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OPENING REMARKS 

DR. GEORGE W .  RHODES 

The BDM Corporation 
Conference. Chairman 

While sequestered w i t h  our colleagues, i t  i s  incumbent upon us to  
develop specific approaches to  the implementation of energy conserving 
programs. For many, this  period represents the f i r s t  opportunity to 
hear and discuss concepts from the various sectors represented a t  th i s  
meeting. 

Our objective should be to  outline the business and polit ical  
' actions which we can effect  i n  the near term to help al leviate  the most 

significant problem ever faced by our nation. 
O u r  Government i s  searching for  rational solutions, b u t  by taking a 

lead role we can make i t  happen faster., cheaper, without additional 
regulations, and perform a service for  both ourselves and our country. 

This document serves as a record of the formal presentations. 
However, the hallways and informal gatherings are the real forums for  
the development of specific actions. Let us use our time well. 

BI~~~RIPt?TIOW OF THIS DOCUMENT IS u~~LIMI* 4' 



ENERGY MANAGEMENT BENEFITS 
THROUGH THE CONSUMER/UTILITY INTERFACE 

BY 
Dan Peck, Director of T.nad Management 
Public Service Company of New Mexico 

and 
Joe 'Schilling, Supervisor of Load Research 

Arizona Public Service Company 

First of all, we would like to thank you for this opportunity to provide 
the utilities' perspective in the energy conservation/energy management 
area. Too often, we all tend to take a myopic perspective when develop- 
ing and implementing programs, examining only those considerations 
pertinent to our particular interests. This often leads to results 
contrary to those expected. To give you a better idea of how your 
programs might impact the utility, I am going to discuss some basics of 
utility operations. This will lay a foundation to ensure what is said 
later can be kept in proper perspective. 

First, we need to examine the traditional customer/utility relationship 
(Exhibit 1). This simplistic depiction of the relationship addresses 
the major communication channels from the customer to the utility and 
from the utility to the customer. Obviously, considerably more communi- 

' cation takes place, but price signals sent by the utility to the con- 
sumer and consumption profiles sent by the consumer to the utility are 
paramount. Price signals sent to consumers significantly affect how and 
how much electricity will be purchased. Consumption profiles sent by 
the consumer dictate the generation mix and operational characteristics 
of the utility, hence the cost of providing electricity. 

Before examining how this works, it must be emphasized that utilities 
across the nation, and even neighboring utilities, are designed differ- 
ently. This is simply because they receive different messages (consump- 
tion profiles) from their customers. For example, this is Public Serv- 
ice Company of New Mexico's (PNM's) average system profile during the 
summer of 1978 (Exhibit 2). Also included in this exhibit is Arizona 
Public Service Company's (APS' s) average system profile during the- 
summer of 1978. You can see that the system profiles are quite sirnilat 
in shape.. But, referring to the winter average-day system profiles. 0% 
PNM and APS, it is easy to see that APS and PNM differ, significantly 
with respect to summer/winter demand relationships. PNM's winter system 
peak is about 92 percent of its summer peak while APS' winter system 
peak is only 68 percent of its summer system peak. Because of this 
difference, the mix of generation units employed to meet customer re- 
quirements differs between these two neighboring utilities. In design- 
ing the. most cost-effective generation mix to meet customer require- 
ments, there are trade-offs between first costs or fixed costs, and 
operating costs or variable costs. Exhibit 3 is a profil'e of .electric- 
ity requirements on a typical summer day and the categories of generat- 
ing units employed to meet- those requirements. These categories are 
base, intermediate, and peak load units. 



"Base-load units" are generally high capital cost, high-efficiency units 
designed to operate continuously at or near their maximum capacities; 
these units are generally coal-, nuclear-, or heavy oil-fired. 

"Intermediate-load (also referred to as load following) units" are 
generally lower-efficiency units--often older units originally installed 
for base-load operation--which typically operate with some overnight 
shutdown; these units are usually coal- or oil-fired. 

"Peaking units" are low capital cost, typically less-efficient units, 
which are intended to operate during (relatively short) periods of peak 
(or highest) system load, or during emergencies; these units are either 
light oil- or gas-fired. 

As this exhibit demonstrates, base units are operated continuously, 
peaking units are operated only a few hours a day, and intermediate 
units operate somewhere in between. The reason for this mode of opera- 
tion, referred to as "economic dispatch," is to keep the variable cost 
of providing electricity as low as possible. For example, this exhibit 
(Exhibit 4) shows the planned generation capacity by type and percentage 
of generation for PNM in 1988. Also shown is the forecasted amount of 
energy to be produced by generation type for 1988. These figures are not 
official because PNM's generation expansion plan has recently been 
revised. As can be seen, PNM's forecasted generation capacity of about 
2,400 MW was to be divided among 17 percent nuclear generation, 60 per- 
cent coal, 13 percent pumped hydro, and 10 percent oil- and/or natural 
gas-fired generation. PNM's forecasted electricity generation was to be 
made.up of 26 percent from nuclear generating units, 64 percent coal, 
7 percent pumped hydro, and 3 percent from oil and/or natural gas gen- 
erating units. The reason for this disparity between generation ca- 
pacity mix and energy mix is straightforward. The forecasted variable 
cost associated with producing a kilowatt-hour from a nuclear-fired 
generation unit is approximately one-fifth of the cost of producing a 
kilowatt-hour from an oil-fired generation unit. 

PNM must have the generation capacity to meet customer requirements. On 
those days where peak and near-peak energy is being demanded, all of 
PNM's generation units will be running. During periods where less-than- 
peak energy requirements are being experienced, the higher variable cost 
generation 'units will be shutdown,. with the energy requirements being 
met by the lower variable cost units. Although this does not decrease 
fixed cbsts, it does keep variable costs at a minimum. Also, it should 
be noted that the lower variable cost units employ resources in greater 
abundance, such as coal and nuclear, than the higher variable cost units 
which use relatively scarce natural resources, such as oil and natural 
gas. 

Now that we have covered variable costs of producing electricity, we 
need to examine the fixed cost component. Something that has created 
confusion in the past is the concept of, 'use less electricity and pay 
more per kilowatt-hour.' This unpleasant situation is due to the fact 
that, between variable and fixed costs, the larger component of the 
electric, bill is associated with fixed costs. Electric utilities, by 
the nature of their business, are capital intensive. A typical electric 



company must invest five dollars of capital for every dollar of power it 
produces and sells annually. By way of comparison, General Motors needs 
only about 55 cents of capital per dollar of sales. 

I think the best way to explain how this works i s  with a highly simpli- 
fied example involving fixed and variable costs. Let us assume a small 
utility with only one customer. Over the years, the utility president 
has learned that he can expect his customer will have a maximum demand 
for electricity of six kilowatt-hours per hour (a six-kilowatt demand) 
and that he has purchased the facilities necessary to meet that demand. 
Prior to the customer's decision to conserve energy, his weekly consump- 
tion habits were as shown in this example (Exhibit 5). 

For 18 hours a day, the customer would consume electricity at a rate of 
1 kilowatt-hour per hour; and for the remaining 6 hours of the day, when 
it got hot outside and he would turn on his air conditioner, he would 
consume at a rate of 6 kilowatts per hour. Each week this amounted to a 
consumption of 378 kilowatts. Now, on the utility side of things, it 
cost the president, including his profit, 2 cents per kilowatt in vari- 
able costs and $2 per kilowatt per week of generation facilities in 
fixed costs. This resulted in a bill to the consumer of $19.56, which 
amounted to a cost per kilowatt of about 5.2 cents. Everyone was happy. 

Then, the customer decided to conserve energy, at least to a point. He 
decided that he would conserve energy by not using his air conditioner 
all week long, except for Wednesday afternoon when his friends came over 
to play poker. Resulting from this method of energy conservation, his 
consumption profile looked like this (Exhibit 6). He was consuming 
electricity at a rate of 1 kilowatt per hour for 162 hours a week, and 
at 6 kilowatt-hours per hour for 6 hours per week, for a total usage of 
198 kilowatt-hours per week. He conserved 180 kilowatt-hours per week, 
a 48 percent reduction in consumption. His bill (actual cost of ser- 
vice) only decreased from $19.56 to $15.96, or 18 percent, but the cost 
per kilowatt-hour increased 56 percent, from 5.2 cents to 8.1 cents. 
Then nobody was happy. The customer was experiencing some incon- 
venience, did not believe he was being adequately compensated for this 
inconvenience, and he thought the utility president was making windfall 
profits off of him. The president, on the other hand, was unhappy 
because, while his profits did not increase, his job had become an 
unpleasant task and he was no longer invited to the poker games. 

I hope this amusing portrayal of a real and unpleasant situation for 
consumers and utility employees has clearly demonstrated the -problem. . 
Fixed costs, which are often overlooked, are an extremely important 
component in the cost of producing electricity. It is pretty straight- 
forward to see how this analogy could be carried forward to the po- 
tential impacts solar heating could have on a winter-peaking utility. 

Let us go a step further--the situation could be worse. What would have 
happened if the consumer decided not to use his air conditioner at all? 
From the customer's perspective, he has the right to believe that, since 
his maximum demand is only one kilowatt, he shoiild be charged for only 
one kilowatt. From the utility president's perspective, he has the 
right to believe that, because the customer's historical consumption 



habits dictated that the utility have a six-kilowatt generator--not a 
one-kilowatt generator--even though the customer now only wants one 
kilowatt of generation, the customer should pay for the .cost of having 
the six-kilowatt generating unit until the president can make other 
arrangements, assuming he can. What would happen if the customer de- 
cided to install an energy-efficient air conditioning system that would 
not only have equivalent cooling ability for less kilowatt-hours, but 
would also reduce the demand it placed on the utility's system? Again, 
the only incentives that could be provided to the customer to install 
such equipment are in the form of variable costs until the utility can 
rearrange or sell part of its generation capacity. 

This is the real world. Traditionally, the customer/utility relation- 
ship has been that of the utility providing the customer with as much 
electricity as he wanted, when he wanted it. The relationship used to 
be justified because of the relatively low cost of. producing electric- 
ity. Alternatives to this historical relationship were hard to justify 
from either a cost or a convenience perspective. Times have changed and 
so should the relationship, and it is changing. 

The change is going to be slow. While utilities are factoring energy 
conservation/management into their load growth forecasts and resultant 
planned generation schemes, extremely long lead times are associated 
with capital investments, such as a generation unit. Large base load 
generation may take from 8 to 12 years to put on line after the decision 
to build it has been made. In terms of the first major effort toward 
energy conservation which resulted from the OPEC oil embargo, generation 
units started just prior to the oil embargo were not expected to come on 
line for several years from today. 

Obviously, utilities have deferred on-line dates by slowing construction 
efforts where possible but, with these long lead times and long life 
expectancies of generation units, usually 30 years, it takes a signif- 
icant amount of time to make adjustments. The old customer/utility 
relationship will be hard to change and even harder to plan for. Will 
the customer readily adopt or modify his consumption habits in response 
to such things as time-of-day price  signals? Will he allow the utility 
to control his appliances? Will the customer install energy storage 
devices? There are many unknowns. 

Hopefully, these changes in the relationship will be well planned. For 
example, utilities are often accused of' attempting to stifle the adop- 
tion of solar-augmented space heating and water heating systems. In one 
respect, they are right; on the other hand, they are not properly plan- 
ning for their and the customers' future. At PNM, we feel that customer 
adoption of solar systems could greatly benefit the customers adopting 
solar, the rest of our customers, and our Company, if properly planned. 
But, the converse could be true if the interface between the solar 
system and the utility system is not properly planned for by both the 
customer and the utility. 

It'is easy to compare the previous example of the customer who conserved 
energy by using his air conditioner only one day a week with that of the 
typical solar system being built today. While conserving conventional 



energy resources on the average day, the way many solar systems are 
being designed, they do not defer the need for generation capacity fixed 
costs for use during periods of inclement weather conditions (Ex- 
hibit 7). ~ u t  why should they be designed otherwise because, in most 
instances, the utility is not providing the price incentives to have the 
system built any other way. What happens, given today's typically 
nontime-differentiated rate design, is that the costs of providing the 
solar customer are not being recouped through the rates, which results 
in an average cost per kilowatt-hour increase to all customers. Ob- 
viously, this is not an attractive situation, especially since it tends 
to.have the lower-income customer subsidize the higher-income customer's 
electric bill because, presently, only the more affluent can afford 
solar-augmented systems. 

If, through proper rate design, the utility can provide price incentives 
to promote the adoption of solar systems which appreciate their inter- 
face with the utility system, everyone will benefit. Given proper price 
incentives, solar systems can employ the storage medium inherent in good 
solar design as an energy management facility for storing off-peak 
energy, and use the energy management capabilities to interface with the 
utility system in the most cost-effective manner (Exhibit 8). The 
incentives should easily cover the incremental costs associated with the 
additional storage capability. In effect, the solar home owner would be 
able to take advantage of variable and fixed cost reductions in his 
electric bill. 

This is just .one of many scenarios that can be easily imagined. As I 
have demonstrated, energy conservation by itself can be counterpro- 
ductive in many respects. It is through well-conceived programs that 
achieve harmony between energy conservation and energy-management, while 
appreciating the -dynamic interaction between the consumer and the util- 
ity, that optimal rewards will be obtained. 

The discussion, thus far, has been in general terms. The true nature of 
costs from a utility standpoint have been identified, along with the 
important conceptual differences between conservation and energy manage- 
ment. We now move to the more specific area of actual research activ- 
ities presently being conducted. 

The present procedure follows what might be termed a "mutually exclu- 
sive" approach (Exhibit 9). The hallmark of the approach is the fact 
that it is tailored to existing equipment or environments. Addition- 
ally, although there are literally hundreds of tests under way, they all 
fall into one of three major categories. The first are rates oriented-- 
the most visible of these types being time-of-day experiments. Second- 
ly, those that utilize a control device, either at the customer location 
or directly by .the utility through a radio signal, power line, tele- 
phone, or some such medium. Finally, there are those activities purely 
aimed at end-use application, examples being solar, storage systems, and 
cogeneration. 

In terms of hands-on experience in these three major categories of 
present research activities, APS and PNM have an excellent track record. 
Indeed, between them, most of the major research targets have been 



tested. As an illustration of ,their experience, each company will 
provide test description and analysis highlights from four recent 
experiments. 

RESIDENTIAL TIME-OF-DAY EXPERIMENT 

APS began this rates-oriented experiment in 1975 and has continued 
it up to the present. Approximately 200 customers were selected at 
random and their consumption monitored for three time periods, 
without special rates being applied, during 1975. This procedure 
established a "base" consumption to which reaction under actual 
rates could be compared. During this period and 1976, the first 
year, where time-oriented rates were applied, this test was done in 
conjunction with DOE (nee FEA). Additionally, two University of 
Arizona economists were contracted for aid in general test and 
rates formatting, as well as analysis. As might be expected, there 
were some disagreements as to what the final results indicated, 
with the FEA utilizing some rather exotic statistical methods to 
establish relationships between energy consumption patterns and 
price, while the economists concluded the results were statistical- 
ly inconclusive. In-house analysis tended to support the conclu- 
sion of the economists and Exhibit 10 illustrates this. This chart 
shows a comparison of the percent change in consumption achieved 
during the peak hours (2 p.m. to 5 p.m.) versus the ratio of peak 
to off-peak price for both 1975 to 1977, and 1975 to 1978. Again, 
this represents a rather straightforward attempt at quantifying 
pricing impacts, and its illustrative worth more than makes up for 
its lack of sophistication. Beyond this energy-to-price relation- 
ship, indeed inherent in cost reductive capabilities of any timed 
energy rate, is the assumption that demands will track energy 
responses. As an addition to the basic test, the company utilized 
special metering on approximately 30 of the selected customers to 
verify this assumption. Exhibit 11 shows the average day (24-hour) 
profile for 27 of these customers and a matching set of customers 
on a nontime-related standard rate. Again, as in all cases, the 
consumption during the peak period was down for the time-of-use 
customers. The question of demand, however, generates a different 
response. Exhibit 12 shows these same groups of customers and 
their profile for one particular day in July--the day of the APS 
system peak. The demand at the time of system peak and the entire 
three-hour peak period is identical. So, on a monthly basis, the 
customers' bills and the corresponding utility revenue would go 
down, but a corresponding reduction in costs through reduced peak 
demands never materialized. Although the sample sizes are small 
and the basic kilowatt-hour results can be established as price 
sensitive utilizing sophisticated statistical procedures, the 
planning of reduced plant requirements in the future, on the basis 
of these test results extrapolated to full rate implementation, 
appears to have no legitimate basis. 



SUPERVISORY LOAD CONTROL EXPERIMENT 

APS conducted this test over two consecutive summers. It involved 
the use of a radio signal to control the air conditioning compres- 
sors at approxi.mately 110 residences. These residences were se- 
lected from a total of 150 in one subdivision and were, therefore, 
extremely homogeneous. The experiment was structured to answer the 
following questions: 

1. Equipment performance characteristics 
2. Customer reaction 
3. Load reaction 

Exhibit 13 illustrates graphically the results of this load control- 
ling as measured by a recording meter at the subdivision service 
dip pole. Two items are of interest. First, the amount of kilo- 
watt reduction and, secondly, the lack of forced coincidence when 
the load returned. This second fact was of prime interest, since 
the possibility of creating a new and larger peak was of great 
concern. 

The results of this study are presently being finalized, but one 
question remains unanswered. That is the quantification of pos- 
sible market penetration for this type of system. Are customers' 
monetary and energy concerns at a level where they would relinquish 
control of major appliances to anyone? Market education and atti- 
tude survey efforts may provide part of the answer, and these will 
be conducted. 

AIR CONDITIONING WASTE HEAT FOR HOT WATER 

APS began experimenting with this procedure over three years ago. 
The system basically utilizes the heat generated from the air 
conditioning compressor to heat water. The water line is plumbed 
to the air conditioner and returned to the hot water tank. Ex- 
hibit 14 illustrates the impact of this procedure in terms of 
reduced water heater. requirements for a calendar month at a resi- 
dence. This research effort resulted in APS' active participation 
in promoting this device for both residential and commercial appli- 
cation--not on the basis of the kilowatt-hour reduction, for that 
is merely a customer gainland corporate revenue loss, but due to 
the removal of the water heater's demand during time of system 
peak. 

DEMAND REDUCTION PROGRAM 

The target group for this research, which also resulted in an 
actual program, was large commercial and industrial customers who 
had special metering installed for our basic cost of service re- 
search. The customer's profile was analyzed on the day of his 
maximum demand, on an average weekday basis, and both were compared 
with the demand level coincident with the APS system peak. Ex- 
hibit 15 illustrates this type of analysis. The customer was then 
contacted with this illustration and asked for his aid in reducing 



both his bill and our peak. Upon agreement, an "e~lergy diary" was 
monitored by the customer for one month, and comparable printouts 
produced enabled the identification of processes or activities that 
caused his peak. The customer is then encouraged to purchase 
controller equipment to limit the demand level, which benefits both 
the customer and the company. 

Now, a review of four illustrative research activities at PNM will 
follow. 

SOLAR WATER HEATING EXPERIMENT 

In 1978, PNM had ten solar water heating systems installed on 
residential structures. Another 20 systems will be installed in 
1979. The 30 systems will be comprised of several different types 
of systems, such as liquid collectors with a dual-purpose tank, 
with a preheat tank, and with a regular water heater; air collec- 
tors with different storage set-up schemes; and so forth. All of 
the systems to be installed are available in the marketplace. Some 
of the more important goals of this test are: to discover what 
major installation problems could be expected and to develop pro- 
cedures to overcome these problems, to discover the customer cost/ 
benefit potentials of the various systems, to determine utility 
cost of service information on the systems, and to gather informa- 
tion for load forecasting purposes. 

Many studies of solar water heating have only examined variable 
'cost components as discussed earlier. It is possible that the 
systems, which reduce electricity consumption the greatest, may 
place the largest demand on the utility system, thus not reducing 
the fixed cost component of producing electricity. We believe it 
is shortsighted to look only at the variable component of the total 
cost picture. PNM will be in a position to examine total costs and 
provide that information and appropriate incentives to our cus- 
tomers to promote (demote) those preferred systems that appreciate 
(do not appreciate) their impact on the utility system. 

Although not enough data has been collected to make detailed analy- 
ses, Exhibit 16 contains average-day load profiles for typical 
electric and solar-augmented electric water heating systems. This 
exhibit is based on a small sample size and should be treated 
accordingly. 

PNM/AMREP-HUD CYCLE 3 

PNM, in cooperation with a local builder, AMREP, is building 
25 solar/load managed homes. The incremental costs to the solar 
components are being funded via a HUD Cycle 3 grant. This is a 
schematic of the solar systems (Exhibit 17). 

A unique feature of the solar system is the controller. This 
controller is capable of making decisions based on sensor informa- 
tion and time of day. For example, if a ,sensor located in the rock 
bed storage bin detects a temperature less than that required to 



supply the home's needs through one full day.of inclement weather, 
and the time is during the off-peak period, then the controller 
will allow the auxiliary strip heater to charge the rock bed stor- 
age bin. This is a significant load management feature of the 
system in that it inhibits on-peak auxiliary usage and allows total 
off-peak utilization. 

These homes will be fully monitored to determine, among other 
things, efficiency of the solar and load management systems, cost/ 
benefit, and cost to serve. 

EPRI/ILC-SHAC RESIDENTIAL PROJECT 

PNM is hosting the construction, now complete, of five SHAC demon- 
stration homes as part of an Electric Power Research Institute 
Research Project (RP 549), Individual Load Center-Solar Heating and 
Cooling Residential Project. The objectives completed as part of 
the initial phase of project work were to: 

1. Develop system and component requirements and provide 
preliminary design for preferred SHAC residential systems 
for two geographical regions of the U.S. (Albuquerque, 
New Mexico, and Wading River, New York) . 

2. Provide system designs and integrate them into five 
houses to be located at each site. 

3. Develop a ,consistent instrumentation, test, and evalu- 
ation plan for the SHAC experiments. 

4. Develop plans for the following phases of implementation 
and evaluation of the experimental project. 

In parallel, development with the early phases of RP 549 was an- 
other EPRI project, RP 926. This project developed a flexible 
computer program for determining preferred solar-assisted heati.ng 
and cooling configurations for residences in specific utility 
service areas. Based on input data for rates and cost of energy 
supplied by local utilities, analysis of various SHAC options 
(including customer storage, super insulation, etc.) can be as- 
sessed for their potential to economically satisfy the customer's 
heating, cooling, and domestic hot water requirements. 

PASSIVE ,SOLAR HOME PROJECTS 
! 

This project is similar to the active solar home projects in that 
the home will be designed to use only off-peak energy for its 
back-up heating requirements, no matter when they may occur. State 
of the art solar passive design dictates that the structure must 
employ significant amounts of mass to avoid the large temperature 
swings experienced in most of the earlier designs. We believe 
there is no reason why this large thermal mass cannot be used to 
store off-peak energy, and that the incremental costs of doing so 
will be more than offset by reduced utility bills passed on to the 
consumer. 



There.are two major shortcomings associated with the tests monitored 
and, indeed, with most tests under the present "mutually exclusive" 
approach. It should be remembered that these observations do not come 
from "outsiders," but rather from two utilities which have been and 
continue to be at the forefront of customer-oriented research. 

The first problems are strictly related to the "research mentality" or 
procedure. Exhibit 18 lists major symptoms of this type of problem. 
The rates utilized usually bear little resemblance to any that might be 
termed cost justified. Additionally, they are often accompanied by 
outright customer monetary inducements. Finally, and often as a net 
result of the rate situation, the test customers can usually be termed 
as researchers or game players. The utilization of results from this 
type of test bed to anticipate the reaction of a whole customer class is 
extremely dangerous. 

The second major category of shortcomings deals specifically with the 
present "mutually exclusive" approach. As Exhibit 19 illustrates, each 
test stands alone. We catalog the net result of each test, conducted in 
a vacuum, and compare them. But how is a total energy management pro- 
cedure established? Are the results additive? Will half the demand 
reduction program's benefit be taken by waste heat recovery or solar? 
This leads to a second problem; what relationship do studies conducted 
in a research vacuum really have to "real life"? Have we indeed mea- 
sured the maximum? Cannot the total reduction be possibly greater than 
the parts? Given the vacuum nature of the experiments, the research- 
oriented nature of the customer, and the short duration of even unrealis- 
tic rates, the application of results for system planning are almost 
impossible. The problem is coordination, and the result is confusion-- 
for the customer, the utility, and everyone else involved in the energy 
field today. 

As we see it, the solution lies in systematic planning. Exhibit 2Y) 
illustrates what might be termed a system approach for both present 
research and future implementation. It basically involves putting one 
face to the public, gauging reaction, and producing needed equipment, 
standards, and rates. Overlaying this approach, or even coming between 
.the customer and established procedures, would be the various govern- 
mental and regulatory agencies. Commitments are needed. Exhibit 21 
lists the minimal commitments needed by category. State and local 
governments must "bless" the proceedings and attempt to keep them out of 
the political arena. The timing and cost-related rate issues will 
automatically necessitate the active support of local regulatory agen- 
cies. Finally, most of you in related industry and we in the utility 
industry, as well as the customer himself, must mutually commit our- 
selves to the determination of the best procedure for true energy 
management--not necessarily the one we presently support. 

What are the targets of this coordinated approach to load management? 
Exhibit 22 lists some of the obvious goals. First is the addition of 
customers and industry allies in the quest for true energy management. 
This involvement will allow the limiting of research to feasible paths. 
A coordinated approach will yield the identification of true problems or 
problem categories. This same approach will literally force various 



governmental and regulatory agencies to commit to long-term strategies 
and remove some of the political/emotional obstacles. Hopefully, this 
systematic procedure will reduce the number of families relegated to 
living in "caves" by limiting life-style impacts.. It will also serve to 
reduce "false start" research and full-scale implementation plans that 
could be expensive. At the same time, this strategy would enable true 
incremental cost/benefit calculations to be conducted on various compo- 
nents of a full-scale load management effort. Finally, and possibly 
most important from a utility standpoint, it would spare us all from 
what might be termed the "savior" syndrome. No problem or question has 
as easy a solution as many would have us believe. 

Let us move to the bottom line as shown on Exhibit 23. Utilities work 
in a planning mode of 20 to 30 years in length. Even after a decision 
for capital-intensive plant expansion is made, it can take from 8 to 
12 years for construction. Both energy management and a systematic 
approach to energy management must recognize that any reduction in 
future plant addition must be firm. If, after three years, the original 
commitment is lost or found to be overestimated, it will still take the 
same time to build a plant; so the question becomes, "How do we handle 
the last three years in terms of future shortages?" 

The conclusion to all this is quite simple: present research procedures 
and recommended individual methodologies are not working. The data 
gathered is not bad, in itself, nor are most of the recommended methods; 
but the need exists to determine their interaction and the net benefits 
of each within the energy managemcnt whole. 

What is needed, as a possible first step, is the recognition of the geo- 
graphic and economic individualism of utility systems--their construc- 
tion standards, equipment characteristics, and how their relation/impact 
vary from utility to utility. Secondly, a coordinated review of energy 
management options in all of these categories is needed and a recom- 
mended, long-term test procedure plan must be established. This task is 
a major undertaking and, given the diversity of interests, could prob- 
ably best be accomplished under federal auspices. This would also 
illustrate the needed commitment at the federal level and initiate the 
needed impetus at the local and regulatory level. Finally, support from 
the various vendors, manufacturers, engineers, architects, utility 
people, and anyone else with interest in energy management must be 
coordinated. The results to date have not only frustrated us but, more 
importantly, confused the customers. To gain their confidence once 
more, we need a base of diversified support with a comprehensive plan of 
action. 

The road ahead is rough and the lack of simple solutions is frustrating, 
but we believe the problem has been diagnosed and, given the proper 
support, the long-term prognosis is for a solution to the energy manage- 
ment questions. 
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TYPICAL WEEKDAY PROFILES 
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PMM'S FORECASTED GENERATION C A P A C I T Y  A I D  ENERGY ? I I X  F O R  1986 

C A P A C I T Y  ENERGY -. 
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10%. ' O I L  & GAS PUMPED HYDRO 7% - . . 1- 
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HYDRO 
-. 

COAL 64% 

60% COAL 

. -  

-. 
N U C L E M  26% 
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EXAMPLE 1 

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

CONSUMPTION 

1 kW @ 18 HRS/DAY FOR 7 DAYS = 126 kWh 

6 kW @ 6 HRSIDAY FOR 7 DAYS = 252 kWh - 
378 kWh/WEEK 

COST OF SERVICE 

VARIABLE = 24lkWh @ 378 kWh = 7.56 

FIXED = $2.00/kW @ 6 kW = 12.00 

$19.56 

COST PER kWh 

EXHIBIT 5 



EXAMPLE 2 

<. 

MONDAY TUESDAY WEDNESDAY THmSDAY FRIDAY 

CONSUMPTION 

1 ~ r w  @ 162 'HRS/WEEK = 162 kwh 

6 kw 2 6 HRSPVEEK = 36 kwh 
. . -  - 

198 kwhlm~i~ 

COST OF SERVICE 

VARIABLE = 2 &/kwh @ 198 HRS = $3.96 

FIXED = 2 $ / k ~  @ 6 kW = 12.00 

$15.96 

COST PER kwh 

= 8.1 &/kwh 
,198 kwh 

EXHIBIT 6 



NON-PREFERRED SOLAR SYSTEM PROFILE 
I N  RELATION -TO UTILITY P.ROFILE 
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PllJTUALLY EXCLUSIVE APPROACH 

ENERGY NANAGEXENT 

EXHIBIT 9 
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RATES 
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ARIZONA PUBLIC SERVICE COMPANY . - - - - . . . . . -. . . 

TOU TEST I 
RELATIONSHIP BETWEEN PEAK PERIOD ENERGY SHIFTS 

AND 
PEAKIOFF-PEAK PRICE RATIO 

(MAY -OCTOBER) 

t; PEAKIOFF PEAK PRICE RATIO 

Percent Change 
in Peak Use 

6%- 

5%- 

4%- 

3%- 

0 
63 

0 
1975-1 977 
(R2 = .I 088) 

2%- w 



K W  
. .. ;c 

~ ~~ 

Ail iZONA PU3LlC SERVICE COMPANY 
10 - .- . . ' -*., .~ -~ ~ ~ ~ 

Average Day Profiles for the 

Mitl-Peak Energy (9am-2pml 1336 Kwh (49.3%) 1324 Kwh (50.9%) 
81 (5pm-10pm) 

Month o f ~ u l ~ ,  1978 

1 Off-Peak Energy (10pm-9ani) 937 Kwh (34.5%) 806 Kwh (30.9%) I 

- , a  / 

-4 Total Monthly Energy 2712 Kwh 2603 Kwh 

8 
Cooling Type: Heat Pump 26% 26% 

TIME-OF-USE CONTROL GROUP 

#o f  Customers !7 27 

Peak Energy (2pm-5pm) 439 Kwh (16.2%) 473 Kwh (18.2%) 

Residential T-i3-U 
,Test Cus.iorners 



-- 
System Peak Day Profiles - July 20, 1978 at ~ : O O P . M .  

I TIME-OF-USE CONTROL GROUP 

Individual Avg. Max. D e m a ~ ~ d  9.21 KW 
3---- - . . - ~ . ~ -  

Sys. Coincident Demand 6.26 Kw 

Temperature: At Peak. 
Avg. Daily 



5:OO P.!i. 
3 SHOTS 
MULT X 1200 
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<ELECTRIC AND SOLAR AUGMENT 
ELECTRIC WATER HEATER PROFILES 

I I I 

MIDNIGHT, . . NOON MIDNIGHT 

TIME: OF DAY 



FOUR MODES OF SOLAR COMPONENT OPERATION ' 

HEATING H0,USE FROM ROCK BED STORAGE 

HEATING HOUSE FROM SOLAR COLLECTOR 

STORAGE OF HEAT DURING OFF-PEAK HCURS 



PURE RESEARCH 

3' I CUSTOMER TYPES 

EXHIBIT 18 

- 



1, ' E.ICH TEST STAIDS ALONE 

2 ,  LACK OF "REAL LIFE" RESULTS 

3,  NO COORDINATION 



SYSTEMS APPROACH 

ALL CUSTOMERS 
- . 1-1. 



