ·· Glaz_ing cos~may be higher or -
lower depending upon bufTOing type. Unit costs 
for lighting , and particularly HVA/C equipment 
and distribution system , were significantly lower 
and tended to offset the increase in other c~' 

Average changes related to l 973 construcb on 
and operation practices are as follows: 

Single-Family Residence 
Multi-Family Residence 
Office Building 
Retail Store 
School Building 

Unit Cost 
Dollars Per 
Square Foot 

-0.02¢ 
-0. 42¢ 
-0.63¢ 
-0. 18¢ 
-0 .44¢ 

Energy 
Savings 

-11. 3% 
-42.7% 
-59.7% 
-40. 1% 
-48.1 % 

ASHRAE 90-75 VS , HUD MPS 

REDUCTION IN ANNUAL ENERGY CONSUMPTION RELATED TO 1976 CONSTRUCTION 

Mps ASH RAE 
NE N .. Cent~ South West ~ 90-75 

Single-Family -30% -30 - 6 - 5 -18% +11 % 

Low-Rise Apartments -50% -48 -49 -48 -48% -43% 

CHANGE IN INITIAL CONSTRUCTION COST/SQ .. FT. 

Single-Family +32¢* +32¢* - 3¢ 0 +15¢ - 2¢ 

Multi-Family + 4¢ +15¢ -15¢ -16¢ -12¢ 
(*double glazing) 

IMPACT ON BUILDING MATERIALS 

Storm Windows 
Insulation 
HVAC 

Average 

+ $162M/YR 
+ 62M/YR 

- 1 36M/YR 
+ $1 OOM/YR 

INCREASE 
18-20% 

13% 
- 6% 

INSIGNIFICANT IMPACT ON RESIDENTIAL HOME BUILDERS 

PART E, FEDERAL ENERGY MANAGEMENT PROGRAM ( FEMP) 

GSA, FEA, HUD, ERDA, DOD, USPS , have reduced 
almost 25 percent of the energy since 1973. 1974 
federal government held title to over 400,000(±) 
buildings. 

"Identifying Retorfit Projects For Federal 
Buildings" - GPO 041-018-00129-8, $2.20. 

Process Standard For Design of Energy 
Efficient Federal Buildings 

ERDA STANDARDS PROGRAM 

Objectives: 

Provide R&D required for developing and up
grading standards for energy conservation 
in buildings 
Track experiences in adoption and adminis
tration of thermal efficiency standards 
Identify institutional impediments to use 
of thermal efficiency standards 
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Provide RD&D support for improving implementa
tion of thermal efficiency standards 

History Illuminates The Need For Energy-Related 
Standards : 

Pre-embargo era 
Most standards related to health and safety: 
not energy 
HUD, VA. FHA used energy-related standards 
for housing for particular materials, such 
as insulation 

Post-embargo period 
New awareness by legislators, public agencies 
by professionals and by code groups 
Federa 1 actions 

PL 93-577 "Non-nuclear Energy R&D Act" -
December, 1974 
President Ford's message to congress -
January, 1975 



PL-94-163, 11 Energy Policy and Conservation 
Act 11 December, 197 5 
PL-94-385, 11 Energy Conservation & Production 
Act 11 August, 1976 

State Action: New Legal Authority Through 
State Law 

Historical Problems With Building Codes and 
Standards 

Absence of scientific supporting data 
Multiplicity of technical authorities 
Lack of uniformity 
Impact of building costs 

Thrust 1 - Update Current Energy-Related Standards 

Internal spaces 
Ventilation requirements 
Lighting standards 

Exterior envelope 
Wall components 
Windows 
Attics 

OHIO 
ST.U. 

NACA 

HOWARD 
u. 