1, STATE AND LOCAL GOVERNMENTS 

2 ,  LOCAL REGULATORY AGENCIES 

4 n U T I  L I T I E S j  ARCHITECTS, EIJG INEERS 

VENDORS, MANUFBCTURERSJ AND 

CUSTOMERS 

EXHIBIT 21 I 



BENEFIT TARGETS 
r 

1 , CUSTOMER AND ALLY I :4VOLVE!?E!lT 

,?' 2, IDE3TI  F IC.4TIO!l OF TRUE F2O3LEMS 

3,  FORCE GOVERWlEfiTAL AGElC IES TO COYM I T  

4, L I M I T  LIFESTYLE IMPACTS 

5 L I M I T  COST IPIPACTS 

El TRUE COST/BENEF I T  MEASUREMENTS 

7 ,  ELIMI;t4TE THE HUNDREDS OF VERY 

S IMPLE "SAVIOR" APPROACHES 

ElGI, TIME OF DAY RATES 
I !iVERTED RATES 
SOLAR CAPA3 I L I T  I ES 
LOAD CURTA I LMENTS 
RELIABIL ITY REDUCTIONS 
VOLTAGE REDUCT IONS 

ETC ' ... 

EXHIBIT 22 



THE BOTTOM L INE 

EQUALS 

ENERGY MANAGEMENT RESULTS MUST BE CAPABLE OF 

B E N G  UTILIZED TO ACCURATELY IMPACT FORECAST 

CAP I TAL KEQU I REMElTS 

OVER 

THE UTIL ITY PLANIlIIMG HORIZOF~I = 23 - 30 YEARS 

AND 

THE C9NSTRUCTIOli T IYE CONSTRAINTS = 8 - 5  YEARS 

EXHIBIT 23 



EL PAS0 CONFERENCE 

CONSERVATION: ENERGY MANAGEMENT BY WHOSE DESIGN 
AND AT WHAT COST 

By Evern R. Wall 

e The responsibility of the electric utility industry is to supply 

adequate electricity to consumers, reliably and at reasonable 

"prices. This responsibility is assigned to the utility when the 

franchise for service is accepted, and from that point on all 

policies are formulated to achieve this goal, A major key in 

fulfilling this responsibility is through short and long-range 

planning. 

While my remarks today will be concerned with energy legislation 
- . .. .. .---. -. 

\ ,.. ' , 

and conservation, I plan to discuss the role of energy planning 

and involvement at three levels: government, the utility industry 
*; 

and the consumers.. All three levels are important; all have a 

definite role in shaping the nation's energy future. 

Government is a .very important and expensi've part of the equation. 

We have for many years seen and heard much from the federal government 
I 

about energy but little in the way of productive action. One of 

the most striking problems in the 1970's has been the inability of ! 

! 

both. the legislative and executive branches to formulate a comprehensive, f 
I 

j - coordinated nationa1,energy policy. After many months of political ! 
f 

maneuvering, finally we have what is referred to as a National 

h 
Energy Act. The act' consists of five separate bills: The Public i 
Utility Regulatory Policies Act, The Power Plant and ~ndustrial 

Fuel Use Act, The Natural Gas Policy Act, The ~ational Energy 

Conservation Policy Act and The Energy Tax Act of 1978. In addition, 



we also have the .Si.~rface Mining Act and Clean Air Act amendments. 

All of these can be counted on to add substantially to our 

customer's costs directly and indirectly through increased levels 

of regulation. 

-. The "Energy Crisis," which came in the fall of 1973, resulted in 

many things--increased public awareness of the energy problem, 

"Project Independence" instituted by the federal government, and 

the beginning of a national conservation program, On April 20, 

1978, the President presented to the country his energy message 

proclaiming the "moral equivalent of war," 

Today our country is importing nearly half the oil it uses compared 

to just over 30% in late 1973. The National Energy Act is lacking 

in 3ncentives to spur domestic production of petroleum. The Act 

also is lacking in incentives to further develop nuclear power 

which is.essentia1 to fullfilling the requirements in the Act to 

convert to alternate sources of energy. . 

We have seen the charades surrounding construction of nuclear 

power plants, the administration's continuing effort to deny the 

nation the benefits of the breeder reactor and nuclear fuel 

reprocessing and the lack of progress on the spent fuel storage. 

and waste management issues, all obscuring the necessary use of 

the nuclear option, 

While the debate on the nation's energy problem has been the 

subject of intense interest in Washington for the better part of 



the last four years, few in or'out of Washington have examined 

the problem except to try and reduce the supply and demand. The 
L: 

overlooked perspective, and the most significant part of the 

problem, is politics. The supply and demand perspectives are 
0. 

certainly prime considerations in the equation, but political 

factors have a continuing and significant impact on the conscience 

and the consciousness of elected and appointed officials. 

Disorganization in government has lead Congress alone to establish 

3 6  committees, 7 6  subcommittees and one panel, at last count, to 

exercise bureaucratic control over the myriad federal energy 

programs. Add to that the state level energy bureaucracies and, 

in Texas, municipal political involvement and we have a patchwork 
Le 

of overlapping, expensive regulation overkill. 

1 concerning the energy business, conspiracy rumors run rampant. 

It seems that everyone "knows" the Arabs, t.he government, the 

"Seven Sisters," and the utilities have all conspired to create 

the oil embargo and price hikes. As a result, confidence in all 

these organizations is severely ,questioned. 

The irony is that while -everyone "knows" what the problem is and 

what to do about it, not much has happened as the Country goes 

merrily along until we once again are jolted into reality by . 
another oil embargo, coal strike, devastating winter weather or 

who knows what else, 

r. 

Ahead of us, as the ~ational Electric Reliability Council reported 

in September, 1978, is the prospect of electricity shortages 



beginning in the early 1980's as a result of delays in needed 

power supply facilities caused by counter-productive governmental 

action and inaction. If power shortages do indeed occur, there 

is the grave and serious possibility of job losses, business 

dislocations and social disruptions. 

I mentioned planning earlier, and it is difficult for me to warn 

that such disastrous consequences might lie ahead, however, when 

you are daily involved in providing energy, you must be a good 

prognosticator. Planning occupies a large part of our business 

day. Energy planners can forecast shortages and can also forecast 

how shortages can be avoided. Using coal and nuclear fuels is 

the 'only way we can avert these consequences for. the near term 

while the nation and the industry develop alternative renewable 

energy sources for the future. 

The electric utility industry is the most heavily regulated 

industry in the Nation. In my opinion, it is in many instances 

unduly restrictive regulation, However, that is the nature of 

our business, and we realize that regulation is part of the 

~ essentia-lity of our service, and we accept it. 

Since conservation is the subject today, I must say the concept 

of conservation applies not only to energy and natural resources 

but also to conservation of time and money. I am speaking of 

unreasonable and unnecessary, wasteful regulatory exercises that 

I cost time and money, Regulation that .takes armies of capable 

I executives away from the vital business of providing energy and 



causing them to sit through endless hours of unproductive hearings. 

I'm referring to the kind of regulation which stuffs our files 
a 

with reams of paper, that create's jobs for hundreds of nonproductive 

en~ployees causing them to answer the same questions over and over 
+ 

and to send out floods of reports that end up stuffing other 

people's files. Regulation that requires the Company to prove 

its point in monotonous detail to first one regulatory, then 

another and even beyond. Regulation that costs money, money 

which is coming out of the pockets of our customers who then 

blame the utility through which these costs.are paid. Regulation 

which is often counter-productive, politically motivated and 

emotionally reactive. 
.L- 

I will conclude this section of my presentation by mentioning a 

* potential partial relief from some of this expensive, regulatory 
\ 

overkill. Bills have been introduced in both the Texas house and 

senate which would amend the Public Utility Regulatory Act to 

give the Public Utility Commission of Texas exclusive original 

jurisdiction over electric rates and service in Texas. Large 

sums of money can be saved by the consumer if the utilities were 

allowed to present their complete case only one time. Single 

jurisdiction also would result in savings to the local government 

by freeing municipal staffs to work on other. important issues. 
.' 

All these savings would be passed along to the consumer. At- a 

recent legislative hearing the PUC testified that elimination of 
. 

hearings at the municipal level would result in significant cost 

reduction for the state. I ask your support for these bills. 



As for the regulated, the utilities, the second portion of our 

equation, we plan in the face of the present barrage of government 

regulation and energy legislation to simply to what is necessary 

and to do it well. 

. - Planning is essential for electric utilities. We are the ones 

who must meet the energy requirements of our customers 10 or 20 

years in the future, not newspaper reporters, not political 

opportunists.who are vocally on the scene for a fleeting moment 

and then heard from no more, 

Our industry has a proven track record in providing reliable 

electric service. In 1974 things were looking pretty good for 

electric utilities. We had a steady peak load growth of 7% per 

annum; there was a three to four year lead time for a new generating 

plant, El Paso Electric was installing gas-fired generation at a 

cost of $150 per kilowatt. Today, as you know, things are quite 

different, Utilities are no longer the invisible "good guys," 

but are quite visible whether they want to be or not. Construction 

of new coal or nuclear generating stations costs $1,000 per kilowatt 

and takes 10 to 12 years to complete. Peak load growth has lowered 

somewhat, to about 6% in our service area according to most load 

growth forecasts. Utilities in the "snowbelt" have even lower 

peak demand forecasts, to near the 4% level. Things have really 

changed. 

Even Reddy Kilowatt, the symbol of our industry, has undergone a 

change, Ten years ago Reddy was a major promoter of electric 



consumption. Reddy now, instead of pushing electric consumption, 

is urginglus to cut our use of electricity and adjust to the new 
* 

era of conservation. This transformation symbolizes one of the 

~ changes in the electric utility business. What has happened? 
)i 

.. Actually, experts have been warning us since the 1950's that the 

nation's appetite for energy would eventually exhaust our diminishing 

oil resources. But our our nation did not want to curb its 

enormous consumptive habit and was not listening. Only now are 

we starting to waken to the need for conservation of our nation's . 

I energy resources. 

r The National Energy Conservation Policy Act is one-fifth of the 

~ new National Energy Act. President Carter has made, conservation 

* 
I the cornerstone of the nation's energy policy. Conservation, I 

1 believe, is certainly a valuable part of the total effort. It will 
I 

play an important supporting role as the utilities are required 

by the new regulations to shift emphasis from oil and gas to coal 

and nuclear. 

Conservation in the most optimistic view can provide about 32 of 

the 148 quads of energy that will be needed by the year 2 0 0 0  if 

we continue the present use pattern. Conservation will require certain 
.I 

changes in lifestyles. To achieve the necessary savings may require 

more changes than many may be willing to make. I think we can 
-4 

all see the value of conservation, but it clearly is no panacea 

in itself. 



One interesting point is that in the conservation act passed by 
I 

Congress there are provisions encouraging the use of bicycles in? 

the United States to eliminate where possible using cars or other, 

mechanized-transportation. At the time the most advanced technological 

nation in the world is encouraging bicycles, one of the most 

backward countries, China, sent Teng Cho Ping to the United 

States on a mission to see how China can get away from bicycles 

toward more modern transportation. 

El Paso Electric and many other utilities across the nation were 

already beginning to urge energy conservation, to corisumers in the 

early 1970's. Our Company has created an Energy Utilization and 

Conservation Department which has for a number of years performed 

many of the things now required by the new conservation law. 

Energy audits, information on the efficient use of energy and 

information about proper insulation has long been part of our 

program. The industry~through the Edison Electric Institute had 

its National Energy Watch program before the law was passed. So 

we are and have been committed to conservation. But again I must 

warn that there is more to conservation than just turning out the 

lights. 

In order to preserve domestic oil and gas and to insure continuing 

adequate and reliable energy source for the future, our Company 

started planning early in 1960 to install generating capacity 

which would save petroleum fuels. 



The Company participated in coal-fired generation in 1973 when 

Four Corners Unit No. 4 went into service near Farmington, New Mexico. 
D 

The very next year Unit No. 5 went into service, and our Company 

I 
I was again part owner, supplying our customers with their first 

. '  

coal-fired electricity. 

I -- 

I 
i Approximately 18 percent of the Company's generating capacity is 

presently being provided through the use of coal. Later, our 

planning indicated the continued need to conserve oil and gas. 

In 1974 we installed a combined cycle, 240 megawatt generating 

I /  unit at Newman Station. The combined cycle uses a process which 

burns oil or gas through two combustion turbines and dumps excess 

heat into a steam boiler, providing additional generation. This 

1 particular procedure has saved thousands of cubic feet of gas and 

P hundreds ok barrels of oil during the past few years because of 

the efficient use of waste heat. 

Early in the 19701s, studies indicated that nuclear generation 

would be the most economical choice for our customers in the 

future. At that time the Company indicated its desire to become 

a participant in the Arizona Nuclear Power Project. The project 

soon became the Palo Verde Nuclear Generating Station and started 

with the organization in 1970 of a Task Force manned by ~rizona 
\C 

Public Service, Salt River Project and Tucson Gas and ~lectric. 

The study group was responsible for examining the safety, environmental, 
e 

economic and technical liability of utilizing nuclear energy to 

meet the future power generation requirements of the Southwest. 



Following the completion of the studies, many utilities were 

asked for a show of inte.rest in joining the Arizona Project. The 

broad invitation was made to satisfy antitrust requirements of 

the Atomic Energy Act of 1954. 

Tucson Gas and Electric, El Paso Electric and Public Service 

Company of New Mexico formally joined the project in August, 

1973. In December, 1973, the Arizona Electric Power Cooperative 

also became a participant. Later, Tucson announced that its 15.4 

percent had been acquired by Southern California Edison Company, 

and AEPC requested that its share be reassigned to APS, SRP and 

SCE as provided in the original agreement. 

El Paso Electric believed then and believes now that the decision 

to participate in ANPP was wise and correct and in the best 

interest of the Company and its customers. 

EPE's participation in the Arizona Project has been the subject 

of considerable discussion by members of the local governing 

bodies and news media within the Company's service area. It must 

be noted, however, that there has been no broad negative public 

reaction' to the Project. To the contrary, survey after survey 

has indicated that the public generally accepts and is supportive 

of nuclear generated electric power, 

Stated simply, EPE decided to participate in the Project because, 

based on the Company's future load growth projections, it was 

found that additional base load generating capacity, such as 



could be delivered by palo Verde, would be required in the 1981- 

85 time frame, and the cost and availability of traditional fuel 

supplies eliminated them as a.future source. There were many 

important factors which weighed heavily in the Company's decision 
i ,  

to participate in the nuclear project: it allowed diversification 

of the company's fuel mix,, it permitted the use of an available 

source of water, it provided an opportunity for the Company to 

strengthen its transmission interconnections with other utilities . 

and last, but certainly not least, future energy cost strongly 

favored participation in Palo Verde. 

The economic attractiveness of Palo Verde grows with each passing 
.. 

year. At the time of the Company's decision to participate, the 

handwriting, was already on the wall that state and federal governments 

were seriously reviewing the price and availability of conventional 

boiler fuels. 

Given this'scenario, without adequate supplies of traditional 

boiler fuel supplies, the Company was faced with determining the 

alternatives in order to guarantee an uninterrupted power supply 

to customers in the time frame being considered. The choice was 

simply we must convert our base load generation to coal and 

nuclear fuel in order to conserve oil and natural gas. .. 

The Company's position concerning its decision to participate in 
.. 

Palo Verde has not changed. In view of events subsequent to 

entry into the project (the energy crisis, oil embargo, the 

winter and the coal strike of 1977), the decision appears even 

more prudent and in the best interests of everyone concerned. 

/ 
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While construction of new generating facilities is becoming more 

and more expensive, as inflation and regulatory factors take 

their toll, we in the energy producing business are confident 

that nuclear and coal energy will continue to provide great 

benefits to the nation. I would far rather explain to all of our 

;.customers chat higher rates are'necessary to help support our 

construction program than to have to explain to just one customer 

someday why power must be curtailed because of a shortage of 

generating capacity; 

Which brings me to the third and final part of our energy equation, 

the public. 

One of the most interesting aspects of the equation is that 

public perceptions of energy matters seem to display a lack of 

realism, mixed with liberal amounts of wishful thinking. Consider 

some of the recently released results of a nationwide survey 

completed in mid-1978 by Response Analysis, Concern about the 

energy crisis is declining; only one-third of the public believes 

electricity may be in short supply in the future, There is 

strong optimism that there is plenty of fuel for electricity 

production, coupled with the belief that, even if shortages 

occur, new fuel sources will be found. Consumers also believe 

that sacrifices are unnecessary, because there is no energy or 

electricity crisis now and, consequently, no new plants will be 

needed, rates will not have to be increased, pollution laws need 
,-- 

not be relaxed, and more R&D at higher prices is unnecessary, and 



a general belief that the, industry is pushing nuclear and coal 

power while dragging its feet on solar energy production. 
r 

The statistics are apalling. Clearly, the public's nonappreciation 

of the realities of the energy problem; its nonacceptance of the 

need for new electric generating facilities, its growing opposition 

to nuclear power, its conviction that there is no requirement for 

more R&D indicate .many misunderstandings of the energy problem in 

general and of our industry.in particular. 

I am not certain how to overcome this credibility problem, but it 

is our hope that people will not be swept up in an overly optimistic 
i 

outburst and be mislead into'believing that solar energy for 

electric generation is the answer to all of the country's perplexing 
'? 

energy problems. The same applies to geothermal, Biomass, ocean 

thermal gradients and any number of other "exotic" energy alternatives 

that have barely progressed to the theoretical, let alone the 

'experimental stages. 

Sometimes it seems that the public is more willing to accept an 

empty promise as an energy alternative than to accept a known 

source which is available at the time it is needed. 

a 

In most areas of the nation, nuclear electric plants produce the 

lowest cost electric energy'. 
P 

The most important concerns of Americans today are inflation, 

high taxes and other extreme economic pressures. Even so, there 



is a movement to scrap the lowest cost electric generation available 

and deny these savings to the pub1.i~. 

One of the crucial elements in the complex energy problem has to do 
.*. 

with the recycling of misinformation or an information gap. The 

gap does not involve insufficient information nor lack of effort 

communicating it. Rather it seems that the gap is; as one of my 

friends put it, a kind of "Black Hole" in the universe of public 

understanding, into which factual material is poured with little 

apparent effect. 

To deal with this phenomenon, we in the utility business try to 

use all the information we receive from customers regarding their 

concerns, their beliefs, their perceptions in our attempt to work 

out a strategy to bridge the gap effectively. 

Thank You. 
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Introduction: 

The objective of my presentation this mrning is to address 

strategic planning in the electr ic  u t i l i t y  industry, given that this in- 

dustry faces an . era of extreme uncertainty and severe capital constraints. 

To accomplish this objective,. I w i l l  review the electr ic  u t i l i t y  planning 

process from a historical perspective, identifying how planning has been 

done, how it is changing, and how it w i l l  be conducted.in the future. I 

also hope to identify the way in which the various strategies discussed 

a t  this conference w i l l  have an impact on the u t i l i t y  planning process, 

both .today and in the future. 

As a backdrop for our discussion today, I would l ike to re- 

view for a few minutes how plarming has been c o n k f e d  traditionally with- 

in the electr ic  u t i l i t y  industry. For assistance in this discussion, I ask 
that you turn to Slide #l. Slide #l represents a simple schemtic of the 

traditional electr ic  u t i l i t y  planning process. Within this sl ide,  the se- 

quence of planning is from top to  bottom. Uti l i ty planners start with es- 

timates of demand for electr ic  energy O(wh) and peak demand &). Based 

on estimates of future'demand, planners evaluate the costs and re l iabi l i ty  

of various supply options in order to determine what resource additions 



are necessary to enhance (in a sense, optimize) the existing or future 

supply system. These planned resource additions constitute a coxxtruction .*' , 

program which must be supported by a conhination of internal and external 

financing. The financial pl- element represents the third and final 

part  of the traditional planning process. 

This one-way directional f l o w  of planning from demand esti- 

mation through supply determination and on to financial p l m g  is 

characteristic of traditional planning w i t h i n  the electric u t i l i ty  industry. 

Our major q h a s i s  historically has been supply d e t d t i o n ;  that is, 

what types of facil i t ies should we construct to meet ever growing electri- 

cal demand? Engineers played a dominant role in the planning process be- 

cause of the intricacies of engineering evaluations relative to the apparent 

certainty of demnd patterns, the .ever decreasing unit costs of providing 

pwer, and the strong financial health of the electric u t i l i ty  industry. 

It was not unheard of for engineers to project demand patterns w i t h  a 

ruler, select proposed resource additions through careful analysis, and 

simply inform the a i l i t y  financial officer that a certain l w e l  of funding 

was required to support the construction program. 

Factors .Which Have Recently Changed the Planning Problems 

Fortunately, or unfortunately, depending on your perspective, 

this historical planning process- has changed significantly over the last 

five years. There d s : t  a t  least five major factors which - have necessitated 

this change. 

The f i r s t  major factor is that the gruwth in electric demand 

has been much more eratic than the general trend extrapolations that were 

qec ted 'pr ior  to the o i l  ernbargo of 1973-1974. Because these smooth trends 

of dPm7nd growth no longer &st, there d s t s  a need to analyze various 

factors that have an impact on the'demand for elasticity. A s  you can see 

from Slide #l, I 'have taken the liberty of identifying those major demand 

determinants that are considered in developing dmmd projections today. 

These detemimmts include weather, damgraphic grm, economic growth, 

~e price of electricity and associated rate designs, the price of natural 



gas, o i l ,  and other substitute fuels and their associated rate designs. 

The perceived availability of alternative energy f o m  and finally, con- 

servation and load mnagement . A second point worth making i s  that the 

various denand determinants cannot be assessed easily in isolation of 

one another. Strong interactions and interpedencies complicate such 

assessments. Beyond the obvious linkage between economic and damgraphic 
growth, there &st strong linkages between electricity prices and rate 

designs and the rapidity of penetration of v2riou.s non-generation options. 

High b i l l s  can accelerate implementation of load management equipment, 

or a t  least h n s t r a t e  to regulators that such equipment i s  cost-effective. 

A t  the very least, deterxination of future demand patterns i s  much m r e  

difficult than traditional trend extrapolation. Another important facet 

of the char!ging demnd isst= i s  that conservation and load mnagement pre- 

sent the ~ t i l i t y  planner wit11 considerable uncertainty. Planners have 

very l i t t l e  historical experience with the so called non-generation options. 

This la&. of experience tends to create doubt regarding the potential 

long-term effectiveness of such factors. A case in  point is the success- 

ful but short-term patristic conservation exhibited voluntarily by 

U. S. consumers c h i q  the Arab o i l  anbargo of 1973-1974. This  doubt i s  

softened, but not eliminated, by the implementation of mandatory standards 

which require conservation of energy through new appliance and new building 

efficiencies. 

The second major factor that has changed the historical planning 

process is that supply has become m e  uncertain. There i s  considerably 

m r e  uncertainty regarding the costs of constructing new facil i t ies of the 

timing involved in bringing a new plant on-line. Licensing and anriron- 

mta l  issues are the primary elements responsible for this increased un- 

certainty. The manner in which new facil i t ies w i l l  be financed is also 

an issue that places additional uncertainty on supply. Historically, 

analysis of supply uncertainty focused on the outage r2tes and reliability 

of generation system. Currently, the question i s  not whether in the future 

a plat w i l l  be down for a particular period of time due to some unplanned 

event, but whether the plant w i l l  be even licensed, constructed and avail- 

able for operation a t  that particular point in time. 



The third major factor which has mdified the traditional 

plaming process of the electr ic  u t i l i t i e s  is the feedback between the 

financial elanent in the planning process and the demmd element in the 

planning process. The rates charged for  electr ici ty and other forms of 

energy have a significant impact on the demand uti l izat ion patterns for  

those energy forms. The' &ent and future rates for electr ici ty are 

very much dependent on the f h c i n g  programs of the u t i l i t i e s .  Because 

these financing plans are predicated upon expansion (construction) pro- 

grams it is apparent that construction plans can influence d m d  patterns 

via the financial planning link. By necessity, we must now evaluate the 

potential implications that a particular construction program might have 

on demand profiles through the financial planning-ratemaking loop. Assumed 

d m d  projections are not stable with respect to future r a t e  scenarios 

unt i l  there exists some convergence between the ra te  assumptions upon which 

demand projects are based and the ra te  projection derived from a particular 

financing plan which are derived fram a particular construction program 

designed to m e t  fixed demnd requirements. We frequently refer to this 

characterization of the feedback between finance, rates and demand deter- 

mimntions "closing the l oop. " 

A fourth m j o r  factor which has mdified the historical plaming 

process i s  the enhanced role of the financial planner a t  electr ic  u t i l i t i e s .  

A s  I indicated in earlier remarks, traditional planning ~nthin a u t i l i t y  

has been a one-way process focusing sequentially on demand determination, 

supply optimization, and financial planning. Hawever, because of regulatory 

constraints i n  the ratemaking arena and the inability of the u t i l i t i e s  to 

raise capital as readily as was the case historically, we find that this 

traditional process ts frequently reversed. Ceilings on anticipated ra te  

increases necessitate ceilings on financial program, which tend to  con- 

strain construction programs. Given that demand cannot exceed supply, 

planners are now forced to  d e  the possibility of mdifying re l iabi l i ty  

standards or  even dPm7nd i t s e l f .  . 

The f i f t h  and f inal  factor which has mdified the electr ic  

u t i l i t y  planning process is  the fact  that there d s t s  a variety of factors 



which must be considered today. The' intricate hteractions of .denand, 

supply and financial elements with each other' and with k i o u s  external 
factors adds considerable complexity to the plarrning problem. 

An Alfefnative Pl-g 'Tool 

. . 

In view of the' five major factors identified above, it has 

I become necessary to  mdify the planning process within the electric u t i l i ty  

I indusDry. While there d t s  no single tool which can , m e r  every u t i l i ty  

I problem, we can discuss some conceptual approaches to this issue. A t  

I this time, I do not wish to expound the virtues of elaborate corporate 

I p1-g corporate mdels which have been used and abused. Nor do I in- 

tend to actvocate.a particular methodology for the sake of the methodology. 

Instead, I would like to discuss a simple decision making framework which 

1).  is slowly warking. i t s  way into the u t i l i ty  planning process. This frame- 

I s  .work is presented on Slide #2 and consists of three basic components: 

alternative actions, states of nature, and, outcomes. The alternative 

actions or "strategies" are represented by the Ai's on the l e f t  side of 

I ? ,  the "outcarne table." These alternative actions may include various invest- 

I ment opportunities, marketing tactics, etc. available to a firm. The 

I states of nature are identified by the S j  ' s across the top of the outcome 

table and represent the various envimnmental conditions, external to the 

firm, which could impact any strategy: The outcoms are illustrated by 

1 the Oij's within the table and represent the result of pursuing a par- 

I ticular action and encountering a particular state of nature. 

I In i t s  simplest form, we can use a decision analysis frame- 

work of this type to evaluate the outcomes which might result from.pur- ~ suing particular strategies. Obviously, we must be able to identify what 
1 alternative actions are available, what states of nature could occur and 

what outcoms are important to the decision maker. Identification of al- 
... 

ternat?= .strategies i s  difficult .without a comprehensive view.. of .the 

firm and i t s  associated environment. Identification of - potential. states 

of nature i s  difficult because .of rapidly changing . . envimmatal conditions. 
. . 



The amount of information regarding these statesi:df nature.-will .determine 

whether we are dealing with a situation of risk (probabilities available) 

or uncertainty (no probabilities available). Identification of appropriate 

outcomes or goal masurements i s  difficult because we frequently find 

that no single outcome suffices; instead, we are forced to evaluate an 

entire vector of outcomes, or an. entire matrix of outcome tables. 

Application of .Alternative PI-g Tool to Eldctrical Utility Planning 
Process 

Slide $/3 represents an attempt to apply the decision 

framaJork to  the complexity and uncertainty present in . the u t i l i ty  plarming 

environments. This slide bears some resemblance to Slide //2 ,. . altho,ugh 

Slide !/3 contains considerable detail in the large center box which em- 

phasizes the complex interactions of demand, supply and financial components. 

Alternative actions appears on the l e f t  side of this diagram, external en- 

virmmntal factors appear a t  the top of the diagram, and outcome factors 

(evaluation criteria) appear on the right hand side of the diagram. 

The center block in Slide #3 contains a rmch m r e  global iden- 

tification of three traditional elements of the supply planning process. 

D m d  for total energy is. analyzed from the perspective of individual cus- 

tomer groups (residential, camercial, etc . ) and specific end-uses (space . 

heating, water heating, etc . ) . The supply element, which i s  the entire 

bottom portion of the large center interaction block, contains reference 

to  the fact that a multitude of .products (e. g . , electricity, naturd gas, 

steam, non-generation alternatives) marketed by either a u t i l i ty  or 

another f i m  can na; contribute to satisfying market share. This compe- 

t i t ive  c q l d t y  means that u t i l i t ies  no longer possess the same market 

power that was present a few years ago. This i s  p a r t i d a t l y  true when 

it cones to offering products frmn the inventory of non-generation options. 

In addition to pursuing an output mix  in a semi-competitive environnent , 
uti l i ty  planners also have s m  control over the kput technologies which 

w i l l  be utilized to  p r o b e  the output mix.. Thus, I have identified 

under each specific output the alternative technologies mailable to pro- 



h e  this output. For example, under the electr ici ty heading within the 

u t i l i t y  portion of the supply component, I have identified o i l ,  nuclear, 

coal, e tc  . as technological options. . Where does energy management f i t  

into this analysis? A s  you can see from the diagram, this service is 

currently considered as a non-generation option designed to satisfy 

service area energy demands through demand reductions. This product is 

available to consumers from both the u t i l i t y  and the private sector. The 

finance element is presented in the upper right portion of the large center 

interaction block. Financial itas of concern include basic operational 

information, cash flow considerations, sources and uses of capital and 

finally ra te  base, which is the asset base upon which u t i l i t i e s  are pre- 

sently prernitted t o  generate a return. 

One of the m r e  interesting components of Slide .j'3 is the 

evaluation c r i t e r ia  (outcorn) componat . Note that most u t i l i t y  planners 
1 

mus t  assume dual personality. On the one hand, because many companies 
b 

are investor-med, u t i l i t y  planners must pursue strategies which assure 

financial integrity of the company. In addition, goals such as mfnimm 

customer cost, minimum corporate r i sk  (particularly given a ceiling on 

return), management f lexibil i ty and e x q l o r y  behavior within 

the industry tend to motivate planners. On the other hand, because 

u t i l i t y  companies are Z~eavily regulated, u t i l i t y  planners n u t  possess 

a social conscience. Energy efficimcy , environmental quality, energy 

costs, and resource preservation be= primary goals under this per- 
I 

spective. The u t i l i t y  planners are frequently presented with a dilerma 

because many of these identified goals are not easily attained simltane- 

ously . In fact ,  a t  times these goals can be mutually exclusive, which 

requires considerable judgment on the part of the u t i l i t y  planner. 

The states of nature o r  external e n v i r m t a l  and considerations 

are identifed at the top of the diagram. This box serves to remind us 

that i n  addition to  the complex ecomdc enviroment, u t i l i t y  planners 

must also anticipate changes in the regulatory and political errvironn'ient 

as well. 

The alternative strategies available to u t i l i t i e s  appear in 

the box on the l e f t  side of the diagram. It is not accidental that this 
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box is small, for  in fact u t i l i t y  planners, have very few options avail- 

able when campared to  planners in unregulated industries. The u t i l i t y  

planners have been regulated fo r  a number of years and as a consequence 

the innovative strategy development that you m a y  see in other industries 

is just starting to  develop in the u t i l i t y  industry. A good example of 

such strategy development is that the telephone company is taking a much 

nure market orientation tmard the world. The strategies which I have 

identified include demmd strategies oriented toward wdifying demand 

patterns through p r m t i o n s ,  r a t e  deisgns, plarming, W, supply strategies 

which emphasize the selection product mix and input technologies to  pro- 

duce the product mix, and f inal ly a financial s t ra t=  which focus on 

capital investment, operating costs and external financing. 

Ut i l i t ies  have traditionally been successful in developing 

traditional supplies. We have also seen considerable creative thinking. 

in the financial planning process. Clearly, the remining issue is  r he 

degree t o  which u t i l i t i e s  can i n i t i a t e  efforts to mdify demand a d  pene- 

t r a t e  these rimer competitive markets with a product l ine  of non-generation 

options. 
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ALTERNATE ENERGY STUDIES IN AN INDUSTRIAL COMPLEX 

Hugh D. Leenhours 
DOE/ ALO 

Introduction - The Speaker's Perspective 
In much the same fashion as NASA's huge installation at Houston, Texas is responsible 

for NASA's manned space program, the Albuquerque Operations Office of the Department 

of Energy, is the "Program Office," the "Technology Center," the "hub" (if you will) 

of the nation's nuclear weapons research and development and production activity. 

We do all of the RGD by contract at such Government-owned laboratories as the Los 

Alamos Scientific Laboratory at Los Alamos, New Mexico, and the Sandia Laboratories 

at Albuquerque, New Mexico. The production of nuclear weapons is carried out at 

other Government-owned plants located in Florida, Tennessee, South Carolina, Ohio, 

Missouri, Colorado, and Texas. Our "complex" consists of over 30,000 contractor 

employees located in 15 million square feet of facilities whose book value is almost . 

$2 billion. Our annual operating budget exceeds $1 billion. 

We joined the Department of Energy (DOE) when it was formed in"1977 by way of the 

Energy Research and Development Administration (ERDA) which, in turn, we joined in 

1975 when the Atomic Energy Commission was merged with several other Governmental 

organizations to form ERDA. 

Although these weapons activities are our principal responsibility, the technical 

capability, scientific resources, and contracting expertise built up over the years 

under AEC have proven to be extremely valuable to the nation as it turns to addressing 

the scientific and technological problems of new energy sources. In the energy RGD 

area, we at Albuquerque are responsible for over $200 million of annual expenditures. 

I have.given you this brief over-sight into the responsibilities of my office so that 

you will better understand where I am "coming from" in my comments as a DOE official. 

That is, I do not represent "Washington" as most of you might visualize that group 



of policy-makers or program planners and managers. Rather, I represent a group of 

"bureaucrats" that most of you may not have been aware existed. We operate very much 

like the corporate headquarters of a company with nation-wide facilities. As such, 

we are worried about production schedules and about running production plants and 

running them efficiently. As public servants, we have the additional responsibility 

to conduct these industrial activities as pacemakers for the rest of the country in 

terms of .energy conservation and in attempting to find alternate fuels so as not to 

deplete the depletable fossil fuel inventory. 

We are also, as I mentioned, directly involved with the energy.RED. That is, we 

erect the facilities, negotiate the contracts, interact as team members in the 

research strategy, and report.to Washington on the progress of the programs assigned 

to us. Thus, we are attuned to the new energy technologies and are anxious to have 

each of them be given every chance to be proven-out. 

In short, we are shirt-sleeved, product-oriented organization; and, I would like to 

talk with you today from that perspective. 

Need for Federal Facilities to Lead the Way 

As part of the Federal establishment, we have felt a special obligation, since the 

early 1970fs, to lead the way in instituting energy-saving techniques and in' investi- 

gating new ways of operating which will save oil and gas. Every one of our plants 

and laboratories utilizes natural gas as its primary on-site energy source and has an 

oil-fired backup capability. So, you might say that when we started out to look at 6 

schemes for alternate energy sources, so as to get off of gas and oil, the only way 

we could go was "up." I 
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A 
A t  our  seven s i t e s ,  we consume t h e  equivalent  of  1 .5  mi l l i on  b a r r e l s  of o i l  a year .  

1 That i s ,  I am t o l d ,  about t h e  equivalent  of t h e  t o t a l  energy requirements f o r  a 

community o f  some 25,000 persons. A s  a major energy-eater  wi th in  t h e  Department o f  . Energy (and most o f  it n a t u r a l  gas) we have f e l t  a spec i a l  r e s p o n s i b i l i t y  t o  l i v e  up 

I t o  t h e  D O E 1 s  internally-imposed goal which requi red  us t o  reduce our  consumption of 

I n a t u r a l  gas by SO% by no l a t e r  than 1985 and t o  b e . e n t i r e l y  o f f  o f  it by t h e  year  1990. 
1 
I 

I That would be one kind of  problem i f  we were mainly an agency composed of  o f f i c e  

workers. I t  i s  q u i t e  a d i f f e r e n t  problem when you a r e  opera t ing .product ion  p l a n t s ,  

l abo ra to r i e s ,  and remote t e s t  s ta t ions,  most of  which have extremely high r e l i a b i l i t y  

s tandards.  I t  i s  a l s o  a t iming problem. When one cons iders  t h e  t ime required:  t o  do 

1 prel iminary planning and d e t a i l e d  engineering;  t o  obta in  Congressional au tho r i za t ion  
& 

I 
l 

and funding; and t o  cons t ruc t  p l a n t s  which use f u e l s  o t h e r  than o i l  and gas,  you can 

I 
see  t h a t  t h e  year  1985 ( to  be half-"de-gassed") i s  almost upon me.. 

.t- 

Inc identa l ly ,  t h e  requirement t o . b e  100% o f f  o f  n a t u r a l  gas by 1990 was picked up 

and incorporated i n t o  Public  Law 95-620, "Power P lan t  and I n d u s t r i a l  Fuel Use Act 

When Mr. OILeary spoke a t  Albuquerque one year  ago t o  t h e  Second National conference 

on Evolution o f  Technology f o r  Energy Conservation, he made t h e  po in t  t h a t  one o f  

t h e  p r i n c i p a l  r o l e s  o f  DOE i s  t o  begin t o  r e s t o r e  some o f ' t h e  Nation 's  energy opt ions .  

He a l s o  included s t rong  comments with regard t o  t h e  need f o r  conservat ion and some 

very s p e c i f i c  remarks with regard t o  convert ing u t i l i t i e s  t o  coal  a s  t h e  primary f u e l .  
.i 

With regard t o  conversion t o  coa l ,  he noted t h a t ,  up t o  t h a t  time, t h e  Government had 

not  been a t  a l l  successfu l  i n  g e t t i n g  u t i l i t i e s  t o  get  o f f  o f  o i l  o r  gas and back t o  

coa l .  In  f a c t ,  none had switched back. A s  most o f  you know, t h e  "Power P lan t  and 

I n d u s t r i a l  Fuel Use Act of  1978," which i s  p a r t  of t h e  National Energy Act passed by 



Congress last Fall, was, in part, aimed at stimulating the switch to coal and other 

alternate fuels. While we tend to think of the Act as being designed to reinforce 

the interest in switching to coal and alternate fuels in the utility industry, the 

industrial sector would also be ffpersuaded'f to switch by a variety of means. Another 

Bill, which is also part of the National Energy Act, deals with the regulatory policies 

affecting public utilities. One of the objectives of that Bill was to favor industrial 

cogeneration. The Act provides for a variety of activities which will lead to greater 

realization of the Nation's potential for recovering and using waste heat energy 

through cogeneration (that is, the simultaneous production of process steam and 

electricity). 

The studies which I would like to discuss are real-life examples of our efforts, both i 

to switch to alternate fuels and to maximize the benefits of cogeneration. The studies 

also fit neatly into Mr. O'Leary's vision of DOE being the leader in exploring other 

energy options--all the while also championing conservation. 

Conservation 

~irst, with regard to conservation. In 1976, we selected a Nationally-recognized 

engineering firm to make in-depth analyses of each of our sitesf operations,and the 

ways in which they consume energy. 

Some of the facilities were constructed during World War 11. Others have been built- 

up over the years through a long series of annual appropriations to construct individual 

buildings, each separate from all others. All of them have extremely high requirements i, 

for temperature and hiunidity control. So-called "clean rooms" and ffsuper-clean rooms" 

(where atmospheric and particulate controls are carried to the extremes of present 
A 

technology) are a common-place. Once-through ventilation is the norm. 



4 The r e s u l t a n t  r e p o r t s  were r e a l  eye-openers a s  t o  t h e  energy-saving oppor tun i t i e s .  

They have l e d  t o  a long s e r i e s  of  both short- term energy-saving s t e p s ' a n d  more 

.- expensive, e l abo ra t e ,  long-term p r o j e c t s .  Funding r e s t r a i n t s  being what they  a r e ,  

we have a ready-made laundry l i s t  o f  yet- to-be funded p r o j e c t s  t h a t  w i l l  t ake  us  

i n t o  t h e  e a r l y  1980's.  The t o t a l  p r i c e  t a g  i s  $21  mi l l ion .  

I Although we a r e ,  thus,  nowhere completed with t h i s  program, it has a l ready  pa id  

s u b s t a n t i a l  dividends. So much so  t h a t ,  even though t h e  scope o f  our  opera t ion  has 

grown cons i s t en t ly ,  our  energy.consumption has n o t .  I f  we a r e  ab l e  t o  complete our 

I program on schedule,  we es t imate  accumulated savings i n  our  energy b i l l  o f fove r  1/4  

I b i l l i o n  d o l l a r s  by t h e  year  1995. Not a bad r e t u r n  on a $ 2 1  mi l l i on  investment. 

I Mr. Wayne Johnson, Deputy Direc tor  of  our  F a c i l i t i e s  and Construct ion Management 

I &  Division and a prime-mover i n  t h i s  work is  a l s o  a t  t h i s  conference. We would be 

happy t o  t a l k  with you about t h i s  program and t o  share some of  our  t echn ica l  r e p o r t s  

i f  t h a t  seems usefu l  t o  you. 

1 Al te rna t e  Energy Studies  

~ Turning now t o  t h e  subjec t  of convert ing t o  a l t e r n a t e  energy sources,  I would l i k e  

t o  desc r ibe  t h e  program we i n i t i a t e d  some two years  ago. 

~ ~ a i n ,  we employed nat ional ly-recognized consu l t an t s  (major A-E f i rms)  t o  analyse 

our  seven s i t e s .  This  t ime, we h i red  severa l  d i f f e r e n t  f i rms .  We went t o  severa l  

companies both t o  save time and so 'as t o  be su re  we would have a good look a t  a l l  
4 

poss ib l e  technologies ,  not  j u s t  t h e  "pet idea" o f  one f i rm.  These s t u d i e s  a r e  now 

,complete; and a t  f i v e  o f  t h e  seven s i t e s ,  cogeneration o f  e l e c t r i c i t y  has been 
L 

recommended. In every case ,  coa l  won-out a s  t h e  f u e l .  Budget d a t a  shee t s  a r e  i n  

t h e  process  of  be.ing prepared. 



The c r i t e r i a  t h a t  we gave t h e  consu l t an t s  a t  t h e  s t a r t  of each o f  t h e  s t u d i e s  were, 

f i r s t ,  t o  explore a l l  v i a b l e  t echn ica l  op t ions  f o r  producing process  heat and, then ,  

t o  narrow down t o  those  opt ions which would assure  a reduct ion  of  n a t u r a l  gas use  

t o  50% i n  1985 (of what we have been consuming-in 1975) and t o  e l imina te  t h e  use of 

n a t u r a l  gas a s  a fue l  by t h e  year  1990. I t  was ou r  i n t e n t i o n  t o  support . the exp lo ra t ion  

of  a f u l l  flow of  opt ions  and t o  r e q u i r e  t h a t  each .of t h e s e  be given an adequate 

evaluat ion.  Some o f  t h e  opt ions ,  however, were dismissed very e a r l y  a s  being t o o  

u n r e l i a b l e  o r  unproven t o  be considered f o r  p l a n t s  with such c r i t i c a l  energy needs 

a s  ours .  

A s  a mat te r  of  f a c t ,  our  concern f o r  t h e  r e l i a b i l i t y  o f  t h e  new, o r  a l t e r n a t e ,  

technology fo rces  u s  i n t o  t h e  dilemna t h a t ,  a s  a c t i v e  p a r t i c i p a n t s  i n  t h e  new energy 

R&D programs, we would d e a r l y  love t o  do a r e a l - l i v e  lldemonstration" p r o j e c t ;  b u t ,  

a s  respons ib le  l and lo rds  with t h e  add i t i ona l  r e s p o n s i b i l i t y  o f  producing nuc lear  

weapons t o  extreme q u a l i t y  s tandards  and t o  h igh -p r io r i t y  production schedules ,  we 

must op t  f o r  t h e  conserva t ive ,  proven technology. The l i s t  o f  op t ions  o r  sub-options 

we considered includes:  

- Waste Heat 

- Wind 

- Hydraulics 

- Geothermal 

- Wood 

- Nuclear 

- So la r  

- So l id  Waste 

- Refuse-derived-fuel (RDF) 

- Tota l  E l e c t r i c  



- Heat Pumps 

- Hydrogen Fuel C e l l s  

- Coal 

- Conventional 

- With cogenerat ion 

- Gas i f i ca t ion  

- With So l id  Waste o r  RDF 

- Fluidized Bed 

I would l i k e  t o  d iscuss  a few o f  them i n  t h e  next  few minutes, a s  they  appl ied  t o  

our  p a r t i c u l a r  s i t u a t i o n .  
I 

1 .  ~ Each o f  our  consu l t an t s  s tud ied  i n  some depth t h e  use o f  r e fuse  a s  a f u e l  i n  one 

form o r  another;  and each discarded t h e  concept a s  not being appl icable  a s  a d i r e c t -  
L . . 

burning f u e l .  For example, t o  apply t h a t  process  a t  our  Kansas Ci ty  Plant  would 

r e q u i r e  some 65 t ruckloads  o f  raw garbage being de l ivered  per  day. The opera t iona l  

problems o f  t rucking  t h a t  much raw garbage over t h e  c i t y  s t r e e t s  and t h e  physical  

s e c u r i t y  problems of  admit t ing t h a t  stream of  t r a f f i c  t o  a f fphysical ly-secure" s i t e  

were a l i t t l e  over-powering t o  us. However, we would have considered using t h e  

p e l l e t i z e d  f u e l  (der ived from re fuse )  i f  a . c e n t r a 1  processing p l an t  were a v a i l a b l e  

o r  were t o  be developed by t h e  community. In t h i s  way, we could s t imu la t e  t h e  

development of  t h a t  i ndus t ry  by providing a market f o r  approximately one-third o f  

t h e  present ly-ava i lab le  supply. We might s t i l l  cons ider  support ing t h a t  op t ion  i f  t h e  
& 

Ci ty  o r  one o f  t h e  major d i s t r i c t s  were t o  i n d i c a t e  an i n t e r e s t  i n  such a development. 

Recent s t u d i e s  i n d i c a t e  t h a t  it is  cheaper t o  dump re fuse  ($3 a ton)  than  t o  process  

it (between $7  and $10 a t on ) .  Without a subsidy o r  a high "t ipping feef f  from t h e  



munic ipa l i ty  whose t r a s h  i s  being converted, t h e  recovery system breaks down; and a 

valuable  energy resource i s  l o s t .  

Wind was a l s o  considered i n  most ca ses .  Again, d e s p i t e  t h e  a c t i v e  in-house RED 

programs we have i n  t h e  wind technology, we had t o  d i sca rd  wind due t o  l ack  o f  

r e l i a b i l i t y  f o r  our  purposes.  

Geothermal was a l s o  considered; and, i n  t h e  case  o f  Los Alamos, New Mexico, it i s  

s t i l l  a p o t e n t i a l  contender.  That a r e a  i s  a promising geothermal resource.  DOE i s  

i n  pa r tne r sh ip  with Union O i l  Company and t h e  Public  Serv ice  Company of New Mexico 

t o  cons t ruc t  a 50 megawatt demonstration p l a n t .  That p l an t  w i l l  u t i l i z e  hydro-'thermal 

(wet) geothermal energy. In add i t i on ,  t he  Los Alamos S c i e n t i f i c  Laboratory has t h e  
* 

l ead  r o l e  wi th in  DOE t o  i n v e s t i g a t e  e x t r a c t i n g  hea t  from so-ca l led  Hot Dry Rock. 

That i s  t h e  deeper,  but  more geographical ly  d ispersed  hea t  from t h e  e a r t h ' s  cruse.. 

The Hot Dry Rock program i s  p re sen t ly  undergoing some unique developments i n  Los 

Alamos. I f  it were poss ib l e  f o r  us  t o  de lay  making a f i n a l  dec is ion  f o r  a few years ,  

we would cons ider  wai t ing u n t i l  t ha t , t echno logy  has e i t h e r  developed i n t o  a r e l i a b l e  

resource o r  been proven unworkable, a t  l e a s t ,  a t  Los Alamos. 

One r a t h e r  unique concept kept popping up during ou r  s t u d i e s .  This  idea  was a t t r a c t i v e  

t o  some people because it would accomplish t h e  ob jec t ive  o f  g e t t i n g  an ind iv idua l  

p l a n t  off of n a t u r a l  gas and o i l  and it could be accomplished i n  l e s s  than  two years .  

The idea  was t o  r ep l ace  t h e  c e n t r a l  s team.plan t  w i th . an  e l e c t r i d s t e a m  b o i l e r .  

Simple so lu t ion?  I ' m  su re  t h e  e l e c t r i c  u t i l i t i e s  would agree  and applaud t h a t  idea .  

The i n i t i a l  cos t  would be about one-tenth o f  t h e  coa l  a l t e r n a t i v e s  ($6 mi l l i on  v s  

$67 mi l l i on ) .  So much f o r  t h e  good news. The bad news? The l i f e - cyc le  c o s t s  would 



go from $161 mi l l i on  t o  $212 mi l l i on  over  t h e  l i f e  of t h e  coal  a l t e r n a t i v e .  Further ,  

t h e  use of  raw f u e l  would almost double. We had problems with t h a t  approach, not  

only f o r  those  reasons;  but a l s o  because t h i s  so lu t ion  merely t r a n s f e r r e d  t h e  problem 

from us t o  t h e  u t i l i t y ;  and it might even inc rease  the  use o f  n a t u r a l  gas o r  o i l ,  

depending upon t h e  supply s i t u a t i o n  o f  t h e  u t i l i t y .  The only log ic  t o  t h i s  a l t e r n a t i v e  

might be a s  a very temporary measure where r e a l  shortage's o f  o i l  and n a t u r a l  gas 

e x i s t  and t h e  u t i l i t y  has a coa l  o r  nuc lear  base o r  where it was advisable  t o  de lay  

a dec is ion  u n t i l  a new technology comes on- l ine .  

Nuclear energy was considered a t  some loca t ions  and el iminated e a r l y  i n  a l l  o f  t h e  

s t u d i e s  except a t  Los Alamos. Our consul tan t  d id  some add i t i ona l  e f f o r t  on a nuc lear  

concept c a l l e d  a pebble bed r e a c t o r  which i s  being developed i n  Germany f o r  d i s t r i c t  

heat ing.  I t  i s  uncer ta in  what value European experience with pebble bed r e a c t o r s  

would be t o  u s  with r e spec t  t o  l i cens ing  wi th in  t h e  U.S. Another problem which 

would have t o  be overcome is f u e l  f a b r i c a t i o n  s i n c e  t h e r e  a r e  no f a c i l i t i e s  a v a i l a b l e  

f o r  t h i s  e f f o r t  a t  p re sen t .  These obs t ac l e s ,  which may p r o h i b i t  i t s  ever  being 

acceptable ,  c e r t a i n l y  would de lay  i t s  use t o  an undetermined timeframe. Our consul tan t  

found t h a t  t h e  i n i t i a l  cos t  o f  t h i s  concept i s  ixces s ive ly  high by comparison t o  t h e  
b 

o the r s .  However, due t o  i t s  lower f u e l  cos t  and long l i f e ,  t h e  pebble bed concept 

does o f f e r  a low annualized c o s t .  In  f a c t ,  it was the  lowest annualized cos t  of any 

of t he . concep t s  considered a t  t h e  Los Alamos S i t e .  In any case,  f o r  our  purposes,  

we decided t h a t  it i s  not  being f e a s i b l e  t o  consider  a s  a r e so lu t ion  t o  our  immediate 

problem. 

Considerable e f f o r t  was expended i n  t h e  eva lua t ion  of  t h e  ava i l ab l e  forms of s o l a r  

technology. For example, one consul tan t  evaluated what t h e  cos t  might be, i n  gross  

Lerms i n  using t h e  so-ca l led  "power towerI1 concept. In  i t s  simplest  terms, a power 



surrounding it which focus t h e  sun ' s  rays  on t h e  b o i l e r  and, thus ,  produces steam. 

IVe have r e c e n t l y  completed a  5 bflV t e s t  f a c i l i t y  a t  Albuquerque; and assecond- 
,, 

generat ion p l an t  under cons t ruc t ion  a t  Barstow, Ca l i fo rn i a ,  i s  designed t o  produce 

50MW. According t o  t h e  c o n s u l t a n t ' s  es t imate ,  t h e  u n i t  cos t  of useful  energy, 

compared t o  t h a t  from a conventional p l an t  (coal f i r e d  p l a n t )  would cos t  something 

i n  t h e  neighborhood of 19 t imes a s  much a s  t h e  convent ional  coa l  f i r e d  p l a n t .  So, 

we a l s o  abandoned t h a t  concept a s  no t  being technologica l ly  ready f o r  ou r  use a t  

t h i s  t ime. Other forms o f  s o l a r ,  o f  course,  a r e  not a s  bad, cos t  wise; and we have 

ind ica ted  t h a t ,  i n  a l l  cases ,  we w i l l  u t i l i z e  a s  much d i r e c t  s o l a r  a s  can poss ib ly  

be included i n  new cons t ruc t ion .  (We have found t h a t  s o l a r  i s  penal ized much l e s s  ~ 
b 1 

i f  you a r e  ab l e  t o  i n t e g r a t e  it i n t o  new cons t ruc t ion  than  i f  you attempt t o  r e t r o f i t  

e x i s t i n g  f a c i l i t i e s . )  Our plan is  t o  support some 35% s o l a r  i n  a l l  new cons t ruc t ion  

i 
f o r  t h e  most f e a s i b l e  concepts t o  reduce raw energy use, t o  s t imu la t e  t h e  s o l a r  

indus t ry ,  and t o  demonstrate t h e  f ede ra l  commitment t o  t h i s  a l t e r n a t e  energy opt ion .  

We were, thus ,  both su rp r i s ed  and more than  a  l i t t l e  disappointed t h a t ,  i n  every case ,  

t h e  f i n a l  s o l u t i o n  f o r  t h e  near-term re so lu t ion  o f  our  requirement t o  convert  t o  an 

a l t e r n a t e  f u e l  t u r n s  out  t o  be c o a l .  That was t h e  dec i s ion  o f  f i v e  sepa ra t e  

engineering f i rms-  each independent 1 y reviewing t h e  a v a i l a b l e  technologies .  A s  a  

matter  o f  f a c t ,  we discovered i n  our  s t u d i e s  t h a t  no "new" technology, t h a t  i s  none 

o f  t h e  emerging technologies ,  would surv ive  a t  t h e  present  t ime compared t o  coa l  on 

a  l i f e - c y c l e  ana lys i s .  We d id  f ind ,  however, t h a t  t h e  use  o f  a s u b s t i t u t i o n  o f  coal  

i n  a l l  c a ses  requi red  us t o  r ep l ace  t h e  t o t a l  c e n t r a l  p l a n t .  None of t h e s e  p l a n t s  

could be converted d i r e c t l y  t o  t h e  use  of  coa l .  'Chus, we a r e  faced with a monstrous 

cons t ruc t ion  p r i ce - t ag  and bui ld ing  program i f  we a r e  t o  implement t h e  program. We 



a l s o  discovered t h a t ,  compared t o  t h e  continued use of  gas o r  o i l  f o r  f u e l ,  and 

considering t h e  present  investment a s  sunk, convert ing t o  coal  i s  cos t - e f f ec t ive  over 

a per iod o f  17 t o  18 years .  The i n i t i a l  investment would be. recovered with i n t e r e s t .  

In o t h e r  words, i f  we cont inue t o  use gas and o i l  a s  f u e l s ,  we w i l l  have expended t h e  

same number o f  d o l l a r s  over t h e  next  17 to .  18 year  per iod than i f  we make the  dec is ion  

t o  convert t o  coa l  and bu i ld  new coal-burning p l a n t s .  

Cogeneration 

We a l s o  discovered a very i n t e r e s t i n g  phenomenon i n  t h e  c o n s i d e r a t i o n ' o f  cogeneration 

a t  f i v e  of  t h e  s i t e s .  We found t h a t ,  i f  we use  l l s e l ec t ive l l  generat ion,  we add $4-5 

mi l l i on  d o l l a r s  t o  t h e  i n i t i a l  investment over t h e  c o s t  o f  a conventional coa l - f i r ed  

r p lan t  without cogeneration. By l l s e l ec t ive l l  generat ion,  we mean passing hi.gh pressure  I 

steam through ' a  t u r b i n e  t o  generate  e l e c t r i c i t y  with t h e  hea t  t h a t  would otherwise 

L be wasted. The s e l e c t i v e  approach produces only  a por t ion  of  t h e  e l e c t r i c a l  load of  

t h e  f a c i l i t y  and t h a t  por t ion  i s  t o t a l l y  dependent upon t h e  amount of  process  heat  

which t h e  f a c i l i t y  happens t o  be producing a t  t h a t  t ime f o r  i t s  o t h e r  needs. 'Despite 

t hese  higher  c o s t s  ($4 t o  5 mi l l i on )  we discovered two important f a c t s :  f i r s t ,  t h a t  

t h e  i n i t i a l  c a p i t a l  w i l l  be recovered, with i n t e r e s t ,  through savings over t h e  25- 

year l i f e  of  t h e  equipment. (Thus, t h e  use of  cogeneration, from an economic po in t  
I 

of view, i s  a s t andof f . )  Second, and o f  g rea t  i n t e r e s t  t o  us ,  we discovered enormous 

savings i n  raw fue l  a s  a r e s u l t  o f  cogeneration. (This i s  because o f  t h e  improved 

e f f i c i e n c y  o f  f u e l  u t i l i z a t i o n . )  

I 

Of course,  we have t o  keep i n  mind t h a t  those  f u e l  savings occur back a t  t h e  pub l i c  

u t i l i t y ' s  plant--not  our p l a n t .  A s  a mat te r  of  f a c t ,  we have t o  burn a l i t t l e  more 

coa l  under cogeneration. To g ive  you one example, i n  t h e  case  of  our  Sandia 

Laborator ies  i n  Albuquerque, we found t h a t  a coa l - f i r ed  s t a t i o n  with cogeneration 

6 would consume s l i g h t l y  l e s s  than  1.2 mi l l i on  BTUsX 10 . A s t r a i g h t  coal-burning 



6 
p l an t  would consume s l i g h t l y  l e s s  than 1 mi l l i on  BTUsX 10 . On t h e  o the r  hand, ou r  

need f o r  pub l i c  u t i l i t y - s u p p l i e d  e l e c t r i c i t y  would drop from over 1 , 7  mi l l i on  

BTUs X l o 6  t o  1 . 3  mi l l ion  BTUs X lo6.  A n e t  savings i,n raw f u e l  u t i l i z a t i o n  

o f  some 225 b i l l i o n  BTUs. 

In genera l ,  we found t h a t  t h i s  concept would reduce t h e  use  o f  raw fue l  by more than  

50% f o r  t h e  approximately 5-7 megawatts o f  e l e c t r i c a l  power t h a t  we could genera te  

a t  each of  our p l an t s .  That i s  t o  say, t he  hea t  r a t e  f o r  product ion of e l e c t r i c i t y  

on - s i t e  would r e q u i r e  approximately 4 t o  5 thousand BTUs/kilowatt hour compared t o  

10 t o  12 thousand BTUs/kilowatt hour i f  produced o f f - s i t e  by t h e  serving u t i l i t y .  

That i s  t o  say, t h a t  t h e r e  i s  about a 2 t o  1 r e l a t i o n s h i p  between t h e  two methods. 

Due t o  t h e  p r o f i l e  o f  our  steam requirement f o r  hea t ing  and p l a n t  production processes ,  

we found t h a t  we only  a r e a b l e  t o  genera te  approximately one-fourth of  ou r  t o t a l  

e l e c t r i c a l  requirements.  

I 

A s  with t h e  case  of  our  comprehensive energy-conservation s tud ie s ,  t hese  a l t e r n a t e  

energy s t u d i e s  a r e  i n  formal r epo r t  form; and we would be pleased t o  share  t h e  

I information with any o f  you who may be i n t e r e s t e d .  Again, p lease  see e i t h e r  me o r  

I 
I M r .  Johnson. 

Conclusion 

In conclusion, l e t  me say t h a t  we a r e  moving forward wi th  an aggressive program f o r  

conservat ion and conversion t o  t h e  more abundant types  of f u e l .  .We see  ourse lves  

i n  t h e  r a t h e r  unique pos i t i on  o f ,  not  only r ep re sen t ing  t h e  Energy agency, but  more 

important ly,  having a foot  al'so p lan ted  f i rmly  i n  t h e  i n d u s t r i a l  world. We, thus ,  

I bel ieve  t h a t  we may have something spec i a l  t o  o f f e r  i n  t h e  way o f  information and, 

hopefully,  e x p e r t i s e  i n  t h i s  a rea .  We hope . to  be a b l e  t o  exchange t h a t  information 

with a l l  governinent agencies ,  and hopeful ly,  with t h e  i n d u s t r i a l  consumer, a s  wel l .  



One t h i n g  t h a t  you should keep i n  mind i n  what I have sa id  about cogeneration i s  

t h a t  t h e  National Energy Act inc ludes  an incen t ive ,  an investment c r e d i t  f o r  

- cogenerat ion t h a t  we d i d  not inc lude  i n  our  s t u d i e s .  (We weren't  su re  how t h e  

Government would g ive  i t s e l f  an investment c r e d i t . )  That c r e d i t  would, however, 

be a "plus" t o  you i n  your economics. There is  a p o t e n t i a l  0 f ' r e c e i v i n g . a ~  much 

a s  20% of prepaid t a x  on investment c r e d i t  i f  you a r e  an i n d u s t r i a l  customer. Even 

without t h a t ,  our  own s t u d i e s  i nd ica t ed  t h a t  t h e r e  i s  a cos t  bene f i t  t o  us  i n  doing 

t h e  cogeneration. Accordingly, we be l i eve  t h a t ,  given t h e  proper cooperat ion between 

i n d u s t r i a l  p l a n t s ,  which could u t i l i z e  energy i n  t h e  form of  processed steam, and t h e  

u t i l i t i e s  t h a t  se rve  them, t h e r e  would be a g rea t  p o t e n t i a l  f o r  saving f o s s i l  f u e l  
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I AM VERY PLEASED TO B E  HERE TODAY TO ADDRESS T H I S  

SYMPOS I UM , , , , THE W I S E  USE OF ENERGY, AFTERALL, I S  I N D I S P U T A B L Y  

THE N A T I O N ' S  MOST PRESSING PROBLEM, , , ,AND I HAVE BECOME V E R Y  MUCH 

AWARE, BOTH I N  MY P O S I T I O N  AS PRESIDENT OF THE N A T l O N A L  I S S U E S  

COUNCIL AND I N  MY RECENT C A P A C I T Y  AS GOVERNOR OF A MAJOR ENERGY 

PRODUCING STATE, OF THE VAST IMPORTANCE THAT E F F I C I E N T  ENERGY 

MANAGEMENT WILL PLAY I N  THE FUTURE OF T H I S  COUNTRY, 

I SEE B Y  THE ROSTER OF SPEAKERS A T  T H I S  SYMPOSIUM THAT 

I T  INCLUDES MANY OF THOSE WHO WILL B E  P L A Y I N G  A KEY ROLE I N  OUR 

ENERGY FUTURE , TO A GREAT EXTENT, I T  WILL B E  UP TO THE P U B L I C  

U T I L I T I E S  AND ENERGY MANAGEMENT. DESIGNERS TO PLOT THE MOST 

P R A C T I C A L  WAYS FOR A L L  OF US TO MAKE THE B E S T  OF THE L I M I T E D  

S U P P L I E S  OF OUR ENERGY RESOURCES, I D 0 N " T  ENVY THE HEAVY 
. 