CONSULT 

TRAINING MATERIALS 

ERDA 

Thrust 2 - Develop Performance Standards 
Standards research , development and demonstra
tion in support of HUD - new buildings 
RD&D for existing buildings 

Thrust 3 - Implementation 
Assisting HUD/FEA 
Training to assist in implementing standards 
Track existing and BEPS standards 
Institutional improvements 

State and Local Building Officials 

Three Major Goals: 
Develop model energy conservation code based 
on ASHRAE 90-75 
Develop training material and conduct courses 
to train building code officials 
Recommend and demonstrate new systems to 
update codes and accept construction innova
tions 

NCSBCS 

BOCA 

TECHNICAL COUNCIL 

ICBO 

MODEL ENERGY 
CONSERVATION CODE 

SBCC 

NCSBCS: 
NACA: 

Nat~onal Conference of States on Building Codes and Standards 
National Academy of Code Administration 

BOCA: 
IC.BO: 

Building.Officials and Code Administrators International, Inc . 
International Conference of Building Officials 

SBCC: Southern Building Code Congress International, Inc. 

Building Standards 

NCSBCS RD&D Contract 
New model code 
Training material for bu i lding officials 
Improvements for accepting innovations 

ASHRAE R&D Contracts 
Manual of accepted practices 
Develop rifs and rufs 
Support writing of Standard 100-P 

State Contracts 
California Energy Agency 
Minnesota Energy Agency 

Tracking experiences 
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SUMMARY 

Energy Crisis? 
Uniform, acceptable energy conservation codes for 

new and existing buildings 
Education programs for public awareness to 

energy conservation 
Better communication - local/state/federal 
Feedback 
Technical assistance to state/local governments 
RD&D to develop new, economical, hands-on methods 

for energy conservation in buildings 



COMMERCIAL BUILDING STANDARDS 

James A. Grinnan, P.E. 
Van Wagenen & Searcy, Inc. 

Consulting Engineers 
337 West Forsyth Street 

Jacksonville, Florida 32202 

I would like to cover three areas to famil
arize you with the ways that the HVAC and 
refrigeration industry is working to conserve 
energy and how you can obtain information to 
assist you in conserving energy in your new or 
existing building. These areas that we will 
cover are: 

What is ASHRAE? 
ASHRAE Standard 90-75 
Proposed ASHRAE Standard 100. 

ASHRAE is an international Engineering and 
Technical Society composed of some 32,000 members 
in 120 counties. Most of ASHRAE's members are 
Engineers in the HVAC and Refrigeration field 
and in one manner or another working as Consul
tants, Utilities Engineers, Manufacturers, 
Contractors, or Sales Engineers. As such, ASHRAE 
is the driving force in one of the high energy 
using sectors of this country. Over one-third 
of the total energy consumption in the United 
States and Canada is in residential and commer
cial buildings and over 60% of that energy is 
consumed in space heating and cooling. Therefore, 
we have a real opportunity to conserve energy in 
both new and existing buildings. 

Energy has been considered as expendable in 
this country due to artificial prices and tax 
structures; however, now energy must be considered 
as a resource. As with any resource, we must use 
it wisely and ASHRAE is working toward that goal. 

The main objectives of ASHRAE are to provide 
an exchange of information between members in the 
industry, and where information is lacking, 
sponsor research projects to confirm or develop 
information. 

Research projects sponsored and paid for by 
ASHRAE are carried out by colleges, universities, 
manufacturers, Professional Engineers, or other$ 
having the necessary facilities and expertise 
required to provide accurate and timely data. 
Research funds are contributed by the members and 
·their firms and totaled over $350,000 last year, 
we expect this figure to continue to increase 
each year. 

Dissimination of information by ASHRAE is 
through semi-annual national meetings with forums, 
symposiums, and seminars, publication of technical 
papers, The ASHRAE Journal, and the ASHRAE Guide 
and Data---OOo~he Guide and Data books are 
published one each year on a rotating basis. 
These books are written and re-written by the 
members of ASHRAE serving on technical committees 
on a volunteer basis. Having been written by 
many of the best Engineers in the field, these 
books are accepted world wide as the latest and 
best design guides and are even accepted by courts 
of law. 