R E S P O N S I B I L I T Y  THAT RESTS ON YOUR SHOULDERS, , . ,BUT A T  L E A S T  

THERE I S  NO QUESTION I T  WILL B E  AN E X C I T I N G  CHALLENGE, 

I WANT TO SAY A T  THE OUTSET THAT I HOPE YOU HAVE ENJOYED 



YOUR LUNCH BECAUSE WHAT I AM GOING TO SAY MAY NOT S I T  TOO WELL . 

WlTH SOME OF YOU, I RECOGNIZE, HOWEVER, THAT T H I S  I S  A 

T H I N K  SESSION AND EVERYONE PRESENT SHOULD BE INTERESTED I N  

DEVELOPING NEW AND CREATIVE IDEAS, EVEN I F  THEY ARE CONTROVERSIALa 

I 

REHASHING OPTIONS WILL BE YOUR TASK I N  THE NEXT FEW DAYS AND, I 

I F  ANYTHING, I HOPE TO INCREASE YOUR APPETITE FOR AN OPEN 

DISCUSSION OF THE ISSUES,  PLEASE CONSIDER THESE WORDS AS SOME 

THOUGHTS TO CHEW ON , , I PROMISE, ANY REQUEST FOR A F U L L  
p 

DIGESTING PROCESS WILL BE CONFINED TO YOUR LUNCH, 
b 

THERE ARE TNO VERY IMPORTANT ENERGY CONSERVATION CONCEPTS 

THAT I D0N"T  T H I N K  THE COUNTRY---PUBLIC OR P R I V A T E  SECTOR--- 

HAS GRASPED, THE F I R S T  I S  THAT E F F I C I E N T  USE OF EPiERGY SAVES 

MONEY AND RESOURCES FOR EVERYONE AND FOR THE FUTURE a , , , ,WE ARE 

S T I L L  BEING MOLDED AND MOVED BY THE OUTDATED NOTION THAT ENERGY 

I S  CHEAP AND A V A I L A B L E  FOR ANY PURPOSE,, a ,AND WE HAVE A LONG WAY 

TO GO BEFORE THERE I S  RECOGNITION OF THE TRUE VALUE OF ENERGY 

RESOURCES, C 

THE SECOND CONCEPT I S  THE AWARENESS .THAT DECIS IONS FOR 
I 

P R I O R I T I E S  I N  ENERGY USE MUST BE J O I N T L Y  UNDERSTOOD AND MADE BY 



THE PRODLiCER AND CONSUMER,. WE CANNOT' CONTINUE TO FUNCTION 
b 

WITH OUR DEMOCRATIC T R A D I T I O N S  OF FREE CHOICE UNLESS ALL 

-. SEGMENTS OF SOCIETY P A R T I C I P A T E  I N  D E C I S I O N S  OF E F F I C I E N T  ENERGY 

USE , THAT MEANS SHARING I N  THE NECESSARY PROCESS OF D E C I D I N G  

THE P R I O R I T I E S  FOR ENERGY USE, 

LET.'S FACE I T ,  8 ,  , I N  TERMS OF REAL ENERGY CONSERVATION, 

I THE COUNTRY HAS F A L L E N  F L A T  ON I T S  FACE,  , , ,WE'VE BECOME ADDICTED 

TO FREE AND EASY ACCESS. TO ENERGY AND WE CAN'T SHAKE THE H A B I T ,  

THE BAROMETER MEASURING OUR ENERGY " C R I S I S "  OVER THE 

I PAST F I V E  YEARS HAS BEEN THE GROWING DEPENDENCE ON FOREIGN O I L ,  

WE HAVE TO RELY ON IMPORTS FOR OVER 40 PERCENT CF OUR D A I L Y  O I L  

CONSUNPTION 8 0 n ,AND THAT QUOTA THREATENS TO INCREASE TO OVER 50 

PERCENT BY 1985, 

THE RECENT DISCOVERY OF O I L  I N  MEXICO ADDS TO WORLD 

1 . '  S U P P L I E S ,  , , ,BUT OUR POSTURE I N  YEARJ'S PAST DOESN'T PUT US I N  THE 

DR l V E R  'S  SEAT,  AS A FR I E N D L Y  NEIGHBOR , OUR TRADE AGREEMENTS 

SHOULD HAVE BEEN AUTOMATIC, , , , INSTEAD WE HAVE .NOT TAKEN MEXICO 

AND OTHER DEVELOP I NG COUNTRIES SERIOUSLY, REGARD I NG THEM ONLY 

A S  A PLACE TO VACATION AND E X P L O I T ,  NOW WE'RE GOING TO SUFFER 



FOR THE LACK OF RESPECTABLE RELATIONS,  

NOW, ALSO, THE DRAMATIC CHANGE OF EVENTS I N  I R A N  
- 

PROMISES TO R E S T R I C T  OUR S U P P L I E S  TO AN EVEN MORE DANGEROUS 

DEGREE , 

TH R E L I A N C E  POSES A CONSIDERABLE THREAT TO OUR ECONOMY 

, , , , E S P E C I A L L Y  WHEN THE N A T I O N  R E L I E S  ON O I L  AND GAS FOR OVER 

75 PERCENT OF I T S  ENERGY NEEDS, AND FOR STATES L I K E  TEXAS, 

THE R E L I A N C E  I S  EVEN GREATER S I N C E  T H I S  STATE HAS DEPENDED ON 

O I L  AND GAS FOR OVER 95 PERCENT OF I T S  ENERGY, 
i 

D E S P I T E  RECOGNITION OF THE DANGERS OF T H I S  DEPENDENCE, 

THE NATION CONSUMED 10 PERCENT MORE ENERGY DURING THE F I R S T  

QUARTER OF' 1978 THAN THE L A S T  QUARTER OF 1977, o ,PRODUCED 9 PERCENT 

L E S S  ENERGY SAND IMPORTED 5 PERCENT MORE ENERGY, THE SECOND 

QUARTER OF 1978 GAVE A HEALTHIER P I C T U R E  I N  TERMS OF INCREASED 

DOMESTIC PRODUCTION AND DECREASED CONSUMPTION AND IMPORTS, B U T  

THE C O N D I T I O N  OF DEMAND EXCEEDING SUPPLY S T I L L  E X I S T S ,  

EXPERTS SAY THAT DOMESTIC O I L  AND GAS S U P P L I E S  HAVE BEEN 

S T E A D I L Y  D E C L I N I N G  A T  ABOUT 6 PERCENT A YEAR ,AND I T  I S  

EST IMATED THAT THESE RESOURCES WILL B E  LARGELY DEPLETED B Y  THE 
-4- 



DOMESTICALLY AND D I M I N I S H  THE NEED TO IMPORT RESOURCES, WE WILL 
. 

S T I L L  SEE OUR RESOURCES BE DRASTICALLY REDUCED I F  WE KEEP UP THE 

I PACE OF ENERGY CONSUMPTION, 

.EVEN T H I S  "IMPORT BAROMETER" F A I L S  TO GAUGE THE 

I '  SEVERITY OF THE PROBLEM, ,BECAUSE EVEN I F  WE PUT SOME BREAKS ON 

OUR' RATE OF CONSUMPTION, OTHER INDLiSTRIALIZ,ED NATIONS ARE 

I . CONTINUING TO INCREASE THEIR CONSUMPTION, , , ,AND THE CURRENT HIGH 

I RATES OF F O S S I L  FUEL CONSUMPTION I N  DEVELOPED COUNTRIES M I L L  
L. 

REDUCE THE A V A I L A B I L I T Y  OF THESE RESOURCES FOR T'HIRD WORLD 

COUNTRIES , I N  A D D I T I O N  TO THE MORAL CONSIDERATION OF DENYING 

THOSE COUNTRIES ACCESS TO F O S S I L  FUELS, THERE I S  THE THREAT THEY 

WILL USE OTHER VALUABLE RESOURCES AS LEVERAGE TO DEMAND A GREATER 

- SHARE OF E X I S T I N G  WORLD SUPPLIES OF F O S S I L  FUELS, SUCH 

TR'ADEOFFS' WOULD ACT TO COMPOUND THE B I N D  PUT ON THE U,S,  BY 

DEPENDENCE ON O I L  IMPORTS, 

~ *, I, MYSELF, DON'T T H I N K  THE THIRD WORLD1.S C R I T I C I S M  OF THE 

I 

GREED OF DEVELOPED COUNTRIES I S  U N J U S T I F I E D ,  HERE WE ARE--- 

A NATION R I C H  I N  NATURAL RESOURCES, HIGHLY AEVANCED I N  OUR 



TECHNOLOGY AND SKILLS- - -HAVI  NG TO REQUIRE OVER 35 PERCENT -OF THE ~ 
* 

WORLD'S RESOURCES FOR LESS THAN 6 PERCENT OF .THE WORLD'S 

POPULATION , , , , I DON'T T H I N K  THAT'S AN ACHIEVEMENT TO BE PROUD OF - 

, , , ,AND I T H I N K  WE HAVE THE POTENTIAL, PROVIDED WE HAVE THE 

COMMITMENT, TO L I V E  WITH I N REASONABLE BOUNDAR I E S  OF ENERGY 1 

CONSUMPTION WITHOUT DRAMATICALLY CHANGING THE WAY WE L I V E ,  

THERE HAS BEEN A TENDENCY FOR SOME TO CONSIDER ENERGY 

CONSERVATION AS BEING SYNONYMOUS WITH ECONOMIC DECLINE,  , , , 

1 I T H I N K  THAT ATTITUDE AMOUNTS TO A F A I L U R E  TO UNDERSTAND A B A S I C  

PR I NC I P L E  OF ENERGY E F F I C I E N C Y  , AND, I N  FACT, I B E L I E V E  THE 
a 

OPPOSITE I S  TRUE, 8 ,THAT E F F I C I E N T  USE OF ENERGY CAN BRING ABOUT 

HEALTHIER ECONOMIC CONDITIONS I F  I T  I S  REGARDED AS REDUCING WASTE 

AND IMPROVING E F F I C I E N C Y  I N  THE PRODUCTION AND END-.USE OF EfiERGY, 

SOME HAVE THE ATTITUDE THAT ENERGY CONSERVATION I S N ' T  

GOOD FOR BUSINESS,  , , ,THAT I F  WE CAN'T USE OUR ENERGY RESOURCES 

WITH COMPLETE FREEDOM, WE ARE HURT1 NG THE ECONOMY, , , I SUSPECT 

THAT UNDERLYING SOME PUBLIC-  U T I L I T Y  3ECISPONS BEATS THE RELUCTANT - 

HEARTS OF SOME WHO SECRETL.Y FEEL THAT CONSERVATION WILL SPELL A 

DRASTIC DECLINE FOR THE ECONOMY, 8 8 ,OTHERS MAY FEEL THAT ENERGY 
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. CONSERVATION WILL HAVE A NEGATIVE IMPACT ON EMPLOYMENT, , , ,OR 

S T I L L  OTHERS MAY SEE CONSERVATION AS ONLY A TEMPORARY EXPEDIENT 
4. 

U N T I L  NEW ENERGY ALTERNATIVES BECOME AVAILABLE,  

I T H I N K  THESE ATTITUDES CONFUSE ENERGY CONSEkVATION WITH' 

LOSS OF PRODUCTION, S C I E N T I S T S  T E L L  ME ENERGY I S  NEVER LOST OR 

I FULLY CONSUMED, a ,THOUGH I T  MAY b E  CONVERTED INTO HIGHER OR LOWER 

LEVELS AND MAY PRODUCE AN UNWANTED BYPRODUCT SUCH AS D I R T Y  A I R  

4 OR BAD WATER , SO WE SHOULD T H I N K  OF CONSERVATION AS PROPER USE 

OF ENERGY AS I T  I S  TRANSFORMED FROM ONE FORM TO ANOTHER,, , ,WE 
L 

SHOULD T H I N K  OF POLLUTION AS AN ENERGY COST WHEN CONSIDERING THE 

NEED FOR NEW GENERATING CAPACITY n n a n WE SHOULD T H I N K  OF CONSERVATION 

DESIGN FOR FUTURE USE OF ANY ENERGY SOURCE AND NOT JUST FOR THE 

SHORT TERM, - 

INSTEAD OF REGARDING CONSERVATION AS A LOSS OR REDUCTION 

OF OUTPUT, WE SHOULD CONSIDER I T  AS MORE MILEAGE OUT OF LESS ENERGY n 

I N  THAT SENSE, WE DERIVE MORE RATHER THAN LESS B E N E F l T  FROM 

E F F I C I E N T  ENERGY USE AND IMPROVED COMFORT AND A HIGHER Q U A L I T Y  OF 



L I F E  RATHER THAN SACRIF ICES,  

AN IRANIAN---OF A L L  PEOPLE---ONCE TOLD ME THAT HE D I D N ' T  

. 
T H I N K  GOD MEANT US TO BURN O I L , ,  , ,THAT WE SHOULD SAVE I T  FOR OTHER 

THINGS , 1 

TRADIT IONAL ENERGY CONSERVATION CONCEPTS HAVE LARGELY ~ 
FOCUSED ON THE CONSUMER, ENERGY O F F I C I A L S  HAVE BEEN T E L L I N G  ~ 
BUSINESS AND R E S I D E N T I A L  CONSUMERS THAT THEY CAN SAVE MONEY ON ~ 
THEIR U T I L I T Y  B I L L S  BY VOLUNTARILY IMPLEMENTING ENERGY SAVING 

(,# 

MEASURES, 
it 

A CERTAIN AMOUNT OF PROGRESS HAS BEEN MADE I N  PROGRAMS 

S\!CH AS WEATHERIZATION AND APPLIANCE E F F I C I E N C Y ,  ; , ,BUT, OVERALL 

CONSUMPTION RATE FIGURES SHOW THAT PROGRESS HAS BEEN SLOW,, , , 

AND I THINK THERE ARE BASICALLY THREE M A I N  REASONS WHY T H I S  I S  

THE CASE,, , , 
r 

THE F I R S T  I S  THAT GOVERNMENT DECIS IONS AND U T I L I T Y  
, 

PRACTICES HAVE BEEN SLOW I N  BACKING UP THESE VOLUNTARY ACTIONS 

WITH ECONOMIC INCENTIVES,  SOME OF T H I S  F A I L U R E  I S  DUE TO THE i 

SLUGGISHNESS OF CONGRESS TO BACK A NATIONAL ENERGY PLAN, ,  , ,SOME 
I 

I S  DUE TO BUREAUCRATIC REDTAPE, , , ,AND SOME SIMPLY TO A WEAK 



COMMITMENT TO TRUE ENERGY CONSERVATION, 

WE CAN'T EXPECT BUSINESS PEOPLE OR HOMEOWNERS TO PUT 

I' -> 

TO0 MUCH STOCK I N  A NATIONAL CONSERVATION EFFORT WHEN THEY ADOPT 

CONSERVATION MEASURES AND THEN SEE T H E I R  U T I L I T Y  RATES CONTINUE 

TO R I S E  AND THE PROMISED TAX I N C E N T I V E S  F A I L  TO M A T E R I A L I Z E ,  

THE SECOND REASON FOR POOR PROGRESS I S  THAT THE BRUNT OF 

PLANS, ASS I STANCE AND I N C E N T I V E S  FOR ENERGY CONSERVATION HAVE BEEN 

t i  CONFINED TO A FEW SECTORS OF THE ECONOMY , TRAI iSPORTATIO l ,  . FOR 

EXAMPLE, I S  ONE OF THE MAJOR ENERGY USERS- I N  THE N A T I O N ,  , , , Y E T  
i 

THERE I S  NO RECOGNIZABLE CONSERVP.TION PLAN A T  THE NATI'ONAL L E V E L  

~ THAT WOULD B R I N G  ABOUT ANY SIGNIFICANT ENERGY E F F I C I E N C Y ,  

~ ENERGY MAY B E  THE HOTTEST I S S U E  TODAY , 8 , ,BUT WE DON'T EVEN 

~ CONSIDER WHAT MAKES UP COMPLETE ENERGY USE ENERGY COSTS OF 

~ TRANSPORTATION OR HEAT1  NG A B U I L D I N G  OR USING ' AN APPL IANCE ARE 

COMMONLY USED WITHOUT CONSIDERING THE COSTS OF B U I L D I N G  A CAR OR 
< 

CONSTRUCTING A B U I L D ' I N G  OR MANUFACTURING THE A P P L I A N C E  8 1 ,AND I F  

- ENERGY MANAGERS AND PLANNERS DON'T SPEAK P U B L I C L Y  I N THOSE TERMS, 

THEN CONSUMERS ARE C E R T A I N L Y  NOT GOING TO MAKE T H E I R  ENERGY 

PURCHASES I N  THOSE TERMS, 



THE THIRD MAJOR REASON FOR LACK OF PROGRESS I N  CONSERVATIOI. 

I S  THE F A I L U R E  TO SET P R I O R I T I E S  OF ENERGY USE AND TO MATCH FUEL 

SOURCES WITH APPROPRIATE USES, WE'RE GOING AHEAD WITH INCREASED 

GENERATING CAPACITY WITHOUT CONSIDERING WHERE THE ENERGY I S  GOING 8 

NECESSIT IES SUFFER ALONG WITH WASTEFUL CONVENIENCES I N  THE CHAOS 

OF CONSUMING EVERY GOOD OR SERVICE MADE A V A I L A B L E  BECAUSE OF CHEAP 

ENERGY 8 

, , ,BUT WE CAN DO SOMETHING ABOUT SUCH WASTEFUL PRACTICES 

I N  THE FUTURE, 

MUCH OF THE TRANSIT ION TO E F F I C I E N T  ENERGY USE CAN COME 

THROUGH A CHANGE I N  TECHNOLOGY 8 T H I S  I S  NOT TO SUGGEST WE SCRAP 

TECHNOLOGY 8 8 ONLY THAT WE ADAPT TO MORE E F F I C I E N T  ENERGY PRACTICES a 

I T  MIGHT BE INTERESTING TO SOME OF YOU HERE THAT A 1977 

FEDERAL REPORT RANKED ELECTR I C  U T I L I T I E S  SECOND AND GAS U T I  L I T 1  ES 

T H I R D  I N  IMPORTANCE I N  THE L I K E L I H O O D  THAT A CHANGE I N  TECHNOLOGY 
3 

WOULD S I G N I F I C A N T L Y  AFFECT TOTAL U , S , ENERGY CONSUMPTION , , , , 

THAT SHOULD MEAN A LOT OF WORK FOR THE ENERGY MANAGERENT DESIGNERS A 

GATHERED HERE FOR T H I S  SYMPOSIUM, 



I T H I N K  WHAT WE'RE R E A L L Y  T A L K I N G  ABOUT HERE 1s A 

REORDERING OF OUR T H I N K I N G  ABOUT THE V A L U E  OF ENERGY a PERHAPS 

E V E N  AN OVERHAUL OF OUR ECONOMIC VALUES , I N  TERMS OF  T H E  RESOURCES 

T H A T  KEEP T H I S  S O C I E T Y  MOVING FROM ONE DAY TO T H E  NEXT ,  

MAYBE I T  B O I L S  DOWN TO D E C I D I N G  WHETHER WE WANT TO C O N T I N U E  

W I T H  A CAREFREE A P P L I C A T I O N  OF  ENERGY a , W I T H  A THROW-AWAY S O C I E T Y  

, , , , W I T H  DEMAND C O N T I N U I N G  TO EXCEED SUPPLY  U N T I L  THE  P O I N T  WHERE 

FORCED SHORTAGES T A K E  A MUCH GREATER T O L L  THAN THEY DO NOW, , ,  , 

OR' WHETHER WE WANT TO STOP AND CONSIDER E F F I C I E N T  ENERGY USE A S  

A BETTER ECONOMIC I NVESTMENT , 

WHEN YOU T H I N K  ABOUT I T ,  WE R E A L L Y  HAVE NO C H O I C E  I N  THE  

LONG RUN, ,  , , B U T  T H E  LONGER WE DELAY, THE  NORE S E R I O U S  THE ECONOMIC 

CONSEQUENCES 1 PERHAPS TO T H E  P O I N T  WHERE OUR WHOLE ECONOMIC. 

SYSTEM I S  I N  JEOPARDY,  ,BECAUSE I F  WE DON'T  S E T  ENERGY P R I O R I T I E S  

KOW, FORCED C U R T A I L M E N T  OF ENERGY USE MAY B E  SUCH A D I S T U R B I N G  

SHOCK OF SUCH MAGNITUDE T H A T  THE  ECONOMY MAY NOT RECOVER, 

AND T H E  R E S U L T  MAY BE T H E  L O S S  OF MANY OE T H E  ECONOMIC FREEDOMS 

WE KNOW TODAY I N  A N  EFFORT J U S T  TO MEET OUR S U R V I V A L  NEEDS, 

I F  THERE ARE THOSE T H A T  T H I N K  THAT-  W I S E  ENERGY USE NOW WILL R E S T R I C T  

- -11- 



FREEDOMS, CONSIDER WHAT WILL TAKE PLACE UNDLR FORCED CURTAILMENTS, 
4 

I DON'T T H I N K  THERE'S ANY DOUBT THAT I F  WE HAVE A S I T U A T I O N  

WHERE DEMAND EXCEEDS SUPPLY, THAT SOME OF THE DEMAND HAS TO SUFFER, 
,A. 

1 8 8 I T ' S  NOT A QUESTION OF WHETHER OR NOT TO SET ENERGY P R I O R I T I E S  

, , , , I T ' S  A QUESTION OF HOW TO SET P R I O R I T I E S  AND WHERE TO SET - -- 

P R I O R I T I E S  I 

THE MATTER OF WHERE TO SET P R I O R I T I E S  I S  PROBABLY THE MOST 

TROUBLESOME TASK, a ,WHICH I S  WHY WE SHOULD GET DOWN TO THE BUSINESS 
A 

OF DOING SO WITHOUT DELAY , AND WE CAN START WITH THE ASSUMPTION 
h 

THAT WE HAVE TO CURB DEMAND.. WHETHER AT THE BURNER-TIP OR THE 

END 'USER OR AT THE MANUFACTURING END THROUGH THE P R I C E  OF THE RAW 

PlATER I A L  I SUSPECT WE WILL HAVE TO COVER A L L  OF THE AREAS 

WHERE ENERGY I S  LEAKING OUT WASTEFULLY TO HAVE A MEANINGFUL IMPACT. 

FRANKLY, I T H I N K  THE T I M E  HAS COME TO WEIGH AND COMPARE 

THE BENEFITS OF EN,ERGY CHOICES BEFORE THEY REACH THE CONSUMER, 
9 

WE HAVE TO S E L L  THE I D E A  OF ENERGY CONSERVATION AS WE WOULD S E L L  

TOOTHPASTE OR BATH SOAP AS A CONSCIOUS D A I  L Y  EXERCISE , a. 

MAKING ENERGY CHOICES BEFORE .PRODUCTION PROBABLY BEG I N S  

WITH PUTT1 NG A R E A L I S T I C  P R I C E  ON OUR NATURAL RESOURCES o 0 1 SOONER 
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OR LATER SOME VALUE JUDGMENT HAS TO BE MADE ON THE EMPLOYMENT 

OF ENERGY RESOURCES 1 1 1 1 AND. G IVEN THE RIGHT FORMAT AND VEHICLE 

3 

FOR PRODUCERS AND CONSUMERS, I T H I N K  A PROCEDURE CAN BE ESTABLISHED 

TO MAKE VALUE JUDGMENTS 

PERHAPS SUCH A PROCESS WOULD EXAMINE AND WEIGH 

THE HIGH ENERGY COSTS OUR THROW-AWAY SOCIETY HAS P.LACED ON 

CONVENIENCE ITEMS I ON NEEDLESS PACKAGING AND ON OTHER PROCESSES 

THAT USE TRENENDOUS AMOUNTS OF ENERGY BUT DO NOT CONTRIBUTE ANYTHING 
4 

SUBSTANTIAL TO OUR \ /ELL-BEING 1 1 1 1 PERHAPS I T  WOULD RE-EXAM1 NE THE 
r )  

NEED FOR A L L  OF THE KNICK-I(NACKS AND GADGETS ANT! DISPOSABLE ITEMS 

THAT ONLY RECENTLY HAVE BEEN MADFiAVAILABLE TO OUR SOCIETY BECAUSE 

OF CHEAP ENERGY 

AS CHAIRMAN OF THE PRESIDENT'S COUNCIL ON PHYSICAL F I T N E S S  

AND SPORTS, I CAN T E L L  YOU THAT PROPER EXERCISE FOR PHYSICAL 

FITNESS DOESN'T REQUIRE HEAVY EXPENDITURES OF ENERGY FOR EQUIPMENT. 

,AND THERE ARE MANY LEISURE AND RECREATIONAL A C T I V I T I E S  THAT ARE 

I - HEALTHY AND S A T I S F Y I N G  BUT DO NOT CONSUME A LOT OF ENERGY I N  TERMS 

OF RESOURCES 



BY THE TIME AN ENERGY PRODUCT OR SERVICE REACHES THE 
4 

CONSUMER, MUCH OF THE ENERGY HAS ALREADY BEEN SPENT,, , ,AND I F  
& 

THERE ARE NO RECYCLING MEASURES BUILT INTO THE SYSTEM, THE RESOURCE 

HAS REACHED A DEAD-END THAT I S  LIKELY TO GO UP INTO SMOKE AND 

CONTRIBUTE TO THAT TROUBLESOME POLLUTION BYPRODUCT, 

ECONOMISTS TOLD US YEARS AGO THAT RECYCLING WOULD NOT 

ENJOY WIDESPREAD USE UNTIL THE RAW MATERIAL BECOMES SCARCE ENOUGH 

TO JUSTIFY IT, IN MANY CASES, THE RAW MATERIAL IS STILL READILY 
I *  

AVAILABLE AND AT A FAIRLY CHEAP PRICE BUT THAT DOESN'T TAKE INTO 
L 

ACCOUNT THE ENERGY FACTOR , 

MANY OF US F A I L  TO SEE: THE INTER-RELATIObSHIP OF ENERGY 

RESOURCES WITH OTHER RESOURCES, WE AS. CONSUMERS---AND SOMETIMES 

WE FORGET WE ARE ALL CONSUMERS---FAIL TO SEE THAT THERE I S  A HIGH 
J 

ENERGY COMMITMENT AND COMPONENT OF EVERY GOOD AND SERVICE,, 8 8 

THAT THE TRANSFOR.MATION OF RESOURCES HAS ALL SORTS OF LITTLE 
I 

ENERGY I NTER-TIES , 

ADMITTEDLY THE CONTINUAL ENTERTAINMENT OF SUCH A CONCEPT - 

I S  VIRTUALLY IMPOSSIBLE , WE'D BE SPENDING ALL OF OUR TIME 



- EVALUATING THE ENERGY INPUT OF EVERYTHING WE D I D  OR CONSUMED, 

, , , ,BUT I T  WOULDN'T HURT TO P.EMOVE THE RLINDERS NOW AND THEN TO 
& 

CONTENPLATE THE' ENERGY EXPENDITURES FOR T H I S  OR THAT PRODUCT OR 

SERVICE, 

MANY ENERGY O F F I C I A L S  ARE NOW SAYING THAT ENERGY CONSERVATION 

I S  A MATTER OF I N D I V I D U A L  COMMITMENT, , , ,THAT THE P U B L I C  HAS TO BE 

CONVINCED OF THE NEED TO CONSERVE, 

'a I THINK THERE I S  A GREAT DEAL OF TRUTH TO T H I S  NEED BUT 

I ALSO T H I N K  I T ' S  A CASE OF PASSING THE BUCK, U N T I L  ENERGY 
L 

RESOURCES ARE DEMONSTRATED TO BE VALUABLE, THE CONSUMER WILL BE 

.RELUCTANT TO CONSERVE I N  A L L  BUT A FEW NARROW AREAS THAT OFFER 

IMMEDIATE MONETARY REIMBURSENENT, , , , PEOPLE S IMPLY DON'T CONSERVE 

AND USE E F F I C I E N T L Y  WHAT I S  NOT REGARDED AS VALUABLE 

AS ONE WHO HAS HAn H I S  SHARE OF HEARING P U B L I C  PLEAS AND 

~ - COMPLAINTS 1 I T H I N K  THE P U B L I C  HAS BEEN CONFUSED BY A LACK OF 

~ COMMITMENT T o  MEAN I NGFuL coNsEP..vATIoN , SOME FEEL THAT THE SO-CALLED 

"ENERGY C R I S I S "  I S  A FRAUD AND THAT LARGE CORPORATIONS ARE MERELY 

HOLDING BACK SUPPLIES TO MAKE A BIG.GER PROFIT ,  a ,OTHERS F E E L  THAT 



THE TECHNOLOGY THAT GOT US TO THE MOON WILL GET US OUT OF THE 

"TEMPORARY" ENERGY CR I S  I S  , 

THERE I S  NO QUESTION THAT WE NEED SOME DECIS IONS AT THE 

NATIONAL LEVEL OF ENERGY DIRECTIONS, OPTIONS, T I M E  FRAMES AND 

COMMITMENTS , , , , WE HAVE BEEN THE V I C T I M S  OF TOO MUCH ILL-CONCE I V E D  

AND LEGISLATION,  TOO MUCH VACILLATION,  TOO MANY P O L I C Y  

REVERSALS AND SWITCHBACKS AND, , ,ABOVE A L L ,  , , ,TOO MUCH RHETORIC 

AND hOT ENOUGH ACTION , e 

I B E L I E V E  THAT P U B L I C  U T I L I T I E S  ARE GOING TO HAVE TO 

RESTRUCTURE THEIR T H I N K I N G  ABOUT THEIR ROLE I N  ENERGY MANAGEMENT , 

, , , ,THEY WILL HAVE TO T H I N K  I N  TERMS OF E F F I C I E N T  ENERGY USE 

RATHER THAN AN UNCONDITIONAL COMMITMENT TO ENERGY SUPPLY,, , , 

THEY WILL ALSO HAVE TO RECOGNIZE THAT R I S I N G  ENERGY COSTS W1L.L HAVE 

UNEQUAL IMPACTS ON. DIFFERENT SEGMENTS OF THE POPULATION,,  , , 

AND THAT DIRECT ENERGY COSTS TAKE A BIGGER B I T E  OF THE BUDGETS OF 

LOW- INCOME HOUSEHOLDS, 

COSTS ARE R I S I N G  FOR AMERICANS I N  A L L  AREAS OF THE ECONOMY , 

, , , ,AND MUCH OF T H I S  INFLATIONARY S P I R A L  I S  AN INDIRECT RESULT 



OF ENERGY SHORTAGES 1 1 1 0 UNFORTUNATELY , CONSUMERS OFTEN DON'T SEE 

THE CONNECTION . 
a 

SOMETIME I N  THE FUTURE, WE MIGHT ALSO HAVE TO CONSIDER A 

DIFFERENCE I N  P R I C E  OF THE RAW M A T E R I A L  THAT GOES TO A NECESSITY  

I T E M  AS OPPOSED TO THE SAME RAW M A T E R I A L  THAT MIGHT BE D IRECTED TO 

A CONVENIENCE OR D ISPOSABLE I T E M .  T H I S  MAY B E  REGARDED AS A 

L I M I T I N G  OF CHOICE. :  0 .BUT I F  WE GET TO THE P O I N T  OF A C R U C I A L  

SHORTAGE OF ENERGY SOURCES, I T  WOULD B E  BETTER TO L I M I T  OUR CHOICES 

WISELY THAN HAVE AN OVERALL DEVASTATING EFFECT ON THE ECONOMY 1 1 1 8 

A 

A C O N D I T I O N  WHERE EVERYONE SUFFERS 8 

I DON'T WANT TO PROJECT' THE IMPRESSION OF A.DOOMSDAY 

PHILOSOPHY I N  TERMS OF ENERGY S U P P L I E S  . HOPEFULLY WE WON'T HAVE 

TO EXERCISE S T R I C T  OR L I M I T I N G  PRACTICES THAT I M P I N G E  ON OUR 

ENERGY CHOICES 8 AND I KNOW WE FACE A B R I G H T  FUTURE I N  .THE 

LONGTERM OF NEW AbD E X C I T I N G  ENERGY ALTERNATIVES EVEN BEYOND SOLAR, 

WIND, COAL G A S I F I C A T I O N ,  NUCLEAR AND GEOTHERMAL OPTIONS.  . . . 
BUT I ,TH.INKI WE SHOULD B E  PREPARED FOR T H E .  FUTURE AND 

PARTICULARLY FOR EMERGENCY S I T U A T I O N S  1 0 1 ,AND DO SO I N  A MAN.NER 
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THAT WILL DO THE LEAST HARM TO OUR ECONOMY AND DEMOCRATIC TRADITIONS. * 

, , , , I DO KNOW, HOWEVER, THAT EFFICIENT ENERGY USE I S  NOT - 
A TEMPORARY NEED NOR A PASSING PHENOMENON. WHATEVER FUTURE 

ENERGY ALTERNATIVES WE ADOPT s ,AND I N  THEIR TURN, LEAVE BEHIND 

, , , ,ALL WILL REQUIRE EFFICIENT MANAGEMENT AND DESIGN, , , , 

AND YOU CAN CERTAINLY COUNT ON THE FACT YOUR WORK WON'T END WITH 

THIS SYMPOSIUM OR LONG AFTER I T ,  

WE'VE REACHED A MAJOR HISTORICAL INTERSECTTON I N  THE TIME I- 

FRAMES OF AVAILABLE ENERGY RESOURCES,, , ,THE ROAD BEHIND US LEFT 
L 

, 

A PLENTIFUL CHOICE OF ENERGY RESOURCES AND MEANT UNRESTR ICTED 

GROWTH a ,THE ROAD AHEAD WILL REQUIRE SOME WISE DECISIONS 

UNPRECEDENTED I N  HISTORY , 

LET'S NOT HAVE TO UNDERGO A CRASH DIET, , , INSTEAD, LET'S 

CHOOSE A HEALTHY DIET AND STICK TO I T  AS A DAILY ROUTINE THAT 

BECOMES A LIFESTYLE,, , , 

AND I WISH YOU THE BEST OF LUCK I N  YOUR DIFFICULT 

RESPONSIBILITY , - 1  



INTRODUCTION 

EARLE C. WILLIAMS 

PRESIDENT 
THE BDM CORPORATION 

AND - 
PRESIDENT 

THE NATIONAL COUNCIL OF PROFESSIONAL SERVICES FIRMS 

I am sure you r e c a l l  t h a t  t he  goal of P r o j e c t  Independence was t o  

re lease our  Country from the  jaws of p o t e n t i a l  economic blackmai l  imposed 

by increased balance o f  t rade d e f i c i t s  and t o  decrease our dependence on 

fo re ign  energy sources. This  .program was es tab l i shed a t  t he  he igh t  o f  

t h e  1973 o i l  embargo, and many suggested, t h a t  OPEC p r i ces  would decrease 

by 1980. I n  fact ,  we have doubled our  impor ta t ion  o f  o i l  s ince  t h a t  

t ime, and the  p r i c e  has s t e a d i l y  escalated. There seems l i t t l e  doubt 

t h a t  both t he  demand fo r  and the  pr. ice o f  o i l  w i l l  cont inue t o  increase 

a t  l e a s t  i n  t he  sho r t  term. 