· The objectives of ASHRAE can be stated as: 

l. Conservation of people energy through 
control of their living and working environments; 
and 

2. Minimization of energy used in production 
and processing. 
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In 1974, ASHRAE was asked by the National 
Bureau of Standards (NBS) and by the National 
Conference of States and Building Codes and 
Standards (NCS-BCS) to develop a reference guide 
on energy conservation. ASHRAE Standard 90-75, 
"Energy Conservation in New Buildings" was the 
result of that request. Standard 90-75 was coordi
nated by over 5000 Engineers, Architects, Manuf
acturers and Construction experts throughout the 
United States and Canada. The final standard is 
a consensus of these experts. Standard 90-75 is 
a prescriptive standard which gives the designers 
wide latitude in their final designs but maintains 
a low energy budget. Performance and budget type 
standards were not used due to restrictions on the 
designers and the difficulty of administration in 
code form. ASHRAE Standard 90-75 consists of the 
following eleven chapters: 

ASHRAE Standard 90-75: 

1 . Purpose 
2. Scope 

3. Definitions 
4. Exterior Envelope 
5. HVAC Systems 

6. HVAC Equipment 

7. Service Water Heating 
8. Electrical Distribution Systems 
9. Lighting Power Budget Determination 

Procedures 
10. Energy Requirements for Building Designs 

Based on System Analysis 
11. Requirements for Building Utilizing Solar, 

Wind, or Non-Depleting Energy Sources 
Chapters l through 3 are self explanatory. 

Briefly, Chapters 4 through 9 cover the following 
topics: 

Chapter 4, Exterior Envelope, deals with 
building insulation, configuration, orientation, 
infiltration, glass heat transfer and glass shad
ing for the particular design selected and es
tablishes areas and 11 u11 factors that should be 
used for each. 

Chapter 5, HVAC Systems, establishes para
meters for design conditions, zoning, system types, 
system efficiencies, system control, ventilation 
rates, and pipe and system insulation. 

Chapter 6, HVAC Equipment, establishes minimum 
efficiencies for all mechanical equipment and a 
period of time for the manufacturers to meet or 
exceed these efficiencies. 

Chapter 7, Service Water Heating, establishes 
minimum eff1cienc1es similar to Chapter 6, but 
adds insulation and control standards and limits 
flow of water through the various types of fixtures. 



Chapter 8, Electrical Distribution Systems, 
provides for power factor correction, selection 
of service voltage, limits voltage drop through 
the distribution system, light switching and 
metering. 

Chapter 9, Lighting Power Budget Deter
mination Procedures, establishes a lighting 
power budget that will produce adequate lighting 
with an emphasis on task lighting. 

By use of the above chapters and forms 
provided, the designer can determine whether or 
not his proposed building will, in fact, "pass" 
or "fail" the standard. Should the particular 
building pass on both heating and cooling by the 
principles shown in Chapters 4 through 9, then the 
designer can safely proceed with the completion 
of the design documents . If the building should 
"fail" then the designer has the option of 
adjusting wall 11 U11 values, glass areas, shading 
factors, lighting levels or other factors as 
required to comply with Chapters 4 through 9. If 
this isn't feasible, then the designer has the 
option of doing an energy study that proves his 
building and its design is better then the require
ments of Chapters 4 through 9. This energy study 
is provided for and detailed in Chapter 10 
entitled "Energy Requirements for Building Designs 
based on System Analysis". 

Chapter 11, Non-Depleting Energy Sources, 
provides for the use of alternate sources of 
energy that are of the non-depleting type. 

Chapter 12, Annual Fuel and Energy Resource 
Determination, is now in the final review phase 
and will be published at the next revision of 
Standard 90. Chapter 12 provides a methodology 
for the designers of HVAC systems to determine 
the quantities and types of energy resources 
consumed by buildings, evaluating the relative 
efficiency of oil, gas and coal from their points 
of orgin. 

The impact of Standard 90-75 on the construc
tion industry and energy conservation was studied 
by the Arthur D. Little Company. Their study 
indicated the following impact: 

Cost of Average Building would remain the 
same. 
Equipment Manufacturers costs will increase 
substantially to re-design equipment to 
increase EER. 
Standard 90 will improve wall and roof 11 U11 

factors and thereby the Insulation Industry 
sales will more than double. 
Standard 90 will improve glass "U" factors 
and shading coefficients. This improvement 
will cut down the area of glass but increase 
the market by 80% due to retrofit and better 
quality. 
Standard 90 substantially reduces lighting 
levels by providing task lighting. The 
net effect is that the energy consumption 
of new buildings will be reduced by 25% 
over what would be required by last year's 
design. 

Proposed ASHRAE Standard 100 

The members of ASHRAE have Standard 100 in 
final draft at this time and out for public 
review. We expect Standard 100 to be available 
to the public within one year. Standard 100 
entitled "Energy Conservation in Existing Build
ings" consists of the following six booklets: 

66 

100 . 1 Low Rise Residentials 

l 00 . 2 High Rise Residential 

100.3 Comme rcial 

100 . 4 Industrial 

100.5 Institutional 
100.6 Public Assembly 
Since the buildings and systems dealt with 

in Standard 100 are existing, a different approach 
has been taken. The general theory is that you 
would like for the existing building to conform 
to ASHRAE Standard 90-75; therefore, calculate 
an energy budget for the existing building in 
accordance with Standard 90-75; and then, proceed 
to determine the items that can be changed to 
make the building conform to that budget . Estab
lish a cost benefit for each item that should be 
changed to conform to Standard 90. If the return 
on investment is adequate, the change in the 
building or the sys t ems must be made . 

Standard 100 is directed toward: 

1. Up-grading the thermal performance of 
the building envelope. 

2. Increasing the efficiency of the energy 
using systems and components . 

3. Providing maintenance and operati~g 
procedures, recommendations. and guide lines that 
will achieve conservation of energy. 

The Chapter entitled "Procedure" in Standard 
100 provides for a method of determining compliance 
with the Standard . Compliance can be determined by 
one of four methods as follows: 

1. Performance in accordance with Standard 
90 with no changes required. 

2. Component performance method - the build
ing shall be tested to conform to Sections 4-9 of 
Standard 90 and retorfits made to meet or exceed 
Standard 90 . 

3. Performance Standard Method - an actual 
annual energy use for the existing building shall 
be calculated and this result compared to the 
building as modified to meet Standard 90 in 
accordance with Chapter 10 . If the building meets 
or exceeds this Standard, then the building will 
comply . If it does not meet the Standard then 
retorfit will be required. 

4. Economic Payback Method - all retrofit 
items possible for the particular building should 
be studied and an economic payback computed. If 
the payback is less than 10 years then retrofits 
should be made in accordance with the greatest 
economic return until Standard 90 and Standard 
100 are complied with. 

Chart No. 1 shows a suggested flow for deter
mination of the best directions to take for 
energy conservation. 

ASHRAE Standards 90 and 100 are only standards 
that are suggested for use by Architects, Engineers 
and Building Owners. Although there are many good 
reasons for using the Standard, there is no force 
of law for their use. 

The real force is, of course, the cost of 
energy. In time, we may slowly react to this, 
but, as long as prices are regulated we will not 
react as fast as we should in order to conserve 
the fossil fuel energy sources. The Federal 
Government through FEA and ERDA are making things 
happen and slowly the states are reacting. As of 



now, 26 states have enacted some form of energy 
legislation for new construction and much of this 
legislation has used ASHRAE 90-75 as a basis. 

HUD is responsible for the development, 
promulgation and enforcement of energy standards 
for all new construction. HUD has worked with 
ERDA, NCS-BCS and other code bodies to produce 
a model code for the use of states and localities . 
This model code which was scheduled for issue on 
June l, 1977 was 'based on ASHRAE Standard 90-75. 
Soon we'll see Standard 100 taking the same route 
as Standard 90 ; however, the only control on 
existing buildings at this time is the cost of 
energy. 

In closing, we ' ve discussed the vehicles 
that are being used by Architects and Engineers 
to produce new energy conscious designs or to 
retrofit existing buildings . I suggest that you 
work with your consultants to set up an energy 
conservation program on your new or existing 
building to obtain cost savings and thereby 
conserve energy implementing the following: 

l. Obtain total management committment 

2. Obtain employee understanding and 
cooperation 

3. Make complete energy surveys 

4. Analyze survey results 

5. Set conservation goals 

6. Develop reporting format 

7. Implement engineering changes 

8. Monitor results 

Do not fall into the trap of thinking your new 
building is "energy conscious" and will stay that 
way over the years. I urge you to obtain these 
standards and work with them. Just the practice of 
going through the standards will make you more energy 
conscious and you'll see ways of improving your 
buildings as you walk through them. 
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UNIVERSITY INTERFACES WITH STATE-LOCAL GOVERNMENTS AND INDUSTRIES 
ON ENERGY PROBLEMS AND ISSUES 