Should we be concerned about t he  p r i c e  o r  absolute a v a i l a b i l i t y  o f  

t h i s  f i n i t e  resource? The Uni ted States has become the  most powerful 

e n t i t y  on the  p lane t  f o r  a v a r i e t y  o f  reasons, no t  the  l e a s t  o f  which 

was the  a v a i l a b i l i t y  o f  cheap and p l e n t i f u l  energy. Our Country consumes 

g rea te r  than 1 cubic  mile o f  o i l  annual ly.  To s t a t e  i t  another way -- 
i f  the  e n t i r e  popu la t ion  o f  the. e a r t h  were placed i n ' a  box, and i f  each 

person weighed anaverage o f  160 pounds; and i f  people were e n t i r e l y  o i l  

( r a t h e r  than 98 percent water) ,  t he  volume o f  t he  o i l  i n  t he  box would 

be 1/5 o f  a cubic  m i l e .  A thought should be g iven t o  theamount  o f  

organic  mat te r  and t ime requ i red  t o  produce t h i s  resource, bu t  undoubtedly 

I ' m  preaching t o  the  cho i r .  Your presence here today says tha t . you  are 
concerned about the  p r i c e  and a v a i l a b i l i t y  o f  oi.1 as w e l l  as o f  o ther  

energy sources. 



Since the 1973 event, we have a l l  heard many discussions of the 
energy c r i s i s .  Some have postulated that t h i s  i s  a l l  a conspiracy of 
the big gas and oi l  companies to  make larger profits.  Some have proposed 
taxes'on' energy to heighten the consciousness of Americans to  the c r i s i s  
and to  develop revenues for  "soci a1 ly desirable" programs currently 
unfunded or underfunded. 

Conspiracy theories and polit ical  schemes notwithstanding, our 
problem of energy consumption i s  real and i s  becoming increasingly 
serious. I suggest, .however, that  as .long as we can obtain gasoline a t  
a negligible price any time we wish to, or can maintain our thermostats 

a t  any desired sett ing as long as we can pay the monthly b i l l ,  the 
problem will not be recognized by most Americans. When the "brown outs" 
and non-avai labi 1 i ty of petroleum products begin to impact our 1 i f e  
s ty le  adversely in the mid-808s, we will react. I suggest that  we 
anticipate this  problem and, collectively,  look for  solutions. After 
a l l ,  technology got us into th is  -- can ' t  technology get us out? 

The solutions to  our energy problem l i e  in creating 'more of i t  and 
in using less.  For the former solution we can use a balanced combination 
of sources: nuclear, coal, hydroelectric, o i l ,  gas, and new alternative 
technologies (solar ,  OTEC,  wind, geothermal, etc.  ) . Even with this  
approach, i t  has been estimated that  by the year 2020 we will s t i l l  be 
importing a major fraction (15 to  30 percent) of our energy. Our  construc- 
tion practices and industrial processes (compared to those of the Europeans) 
are very wasteful of energy. Conservation methods m i g h t  make a s ignif i -  
cant market penetration i f  properly packaged, b u t  we s t i l l  are  faced 
w i t h  a formidable problem. 

Another sad s t a t e  of a f fa i r s  which i s  quite relevant to  the supply 
of energy concerns the United States '  nuclear energy posture. Our  
Country was the pioneer i n  the f ie ld  of nuclear energy. Today, because 
of licensing regulations, we require 11 years to  build a nuclear power 
plant that  can be bui l t  i n  4-1/4 years i n  Europe or Japan. This absurd 
situation exis ts  primarily because of Government regulations developed 
as a resul t  of pressures from environmental and anti-growth groups. 



I n  t he  20 years s ince the advent o f  the commercial nuclear power 

reac tor ,  we have experienced no accidents i nvo l v ing  p u b l i c  i n j u r y  from 

nuclear  r a d i a t i o n .  I n  the  same period, automobiles have k i l l e d  over . 
900,000 and i n j u r e d  an add i t i ona l  75 m i l l i o n  people, and our response 

I has been t o  debate the d e s i r a b i l i t y ,  f e a s i b i l i t y ,  and r e l a t i v e  cos t  o f  

var ious types o f  passive r e s t r a i n t s  t o  reduce i n j u r i e s  - when accidents 

occur. 

I t ' s  r e l a t i v e l y  easy t o  see the  impact o f  the var ious regu la t ions  

on both the  cos t  and increased consumption o f  energy. The Environmental 

P ro tec t i on  Agency (EPA) , the Federal Power Commission (FPC) , and the 

Mine Safety Act (MESA) have served t o  c lean up our environment and 

I reduce c e r t a i n  hazards -- but  a t  what cos t?  Should we r i s k  economic 

r u i n  and profound adverse i n t e r n a t i o n a l  ram i f i ca t i ons  unless abso lu te ly  

Fa T '  necessary? The chall'enge fac ing  us i s  t o  f i n d  an acceptable balance 

I between the  demands o f  our i n d u s t r i a l  and energy i n tens i ve  soc ie ty  and 

the  demands o f  t h a t  same soc ie ty  f o r  clean a i r  and water and f o r  occupa- ! t i o n a l  sa fe ty .  

I Many, perhaps most o f  us here today are  i n  some way i n  the profes- 

I, s iona l  services business. I inc lude i n  t h i s  desc r ip t i on  those who 

I' design o r  recommend con t ro l s  as we l l  as those i n  the a r c h i t e c t u r a l  and 

engineering professions. What i s  i t  t h a t  we can do f o r  our respect ive  

customers t o  prov ide b e t t e r  serv ices and t o  accelerate - the energy conser- 

va t j on  i ndus t r y?  

I suggest t h a t  we attempt t o  i d e n t i f y  and remedy those s i t u a t i o n s  

and circumstances t h a t  a re  obviously  energy wastefu l  today and t h a t  

requ i re  on l y  small t o  moderate c a p i t a l  investments i n  order  t o  achieve 

subs tant ia l  energy savings. To do t h i s  success fu l l y  requ i res  a, thorough 

understanding o f  n o t  bnly  t he  technology base from which we are working 

bu t  a l so  the  economics o f  the  s i t u a t i o n  under study. I n  represent ing a 

product, whether i t  be a new l i g h t i n g  concept, an environmental o r  

i n d u s t r i a l  c o n t r o l l e r ,  i nsu la t i on ,  an a r c h i t e c t u r a l  design, o r  a recovery 

technique, we'must convey t o  our customers an understanding o f  the  cost' 

savings (through tax  incent ives  and/or i n  d i r e c t  energy savings), the  



operations and maintenance experience (Including such things as mean 
time to fa i lure  of the various components), and in some cases, the 
psychological benefits of a given approach. 

As Americans and as professionals, we have a responsibility i n  th i s  
industry to drive these programs to and through imp1 ementation. We 
cannot just  s i t  back and l e t  the Federal Government do i t  through legisla- 
tion or direct  funding. That i s  not to say that h i g h  r isk innovative 
approaches should not proceed under the auspices of the Government, b u t  

we are the people, collectively,  who can make i t  happen. 
We also have a responsi bil i t y  to make reasonable profits while 

establishing this  industry. By "reasonable profits" I mean a f a i r  
return on our investment and our professional e f for t s ,  b u t  I specifically 
exclude from the definition the k i n d  of windfall profi ts  frequently 
associated with flim-flam ac t iv i t i e s ,  including the use of scare tac t ics ,  
unjustifiable appeals to patriotism for  sell ing purposes, misrepresenta- 
t ion, and fraud. In addition, we must pol ice ourselves. The solar 
energy f i e ld  alone i s  supporting many companies that  are sell ing infer ior  
equipment which will not function a t  a l l ,  or most certainly,  n o t  as 
advertised. The conscientious firms need to  establish the i r  own industry 
standards and flush out the hucksters. Many of you will recall what 
happended i n  the early years of the heat pump when the marketing of an 
unproven product to an unsuspecting public had a profound and adverse 
impact on the growth of that  prticular technology. Only recently has 
that  unfortunate beginning been overcome. 

By making energy conservation products and services more available 
to  more Americans on a believable basis, we can have a direct  impact on 
the amount of foreign oil  being imported and thus on our balance of 
trade def ic i t .  In addition, a reasoned approach to conservation makes 
sense regardless of OPEC and trade balances. The collective power of 
the product and services areas we represent will have a significant 
impact on how and when energy conservation programs are implemented. 
Let us use that  power wisely. Thank you. 
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RANKING ENERGY USES IN COMMERCIAL BUILDINGS 

a Ranking energy uses i n  commercial buildings i s  not very d i f f i cu l t  and 
ordinarily wouldn't require the time devoted to th is  paper. On the other 
hand, a compl e t e  review of the energy conservation 1 i terature related to  
commercial buildings would require much longer than my time allotment. I 

I 

could select  jus t  the key energy wasters and give a few examples of how 
some clever architect or engineer has reduced the waste, b u t  that  i s  
the topic that  each of the remaining papers will cover. I know some 
clever s tor ies  that  I could work into a welcome to th is  session, b u t  the 
session has already been opened. Now that you know the challenge I 'm 
facing here, I ' 11 t ry  to cover what everyone has l e f t  for me. 

(a A great deal of data has been.gathered under the sponsorship of the De- 
partment of Energy, the American Inst i tute  of Archi tec ts ,  the Building 
Owners and Managers Association and countless others. There i s  no short- 

I age of .s tudies  which contribute i n  one way or another to  the l i s t .  I call 
"a-thousand-and-one-ways to save energy in your building" . 

Such a l i s t  covers everything from the use of shade trees to  the scheduling 
of maintenance crews. I'm sure that  each of you i s  familiar w i t h  some 
version or other. B u t ,  in case you don't already have your favorite l i s t ,  
I have provided for you a f a i r l y  comprehensive bibliography of the a r t i c l e s  
tha t  have appeared i n  the l i te ra ture  on energy conservation i n  commercial 
buildings. Using this  bibliography, you will be able to  assess for  your- 
self  the relevance of any energy saving technique for  the buildings you 
work w i t h .  

Our  problem usually i s  not knowing what's possible, b u t  in knowing what's 
practical. Of the thousand and one ideas to  save energy, which make sense 
for  a particular building? How do we know? Are there any general guide- 
l ines? These questions seem to me to  be a t  the heart of the problem of 



prac t i ca l i ty  and so l e t  me give you my ideas about what's pract ica l .  

What's pract ica l ,  of course, depends on how much energy can be saved f o r  

how many do l la r s  spent t o  e f f e c t  the savings. How do we know i f  i t s  worth- 
while t o  t r y  t o  save any energy i n  a given building? We need something 

t o  compare the energy use w i t h .  I f  our building i s  much worse than a 

standard we probably should look fo r  improvement. This is  what we a l l  do 
when we use our u t i l i t y  b i l l s  t o  decide to  insula te ,  o r  our gasoline b i l l s  

to  ge t  the car  tuned up .  O u r  standard is  the b i l l  s we' had before o r  our 

neighbors b i l l s .  

From data gathered by BOMA and reported.by the FEA i n  1977 the average an- 

nual energy consumption of o f f i c e  buildings i n  various regions of the  U.S. 

was between 100 and 182 thousand BTU's per square foot  f o r  buildings ex- 

i s t i ng  i n  1974. These buildings were of course a l l  designed before the 
Arab o i l  embargo of 1973. BOMA gathers these s t a t i s t i c s  each year and 

even for  current  years they f a l l  pre t ty  much i n  the same range a1 though 

there i s  a s l i g h t  drop. You might say then, t ha t  using your neighbors 

b i l l  a s  a comparison, you would be in good shape i f  your building used 

aro.und 100,000 BTU's per square foot  annually. Not so. 

In 1978, HUD sponsored a study i n  which a l l  the  major trade associat ions 

part icipated where they examined the energy requirements of buildings'  

designed a f t e r  the o i l  embargo and .bu i l t  between 1975 and 1976. Each of 

the building designs,was simulated t o  ca lcula te  the annual energy con- 
sumption. For these buildings, the average annual energy consumption i n  

various regions of the country ranged from 50 t o  76,000 BTU's per square 

foot. Nearly a 50% reduction across the .  b.oard. In f a c t ,  in the c l imat ic  
zone-of south Texas, 20% of the surveyed buildings achieved an annual 
energy consumption as  low a s  40,000 BTU's per square foot .  



I bel ieve  on t h i s  basis i t s  no t  unreasonable t o  se t  as a comparison goal 

f o r  energy consumption bu i l d ings  i n  t h i s .a rea  an energy budget o f  50 t o  

100,000 B T U / ~ $  annual ly.  This f i g u r e  i s  c lose r  t o  the 1975-76 survey 

r e s u l t  than t o  the average fo r  a l l  ages of e x i s t i n g  bu i l d ings  because the  

l a t t e r  has a serious f l a w  f o r  use as a goal. The "a l l -ages"  b u i l d i n g  data 

has no t  considered separate ly  the  important d i f fe rence between how a b u i l d -  

i n g  i s  designed and how i t  i s  operated; wh i l e  the 1975-76 data assumed 

good operat ion. 

I n  the reference l i s t  there a re  several s tud ies  showing t h a t  near ly  

i d e n t i c a l  bu i l d ings  can be operated i n . a  manner so t h a t  one uses twice the  

energy o f  the other .  I ' m  sure each o f  you i s  f a m i l i a r  w i t h  bu i l d ings  t h a t  

have undergone an, energy conservat ion programand have reduced consumption 

by 50% o r  more w i t h  changes on ly  i n  b u i l d i n g  operat ions. I know t h i s  

t o p i c  i s  covered w i t h  examples i n  the next  papers. 

The problems o f  design and operat ion should be t rea ted  separately because 

they have separable impact on energy use and because they deserve d i f f e r e n t  

l e v e l s  of a t t e n t i o n  i n  e x i s t i n g  o r  i n  new bu i ld ings .  Design considerat ions 

wh i l e  they are  paramount i n  developing a new energy e f f i c i e n t  b u i l d i n g  

haven' t  the same s ta tus  i n  e x i s t i n g  bu i ld ings .  As a p r a c t i c a l  matter,  

there  a r e n ' t  very many design changes ( s t r u c t u r a l  changes, - a r c h i t e c t u r a l  

changes) t h a t  a re  cos t  e f f e c t i v e  i n  e x i s t i n g  bu i ld ings .  

The references conta in  numerous examples o f  the  types o f  design deci s ions 

which impact energy consumption and from a l l  the studies I ' v e  read I t h i n k  

I have drawn two p r a c t i c a l  conclusions. F i r s t ,  f o r  an energy conservat ive 

new b u i l d i n g  you c a n ' t  be o v e r l y  concerned about f i r s t  costs. Not very 
. many o f  the  design choices t h a t  lead t o  lower energy consumption a l so  

' lead t o  lower f i r s t  costs. The on ly  except ion t o  t h i s  r u l e  might  be 

equipment s i z i ng .  I n  a we l l  designed b u i l d i n g  i t  i s  n o t  necessary t o  use 
O . 

as la rge  a mechanical system as i n  a poo r l y  designed bu i ld ing .  L i f e - c y c l e  



costing i s  from an energy conservation point of.view a more practical 
technique. 

Second, there i s  no reason not to  know the energy impact of nearly.every 
design choice. As 'a practical matter i t s  essential to  simulate the various 
design alternatives and to understand their  energy and cost-benefit impact. 
There are  a1 ready amp1 e computer programs available. for  energy simulation from 
the National Bureau of Standards, (NBSLD) ,. Edison Electric Ins t i tu te  
(ACCESS), E-Cube from the Southwest. Research Inst i  tut'e i n  San Antonio, and 

- many others. These programs will allow you to ask'I1What'if I change th i s  
or that ,  what i s  the energy impact?" For. existing buildings these programs 
can be used to assess the effect  of a contemplated change say i n  insulation 
or glazing or some other change that  seems w i t h i n  the budget. 

Operational decisions are much more complex, easier t o  change, more d i f -  
ficul t to maintain and' can undo the best energy saving building design 
work. In th is  country we have not designed systems i n  buildings to  
minimize energy use. On the contrary, u n t i  1 recently we designed systems 
to take advantage of very low cost energy and to maximize occupant comfort 

(remember when the more e l ec t r i c i ty  you used the cheaper i t  was). I t s  no 
surprise then to  find that  nearly a11 existing buildings waste energy - 
l o t s  of i t .  And i ts  no surprise that  since most of the energy i s  used fo r  
heating, ventilating, and a i r  conditioning that! s where the biggest energy 
conservation target 1 ies.  The re la t ive  importance of heating or cooling 
changes w i t h  cl imati c region. Cool ing energy required i n  the southwest 
usually i s  greater than heating. Space conditioning accou'nts for about 
55-65% of the energy required i n  buildings, lighting uses about another 
15-20%, equipment and power fo r  .fans, motors, and.so forth use about 15- 
20%, and hot water heating uses the balance. 

I t ' s  possible to look a t  a building a t  a moment i n  time and t o  ask "for 
that  b u i l d i n g  with i t s  systems and i t s  internal and external environ- 



ment, what i s  the most energy e f f i c i e n t  s t ra tegy  t o  prov ide . f o r  a1 1  cu r ren t  

operat ions and comfort  cond i t ions?"  . I t ' s  my guess t h a t  i n  the overwhelming 

m a j o r i t y  o f  cases the  answer w i l l  be " t u r n  something o f f " ,  o r  " t u r n  some- . 
t h i n g  nea r l y  o f f . .  By "near ly  o f f "  I mean modulation appropr iate f o r  the 

cond i t ions  such as the temperature s e t  p o i n t  f o r  c h i l l e d  water o r  f o r  "hot- 

deck" temperature. The same s t ra tegy  app l ies  t o  l i g h t i n g ,  equipment and 

power and h o t  water. 

The d i f f i c u l t y  i s  of course t h a t  the p a r t i c u l a r  s t ra tegy  f o r  one moment 

i s  no t  necessar i l y  the same f o r  the next  moment and the systems designer 

who doesn' t  what t o  spend the t ime analyzing many moments can throw up h i s  

hands before a  r e a l l y  good s o l u t i o n  i s  a r r i v e d  a t .  Again, the references 

t h a t  I d i s t r i b u t e d  have l i s t e d  many energy saving operat ional  techniques 

Y and as always i t  i s  you who are the c leve r  designers who w i l l  reap the  

bene f i t s  o f  the techniques others have used. The p r a c t i c a l  r u l e  f o r  

operat ions seems t o  be " t u r n  th ings  o f f  o r  nea r l y  o f f "  whenever you can 

g e t  away w i t h  i t .  The complex nature o f  most b u i l d i n g  system and perhaps 

more impor tan t ly  the complex nature o f  most b u i l  d ing operators usual l y  
\ 

means t h a t  some type o f  b u i l d i n g  con t ro l  automation system i s  c a l l e d  f o r  t o  

keep making the r i g h t  decisions. This t o p i c  i s  covered i n  the next  s e t  o f  

papers. 

As a  l a s t  p r a c t i c a l  suggestion, I advise you t o  simulate b u i l d i n g  operat ions 

as we l l  as b u i l d i n g  design. It i s  more d i f f i c u l t  t o  simulate b u i l d i n g  

operat ions because the choices are greater  s imu la t ion  runs a re  the re fo re  

more c o s t l y  and there are  many more var iab les  t o  keep t rack  of, neverthe- 

less;  s imu la t ion  can lead you through some complicated design choices t o  . 

some su rp r i s i ng  r e s u l t s  as y o u ' l l  see i n  a t  l e a s t  one o f  the papers t h a t .  

fo l lows.  
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EYERGY MAN.4GEMENT SYSTEMS 

FOR 

I- SMALL COMMERCIAL/ I NDUSTRIAL APPLICATIONS 

Don R. Jorgenson, President 
Horizon Solar Corporation' 

A .  INTRODUCTION 

Widespread, extensive energy conservation on a consumer level will come 

only i f  economic incentives for  both the consumer and u t i l i t i e s  are  compel1 i n q .  

For any economic incentives to be viable, however, opportunities fo r  low cost 

I implementation of an energy management proqram must be provided and consumers 

I must be aware those opportunities exist .  

There are  two basic ways for  a consumer to reduce his u t i l i t y  b i l l .  The 

i f i r s t  i s  direct  reduction in consumption with i t s  associated enerpy~conservation 

and reduction i n  u t i l i t y  costs. The second i s  modification of usaye patterns 

I to take advantage of the economic incentives provided by certain u t i l i t y  rate  

schedul es ( i  .e., demandlenergy or time-of-day) . 

In many situations,  maximum (or even siqnificant) benefits from available 

economic incentives require additional, effective energy management control 

devices. Typical control functions i n  an enerqy management system include 

1 demand control, scheduling, temperature control, lightinq control and sequenc- 

ing. Control devices may range from very elaborate and expensive minicornnuter 

systems capable of controlling hundreds of points to  a single point n i q h t  

setback thermostat. Each of these have the i r  place and are effective when 
Li 

properly appl ied to  appropriate situations. There has, however, been .an 



. . 

important void in availability of sufficiently inexpensive control systems 

that fully utilize economic incentives available (in terms of payback and 

performance) for residential and small commercial/industria1 applications. 

In most utilities, this range of service size accounts for large percentaqe, 

if not the majority, of the nondeferrable peak usage. and consunntion 

requirements. In following sections, the requirements of such.control 

systems and problems associated with their application will be discussed 

as well as methods and equipment that may be employed to make them viable 

energy management tools for both consumers and utilities. 

S. COFJTROL SYSTEM REOUIREMENTS AND CO?ISTRAI?ITS 

Energy conservation programs face a diffi'cult dilemma when both 

facil ities and equipment were designed when enerqy was inexpensive. To 

solve the problem, sources of energy 1oss.rnust be identified and eliminated, 
, 

and optimal (from consumption, comfort, and convenience standpoint) 

operating points or limits defined. Then a control system with sufficient 

capabilities to meet the operational reauirements,while taking advantage 

of any usage-pattern re1 ated economic incentive, can be configured to minimize 

total energy costs. Even very sma.11 applications can require a complex 

and sophisticated control strategy which is most cost effectively implemented 

with a microcomputer control system. 

Independent, discrete control devices often prove inadequate when an 

attempt is made to apply a comprehensive control approach to an entire system. 

For example, in certain situations night setback thermostats may be very 



effective for  consumption limiting by allowinq the user to control t o  

l imits of the overriding temperature constraint. .  In a system where 

demand i s  a consideration, however, demand peaks may result .  Even 

sequencing produces the undesirable resul t  of reducing potential enerqy 

savings. By combining demand and temperature controls, peaks can be 

limited while the in i t ia t ion  of the recovery period i s  delayed as long as 

possible to'achieve maximum consum~tion savings. 

A great deal of diversity in control requirements exis t  i n  applications 

of energy management systems. For th is  reason, f l ex ib i l i t y  i n  a control 

'system i s  very important. Each application has different i n p u t  information 

that  must be supplied and has specific load types that  must be controlled. 

For example, baseboard e lec t r ic  units are widely used i n  residences and 

small business with compressor loads beinq more common i n  restaurants and 

supermarkets while large sca:e lighting management may be imoortant i n  a 

department store. Each of these have significant demand and consumotion 

requirements, b u t  the control approach actually employed will vary a qreat 

deal for  the different applications. Different c r i te r ia  i n  -selecting a 

control strategy may be important i n  various situations. For example, a 

r e t a i l  store manager must determine the relat ive importance of a customer's 

comfort and the demand limit. 
- 

Another situation that  ca l l s  for  adaptability i n  the contro1.ler i s  the 

nonuniformity in u t i l i t y  ra te  schedules. The system designer must determine 

whether demand ra te  schedules are  available and, i f  so, the relati,ve. " ' 



importance of demand and energy components. Mhen time-of-day rate fncentives 

are available, they may. be 0.n. an enerqy basis, a demand basis, or combined. 

These and many other application variations make a certain amount of field 

or ap?l ication level configuration flexibility desirable thereby a1 lowing 

standardized production runs of total system controilers where custom 

manufactured or discrete devices might otherwise have been required. 

.Since.energy.management system users in residential or small 

commercial/industria1 applications may be unfamiliar with energy 

management concepts and technoloqy, certain user-oriented features should 

be included in the controllers designed for such applications. Recause some 

consumer-level interaction is normally required, routine communications 

I " must be simple and straight forward. Monitoring, emergency overrides, 

I 

I , establishment of set points and time-of-day scheduling are typical o f  

, .  information that the consumer would comunicate'to and from the system. In 

! addition, provision for power-down and failure mode operation should be 

made to insure against energy cost increases under these conditions. It is 

also important for the user to have a feeling of control over his eneruy 

costs and to have recourse if discomfort or inconvenience is resulting 

from the control action. 

Finally, the systm must yield significant savinas. As was mentioned 

before, costs associated with the control system must be low enough or there I 

will be no significant move to take advantage of available economic 

incentives. Depending on the user and the actual application, either first - 



costs (and/or the availabil i t y  of appropri.ate financing program.9). or  a n  

evaluation based on return on investment or payback period may he the nore 

important c r i te r ia .  Typically, a payback of 18 months to 3 years i s  

considered necessary by purchasers of enerqy management systems. 

C. THE CONTROLLER AND THE UTILITY 

A1 though provisions i n  the recent National Energy Act require 

u t i l i t i e s  to  evaluate the applicabili ty of different ra te  schedules that 

would encourage conservation of energy and eff ic ient  use of f a c i l i t i e s  and 

resources, effective and inexpensive energy management control devices must 

be available to  make any potential economic incentives v i a b 1 e . a ~  an 

enerqy conservation tool for  both the consumer and the u t i l  i t y .  , ' 

I t  i s  important to  note that  it i s  often not i n  an u t i l i t y ' s  best 

interest  to  conserve energy beyond maximization of plant efficiency. 

Further, given pricing systems that  pass along fuel costs to  consumers, 

even expenditures for  improvements of plant efficiency may not be 

economically just i f ied.  Depending on the particular u t i l  i ty. 's si tuation, 

i t  may actually be more strongly motivated to maintain or increase total  

consumption levels. On the other hand, most u t i l i t i e s  can benefit from .. 

shift ing consumption from peak periods to  create a more level dmand, w i t h  

the resul t in3 improvement ' i n  load factor ( the rat io .  c?f average. to  peak 

power). Increasing the load factor may br ing several benefits to the u t i l i t y  

.includ7ng: 



1) Deferring or  el irninating requirements for new dower qeneration 

f a c i l i t i e s  or the need to  purchase peak power ( w i t h  i t s  high demand 

component charge) from other u t i l i t i e s .  

2) I t  can reduce h i g h  peaking fuel costs (which may or may not be 

passed a1 ong to consumers). 

3 )  Efficiency gains and energy savinas nay he obtained by operating 

base and intermediate generating plants closer to capacity. 

Whatever a given u t i l i t y ' s  motivation, the consumer's motivation will 

come from cost reductions associated with limitinq demand when a strong 

demand component charge i s  applied to  bil l ings.  The consumer's effor t  t o  

reduce demand may or may not have the secondary effect of reducing total  

energy consumption. 

Two considerations are  important for  demand limitinq a t  the consumer 

level.  The control applied must invoive l i t t l e  or  no discomfort or 

inconvenience and, for  maximum effectiveness, the consumer should be able 

to select,  under normal circumstances, the extent to which demand 

1 imiting control i s  applied. In th is  way the consumer will feel i n  control 

of 'the situation (rather than feel i n a  a t  the mercy of the u t i l i t y ) ,  and - 
' 

the rather subjective judgment of comfort level i s  i n  the consumer's hands; 

Since the user will real ize that any increase.in a demand l imit  sett ing will 

resul t  i n  a corr,esponding increase i n  his u t i l i t y  b i l l ,  maximum system 

effectiveness can be maintained. 



Two approaches are  typical .of those employed by u t i l i t i e s  to  l imit  

the i r  demand for  residential and small comercial/industrial applications. 

P. u t i l i t y  may generate a signal that  i s  used to turn off nreselected 

consumer loads ( i  e . ,  hot water heaters) d u r i n g  peak peridds thereby 

shift ing the usage until other u t i l i t y  consumption drops enouah so the 

enerqy required can be supplied without a peakinq problem. Drawbacks of 

th i s  approach include the possibil i ty of only shift ing the peaks rather 

than actually leveling t h e m  and. the rather restr ic ted potential of the 

approach. Idith more complete control, demand may'be reduced by more than 

twice as much without undue discomfort or inconvenience to  the consumer. 

The second approach leaves the demand control in the hands of the consumer 

with the assumption being that  direct economic benefits will encourage con- 

sumers to instal l  and apply as much control as possible to their  situztion. 

U t i l i t i e s  may take roles ranging from very limited participation to  active 

promotion i n  t h i s  type of program. Problems w i t h  t h i s  approach include lack 

of sufficient consumer awareness, . .  control-l'er financing,. and insufficient 

penetration of potential' applications to significantly benefit the u t i l i t y .  

A preferred approach i n  many situations i s  a combination of the two 

above approaches where the consumer normally establishes his demand 1 imi t 

b u t  where the u t i l  i t y  may override to an a1 ternate demand 1 imit sett ing 
~. 

(and perhaps a different strategy) when a peaking c r i s i s  is' faced. 

Take, for  example, a small off ice Ouildina in Colorado w i t h  a l l  

e lec t r ic  service which may have an average monthly demand a t  65Kb! when no 
it 

controls a re  applied. The f a c i l i t y  manager i s  l ikely to f i n d  he can have 



adequate comfort levels  w i t h  an averaqe demand l imi t  se t t ing  on a control 

device of 30KW providing nearly 61 25 per month savinas on his  u t i l i t y  b i l l .  

His economic incentive i s  therefore s ianif icant .  !-!hen the u t i l i t y  faces a ,-I 
peaking s i tuat ion i t  can provide an external actuation sinnal . t ha t  wotrld cause 

a branch i n  the control ler  program establishinci a temporary de;inand limit of 

24KW and selecting a di f ferent  control s t ra tegy t o  be employed. This method 

allows the u t i l i t y  to have a bet ter  defined sheddable load so i t  can more 

effect ively  and economically manage periods of h i q h  consumption and, i f  employed 

on suf f ic ien t ly  large  portion of the  load, can s ign i f ican t ly  lower overall 

K\*l demand requirements and improve operational efficiency.  

 hen a control approach meetinq a given u t i l i t y ' s  requirements i s  &fined 

i t  can make good economic s'ense f o r  the  u t i l  i t y  t o  act ively  supnort purchase 

and ins ta l l a t ion  of necessary control equipment on a u t i l i t y  wide basis. 

Economic evaluation of plans t o  finance consumer purchase or  lease proqrams 

along w i t h  the  savings result ing from improved load fac tors  wi l l ,  i n  most 

cases, indicate a very a t t r ac t i ve  investment opportunity. Without u t i l i t y  

par t ic ipat ion and the  ava i l ab i l i t y  of the  cost  e f fec t ive  control device no 

s ignif icant  reduction i n  peak demand o r  the benef.itsL lained by 1 imi t i n q  the  

peak will be real ized. 

Two l i ne s  of computerized management systems a re  offered by Horizon 

So1 a r  Corporation. The Sentrol tm Series 600 is designed fo r  res ident ia l  

and smaller commercial applications such a s  restaurants,  convenient s tores  



and small offices while the ~ e n t r o l m  Series 4000 i s  oriented towards small 

t o  medium sized commercial/industrial installations such as sllpermarkets, 

-motels, department stores and small manufacturing operations. Sy selection 

of the appropriate control system, basic enerqy manaqement control functions 

can now be eff ic ient ly  and economically implemented on total  system basis. 

Cuch inexpensive control systems, in conjunction w i t h  economic incentives 

provided by u t i l  i t y  ra te  schedules, ~ r o v i d e  the key to  obtaininq maximum 

energy conservation and minimum enerav costs for  smaller applications. 

The ~ e n t r o l m  Series 600 includes several different model s Which 

feature such functions as demand limiting, time-of-day tomnerature control, 

schedul inglduty cycling, and-combinations of these. In additions, i t  can 

be quickly conf igurated for  special ized apnl ications. I t  ' i s  generally 

characterized by a well defined control a l g o r i t h  with s ~ e c i f i c  application 

types i n  .mind. Typical f ie ld  proqrarnmable parameters. inclr~de demand 1 imi t s ,  
I 

meter ranqes, minimum on/off times, load interl.ocks, prioriti.zation s t r a t e ~ i e s ,  

dead bands and anticipation for  temperature control functions, as well as 

capability for  se t  point and strategy branchina based upon recoqnition of 

a u t i l i t y  generated interrupt signal. Other key features include simple 

"prompting" program input, alarms, a self-cal ibrat ion caoabi l i ty ' for  lonu 

term s t ab i l i t y  and minimum service, and at t ract ive packaging. 

The most imporant single feature of the Series 4000 Energy 

Management Control 1 e r  i s  a three-1 eve1 programminq approach that makes the 

Series 4000 straightforward to apply and easy to use i n  a wide variety of 



a p p l i c a t i o n s .  I t  is des igned f o r  maximum f l e x i b i l i t y  w i t h  e x t e n s i v e  f i e l d  

proara&abi 1 i t y .  Factory-1 eve1 o r o q r a m i n q  " p r o v i d e s  a b a s i c  o o e r a t i n q  sys tem,  

d a t a  a q u i s i t i o n  fo rmats ,  and fundamental energy.management c a p a b i l i t i e s .  

The second l e v e l  programminq i s  t h a t  ~ r o v i d e d  hy t h e  s n e c i f y i n q  e n a i n e e r  ' 

c o n t r a c t o r  o r  d e s i g n e r  and i s  termed system d e f i n i t i o n  programminq. At t h i s  

l e v e l ,  each load i s  de f ined  and c o n t r o l l e d  on an i n d i v i d u a l  b a s i s  and a t t r i b u t e  

ass iqnments  a r e  determined.  T h i s  in fo rmat ion  i s  s t o r e d  i n  permanent b u t  

a l t e r a b l e  memory ( e l e c t r i c a l l y - a l t e r a b l e  r ead  o n l y  memories o r  bubble 

memory depending on t h e  s i z e  o f  the sys tem).  Ras ic  parameters  programmed 

a t  t h e  system d e f i n i t i o n  l e v e l  inc lude :  demand p r i o r i t y  qroups ,  d m a n d  

1 imits, s p e c i a l  day groups ,  s e n s o r  c o n t r o l  v a r i a b l e s  s e q u e n t i a l  qrouD 

s p e c i f i c a t i o n s ,  power moni tor  v a r i a b l e s ,  load  i n t e r l o c k s ,  and load c o n s t r a i n t s .  

The t h i r d  lievel o f  programminq i s  provided by t h e  u s e r  and i s  accompl i shed  

by a s t r a i g h t  forward "prompti nq" keyboard and a1 nhanumeric d i  s n l  av. Para- 

me te r s  f o r  r o u t i n e  u s e r  ' adjus tment  inc lude :  demand 1 imit ( n v c r r i d e  of s y s t m  

d e f i n i t i o n  v a l u e s )  , s e n s o r  set p o i n t s ,  time-of-day schedul  inq ,  c lock ,  c a l e n d a r ,  

and i n d i v i d u a l  load  o v e r r i d e s .  

In  a d d i t i o n  t o  t h e  c o n t r o l  u n i t s  d e s c r i b e d  above,  the sen t ro l tm t o t a l  

system approach f e a t u r e s  modular i n p u t / o u t p u t  and r e l a y  p a n e l s  

which a l l o w  the consumer t o  purchase  o n l y  t h o s e  c a p a b i l i t i e s  which a r e  

r e q u i r e d  f o r  s p e c i f i c  a p p l i c a t i o n s  w h i l e  a l lowinq  maximum f l e x i b i l i t y  

i n  system d e s j g n  and f u t u r e  expansion.  .The  i n p u t / o u t p u t  panets  c o n t a i n  

f u n c t i o n a l  modules f o r  power moni to r ing ,  t empera tu re ,  d i g i t a l  i n p u t / s w i t c h  

moni to r ing ,  a larm moni to r ing ,  o r  analog s i g n a l  i n p u t  t o  p rov ide  the 



I 

controller the information about system status i t  requires t o  make decisions. 

  he relay panels contain normally openlnormally closed siqnal or power relays 
-4 

needed to irnp1,ement the controller decisions. The rela,ys are available in 

several power r a t i  nqs and types for different anpl ications. The anpl ication 

of sentroltm Enerqy Management Systems can resu l t  in siqnificant savinqs i n  

design and instal la t ion labor as well as siqnificant reduction i n  to tal  

enerqy costs. 

E. SUMMARY 

I The potential for  energy conservation will be realized only when economic 
na 

considerations make i t  clear to u t i l i t i e s  and consumers: all'ke tha t .  i t  i s  in 

their  best interest  to  participate in comprehensive enemy manarl.ment-.programs. 
>. Full realization of the potential for  enerqy savings and reduction in enerqy 

costs will normally require the ut i l izat ion of additional, sophisticated control 
I 

devices. When energy management systems are  prouerly configured, both the 

u t i l i t y  and the consumer can benefit substantially, b u t  active participant 

roles by u t i l i t i e s  a re  l ikely to  be necessary to  achieve sufficient consumer 

acceptance and ut i l izat ion to significantly impact a u t i l i t y ' s  load factor. 

/ . Recently, low cost, computerized control devices have become available whic'r 

1 can help provide cost effective implementations of eneray rnanagment oroqrams. 



I TEXAS INSTRUMENTS' ROLE I N  ENERGY MANAGEMENT 

I By Ed Van Riper 

Texas Enstruments, Incorporated i s  a world-wide manufac- 

' t u r e r  o f  e l e c t r o n i c s  f o r  i n d u s t r i a l  and consumer usage b u i l t  on 

a t echnologica l  base I n  t h e  semiconductor i ndus t ry .  W e  a r e  a 

f a s t  growing company, wi th  s a l e s  exceeding $2.5 b i l l i o n  i n  1978. 

We.'are 'committed t o  advancing technologica. l ly i n  t h e  base s e m i -  
conductor bus iness ,  consumer produc ts ,  and d i s t r i b u t i v e  proces- 

s i n g .  

B . ' THE'' '5'T E . 
The 5TT programmable c o n t r o l l e r  .was in t roduced i n  1974 a s  

L -  

a p a r t  of  our  o v e r a l l  d i s t r i b u t i v e  process ing s t r a t e g y .  I t  w a s  

~, 

designed t o  provide indus t ry  wi th  low c o s t  answers t o  then cos t -  
I l y  programmable c o n t r o l l e r s .  Programmable c o n t r o l l e r s  a r e  rap- 
I 

I: i d l y  r ep l ac ing  r e l a y ,  t imer ,  coun te r ,  and s h i f t  r e g i s t e r  l o g i c  
I 
I i n  i n d u s t r i a l  c o n t r o l s .  T. I. 's c o n t r i b u t i o n  wi th  t h e  STI w a s  a 

lower c o s t i n g  ahd e a s i e r  t o  program system. 

The 5TT has been a tremendous success .  It  has  provided t h e  

i ndus t ry  w i th  a p r a c t i c a l  s o l u t i o n  t o  t h e i r  previous  c o n t r o l  

nightmares,  and t h e r e  a r e  w e l l  over  15 thousand s y s t e m s ' i n  t h e  

f i e l d ,  spanning every conceivable type  of  a p p l i c a t i o n .  A s  a re- 

s u l t ,  T . I .  i s  number o n e : i n  systems ' sold .  

A s  t h e  energy crisis increased ,  t h e  need f o r  equipment t o  

' reduce energy usage became apparent .  Many a l t e r n a t i v e s  w e r e  

considered.  Some people embraced l a r g e  expensive computer sys-  

t e m s ,  and o t h e r s , s t e e r e d  t h e i r  way towards small ded ica ted  con- 

- t r o l s .  T . I . ,  a t  t h i s  time, w a s  n o t  involved,  and d i d  n o t  par-  

t i c i p a t e  i n  t h e  energy management i n d u s t r y  u n t i l  approached by 
. . 

. J  . . 



, 
many use r s ,  cont rac tors ,  and consul tan ts .  

It was obvious t h a t  the  S T 1  system could provide a middle 

ground. That i s ,  it was a low c o s t ,  r e l i a b l e ,  and f l e x i b l e  .sys- 

tem t h a t  would do 95% of the  job a t  a very low c o s t  compared t o  

o the r  ava i l ab le  systems. 

Since T . I .  i s  bas ica l1y .a  components manufacturer, we d id  

not  s e t  up a d iv i s ion  t h a t  would p a r t i c i p a t e  i n  the  energy mana- 

gement business a t  a systems l e v e l .  Rather, our  course was t o  

provide components and ass i s t ance  t o  those people who could make 

good use of them. Af ter  a l l ,  our i n t e r e s t  i s  i n  providing good 

equipment a t  an ever  improving value.  To t h a t  end, the  increa-  

sed volume of component s a l e s  t o  energy management users  would - 

help br ing  the  o v e r a l l  system down the  pr ice / learn ing  curve and 

be of b e n e f i t  t o  a l l  of our customers. 

Our s t r a t e g y ,  the re fo re ,  was t o  s e l l  t h e  S T 1  system f o r  

energy management I n  two ways:; 
. .  . . -  . . .  . .  

1. ' T'echni'cal' End' Users 
. . 

W e  a 1 r e a . d ~  had a fu l l - t ime f i e l d  s a l e s  force  t o  s e l l  

t he  S T 1  i n d u s t r i a l l y .  For the  soph i s t i ca ted  use r ,  we could sa f -  

e l y  s e l l  him t h e  components, and he would know how t o  apply them 

t o  the  f i n a l  appl ica t ion .  Normally, an end use r  w i l l  have an 

engineering s t a f f  and o the r . suppor t .  

2 .  ' Non Techn'i'ca.1 End' Users 
. . For smaller  f a c i l i t i e s  without resources t o  a f fo rd  en- 

gineers  and people capable of applying t h e  5T1, we planned t o  

work through energy management consul tan ts ,  con t rac to r s ,  and o r i -  

g ina l  equipment manufacturers. These people could take t h e  b e s t  

aspects  of our system and apply them t o  t h e  u s e r ' s  needs using t h e  

v e r s a t i l i t y  of t h e  programming and t h e i r  exper t i se .  

This, then, was our  plan f o r  handling t h e  ever  increasing 

i n t e r e s t  of t h e  energy management indus t ry  i n  the 5TI. 

The 5TI system i s  capable of providing a user  with load cy- 

c l ing ,  r e a l  time clock, power demand, and o t h e r  custom l o g i c  



'. features ' .  The programming of t h e  system i s  accomplished through 

the  'use of standard i n d u s t r i a l  ladder  diagrams t h a t  are'known t o  

most e l e c t r i c i a n s  and maintenance people. Because of t h e  ease of 

programming, it can be e a s i l y  adapted t o  custom jobs t h a t  might 

involve 'more t h a n . j u s t  heat ing and a i r  conditioning loads.  In 

addi t ion ,  t h e  equipment i s  b u i l t  f o r  operat ion i n  a  harsh indus- 

t r i a l  environment, and the  i n t e r f a c e s  between the  low l e v e l  lo-  

g i c  of t h e  ' cen t ra l  processor and t h e  r e a l  world a r e  e a s i l y  un- 

derstood and serviced.  
' . .. : 

An example of programming a  simple scheduling of a  wa- 

t e r  hea te r  f o r , a  f i v e  day work schedule between e i g h t  A.M. and 

. . f i v e  P.M. has been at tached.  The log ic  f o r  determining when the  

contac ts  a c t i v a t e  and. deac t iva te  t h e  load a r e  a l l  obtained from 

..r 
a  r e a l  time c lock ,  which i s  programmed according t o  t h e  diagram 

on pages 4 ,  5, and 6 ,  at tached.  This i s  very t y p i c a l  of one of 
. . 

the' loads t h a t  might be found t o  be programmed i n t o  the  5TI. 

Also at tached i s  an app l i ca t ion  note showing how t h e  

5TI might be in teg ra ted  with a  power demand meter f o r  power de- 

mand con t ro l .  A l l  s o r t s  of v a r i a t i o n s  of programs can be ap- I 

p l i e d  t o  a  power demand cont ro l  method, s ince  t h e . l o g i c  timing 

and counting funct ions a l l  a r e  e a s i l y  var ied  t o  s u i t  one ' s  b e s t  

concept of power demand. 

In add i t ion  t o  the  system i t s e l f ,  t he  5TI a l s o  has per- 

iphe ra l s  t h a t  w i l l  allow it t o  communicate with computers, t e r -  

minals, and o the r  standard. communications devices.  It a l s o  has 

a  timer-counter access module, which .would a l low'an  operator  - t o  

change timing and counting funct ions without changing o t h e r  

p a r t s  of t h e  program. 

.. 
C. THE PM5.50 

Since the  in t roduct ion  of t h e  S T 1  system, T . I .  has a l -  

w so introduced t h e  Program Master 550. Where t h e  5TI is  basic- 

a l l y  a  r e l a y  l o g i c  replacement system operat ing only on switch 



, closures ,  t h e  PM550 i s  f a r  more soph i s t i ca ted .  It has t h e  ca- . . 

pab i ' l i t i e s  of 3-mode 'feedEack 2oop con t ro l ,  math fea tu res ,  t h e  

same l o g i c  f ea tu res  a s  the' 5TI, and complete da ta  handling ca- 

p a b i l i t i e s ,  It can i n t e r f a c e  with most standard analog devices ,  .. 
thereby providing t h e  u s e r  with a system t h a t  provides enthalpy 

con t ro l  and o the r  s i m i l a r  processes.  . . .  

The 'PM550 is  a dual-based microprocessor system which i s  

ea 's i ly  programmed using a prompting programmer. The prompting 

programmer a c t u a l l y  coaches you along a s  you a r e  doing your 

programming and w i l l  no t  l e t  you make mistakes.  Many customers 

a r e  now thinking of using the  PM550 ins tead  of t h e  S T 1  system 
I 

because of i ts  g r e a t e r  soph i s t i ca t ion  i n  s p i t e  of t h e  f a c t  t h a t  

i t s  p r i c e  i s  .around four  t o  f i v e  times higher than t h a t  of t h e  

5TI. 

T f  t h e r e  a r e  quest ions concerning e i t h e r  t h e  5TI o r  t h e  

PM550 systems, please do not  h e s i t a t e  t o  con tac t :  

Ed VanRiper 

Texas Instruments, Inc.  

6000 Denton Drive 

P.O. Box 35486 

Dallas ,  T X  75235 



3.0 5TI ENERGY MANAGEMENT. REAL TIPlE CLOCK PROGRAM 
DESCRIPTION 

rn . "' \a' .. GENEZAL . 8 ' 

. . . . 

The t i m e  b a s e  f o r  t h e  c l o c k  i s  p r o v i d e d  by a  0 . 1  s e c o n d  t i m e r . -  
The t i m e r  i s  ~ r o g r a n u r ~ e d  w i t h  a p r e s e t  o f  600 and r e s u l t s  i n  a n  
o u t p u t  e v e r y  m i n u t e  a t  CRO. The s i . g n a l  a t  CRO i s  d i v i d e d  by  
s i x t y  w i t h  a  c o u n t e r  a n d g i v e s  a s i g n a l  o u t p u t  a t  CR1 e v e r y  
h o u r .  The h o u r s  a re  c o u n t e d  i n  i n c r e m e n t s  o f  24' and a t  CR2 a n  
o u t p u t  i s  p r e s e n t  o n c e  a d a y .  CR4 g i v e s  a  weeKly o u t p u t .  CR3 
i s  u s e d  t o  c o u n t  t h e  work d a y s .  Thus t h e  week c a n  b e  d i v i d e d  
i n t o  any  number o f  d a y s  on and d a y s  o f f .  I f  S a t u r d a y  o p e r a t i o n  
i s  r e q u i r e d . - t h e  work d a y  c o u n t e r  i s  m e r e l y  programmed f o r  s ix ,  
I n  t h e  d a y . , c o u n t e r s ;  t h e  d a y s  o f  t h e  week- 'a re  d e s i g n a t e d  a s :  
Monday i s  0 ,  Tuesday i s  1 Wednesday i s  2 ,  e t c . .  Sunday i s  6 
and  c a n  b e  o b s e r v e d  i n  l o c a t i o n s  26 a n d  33.  . 1 

S i m i l a r l y ,  
1:00 P .  M. 
i n  l o c a t i o n  
o u t  o f  t h e  

. .. .. 

t h e  h o u r  c o u n t e r  a c c u m u l a t e s  24 h o u r s ;  NOON i s  1 2 ,  
i s  1 3  and 1 1 : O O  P .  M. i s  23. The c u r r e n t  h o u r  i s  s t o r e d  
, 1 9 .  Hence, T h u r s d a y  a t  2:36 P .  M .  would be r e a d  
Real Time C l o c k  as: 

LOCATION . '  DATA ' 
, - 

26 and  33 
19 

' 1 2  

3 D e s i g n a t e s  T h u r s d a y  
1 4  D e s i g n a t e s  2:00 P .  M .  
3  6  D e s i g n a t e s  36 Min. 

ALJTOEIATIC SYNCHRONIZING 

The s y s t e m  c a n  b e  s y n c h r o n i z e d  by p r o v i d i n g  a  reset  p u l s e  t o  XO 
a t  M i d n i g h t  on Sunday.  The s i g n a l  rese ts  t h e  t i m e r  and c o u n t e r s  
t o  z e r o  and  s e r v e s  as t h e  s t a r t i n g  p o i n t  f o r  t h e  Real Time C l o c k .  

PRESETTING 

. , .  . . .. Whether i n  R/W o r  PROM, c u r r e n t  word l o c a t i o n s  o f  timers and  
: " .  c o u n t e r s  c a n  b e  w r i t t e n  i n t o  w i t h  t h e  R/W Programmer. T h i s  

. .  . 
.. . f e a t u r e  makes p r e s e t t i n g  o f  t h e  R e a l  Time Clock. a  t r i v i a l  t a s k .  

' One c o u l d  e v e n , s y n c h r o n i z e  t o  a  w a l l  c l o c k  by  r e s e t t i n g  t h e  
. c o u n t e r s  w i t h  1 0  when t h e  s e c o n d  hand o f  t h e  w a l l  c l o c k  p a s s e s  12 .  , 

. . . T h e  rcmaincler  o f  t h e  p r o c e d u r e  would be t o  w r i t e  i n t o  t h e  c u r r e n t  
word l o c a t i o n s  o f  t h e  day, h o u r  and m i n u t e  c o u n t e r s .  Hence,  i f  
you wanted  t o  p r e s e t  t h e  R e a l  Time C l o c k  o n  S a t u r d a y  a t  9:30 A.M. 
you would e n t e r  t h e  f o l l o w i n g  d a t a :  

. - 
Location Data  - 

5 ( S a t u r d a y )  
9 ( 9 : 0 0  A . M . )  

30 (30 N i n u t e s )  





. 
EX.W PLE I I. -.- - 

. . . . 

The use of t h e  ~ e a i  T.ine Clock t o  c o n t r o l  loads  i n  accordance wi th  
tile time-of-day i s  a~c:omplished wi th  a d d i t i o n a l  coun t e r s .  Consider 
a l . ~ a d , .  YO, whic? is  t o  be on from 8 :00  A . M .  t o  5 : 0 0  P .  M .  Monday 
through Fr iday.  a A l adder  .diagram and program t o  accomplish t h i s  
i s  g iven below. ,, 

LADDER 
7 

P I'\OG?a4 

STR 
ST;I NOT 
CTR.  - - - 
- - 

OUT 
STR . 
STR .ROT 
CTR - 
- - 

OUT 
STR 
AND NOT 
AND NOT 
OUT 

HOUR INPUT 
DAILY RESET 

TUfiUS ON AT 8 : 0 0  A.M. 

TURNS ON AT 5 : @ 0  P..M. 
ON AT 8 : 0 0  A.X. 
OFF AT 5 : 0 0  P.M. 
i4ON. THRU FRI  . 
OUTPUT TO LOAD 

I f  c o n t r o l  were d e s i r e d  t o ' a  f r a c t i o n  of an h j u r  (minutes)  
a d d i t i o n a l  counters .  would be needed t o  count  . the minutes.  
P r e s e t t i n g  of ,the ioad c o n t r o l  i s  accornpiishc?d by i n su r ing  t h a t  
t h e  c u r r e n t  wo9ds of t he  coun te r s  a s soc i a t ed  with the  load a r e  
i d e n t i c a l  t o  t h e  current-words of t h e  hour counter  (Loc. 1 9  , 
and day counter  (Loc. 3 3 )  . 



CONTROL SYSTEM 

Since i t s  introduction in 1969 the programmable controller has efficiently replaced 
relay and card logic control systems. The 5TI with its hardware modularity and 
programming simplicity is a third generation machine particularly suited for power 
demand control. 
The cod of energy will continue to rise and industiial and commercial users pay a 
premium for the privilege of using electric power at a particular time of day, rather 
than using the same amount of energy at some other time. This application note 
describes a power demand control system which will lead to significant savings for 
consumers whose demand for electric power fluctuates. 

The demand rate is continuously moni- 
tored by the utility demand meter over 
discrete intervals (usually 15 or 30 min.), 
integrating kilowatt hour usage through- 
out the demand interval. When the d e  
mand interval has been completed, the 
slate is  wiped clean and the  meter begins 
to look a t  the next interval. The consu- 
mer is charged according to the highest 
peak recorded in any interval during the 
billing period. 

sumption rate, the greater the number 
of pulses in a fixed sample time interval. 
I f  the number of pulses received by the 
5TI exceeds the programmed value, the 
loads are sequentially shed at a rate of 
one load per sample interval. Loads are 
shed until the number of pulses re- 
ceived in the sample interval is less than 
the programmed value. If the number 
of pulses i s  less than the programmed 
lower limit, the loads are restored on 
the basis of "first off first on". The 
dead zone, the difference between the 
high and low limits. eliminates the con- 
stant switching of loads. ~ ~ ~ & D  

1 The inputs to the 5TI from the demand 
meter and manual controls, and the out- 

Figure 1 puts which control the loads are accom- 
plished with the standard inputloutput 

The block diagram of figure 1 depicts a subsystem of the 5TI. Expansion to con- 
system which will shed (turn off) defer- trol additional loads can be achieved by 
rable loads when the power consump- adding discrete output modules and 
tion rate exceeds a predetermined upper modifying the program. 

NON.0EFERRABLE LOADS 

DEFERRABLE LOADS 4- 

limit and restore these loads when the 
consumption rate i s  below a lower limit. 
Deferrable loads are those which may be 
interrupted without disrupting produc 
tion or endangering workers and typical- 
ly have long thermal time constants as 
furnaces, compressors, hot water heaters 
and air conditioning outlets. 
The consumption rate limits at which 

Example 
A well known manufacturing organiza- 
tion has installed a 5TI Power Demand 
Control System and realized the cost 
savings shown below. The savings i s  
based on lowering the peak. demand 
1000 Kw from a typical monthly peak 
of 12,120 Kw. This is accomplished by 
controllina the cvclina of thirteen batch 

loads are shed and restored are program- furnaces aid two air conditioning units. 
med into the 5TI and easily modified The air conditioning units are not simply 
for on-line optimization. The demand turned on or off as the furnaces but con- 
meter provides a variable pulse stream trolled by shifting vanes in the compres- 

. to the 5TI which i s  dependent on the  sor and thus controlling the compres- 
consumption rate. The greater the con- sion ratio. 

POWER D E M A N D  
CONTROL 

The major portion of the savings i s  realized 
by the energy charge which is calculated in 
the following manner. The total energy con- 
sumed, 6,192,000 Kwh, is broken down by 
multiplying the demand, 11,120 Kw by 
200 hours to obtain 2,224,000 Kwh as 
the first segment. The first 50,000 Kwh of 
the first segment has a charge rate of 
$.02317. The second 50,000 Kwh of the 
first segment has a rate of $.02017 and 
the remaining balance of the first segment 
2,124,000, has a rate of $.01707. Hence 
the first 2,224,000 Kwh has a total charge 
of $38,423.68. The next three 100 hour 
segments, 1,112,000 Kwh, have the follow- - 
ing charge rates $.01597, $.01137 and 
$.01037. The first four segments amount 
to 5,460,000 Kwh. The remaining balance 
of 632,000 Kwh is charged at a rate of 
$.00987 making the total energy charge 
$86,595.04. 
HARDWARE DESCRIPTION 
The hardware configuration and cost of 
the system i s  shown in figure 2. There are 
2 inputs to the 5TI from the demand meter, 
a 15 minute reset signal and the consump- 
tion rate signal. Both signals are contact 
closures and have a minimum pulse width 
of 29 milliseconds. The consumption rate 
signal has a maximum repetition rate of ' 

17 Hz per second. The inputs are accepted 
by 5MT11-A05L input modules. All out- 
puts are 5MT12-40AL modules which 
control the loads. The system'can be easily 
expanded to control 24 loads by adding 
discrete output modules in the vacant 
module positions of the I10 racks. Further 
expansion is  possible by adding I10 racks, 
modules and memory as required. 
Installation costs vary considerably d e  
pending on the size of the loads, distances 
for the cabling and type of electrical 
system. In the installation cited, each load 
control unit averaged out to approximately - 
$100.00 per load and included an auxiliary 
contactor and switch. The cabling which 
was No. 14 wire in EMT averaged out t 
$2.50 per foot, installed within the build 

7. TEXAS I N S T R U M E N T S  
I N C O R P O R A T E D  
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ing. It should be noted that instailation PROGRAM oEscRlPnoN 
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costs will increase greatly if loads at ne program for the system consists of RESET 
!mote locations are controlled. Tele 237 words and with each load that is add- 

- 

Printed in U.S.A. 
Reprinted 10-78 3K 

START 
30SEC 
TIME 
INTERVAL lone lines can be leased or radio equip- ed hnrelve additional program words is ... ent installed to provide remote load 

OEMAND 
INTERVA~ 
1x21 - 

- 4 I 

;=; 
TIME 
INTERVAL 

A flow diagram of the program control. In this installation the utility is given in figure 3. A sample time interval - DEMAND I company charged $270.00 for the 
demand meter retrofit. of 30 seconds is established with words 0 RESET 

through 6 of the program. A shed counter . OEMANO 
- ALL LOADS 

Two manual controls of the system, and restore counter accumulate demand PULSES UPDATE 

the Reset and Initialize signals, allow pulses. If the number of pulses exceeds 7 COUNTER 

restoring of all loads and initializing of or more a load is shed and the timer, and 
* the system, respectively. counters are reset. I f  the number of pulses 

accumulated by the restore counter in the 
sample time is less than 5 a load will be 

UTILITY DEMAND METER restored providing one was previously 
INITIALIZE 1s 

MIN AEI, I RESET 

RATE shed. If more than one load has been shed, 
PULSE 

END 

S T R ~ ~ ~  then the load that was shed'first (off the UI SEC 
TlME 

I41 SMTll.AO5L 
longest) is restored first. The timer and SHED INTERVAL 

" counters are reset by the shed counter or 1 LOAD 

INTERFACE ' 2 the expiration of the 30 second sample 
5MT43 BASE 3 time interval. If the shed counter accumu- , - , A 

lates more than 7 pulses at any time, a 
SMT43 BASE 

- load is shed and the timer and counters INCREMENT 
5 are,reset to zero. Likewise, if the timer MASTER RING 

PULSES NO 

ST'50201NTERFAcE times out everything is reset and a new 30 COUNTER c s ? 
1151 SMTIZ ~ O A L  - a second sample time is started. 

I The sequential shedding of the loads is  con- - YES 

2 AIR trolled by a master ring counter which is INITIALIZE 1x4) 
CONDITIONERS advanced on each signal from the shed 

COMPRESSOR COMPRESSOR 
counter. X3 is a manual control which MANUALCONTROLS ;A - :tErACE 

NO. 1 

I - ring counter and restore all loads. X4 is a 
SYSTEM COST manual input which allows the initializa- . 1 . 5T1.1013 SEOUENCER ........................... ~ 6 7 0  tion of the master ring counter by energi - ............................. 2 .  SMT43 BASES B S60 120 

1 .STIMII INTERFACE .............................. 70 zing one of its outputs, thus enabling the RESTORE 
1 .ST15020 INTERFACE .............................. 70 Figure 3 1 LOAD 

........................ 4 .  SMT11.40SL INPUT B 510 40 shedding'of a load' 
15 5 M T 1 2 4 A L  OUTPUT 9 S12 ...................... 180 ......................... 2 -  STI~ZSEW CABLE e S17 M All loads are restored at the end of the 15 

TOTAL 51184 minute time interval (X2)-and the timers 
-, and counters reset to zero. The inform- :NCREMENT . INSTALLATION COSTS (EXPENSES1 ................ S 3200 ation in the master ring counter contains 

the information of.which.load will be shed COUNTER 
PERIPHERAL EOUIPMENT 
1 .  STI.2000 PROGRAMMER ........................... S U 0  at any time' The 'lave ring 'Ounter is up- ............................. 1 .sT ldoW SIMUUTOR 220 dated at the beginning of the 15 minute 

TOTAL interval with the information contained 
in the master ring counter and serves to 

Figure 2 provide the information of which load 
i s  restored. 