Robert C. Stephenson 
Professor of Management 

Texas A&M University and Associate for University Programs 
Energy Research and Development Administration under 

provisions of the Intergovernmental Personnel Act 

INTRODUCTION 

Never in the history of man have we been con
fronted with an issue so complex and pervasive as 
the current energy problem. rt is a problem that 
reaches down to touch everyone of use. It impacts 
on our communities, states and regions in a 
variety of ways. The energy problem is broadly 
defined as a national issue, to be dealt with 
through national policies, plans, programs and 
regulation. But, we are rapidly coming to 
realize that energy is truly a global issue 
that will be a strong factor in the shaping of 
future international relations among nations. 
When we talk of energy management, whether it 
be in the context of industry, state-local 
governments or our homes, we must recognize that 
our efforts are being concentrated on mere 
subsets of a much larger and complex management 
exercise. Mankind is faced with an unprecedented 
need to critically assess, wisely allocate and 
frugally manage energy as a scarce resource. We 
must orchestrate the management of alternative 
energy resources and the development and testing 
of alternative energy use strategies to · assure 
the availability of energy to drive our economy 
and to preserve essential aspects of our life 
style. Energy management will require the con
certed efforts of both the public and private 
sectors. Universities constitute a major intel
lectual resource that to date has been under
utilized in seeking answers to energy problems. 
Industry, government and the universities are 
challenged to create an effective working triad 
to address the development of energy options 
and a capability for managing them. Univer
sities are challenged particularly to analyze 
and respond to the education-training elements 
of energy manpower and energy management needs. 

There is a great deal of confusion and 
uncertainty over the true nature and extent of 
the energy problem. Experts disagree on world 
reserves of fossil fuels and forecasts of use 
patterns. The press is writing of the impending 
oil glut that supposedly will result from new 
North Slope and North Sea oil. Some are making 
optimistic projections of large natural gas 
supplies from tight Devonian shales and geo
pressured Gulf Coast sediments. The future of 
nuclear energy is subject to a range of serious 
environmental and socioeconomic problems. There 
are serious questions as to whether we can 
achieve a large-scale conversion to coal as a 
major source of energy in an environmentally 
acceptible manner. The successful development 
of fusion and large-scale solar energy as 
unlimited energy sources, if they are to mate
rialize are not near term solutions. Many 
think that the energy problem is a fabrication 
of our energy producers or politicians or both. 

Experience since the oil embargo of 1973 
has clearly shown that in the future we can 
expect to pay substantially higher prices for 
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energy in all forms. Furthermore, the winter of 
1976-77 confronted us with the grave realities 
of interrupted supplies. We can see today more 
clearly then ever that energy management must 
entail not only the conservation of energy as 
a cost-saving function, but the development of 
alternative energy sources to insure uninter
rupted supplies. 

INDUSTRIAL ENERGY CONSERVATION 

There are those who have a blind faith in 
the ability of American science and technology 
to keep gasoline flowing at our service stations, 
natural gas in the pipe lines and a limitless 
flow of electricity. Indeed, the National 
Energy RD&D Plan and Program developed by the 
Energy Research and Development Administration 
(ERDA 76-1) sets forth an ambitious program of 
research, development and demonstration activ
ities which are calculated to provide energy 
technologies to meet needs in near-term, mid
term and long-term time frames. The goals of 
the ERDA program are: 

NEAR TERM 
(Now to 1985 
and beyond) 

- Increase the efficiency of 
energy used in all sectors 
of the economy and extract 
more usable energy from waste 
materials. 

- Preserve and expand major 
domestic energy systems: 
coal, light water reactors, 
and gas and oil from new 
sources and by enhanced 
recovery techniques. 