Without PDC UTILITY TARIFF* With PDC For further information write or call: 

DEMAND: 12.120 KW DEMAND: 11.120 KW TEXAS INSTRUMENTS INCORPORATED 
lst500KW ........... $ 700.00 lst500 KW ........... $ 700.00 INDUSTRIAL CONTROLS MARKETING 

Bal.11,620@81.30/KW 15.106.00 Bal.l0,620@$1.30/KW 13.806.00 
ATTLEBORO, MASSACHUSETTS 02703 
TELEPHONE 617 222-2800 

Total $15.806.00 Total $14506.00 
ENERGY: 6,192.000 KWH ENERGY: 6,192.000 KWH 
(200 KWH) (12.120) 2,424,000 KWH (200 KWH) ( 1  1,120) 2,224,000 KWH 
1st 50,000 @ .02317 $ 1.158.50 1 st 50.000 63 .02317 S 1,158.50 
2nd 50,000 @ .02017 1.00880 2nd 50,000 @ .02017 1,008.50 
Bat. 2,324,000 @ .Of707 39,670.68 8al. 2,124,000@ .01707 36,256.68 
Next 1212,000 @ .01597 19,355.64 Next 1.1 12,000 @ .01597 17,758.64 
Next 1,212,000 @ .01137 13,780.44 Nea 1.1 12,000 @ .01137 12,643.44 
Next 1,212.000 - .01037 12.568.44 Next 1,112.000@ .01037 11,531.44 - Bal. 132.000 @ .00987 1,302.84 Bal. 632.000 @ .00987 6237.84 

Total $88.845.04 Total 686595.04 
FUEL CHARGE: FUEL CHARGE: 

.... .... 6,192.000@.01.819 8112.632.48 6,192,000@.01819 $112.632.48 

METER DISCOUNT: METER DISCOUNT: 
' $217,283.52 x 5.025 .... (S3.432.09) $213,733.52 x 8.025.. .. ($5,343.34) 

DELIVERY DISCOUNT: DELIVERY DISCOUNT: 
...... ...... -7.120KWxS.12 ($1,454.40) 11,120KWx0.12 ($1,334.40) 

ITAL ELECTRIC BILL: 8210.397.03 TOTAL ELECTRIC BILL: $207,055.78 
Average cost ....... 8.03398 / KWH Average cost ....... $.03344 / KWH 

SAVINGS: $3.341.25 MONTHLY 'August 1975 

No. 2 
LOADS , 

. 1 No. 13 serves to reset or shut off all stages of the 



~ ENERGY CONSERVING OPPORTUNITIES USING TEMPERATURE CONTROLS 

Mr. John Terhune , Marketing Sales Manager . 
Comfort Controls Marketing, Commercial Division Honeywell - - & '. 

. 
Millions o f  dollars are being spent on research t o  find new energy sources, 

new thermal storage techniques, and new control schemes. But  i t  can take 

I years t o  develop research results in to  commercial applications. In the 

meantime there i s  a solution. Temperature controls. 

,You have a l l  heard a great deal about.temperature control devices and 

temperature control sequences which not only save energy but provide very 

good payback. Many o f  these devices and sequences have been available for 

years, but our present concern with energy conservation has given them 

new emphasis and added credability. Even with t h i s  added emphasis, however, 

it i s  amazing how many specifications are written that ignore many basic 

conservation opportuni t i e s  . 

. Temperature controls are available today and can be designed in to  new 

buildings a t  l i t t l e  or no added cost.  . . . 

1 - A well conceived temperature control system i s  an absolute' must i f  more 

sophisticated computer bas'ed energy monitoring and control systems are 

ever to  realize their true potential. Millions o f  dollars are spent on 

designing. complex costly software t o  operate HVAC equipment. No amount o f  

computer sophistication can make leaky valves and dampers or inisapplied 

room controls energy e f f i c i e n t .  

I want t o  take a few minutes th i s  morning t o  reexamine some o f  the control 

basics which contribute t o  an energy e f f i c i e n t  system. 

For the purposes o f  discussion I 've  divided an air  handler in to  three 

sections : 

1. A i r  mixing section 

2 .  Tempering or coil section . 

3.  Room thermostats 



The a i r  m i x i n g  s e c t i o n  c o n s i s t s  o f  t h e  outdoor  a i r  damper, r e t u r n  a i r  

damper and e x h a u s t  a i r  damper. Here a r e  some o f  the t h i n g s  t h a t  can  be 

done t o  make this s e c t i o n  more energy  e f f i c i e n t .  

U s e  dampers which a r e  r a t e d  a t  1 / 2 2  l e a k a g e .  T y p i c a l l y  i f  l o w  l e a k a g e  

dampers a r e  n o t  s p e c i f i e d ,  the dampers d e l i v e r e d  on equipment or t o  the 

job  s i te  l e a k  between 10% t o  30% o f  f u l l  f l o w  when i n  the c l o s e d  p o s i t i o n .  

The l eakage  a l o n e  i s  adequa te  t o  hand le  most  minimum ou tdoor  a i r  r e q u i r e -  

men t s .  I n  a 80,000 sq. f t .  o f f i c e  b u i l d i n g  w i t h  a 60,000 CFM s y s t e m ,  the 

l e a k a g e  would b r i n g  i n  18,000 CFM o f  unwanted ou tdoor  a i r .  In Chicago 

this would c o s t  a n  owner approx imate ly  $1 per  hour  d u r i n g  the h e a t i n g  

season  when the f a n s  a r e  o n  and dampers a r e  supposed t o  be closed, T h i s  

may n o t  sound l i k e  much b u t  i f  this o c c u r s  6 hours  per  d a y ,  5 days  a week 

f o r  the h e a t i n g  s e a s o n ,  i t  c o s t s  t h a t  b u i l d i n g  owner better t h a n  $900 a 

h e a t i n g  season .  
! 

Contro l  min. f r e s h  a i r  r e q u i r e m e n t s .  T y p i c a l l y  dampers a r e  set a t  a 

f i x e d  min. s u b s t a n t i a l l y  g r e a t e r  t h a n  r e q u i r e d  b y  codes .  In f a c t  i f  you 

have  one o f  those dampers I 've j u s t  men t ioned ,  y o u ' r e  a t  minimum b e f o r e  

you s t a r t  t o  open the dampers. I t  i s  n o t  uncommon t o  see dampers set t o  

20% open for 20% a i r  f low.  Looking a t  a damper f low c u r v e  you w i l l  see 

t h a t  you g e t  s u b s t a n t i a l l y  more t h a n  20% a i r  a t  minimum. O b v i o u s l y ,  

a d j u s t i n g  the minimum damper p o s i t i o n  w i l l  correct this i n  many c a s e s .  O n  

VAV s y s t e m s  however ,  a s  the i n l e t  vanes  throttle open ,  you w i l l  draw i n  

more OA t h a n  i s  r e q u i r e d .  C o n t r o l l i n g  this minimum v i a  a f l o w  c o n t r o l l e r  

and a s e p a r a t e  minimum f r e s h  a i r  damper can s u b s t a n t i a l l y  r e d u c e  the 

q u a n t i t y  o f  OA r e q u i r i n g  mechanical  c o o l i n g  o r  h e a t i n g  

A f t e r  s e l e c t i n g  l o w  l e a k a g e  dampers and a s s u r i n g  ourselves t h a t  o n l y  

minimum ou tdoor  a i r  i s  b e i n g  i n t r o d u c e d  through  p o s i t i v e  c o n t r o l  o f  OA 

f l o w ,  we need a s u i t a b l e  method t o  control the p r o p o r t i o n s  o f  OA and RA 

d u r i n g  the c o o l i n g  s e a s o n ,  H i s t o r i c a l l y  this h a s  been through  the u s e  



of a d r y  bulb economizer. The economizer prevents the introduction o f  

hot outdoor a i r  during the cooling mode but allows i t s  introduction when 

suitable for free cooling. 

In th i s  geographic area d r y  bulb economizers are su f f i c i en t .  In other 

areas enthalpy controllers provide additional savings. An enthalpy 

control system compares the total energy or enthalpy o f  the OA t o  the 

RA and uses the air  source with lowest total energy. 

The second portion o f  the air handler i s  the coil section. Here I want 

t o  touch on on1 y one concept-that o f  space temperature feedback. 

Traditionally on dual duct or multizone units the hot deck temperature 

was reset as a function o f  outdoor a i r .  As the outdoor air  temperature 

increased, the hot deck temperature was decreased. The cold deck was 

maintained a t  a fixed discharge air  temperature. 

A .more e f f i c i e n t  way o f  controlling the decks i s  t o  sense the demand for 

heating or cooling i n  each zone or selected representative zones and 

then reset the hot and cold decks based on the zone of  greatest demand. 

This more accurately represents the demands o f  the building and allows 

the output o f  the machine t o  more closely match requirements o f  the space. 

This concept can be applied to  constant volume reheat or recool systems. 

To apply space feedback simply requires feeding a control signal back from 

representative zones and using t h i s  signal t o  reset duct temperatures 

either upward or downward as space requirements dictate.  Space temperature 

feedback plus economizer control can reduce the heating/cooling energy 

costs o f  a multizone by as much as 50% when compared t o  units without 

these features . 

Finally, the heart o f  the system, the room thermostat. I4ost people.con- 

sider that room thermostats are a l l  pretty much the same. This i s n ' t  true; 



In the Commercial D i v i s i o n  o f  Honeywell a l o n e ,  we have  o v e r  60 d i f f e r e n t  

pneumatic room t h e r m o s t a t s ,  each des igned  f o r  a d i f f e r e n t  a p p l i c a t i o n .  

Of these 6 0 ,  there a r e  two I s p e c i f i c a l l y  want t o  d i s c u s s ;  the Limi ted  

Con t ro l  Range Thermostat  and the zero Energy Band Thermos ta t .  

Two occupant  a c t i o n s  can i n s t a n t l y  d e f e a t  a good c o n s e r v a t i o n  program - 
the f i r s t ,  i n d i s c r i m i n a t e  r e s e t t i n g  o f  t h e r m o s t a t  set  p o i n t ,  and the 

second ,  a d j u s t i n g  t h e r m o s t a t s  s o  the h e a t i n g  and c o o l i n g  o v e r l a p ,  pro- 

v i d i n g  s imul taneous  h e a t i n g  and c o o l i n g  t o  the same space .  

T h e  L imi ted  Con t ro l  Range Thermostats  were s p e c i f i c a l l y  des igned  t o  

preven t  occupan t s  from a d j u s t i n g  space  t h e r m o s t a t s  t o  s e t t i n g s  beyond some 

predetermined p o i n t .  T h e  a b i l i t y  t o  set limits on t h e r m o s t a t  set p o i n t s  

h a s  been a v a i l a b l e  f o r  years  b y  f i x i n g  set p o i n t  . s t o p s  i n  the d e v i c e .  

U n f o r t u n a t e l y  occupan t s  a r e  h i g h l y  i n g e n i o u s  f o l k s .  They have  d e v i s e d  

ways o f  d e f e a t i n g  most  schemes t o  restrict set p o i n t s  whether t h e y ' r e  set 

s t o p  s c r e w s ,  l o c k e d  t h e r m o s t a t  covers or f a c t o r y  f i x e d  s t o p s .  I f  the 

occupant  cannot  f i n d  any other method,  he r i p s  them o f f  the w a l l .  Replace- 

ment s a l e s  f o r  these d e v i c e s  a r e  good b u s i n e s s .  The Limi ted  Con t ro l  Range 

d e v i c e  i s  one used on a h e a t i n g  o n l y  o r  c o o l i n g  o n l y  s y s t e m .  T h i s  i n c l u d e s  

s y s t e m s  w i t h  c e n t r a l  changeover from h e a t i n g  t o  c o o l i n g .  I t  p r o v i d e s  

comple te  freedom o f  set p o i n t  a d j u s t m e n t .  Regard less  o f  how h i g h  the 

t h e r m o s t a t  i s  set w h i l e  i n  the h e a t i n g  mode, it w i l l  o n l y  c o n t r o l  up  t o  

some maximum l i m i t  - i n  this p a r t i c u l a r  c a s e  72%. L i k e w i s e ,  i n  c o o l i n g ,  

it can b e s e t  anywhere b u t  w i l l  never c o n t r o l  a t  less t h a n  78%.  I t  

removes the f r u s t r a t i o n  o f  p h y s i c a l l y  r e s t r i c t i n g  set p o i n t  a d j u s t m e n t s  

w h i l e  a t  t h e  same t i m e  c o n s e r v i n g  energy  b y  r e s t r i c t i n g  t h e  a c t u a l  c o n t r o l  

p o i n t .  

A second f a m i l y  o f  t h e r m o s t a t s  are what Honeywell c a l l s  the Zero Energg 

Band Thermos ta t s .  The concep t  o f  two  set p o i n t s  - one f o r  h e a t i n g  and a 

d i f f e r e n t  one f o r  c o o l i n g  i s  g r a d u a l l y  g a i n i n g  occupant  acceptarice.  In 



s y s t e m s . w i t h  c e n t r a l  changeover ,  this can be accomplished w i t h  a summer- 

w i n t e r  t h e r m o s t a t  which changes L o t h  the s w i t c h  a c t i o n  and set p o i n t s  

a u t o m a t i c a l l y .  In s y s t e m s  which s u p p l y  both h e a t i n g  and c o o l i n g  on ther- 

m o s t a t  demand, the e n g i n e e r s  have  b e e n  forced t o  go t o  two s e p a r a t e  

devices w i t h  d i f f e r e n t  set p o i n t s .  But any t ime  you have  two t h e r m o s t a t s  

c o n t r o l l i n g  one space  y o u ' r e  a s k i n g  for t r o u b l e .  

The  Zero Energy Band Thermostat  i s  des igned t o  avo id  this trouble. T h e  

ZEB d e v i c e  h a s  a s e p a r a t e  h e a t i n g  set p o i n t  and c o o l i n g  set p o i n t  s o  t h a t  

each  i s  a d j u s t a b l e .  They a r e  p h y s i c a l l y  i m p o s s i b l e  t o  set t o  o v e r l a p  

h e a t i n g  and c o o l i n g .  The  h e a t i n g  can be set a t  68? and the c o o l i n g  set 

a t  7 8 0 ,  In this c a s e ,  h e a t i n g  can o p e r a t e  be tween  68 and 7 0 ,  and c o o l i n g  

between 76 and 7 8 .  Between 70 and 76 o n l y  the fan o p e r a t e s ,  n o  mechanical  

h e a t i n g  or c o o l i n g  i s  s u p p l i e d  t o  the space .  

These t h e r m o s t a t s  can be used on any s y s t e m  w i t h  both h e a t i n g  and c o o l i n g  

a v a i l a b l e  such a s  VAV w i t h  r e h e a t ,  f o u r  p i p e  from c o i l  u n i t s ,  s i n g l e  zones  

w i t h  b o t h  h e a t i n g  and c o o l i n g  and mu1 t i z o n e s  . 

Much o f  what I have  t a l k e d  abou t  i s  r e v i e w .  However i t  i s  b a s i c  i n  the 

sound d e s i g n  o f  c o n t r o l  s y s t e m s  and b e a r s  r e p e a t i n g .  I f  u s e d ,  i t  w i l l  

p rov ide  s u b s t a n t i a l  energy  and d o l l a r  s a v i n g s .  W i t h  th is ,  l e t  me t u r n  the - 
s e s s i o n  over t o  E r l i n g  Hallanger who w i l l  d i s c u s s  u t i l i z a t i o n  o f  EMCS 

s y s t e m s .  
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A. m O D u c r I O N  

Energy Management Systems can and do save energy. The purpose of this 

talk is t o  explore the various factors that can insure that the system 

select or purchase w i l l  do its job properly, To put it another way, "Will 

your Energy Managant System really hark and really save energy?" This 

subject is important because there are still 12 billion square feet of 

non-residential buildings and less than five percent have a complete, 

effective energy program in  place, 

* B. FIRST m C N  '- 'ECONaMICS 

Before Glection of an Energy Management System, a building survey and 

I -  econcanic analysis are v i ta l  t o  picking the mst effective energy saving 

functions, 

1. Bottaan Line 'Proaram 

In the interests of speed and accuracy, computer programs are 

cammnly used to  do this ,  These programs cane in many stages of cost and 

sophistication. The "Battom Line" program, for example, is a savings 

1 analysis that  only requires a t m  page input by the building owner, 

ultimately resulting in  a no-cost cmputer printout. In a little over two 

years, over 3,000 buildings have been analyzed and savings dollars printed. 

Bear in  mind that t h i s  program deals in  to ta l  dollar savings potential. A 

typical off ice building savings. .breakdown is shown below. Savings are 

expressed in dollars per year, per 1,000 square feet  of floor area. 



- Control Point Reset $126 ' 

Free Cooling 64 

Scheduling HVAC Units 57 

l%mnd Control 38 

Set Cooling a t  78OF 20 

Lighting Cmtrol. 34 

Duty Cycling 17 

Reduced Night Temperature 14 

Reduce Heating Stats t o  68'~ . 5 

$375 Per year/l, 000 Ft 2 

2. Buildilriu 'Simulation 

For more accurate determination, in advance, of "before and after" 

energy costs using different energy management scl-mes, a nwlber of build- 

ing simulation programs are available; they cost from $500 t o  $5,000, 

depending on cmplexity of tk building and/or system simulated. They can 

be done rapidly, using actual weatkr data for any location, and virtually 

guarantee that the anticipated dollar savings w i l l  happen, A "zero energy 

band" simulatim, for example, showed dramatic savings in  a San Diego 

campus hilding just by locking out cooling heating until space temper- 

atures strayed outside the 68-78OF limits for heating and cooling. 

C, SEICYIND (XI'IERION - COF!REI' APPLICA'I 'I~ OF ENERGY MANAGEVIEMI' FUNCTIONS 

1. Buildina Manaumt Svstens 

Mst cannercia1 buildings need an Qlergy mgement  System in scane 

fonn. The Delta 1000, for example, is available either as an on-site owner 

operated systan or as a paid service, called B,O.S.S. In the la t ter  case, 

tk console and 24-hour operating crew is in a central location. Phone 

lines connect t o  mte buildings, in m y  cases, 100 miles or m e  distant. • 

2. Flexibility is the key word for these systems, It is impossible t o  

design, in advance, a perfect timtable for operating a schoob, a bank, ara 

office, or a shopping center. The operator must be able to  step in via 1 

keybard to change sckdules, allow for holidays, la te  occu_l?ancy, and the 

like. 



3.'Graphics by mans of slides, or  by means of color CRTs, can greatly 

assist  operators when fas t  action is needed in response to a no heat, no 

cooling, or  other abnoml  occurrences. 

4. Application of Ehem Phnauement llWulesu 

Suppose a roof-top unit, for example, is t o  be connected t o  the 

Building Phnagement System. Many questions must be answered before this 

@pent  can operate in an efficient mrmer, such as: 

(1) A r e  outside dampers tight? 

(2) How much outside air is being bought in? How rmch is really 

needed? 

(3) Wl-at is the nameplate fan horsepower? Ebw m y  actual amps 

does it draw? What c£m is delivered? How much through hot deck? Cold deck? 

(4) What is tannage of the DX refrigeration machine? 

(5) W h t  is Btu input and output of the heating side? 

(6) Can f ir ing rate be reduced? Are cambustion efficiency checks 

mde regularly? 

(7) Is there an "integrated e~onanizer~~ sequence t o  mke f u l l  use 

of outside a i r  for cooling? 

(8) W b t  areas of the building are served, and when are they 

occupied? 

m y  similar questions must be asked before any ehergy mnagment 

function is applied. Perhaps safe energy mnagement functions can best be 

dme by tmperature control retrofit, 

5, Applicatian of "O~tirmrm Start and Stop" 

A tire clock can save energy. Elbwever, it doesn't make sense far a 

v u t e r  system, with all of its power, t o  slavishly start that  roof-top 

unit a t  the same "worst case" time every day. Cmputer logic can look a t  

outdoor and indoor temperatures and time of day and s tar t  each unit no 

earl ier  or  l a te r  than necessary t o  pick up and handle the load. 



6. Chiller Plants and other major WAC canponents, such a s  fans, pumps, 

and a i r  hmdlers are selected for design conditions. In E l  Paso, that  means 

it must handle a surmser load at  98 ilry bulb, 64 w e t  W b ,  Yet t-tures 

over 95O~ occur only a b u t  115 hours a year. The res t  of the season, m C  

equipnmt can run part tine or a t  part load. 

7. D u t ~  Orclinq takes advantage of less than f u l l  load conditions and 

allows fans, pumps, and air handlers t o  be turned off 10 t o  20 minutes out 

of each hour, saving both fan horsepower and outside a i r  loads. 

8. &mmd Pkters t e l l  the power canpany w h t  IMxirmrm load you used each 

mnth. Translating their  d d  charges into real  demand savings requires 

g o d  judgmnt and hard work - t o  find loads that can be turned off, for  

instance. It takes three kilowatts of load connected t o  the demand 

controller for every kilowatt you want t o  reduce. Amunt of dollars 

this w i l l  save can best be answered by the p w e r  company rep who handles 

y~ur account, 

9. Outdoor A i r  is the "big spenderff of energy in many buildings, 

First, mke sure i t 's  not leaking in through windows, doors, and cracks, 

Then check codes and standards t o  see what is really needed. In an office 

building, you can get by with 5 t o  10 cfm per person, perhaps less than 

one-fifth of tk original design anmunt, Lastly, make sure you use outdoor 

a i r  for  cooling whenever i t 's  a t  the right temperature, Even here in  El 

Paso, there are hundreds of hours every cooling seascgl *re outside a i r  

can b l p ,  especially for buildings needing cooling 24 hours a day. 

D. THIRD CF3lXFXON ' -  LOCF;L 'SUPFORT 

An Qlergy m g m t  System is no better than the spare parts and 

skilled techicians that can keep it going year after year, That's why i t 's  

so important t o  have a vendor who has these fac i l i t i es  nearby, or has the 

abi l i ty  t o  train a cadre of your own exprts and re-train wt.len t k y  leave. 

W e  recmnmd your software be checked out and u m t e d  a t  least yearly t o  

keep pace with building usage and energy cost cl-anges, 



E. FOURTH CRITERION IS MONTHLY AUDITING 

No mergy mnagement System is good enough t o  work for you wi tbu t  a 

monthly check of your energy units and dollars. Techniques are now being 

developed so that, for the f i r s t  the, energy units can I=e reconciled with 

buildirg kcupancy and outside weather cmditions. Real costs avoided 

year-to4ate and for this month can be amurately calculated, using outside 

weatkr records, such as  degree hours of cooling or heating, plus an 

occupancy.factor, which accounts for hours in use multiplied by thousands 

of square feet. Ultimately, this w i l l  allow Building A t o  be canpared t o  

Building B of the same type. 

F. ' a"UMMAY 'AND RECAP 

In  smmry, we hwe reviewed four cr i ter ia  or t e n c m k s  that w i l l  help 

t o  select a sound, mrking mergy Management System. They are: 

. Economics 

. Correct Application 

. Local Support 

. Monthly ~ u d i t s  

Follow these guidelines and enjoy wise use of energy! 



ENERGY CONSERVATION THROUGH CONTROLS DESI.GN 
By Joseph Paoluccio 

I. Dead Band Contro l  S t ra tegy  

A. Prevents s imul taneous hea t i ng  and. coo l  i n g  
* ,  

B. T h r o t t l  i n g  Range (Acceptable Comfort Range) 

1  . 1  OF w i  t h  68F minimum and 78F maximum . 

C. Dead Band 

1. A p o r t i o n  o f  the t h r o t t l i n g  range du r i ng  which n e i t h e r  

hea t i ng  nor  c o o l i n g  energy i s  used. 

2 .  5F; 70.5F t o  75.5F 

D. Space Demand Feedback 

1  . ipace  temperature manages hea t i ng  and coo l i ng  energy through 

prearranged sequencing. 

E. Space hum id i t y  i s  c o n t r o l l e d  on a  h i gh  l i m i t  r e s e t  bas is  as a  

- f u n c t i o n  o f  d ry  b u l b  temperature. 

F. See f i g u r e  1  ; Log ic  diagram 

I I. Dead Band Cont ro ls  Guide Presents 
., A. Step-by-step method f o r  energy conservat ion through con t ro l s  

des i gn gui  del  i nes . 
B. Engi nee r i  ng gu i  del  i nes  f o r  Dead Band r e t r o f i t  i n c l  ude : 

1  . Logic  diagrams 

2 .  System schemati cs 

C. Methods f o r  es t ima t i ng  cons t ruc t i on  and maintenance costs  

1. L i f e  c y c l e  cos t  appl i c a t i o n  

2 .  Payback ana l ys i s  appl i c a t i o n  

3. See F igures 3 and 4; Es t ima t i ng  Aids 
I 

I I I. Computer Model i ng 

A. Computer modeling was used .to p r e d i c t  r e l a t i v e  energy consumption 

f o r  bu i  1  dings and c o n t r o l  s t r a t e g i e s  addressed i n  the Dead Band 

Cont ro ls  Guide 

B. Three rep resen ta t i ve  c l  i m a t i  c  zones were analyzed 

1. San Diego, C a l i f o r n i a  

2 .  Great Lakes, I l l i n o i s  



3. Pensacola, F lo r i da  

C .  Two types o f  b u i l d i n g  cons t ruc t ion  were analyzed 

1 . Heavy cons t ruc t i on  

2. L i g h t  cons t ruc t ion  

D. Re la t i ve  Energy Consumption; See Figures 4, 5 and 6 . 

E. References : 

DEAD BAND CONTROLS GUIDE 

Contract  No. N68305-78-*C-0011 

Naval Construct ion B a t t a l i o n .  Center 

P o r t  Hueneme, C a l i f o r n i a  93043 

HVAC CONTROLS GUIDE FOR ENERGY CONSERVATION 

P.O. No. 77 MR 781 

Naval Construct ion B a t t a l i o n  Center 

P o r t  Hueneme, C a l i f o r n i a  93043 

Joseph P. Paoluccio, P.E. 

JOSEPH PAOLUCCIO . CONSULTING ENGINEERS 
71 75 Construct ion Court 
San Diego, Ca l i  f o r n i  a 921 21 
(714) 578-5910 
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Figure 1. DEAD BAND LOGIC DIAGRAM 



NONHUHIDITY M P L E  ZONES 

ZONE DATA: 

NONSAHPLE ZONECS) x 2 0  $/EA ' 
NONHUMID 1 TY SAMPLE ZONE (S) X $/EA I 

- r ( U M l D I T Y  SAMPLE ZONE (S) X 6 0 0  S/EA ' 

SNTRAL AIR HANDLING APPARATUS: 

COOLING COIL(S) 
H U T l N G  COlL(S) 
PREHEAT COIL(S) 
ECONOHIZER(S) 
CONTROL PANEL 
TUBING (FEET) 
OTHER 
OTnER 

O V E R H E A D  X X + 100  

- PROF l T X X  + 1 0 0  

X 
X 

x. 
SUBTOTAL - 

I 

SUBTOTAL - 
I 

TOTAL I 

Figure 2. INSTALLATION ESTIMATING AID 
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0 
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i o  ' 3; ' sd i o  do 110 
NONHUNIDlTY SWPLE ZONES 

ZONE DATA: 

NONSAMPLE ZONE(S) x o $/YR - 
NONHUMlDlTY SAHPLE ZONE(S) X $/YR ' 
HUNIDLTY SAMPLE ZONE(S) x 70 S/YR = 

CENTRAL AIR HANDLING APPARATUS: 

COOLING COIL(S) x 25 $/a' 
HEATING COIL(S) x 25 $/YR ' 
PREHEAT COIL(S) x 25 $/YR ' 
ECONOMlZER(S) x 60 S/YR ' 
OTHER X $/YR ' 

O T H E R  X S / Y R  ' 

SUBTOTAL = 
OVERHEAD X X  + LOO = 

SUBTOTAL = 

" PROFIT X I  t 100  = 

TOTAL = 

Figure 3. OPERATION AND MAINTENANCE ESTIMATING AID 



HEATING C W L I N G  
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Figure 4. RELATIVE ENERGY CONSUMPTION - SAN DIEGO 
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Figure 5. RELATIVE ENERGY CONSUMPTION - GREAT LAKES 
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Figure 6. RELATIVE ENERGY CONSUMPTION - PENSACOLA 



Case Study 26. By br ry  Lord 

PROECT: Georgia Power Co. Corporate Headquarters, Atlanta, Ga. 
ARCHITECT/ENGINEER: Heery & Heery Architects &Engineers hc.  , Atlanta, Ga. 

.. 

INTRODUCTION: The Georgia Power Company (GPC), a large and progressive 
utility serving the state of Georgia, had outgrown i ts  original headquarters and 
decided to  consolidate corporate operations in a new central office building in 

7 
downtown Atlanta. The company retained Heery & Heery to study the pro- 



* 
grammatic needs for accomplishing consolidation and the following specific 
objectives: 

o reduce operating and administrative expenses by centralizing 
offices, and accommodate future growth; 

o contribute to the civic health and stability of Atlanta by remaining 
in the downtown area: and, 

o set an example of innovative, economical energy conservation design. 

The architect's mission was to design an energy efficient building, satisfying 
the client's b c t i o n a l  and budgetary criteria, that would not only achleve 
energy cosr savings for GPC operations but would demonstrate the economic 
feasibility of energy conservation to its customers, the ccnstmction industry 
and the general public. 

The design of a 24-story office tower and three-story , solar collector-crowned 
base provided a facility comparable in size, quality and cost to other Atlanta 
office buildings, but which was expected to consume 43 percent less energy 
than its average counterpart. A large scale, active solar collection system 
would further reduce purchased energy for heating and cooling, while special 
lighting equipment would minimize electrical demand. 

PROGRAM: In programming, which consisted of f i ve  major elements (space f 
allocations and functional relationships, enargy utilization and conservation, 

. 
construction time and cost, site development, and design parameters), the 
architect used several techniques to identify influences on energy use and 
to  determine potential energy demand and consumption. 

Figure 1 : Energy use 
by Atlanta buildings; 
GPC energy budget. 

. . 

. - 

* 
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Enerav Budset: Development of demand and consumption goals began with a 
survey of energy use in existing buildings of Atlanta. From a sample of more . than 60 ,  a l l  applicable energy data was obtamed on 31 of these high and mid- 
r ise  office buildings. Based on summaries of this data ,  a three-part energy 
budget for the GPC facility was established. It se t  design targets for summer 
and winter peak demands and for energy consumption, which were expressed in 
BTU's per gross square foot. The energy budget was the building's performance ob- 
jective, cansiderlng al l  energy sources and uses  appropriate to the building, 
and -:-as used to  evaluate design progress. Figure 1 shows snergy survey 
summaries and the resulting energy budget for the GPC building. 

Fisure 2: Site plan 
for GPC facility. 

Climatehite:  Analysis of the regional and s i te  specific influence of climate 
showed, in summary, that although Atlanta's summe . are relatively warm and 
winters mild, heating degree days (6S°F base) outnumber cooling degree days 
2 tp 1. ASHRAE 2.5% summer and winter design temperatures (dry bulb) are  
920F and 230F, respectively. 

Programming included analysis of the s i te  conditions and related factors. The 
GPC facility was to be the first project in a redevelopment area adjacent to  



the city's central business district. The cleared s i te  offered the opportunity 
to optimize siting, orientation, and public visibility. In addition, sun rights 
were assured by an interstate highway right-of-way immediately south and 
southeast of the site. Site layout is shown in Figure 2. 