MID TERM - Accelerate the development of 
(1985 to 2000 new process for producing 
and beyond) synthetic fuels from coal and 

extracting oil from shale. 
- Increase the use of fuel 

forms such as geothennal 
energy, solar energy for 
heating and cooling, and 
extraction of more usable 
energy from waste heat. 

LONG TERM - Pennit the use of the essen-
(Beyond 2000) tially inexhaustible resources: 

nuclear breeders; fusion; and 
solar electric energy from a 
variety of options including 
wind power, thennal and photo
voltaic approaches, and ocean 
thennal gradients. 

- Provide the technologies to 
use the new sources of energy, 
which may be distributed as 
electricity, hydrogen, or 
other fonns throughout all 
sectors of the economy. 



In the ERDA program a major portion of the 
total effort is devoted to large-scale, high tech
nology approaches to the development of new 
energy sources and the conversion of energy into 
usable forms. In the short-ter~, however, energy 
conservation has been singled out as an important 
national goal. The ERDA conservation R&D program 
is organized under six programmatic divisions. 
These are: 

1. Buildings and Community Systems 

2. Industrial Energy Conservation 
3. Transportation Energy Conservation 
4. Electric Energy Systems 
5. Energy Storage Systems 
6. Conservation Research and Technology 

The conservation program of ERDA is focused 
primarily on the engineering development and 
demonstration of existing conservation tech
nologies. Basic research on conservation is very 
limited, but applied research on supporting 
technologies includes heat transfer, combustion, 
fuels, aerodynamics, materials and tribology. 
In Industrial Energy Conservation, the objec
tives are to reduce the energy consumed per 
unit of production throughout the industrial/ 
agricultural sectors by: 

- Developing economically viable tech
nologies for reducing energy consumption. 

- Accelerating industrial initiatives in 
the demonstration and adoption of energy 
conservation technologies. 

- Stimulating adoption of techniques for 
improving the overall efficiency of 
industrial/agricultural processes and 
materials usage. 

ERDA does not nonrially undertake industrial 
energy conservation projects that indus~ry mi~ht 
be expected to do on its own. Most proJects in
volve industry cost sharing. The projects 
focus on six major industrial sectors which 
consume about 70 percent of the energy used by 
industry (chemicals, petroleum refining, 
primary metals, pulp and paper, cement and food 
processing). Projects are solicited in accord
ance with program goals and objectives. The 
potential level of energy savings to be demon
strated by a project is important among the 
criteria in the proposal evaluation process. The 
ERDA Industrial Energy Conservation program also 
includes a technology transfer activity, the 
purpose of which will be to aid in the moving of 
ERDA-developed technologies into commercial 
applications. It is significant to note, however, 
that the ERDA program does not include the 
development of energy management concepts nor 
the training of energy managers. 

The ERDA program in industrial energy con
servation may be expected to make significant 
contributions to the near- and mid-term saving 
of energy in industry, but the program is no 
panacea for the range of energy problems facing 
industries today. Requirements established by 
FEA for energy conservation goals must be met by 
applying existing technologies. Furthermore, 
the winter of 1976-1977 convinced many indus
tries as to the urgency in developing supply 
alternatives to natural gas, at least in periods 
of emergency. A number of state governments 
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have been moving to develop comprehensive energy 
resource policies and management plans to safe
guard against serious energy disruptions and 
economic chaos. In developing these management 
plans, the states are recognizing n~ed~ for . 
energy technology assistance to their industries, 
and particul-0rly the small industries, which 
are not being adequately addressed by current 
Federal programs. States, working together . 
with industries and marshalling the technological 
capabilities in their universities, should be 
able to develop effective cooperative team 
efforts to address energy conservation needs and 
to increase both public and private sector 
~apabilities for the effective management of 
available energy resources in order to maintain 
a balanced and stable economy. 

ROLE OF UNIVERSITIES IN ENERGY MANAGEMENT 

Traditionally, there has been continuous 
interaction between industry and the universities, 
in particular those institutions with professional 
programs in engineering and business administra
tion. These relationships have typically 
involved a range of activities including con
tinuing education, professional development, 
research, engineering development, special 
studies, problem assessment, problem solving, 
field advisory services, etc. 

Energy problems and needs are so broad and 
complex that it is often difficult to assemble 
within the professional staff of a business or 
industry specialists from the various disciplines 
required to address all of these problems and 
needs. Specific energy problems may require 
inputs of a variety of science and engineering 
disciplines, systems management, finance, 
accounting, environmental scientists, and other 
disciplines knowledgeable with respect to socio
economic, legal and regulatory aspects of energy. 
Industries, individually or collectively 
through trade associations, can complement their 
own energy technology and management capabilities 
through the development of cooperative energy 
programs with universities. State and local. 
governments can utilize the capabilities available 
in universities to explore and evaluate energy 
policy alternatives. Universities also can serve 
as a valuable contributing partner to government 
and industry in seeking mutually acceptable 
balances in regulations and controls contained in 
government energy management programs. 

Universities, to be responsive to the prob
lems and needs of industry in the energy field, 
must be prepared for and committed to providing 
energy assistance. If the providing o'. energy 
services to industry is to be a recognized part 
of the public service mission of the university, 
there should be institutional recognition and 
support of this objective. Energy capabilities 
of the faculty and staff should be critically 
assessed and organized into appropriate teams. 
The institution should organize efforts to assure 
that its energy specialists are knowledgeable 
about current energy policies and programs of 
Federal, state and local governments. Assistance 
to specific industries should be based on a care
ful assessment of the perspectives which the 
industry has of its problems. When the un~versity 
enters into a contractual agreement to deliver an 
energy service to an industry, care should be 
exercised to be certain that the perfonriers of 



the service and the industry representatives 
have a common understanding of what is to be 
delivered. 

The university might offer a range of energy
related programs and services that would fall 
within the fundamental missions of the institu
tion: education/training, research and public 
service. These activities might include the 
following: 

Energy Management - An interdisciplinary 
energy management option could be offered to 
students enrolled in engineering, business 
administration or public programs which would 
concentrate on energy problems and issues and 
the management of energy as a scarce resource. 
The option could include a seminar in which 
visiting lecturers from industry and government 
could present actual case histories in energy 
management. 

Career Development - The university could 
offer a special energy management degree program 
for mid-career executives from industry and 
government who are seeking to expand or redirect 
their career efforts in energy management. 
Participants in the career development program 
in turn might be utilized as adjunct faculty in 
both undergraduate and graduate level programs. 

Continuing Education - The university 
could develop and offer conferences, workshops 
and short courses on energy management or a wide 
variety of topics focusing on specific energy 
problems or issues of industry or the public 
sector. 

Internship - The university could develop an 
internship program through which students 
pursuing an energy management option could gain 
on-the-job energy management experience by 
serving in industry or government. 

Research - Industry or state-local government 
might support problem-oriented energy research in 
the university. Team relations between industry 
and university researchers might be developed. 
The research might focus on specific aspects of 
energy conservation or it might undertake to 
explore the optimization of energy efficiency 
through alternative industrial processes. State 
sponsorship might focus on environmental, socio
economic, legal or institutional aspects of energy 
management policies. Universities might team with 
industry and/or state-local government to conduct 
energy research or demonstration projects with 
support from Federal programs. 

_Problem Assessment Services - Industry or 
state-local governments might seek the assistance 
of university energy specialists to define and 
assess specific energy problems or to consider 
alternative strategies for the allocation and 
management of energy resources. 

Field Advisory Services - Industry or state
local governments might seek on-site visits of 
university energy specialists for walk-through 
energy audits, energy management studies or to 
address specific energy problems. 

The ultimate success of the coupling of 
universities with industry and/or state-local 
governments to address energy management problems 
and issues will depend to a significant extent 
on the care devoted by all concerned parties in 
the definition of problems to be studied and 
the expectations for performance. 
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SUMMARY 

Universities have capabilities to assist 
industry and state-local governments in addressing 
energy management problems and issues of common 
concern. A commitment to energy public service 
must be made by the university. Activities 
should be tailored to identified needs and 
priorities. Care should be exercised in defining 
problems to be studied and expectations for 
performance. Universities can join with industry 
and state-local governments to develop cooperative 
partnerships for increasing the effectiveness of 
energy management in both the private and public 
sectors. 
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