Suace Standards: Space alone consumes no energy. However, the function per- 
formed in that space and the ability of the space to accommodate the function 
determine energy consumption. Space standards for individual tasks were 
developed, intergrating lighting level, comfort requirements, and equipment 
usage. The space studies identified the major groups of spaces and aided the 
architect in arranging functionally and energy efficient layouts. 

Protect Budqet: Cost estimates were based on the client's desire to have a 
facility comparable to  other corporate high r i se  office buildings in Atlanta. 
The architect's task was to  accomplish energy conservation and other objec- 
tives within this budget limit. Meeting this criteria would fulfill another 
objective: to demonstrate the commercial viability of energy conservation 
design. The cost of special  energy conservation features a s  public demonstra- 
t ions,  such as the solar collection system, were considered separate from 

. 
the base budget. 

/ 
DESIGN: The architect's procedure involved a series of design-evaluation e 
steps,  in which component designs were evaluated, redesigned and reevaluated 
until a satisfactory solution was reached. Manual and automated calculation 
procedures were used in evaluation and in measuring total building performance 
against energy budgets a t  various stages of design development. 

The starting point of the process was a baseline design developed in response 
to the relative magnitudes of fndividual building load components (air distri- 
bution, heating, air conditioning, process loads, lighting). These had been 
identified from the energy survey of Atlanta office buildings conducted earlier. 

Enerw Analysis: Numerous, detailed calculations were necessary in order 
to predict component and total energy performance and to measure them agalnst 
energy budgets. A computer was used to simulate total building.performance . 
while many manual calculations were made of specific component demands. A 
ser ies  of 175 computer-assisted simulations was produced. Each simulation 
identified "suspect" loads, which were altered through redesign before the .. 
next simulation. All computer inputs were handled by a single operator in 
order to control relative validity. A variety of computer programs were used in 
analysis,  .including TRACE, SCOUT, AXCESS , Southern Services, TRNSYS , 
and ECUBE. (See Toolsfiechniques section of the Enersv Notebook.) . 
CS-188 9/78 



Buildins Confisuration: A total of 465,000 square feet of homogeneous office 
space was organized Into a 24-story tower. Computer studies aided in energy 
analysis of 30 different tower forms. Although an atrlum type scheme would have 
provided a three percent reduction in annual energy consumption, i t  was m- 
adequate for planning office space layouts and did not satisfy the client 's  need 
for flexibility. The rectangle with an east-west axls and an aspect ratio of 
1.6:l.O was chosen a s  best meeting enzrgy and other programmatic criteria. 

A separate, three-story base was also designed. Enclosed by a curvmg, earth- 
bermed wall, t h ~ s  buildhg would house 290,000 square feet of speclal 
facilities including GPC's Ghorgia Energy Center, the computerized load 
management center of the utility's entire power network. The more energy- 
intensive and 24 hour/day operations would be located in this building, which 
was designed to function independently of the office tower. 

End Core: A unique feature of the design was the decision to locate service 
cores a t  the east  and west ends of the tower building rather than to centralize . the unoccupied spaces,  elevators, stair towers, mechanical rooms, and 
storage rooms. The end cores added thermal buffering to the east  and west 
walls,  which consist of opaque, insulated, reflective spandrel glass .  C0m- 
puter simulations revealed that this combination reduced annual energy con- . sumption 20 percent below that of a central core scheme combined with 50 
percent vision glass  on the east  and west walls. The typical tower floor plan 
(Figure 3) shows the location of the end cores. 

Fiaure 3: Typical tower floor plan showing east/west end cores. 



Other Architectural Features: The esthetically unique south wall recedes in 
"steps" from top to  bottom, creatlng a series of overhangs that, with sun- 
screens,  shade the vision g lass  from direct solar radiation and reduce the 
cooling load. A variety of studies were performed of shading and other 
architectural considerations, which together proved to be the most significant 
single aspect in determining building energy performance. The design ideas 
generated are illustrated in Figure 4. 

Fiqure 4: Energy design ideas generated for GPC facility. 

Svstems Design; Beyond the architectural treatment, equipment systems were 
developed using the design-evaluation process. This was especially effec- 
tive in reducing bullding energy requirements in the case of ligiitiig system 
design. The lighting scheme would consume only 1 . 6 5  Watts/s.f., which 
is 3 to 5 Watts less  than the average Atlanta office building. A task-oriented, 
ceiling lightmg arrangment was devised using 2x2 deep cel l  parabolic 
fluorescent fixtures. These would provide 60-70 ESI footcandles (Equivalent 
Spherical Illumination) to task locations. An open and semi-open office plan 
maximazes light distribution from the fixtures and takes advantage of natural 
light from the curtainwall. 



In corridors, lounges and similar spaces,  mova t ive  High Pressure Sodium 
(HPS) lamps would be used. These ultra-long life, low wattage lamps provide 
effective, but extremely low, brightness. A hanging HPS fixture to replace 
the fluorescents in the open office areas was sti l l  being developed when the 
design was completed. The use of HPS illumrnation throughout the office 
tower would reduce the lighting load to less than 1 . 0  ~ a t t / s  .f. Additional 
savings are possible through interfacing lighting controls with the computerized 
building control system. 

A Central Control Monitoring and Signal System (CCMS) would aid energy con- 
servation m building operation. In addition to the conventional environmental 
control functions, the computerized CCMS would also: 

o optimize use of outside air  for thermal comfort through 
continuous remote sensing and calculation of optimum 
enthalpy in operation of automatic dampers; 

o precisely coordinate night shutdown and setback times by 
zones: 

o adjust chilled water temperatures; 
o start up equipment dynamically in response to exterior and 

interior space conditions and programmed occupancy times; 
o selectively t u n  off lighting circuits in response to  natural 

light available sensed by remote photoelectric cells. 

ENERGY SYSTEM: Although energy requirements are greater in winter for 
Atlanta, the crltical peak demand occurs in the summer. The reason is that 
winter heating can be supplied by natural gas  and oil as well a s  by electricity, 
but high air conditioning needs in summer rely primarily on electricity alone. 
The usual way for an electric utility to satisfy peak demands is to generate more 
electricity by using older, inefficient power plants or by building new ones,  
passing the added cos ts  on to customer.  GPC wanted to demonstrate in i ts  own 
headquarters facility the opportunities for managing peak load through energy 
conservation. One of the most significant features of this project, chilled 
water storage, provided such a demonstration. 

Coolinq Summer peak demand occurs a t  the coincidence of maximum envir&- 
mental and internal heat gains. The GPC design minimized internal gains,  
primarily through efficient organization and systems design, as much as . 
occupancy and client requirements permitted. Environmental heat gains from 
low sun angle, high insolation, and high ambient temperatures were controlled 
by the architectural features. The glazed building skin (80 percent insulated 
spandrel glass  and 20 percent reflective insulating g lass ) ,  end cores, and . 



south wall setbacks and sunscreens helped lower peak demand a s  well as  4: 
consumption. 

Further peak leveling was accomplished ly a 300,000-gallon chilled water 
storage tank incorporated in the building. Although it does not reduce energy 
consumption, the large volume of chilled water can carry the cooling load for 
three hours during peak demand. The chilled water is replenished at night, 
shifting the main chiller equipment load to off-peak hours. In addition, the 

. 

cooling load of the building is handled by use of an outside air economizer 
when outside air temperatures are below 60°F. 

Heatins: Internal gains from people, equipment, lights, etc. were considered 
more than adequate to heat the building during winter. A centrifugal chiller 
with a double bundle heat exchanger permits cooling of building zones with 
special equipment (such a s  computer operations, TV studio, printshop) while 
using the heat generated to supply heating zones. Peak demand is reduced by 
using hot water stored in two 25,000-gallon tanks for heating during peak 

periods and replenishing it du- 
ring off-peak hours: an operation 9 

similar to water chilling. A con- 
ventional electric boiler provides 
backup heating. 

Solar Collection System: Solar 
energy will supplement the buil- 
ding cooling, water heating and 
space heating through an active 
collection system positioned on 
the roof of the low-rise building. 
The system is esigned to sup- t ply 5,617 x 1 0  BTU annually, 
or 14 percent of total energy re- 
quirements. The solar array 
consists of 1,485 concentrating 
parabolic trough collectors (each 
2x8 feet) totaling 23,760 square 

4- feet of collector area. Compu- 
ter analysis determined a cost- 
effective configuration, which is 
a combination of series and pa- --- rallel circuits circulating a wa- 



ter and glycol heat transfer fluid. All internal components of the system are 
to be insulated, and a photoelectric sensor unit and automatic controls will 
operate the tracking array. 

PREDICTED PERFORMANCE: Final preconstruction analysis estimated that 
building energy consumption would be 53,880 BTU/s .f ./year, a 43 percent 
reduction from the 94,353 BTU/s.f./year of the average Atlanta office 
building. However, this was nearly 3,000 BTU/s .f./year above the project's 

Fisure 5: Energy consumption comparison by total and by load components. 

energy budget of 51.000. U s e  d the solar collection &stem would drop 

Y 
annual consumption to 46,276 BTU/S .f. , well below the energy budget. 
Another reduction to 42,000 BTU/s .f ./yeaFwould be accomplished by adoption 
of the HPS lighting scheme. (See Figure 5 for energy consumption comparisons .) 

Peak demand analysis showed that the design bettered the winter energy 
budget goal, but fell short of the summer peak goal even with the chilled 
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water storage and solar energy systems. The graph in Figure 6 illustrates the 
inversion of the demand profile due to energy conservation and the flattening 
effect of chilled water storage. Collected solar energy further reduces winter 
peaks (of purchased energy), but only equals the effect of the chilled water 
storage on summer peak demand., 

Fiuure 6: Peak demand comparison by month and by conservation feature. 

Costs. Bids m the general contract were received, indicating the building cost -. 
of $37.6 million would be within the project budget. A separate performance 
specification was written for the design, furnishing and instal lat id of the so- 
lar system and sent to 14 prospective suppliers. It required bidders to submit 
a fixed price for a guaranteed performance (energy output) of the solar collec- 
tors. Only three manufacturers responded with complete and meaningful pro- ., 
posals . The winning bid was $1,069,000. The total project cost demonstrated 
the ability to accurately estimate and procure an innovative, state-of-the-art 
energy conserving building within a budget comparable to other programmatically 
similar office buildings in the region. 



PASSIVE SOLAR BUILDING PERFORMANCE 

SOLAR TECHNICAL LIAISON DIVISION 

SANDIA LABORATORIES 

ALBUQUERQUE, N.M. 

BY. 

Robert P. Stromberg 

Passive solar-buildings, and the methods for their design, 

are coming of age. The Third National Passive Solar Conference 

took place in January at San Jose, Ca.; it had been one year 

since the Second National Passive Conference. At the. Second 

Conference, a rather small amount of data was presented. There 

was a considerable amount of material showing the energy 
savings obtained. Things were different at the San Jose Con- 

ference. Many authors described their comfortable homes and 

buildings and showed actual temperature records for the winter 

of 1977-78. A husband and wife developer team described their 
project in Davi.s, Ca. with over 75 of the intended 200 passive 

solar homes sold. They had absolutely no problem in selling 

the rest as fast as they were built. They showed their solu- 

tions to dealing with planning and zoning officials, doing 

optimum street orientation for solar access as well as many 

interesting innovations to take care o'f solar rights and reduce 

overall energy needs. 

Several persons presented alternative methods for design 

and construction of passive homes. There were various ap- 
..- proaches for the "rule of thumbt1 guidance needed by the archi- 

tect during the original conceptual design. Simplified 

calculation methods were available for the architect or - engineer during the development stage of the project, and de- 

tailed calcul'ation methods were available for "zeroing in"' on 



a design during the definitive design stage. In'sumrnary, the 

design tools are becoming available for design of passive 

buildings with confidence in their performance when built. 
Ms, Omi Walden, Assistant Secretary, Conservation and 

Solar Application, called passive solar design the major 

omission in the Department of Energy Solar Program, and said 

plans were made for a major emphases on passive design in the 

future. In a previously published report (Reference 1) five - 
passive solar buildings were described along with their 

performance. These buildings, as well as some others with 

more up-to-date performance data, show the growth in this 

technology, both in performance and understanding. 

REFERENCES 
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Albuquerque, NM, Report No. SAND77-1204 (Revised). 



MODERN COAL FIRED HIGH TEMPERATURE WATER (HTM] HEAT PLANT 
By Bill Peavy and R. S:Karabensh 

A. PROJECT IDENTIFICATION ' AMD'SCOPE 

1. Loca t ion  

Franc is  E. Warren A i r  Force Base i s  l oca ted  j u s t  west o f  the  town 

o f  ~ h e y e n i e  i n  southern Wyoming. . , 

Th is  base was s t a r t e d  as a  m i l i t a r y  pos t  f o r  t h e  c a v a l r y  and much 

o f  t h e  a r c b i  t e c t u r a l  t reatment  o f  e x i s t i n g  b u i l d i n g s  has been preserved. 
The major p o r t i o n  o f  t h i s  p r o j e c t  l i e s  w i t h  a  Wyoming h i s t o r i c a l  boundary 

area. 

2. Purpose 

Pursuant t o  t h e  Nat iona l  Energy Act t o  reduce t h e  consumption o f  

n a t u r a l  gas, Warren A i r  Force Base has been se lec ted  t o  change t h e i r  f u e l  

t o  coal  f o r  hea t ing  most o f  t he  major f a c i l i t i e s .  

Wi th  t he  complet ion o f  t h e  newly designed heat p l a n t  and HTW d i s -  

t r i b u t i o n  system t o  111 bu i l d i ngs ,  much of t he  e x i s t i n g  n a t u r a l  gas d i s -  

t r i b u t i o n  system w i l l  be abandoned. 

S t a r t  o f  c o n s t r u c t i o n  f o r  t h i s  p r o j e c t  i s  scheduled f o r  t h e  f i r s t  

h a l f  o f  1979. 

3. Fuel 
' f  . 

I t  i s  a n t i c i p a t e d  t h a t  Wyoming coa l  w i l l  be used a t  t h i s  f a c i l i t y  

and p rov i s i ons  have been made t o  r ece i ve  coa l  by e i t h e r  r a i l c a r  o r  t r ucks .  

Coal bunkers f o r  " l i v e l 1  s torage w i t h i n  t h e  heat p l a n t  have been s ized  f o r  

a  4 day supply  o-F. coa l  a t  t h e  maxi.mum usage ra te .  , The "dead" s torage space 

prov ided i s  s u f f i c i e n t  t o  ho ld  a  one year  supply  of coa l .  

4. B u i l d i n g  Mod i f i ca t i ons  

O f  t h e  11 1  b u i l d i n g s  t o  r e c e i v e  t h e i r  p r imary  heat source from the  
HTW d i s t r i b u t i o n  system, 44 b u i l d i n g s  requ i red  m o d i f i c a t i o n s  t o  t h e  e x i s t i n g  

secondary hea t ing  systems. ,In most cases t h e  secondary hea t ing  systems have 

been changed t o  ho t  water heat. Th is  approach has prov ided a  c o s t  

e f f e c t i v e  i n t e r f a c e  between the  p r imary  (HTW) and secondary (ho t  water)  

systems and has g r e a t l y  increased t h e  e f f i c i e n c y  of t he  i n d i v i d u a l  b u i l d i n g  

hea t ing  system by reappo r t i on ing  t h e  heat d i s t r i b u t i o n .  

The remain ing 67 b u i l d i n g s  have secondary hea t ing  systems t h a t  a r e  



compatible f o r  interfacing with HTW by ins ta l  1 ing e i t he r  steam generators 

l or  hot water converter heat exchangers in the exis t ing boiler  rooms. 

5. Energy Monitoring and Control System 

An energy monitoring and control system (EMCS) has been provided 

t o  monitor the BTU consumption by measuring the temperature difference and 

flow of HTW through each building. When the outside a i r  temperature 

reaches 65°F the building heating systems will be s h u t  of f  by disabling 

I the HTW pressure control valve o r  the hot water c i rcula t ion pumps. 

I A control keyboard and CRT will be ins ta l l ed  in the central  heat 

plant t o  allow the  operators t o  monitor the performance of the  HTW system. 

A control keyboard, CRT, and p r in te r s  will be ins ta l l ed  i n  the central 

I engineering o f f i c e  building. A report  will be printed monthly s ta t ing  

I the usage of HTW for  each building on the system. I t  will a l so  be possible 

t o  monitor HTW temperature and flow fo r  individual buildings on an as-  

desired basis. 

B.  PLANT CAPACITY A N D  SYSTEM OPERATION 

1 .  High Temperature Water Generators 

Three identical  ver t ica l  coal-f ired high temperature water gen- 

e ra to rs  have been provided and located w i t h i n  the heat plant .  The capacity 

of each generator i s  55,000,000 BTU per hour which i s  50% of the  peak de- 

mand load fo r  the HTW system. Two HTW generators a re  required t o  meet 

maximum operating conditions, the th i rd  being a standby uni t .  The plant  

peak demand load of 110,000,000 BTU per hour was determined as  the sum of 

80% divers i f ied  space heating load and 65% divers i f ied  u t i l . i t y  heating load 

increased by plant use, estimated l i n e  loses ,  and a contingency fac to r .  
The output capacity requirement f o r  each HTW generator i s  

55,000,000 BTU per hour with 400°F ou t l e t  (supply) temperature and 264°F 

i n l e t  ( re turn)  temperature which corresponds t o  the flow requirement of 

386,643 L B / H R  f o r  each generator. The generators receive flow from, and 

discharge t o ,  common headers. 



2 .  Pumps 

D, Three i d e n t i c a l  pumps have been prov ided w i t h  one being a standby 

u n i t .  Each pump i s  s i zed  t o  match t h e  f l o w  requirement o f  one generator  

which i s  50% o f  t h e  est imated peak f l o w  demanded by t h e  HTW system. A 

d i f f e r e n t i a l  pressure c o n t r o l l e r  i n  con junc t i on  w i t h  two bypass c o n t r o l  

va lves ma in ta i n  a  cons tan t  pressure d i f f e r e n c e  across t he  HTW genera to r (s ) ;  

thus, cons tan t  f l o w  through t h e  ope ra t i ng  pump(s) and generator  ( s )  i s  

assured. 

3. System P ressu r i za t i on  

HTW expansion tanks p rov ide  a r e s e r v o i r  f o r  t h e  pumps, a  space 

f o r  expansion and c o n t r a c t i o n  o f  t h e  h i gh  temperature water, and a volume 

f o r  p r e s s u r i z a t i o n . u s i n g  a f i x e d  q u a n t i t y  o f  n i t r o g e n  gas. Two tanks have 
L. been prov ided t o  accommodate expansion f o r  t h e  f u l l  range o f  opera t ing  con- 

d i t i o n s  throughout  t h e  year .  The tanks a re  connected t o  t h e  HTW r e t u r n  

l i n e  on t h e  suc t i on  s i d e  o f  t h e  pumps i n  such a manner as t o  minimize 
C temperature and pressure f l u c t u a t i o n s  i n  t h e  expansion tanks. 

The p r e s s u r i z a t i o n  w i t h  a  f i x e d  q u a n t i t y  o f  n i t r o g e n  gas keeps 

I ttie system pressure above t he  vapor pressure o f  water a t  t he  generator  ou t -  

l e t  w i t h  cons ide ra t i on  g iven  t o  e l e v a t i o n  and temperature d i f f e r e n c e  w i t h -  
i n  t h e  HTW system. The maximum system pressure range a t  the  pump o u t l e t  
i s  392-439 ps ig .  

4. D i s t r i b u t i o n  P i p i n g  

The HW d i s t r i b u t i o n  p i p i n g  t o  t h e  b u i l d i n g  i n t e r f a c e s  has been 

s ized  us ing  maximum f l ows  corresponding t o  maximum heat ing  1 oads w i t hou t  

d i v e r s i f i c a t i o n .  Two separate zones have been provided, bo th  o f  which r e -  

I ce i ve  f low from, and r e t u r n  f l o w  t o ,  common headers w i t h i n  t h e  heat p lan t .  

I Due t o  i t s  longer  leng th ,  Zone 1 p i p i n g  i s  s i zed  us ing  reasonable v e l o c i t i e s  
I 
Is=' w i t h  cons ide ra t i on  o f  pressure drops f o r  pump horsepower requirement.  

1 Zone 2 p i p i n g  and major branches o f  Zone 1 have been s ized  t o  achieve hy- 

d rau l  i c  ba lanc ing such t h a t  pressure drops a t  t h e  ends o f  a1 1 major 
- branches a r e  w i t h i n  15% o f  each o the r .  Balancing va lves a re  prov ided i n  

, 
the  r e t u r n  1 ines  o f  t he  two zones. 



There i s  approx imate ly  ei:ght and one-hal f  m i l e s  of HTW d i s t r i b u t i o n  

p i p i n g  on t h i s  p r o j e c t .  

C. MAJOR EQUIPMENT SELECTIONS 

1. HTW vs. Steam 

Since t he re  a r e  no f a c i l i t i e s  a t  Warren A i r  Force Base t h a t  r e -  

q u i r e  l a r g e  q u a n t i t i e s  o f  h i gh  pressure steam, t h e r e  a r e  many advantages 

t o  employing a  h i gh  temperature water system. I n  a d d i t i o n  t o  b a s i c a l l y  

be ing a  l e s s  complex system, severa l  advantages o f  a  HTW system w i t h  

respec t  t o  e f f i c i e n c y  and economics a r e  1  i s t e d  below. 

a. HTW system r e q u i r e s  l e s s  f u e l  consumption due t o  the 

e l  i m i n a t i o n  o f :  

1 )  Atmospheric steam f l a s h i n g  and hand l ing  o f  condensate. 

2 )  Rad ia t ion  losses a t  condensate and feedwater pumps, and 

leakage a t  va l ve  stems and t raps .  

3) Continuous v a r i a t i o n  i n  f i r i n g  r a t e s  due t o  s e n s i t i v e -  
ness o f  steam generators  w i t h  changing l o a d  cond i t i ons .  

[Due t o  t h e  l a r g e  q u a n t i t y  o f  water t h a t  i s  f l o w i n g  i n  

a  HTW system, a  f lywheel  e f f e c t  i s  produced which tends 

t o  absorb changing l oad  c o n d i t i o n s ) .  

b. Some o f  t he  economic b e n e f i t s  o f  a HTbl system a r e :  

1  )- The e l i m i n a t i o n  of pressure reduc ing s ta t i ons ,  t raps ,  

condensate pumps, and rece i ve rs .  

2 )  The requirements f o r  water so f t ene r  and feedwater chem- 

i c a l  t rea tment  i s  l e s s  f o r  a  HTW system than  f o r  a  steam 

system. 

3) The d i s t r i b u t i o n  supply  '1 i nes  a r e  cons iderab ly  sma l le r  

f o r  water t h a n .  f o r  a  steam system o f  equ i va len t  capac i ty .  

Rea l i z i ng  t h a t  t he  HTW r e t u r n  l i n e  i s  l a r g e r  than a  con- 

densate r e t u r n  l i n e ,  one must remember t h a t  the  conden- 

sa te  l i n e  a l s o  r e q u i r e s  t r aps ,  rece ivers ,  valves, and 

pumps which c o s t  more than t h e  HTW r e t u r n  p i p i ng .  



c. Maintenance requirements for a HTW system have proven to be 
less than for steam systems of equivalent capacities. 

2. Wet Scrubbers vs. Precipitators vs. Baghouses 

In selecting the pollution control equipment, both particulate 

and SO2 removal had to be considered, even though the Wyoming coals to be 

used at Warren Air Force Base have a very low sulfur content .: 
Concerning particulate removal efficiencies for submicron sized. 

particles, wet scrubbers are typically in the 90% efficiency range while 

precipitators above 98% are usual and baghouses may easily reach 99+%. 

However, in some cases, venturi scrubbers operating at high pressure drops 
(i .e. 25 in. H20) have been known to compete with baghouses and precipita- 

tors,. 

a. Wet Scrubbers 
Regard1 ess- of the,, requirement for SO2 removal , sul fur pl ays 

another part in firing fossil fuels. During .combustion, sulfur 

combines with oxygen to make SO2 and. SO3, which combine with water 
to form sulfurous and sulfuric acid. These acids can form direct- 
ly in the gas stream below the water dewpoint, causing extreme 

corrosion in a wet scrubber and to a lesser degree in baghouses 

and precipitators. In addition, SO2 removal has been obtained 

with scrubbers designed only for particulate removal. The result 

is an acidic bottom slurry which must be disposed of. Also, the 
requirement for slurry handling, settling ponds, significant water 

usage, and .lesser operating efficiencies at reasonable pressure 

drops, have all contributed to the conclusion that a wet scrubber 

was not a feasible method for air pollution control for this 

project. 

b. Electrostatic Precipitators 

The use of electrostatic precipita7tion to remove fine 

particles from air is an old and proven method. The gas 

stream i's exposed to a high voltage electrical field which 

charges the sol id .particles. These particles migrate to an 



oppositely charged collecting surface where they cling until re- 
moved by vibration. Proper functioning of an electrostatic pre- 

cipitator requires that the resistivity of the fly ash be within 

a relatively narrow range. Difficulties staying in this range 

have been experienced with low sulfur fuels and hence these fuels 

are not conducive to high collection efficiencies. Consequently, 
precipitators have not been selected for use on this project. 

c. Baghouses 

The application of baghouses to coal fired generators is 
' 

becoming increasingly necessary as tighter and tighter particu- 

1 ate regulations are appl ied. When burning low sulfur coal and 
maintaining a flue gas outlet temperature below 500°F, baghouses 

represent a less expensive and more efficient solution to the 

particulate problem, 

.Virtually any source of particulate emission may be con- 

trolled by a baghouse. Typically, baghouses are employed to con- 
trol particulate emissions when a high collection efficiency on 

small particles is required. Efficiencies of 99.9+% are common 

and since baghouses are mechanical devices, their performance is 

not as sensitive to variations in load and fly ash properties, 

as,' for example, with a precipitator. 

The most critical design consideration for using a baghouse 

is the flue gas temperature. A too high temperature, continuously 

above 550°F, will damage the fiberglass bags and a too low tem- 
perature, be1 ow 300°F conservatively or be1 ow the sulfuric acid 
dewpoint will condense acid on the baghouse internals and cause 

considerable damage. The present system design, which incor- 

porates. the use of a baghouse, dictates a 467OF flue gas exit 

temperature from the generator, so both conditions are safely 

satisfied. 

Coal Hand1 ing Equipment 

The coal is delivered to the heat plant by be1 t conveyors where 



i t  i s  transferred to a bucket elevator. From th i s  bucket elevator the coal 
i s  transferred to a dust-tight conveyor above the top of the three "1 iven 
storage bunkers for distribution into any bunker. The coal flows from the 
bunkers to  a coal scale, then through non-segregating coal chutes to  the 
stoker hoppers of the HTU generators. 

An under bunker conveyor has been employed t o  provide the capability 
to feed any generator through i t s  associated scale from any bunker; plus 
providing for coal t o  be taken from any bunker and delivered to  the in le t  
of the elevator and returned to  the same or any other bunker for the pur- 
pose of recirculating the coal to prevent heat build-up due to prolonged 
storage. 

D. ENVIRONMENTAL CONS1 DERATIONS 
1 .  Fuaitive Dust 

In addition to  the installation of a baghouse as discussed 
previously, a l l  outside coal conveyors have been provided 
with covers and the coal pile will be treated with an asphaltic 
sealer t o  prevent fugitive dust emissions. 

2 .  Evaporation Ponds 
Two evaporation ponds have been provided to  prevent any possi bl e 
contamination of nearby streams. A1 1 blowdown and backwash water 
from the heat plant and a l l  drainage from the coal pi le  area i s  
piped to  these ponds for  evaporation. 

3 .  Esthetic Considerations 
Since the HTW distribution piping on th i s  project l i e s  within a 
Wyoming historical boundary area, no above ground piping has been 
allowed. The distribution piping has been placed in trenches with 
concrete walls and covers. The trench i s  under existing sidewalks. 
Where sidewalks did not ex is t ,  they have been created w i t h  t h i s  
instal lation. 

There are a1 so numerous construction, maintenance and 
economic advantages to the concrete trench system. 



E. CONCLUSION 

With the  ins ta l l a t ion  of the  high temperature water system a t  Warren 
Air Force Base, the  need for  approximately 400,000,000 cubic fee t  of natural 
gas per year will be obviated. 

This i s  an energy conscious ins ta l  la t ion t ha t  i s  a1 so in compliance 
with Federal , State  and 1 ocal environmental. regulations. 
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UNITED STATES AIR F O R C E  M O D E L  B A S E  P R O G R A M  

' A D O E / D O D  E N E R G Y  SHOWCASE INITIATIVE 
F O R  M C C L E L L A N  A F B ,  C A L I F O R N I A  

A .  INTRODUCTION 
The Energy Showcase I n i t i a t i v e  i s  t h e  r e s u l t  of j o i n t  

a c t i o n s  by t h e  Department of Energy (DOE) and t h e  Department 
of Defense ( D O D )  t o  p rov ide  a  t e c h n i c a l  d i s p l a y  which w i l l  
g i v e  h i g h  v i s i b i l i t y  t o  appl  i c a t i o n s  of advanced energy  
r e s o u r c e  management procedures  and s e l e c t e d  new energy  supply  
and c o n s e r v a t i o n  measures .  The d e s i r e d  outcome i s  t o  p rov ide  
both in fo rma t ion  and s t i m u l a t i o n  i n  t h e s e  energy  i n i t i a t i v . e  
a r e a s  t o  i n d u s t r y ,  Government and r e s e a r c h e r s ,  Congress ,  and 
t h e  gene ra l  p u b l i c .  

A primary showcase base has been'  s e l e c t e d  f o r  e a c h  m i l i t a r y  
' s e r v i c e  i n  such a  manner t h a t  t h e  bases  a r e  l o c a t e d  n e a r  c e n t e r s  
of popu la t ion  i n  each of t h e  w e s t e r n ,  e a s . t e r n ,  and c e n t r a l  p a r t s  
of t h e  United S t a t e s .  

The supp.ort  of t h e  ' i n s t a l l a t i o n  and i n t e r m e d i a t e  commanders, 
a  p a t t e r n  of s u c c e s s  f0.r  new o r  i ,nnovat ive  a c t i v i t i e s ,  com-' 
p a t i b l e  base m i s s i o n ,  and phys ica l  l a y o u t  were c r i t e r i a  a l s o  
c o n s i d e r e d  d u r i n g  t h e  s e l e c t i o n  p r o c e s s .  As a  r e s u l t  of t h e  
above f a c t o r s ,  McClellan Air  Force Base,  C a l i f o r n i a ,  i s  t h e  
Department of t h e  Air F o r c e ' s  primary energy  showcase b a s e ,  and 
can be viewed a s  a model b a s e .  

The McCle.llan A F B  D O E I D O D  Energy Showcase I n i t i a t i v e  pro'- 
' gram d e s c r i b e d  i n  t h i s  paper i n c l u d e s  use of .a f u l l  range  of 

energy  c o n s e r v a t i o n  technology and a l t e r n a t e  energy  s o u r c e s ,  
an e s t i m a t e  o f  t h e  b e n e f i t s  accrued  by D O E  and DOD, and t h e  
management o r g a n i z a t i o n  n e c e s s a r y  t o  accornp'lish t h e  program 
f u l l y .  The program i s  conceptua l  i n  ,form; however, t h e  concept  
i s  f u l l y  e x p l a i n e d  and a l l  known Energy Showcase I n i t i a t i v e  
r e q u i r e m e n t s  a r e  met.  



One s p e c i f i c  o b j e c t i v e  i s  t o  i d e n t i f y - a n d  recommend t h o s e  
t e c h n o l o g i e s  a n d / o r  energy  source  uses  t h a t  can be f u l l y  
a p p l i e d  t o  s a t i s f y  McClellan AFB's energy  needs .  The v a r i o u s  
r equ i remen t s  c o n s i d e r e d  were l o g i s t i c s ,  o v e r a l l  p o s s i b l e  
miss ion  impact ,  opera t i .on /main tenance  i m p l i c a t i o n s ,  and manage- 
ment p rocedures  f o r  long- te rm u s e .  The e x i s t i n g  base moderni- 
z a t i o n  and expans ion  p l a n s ,  f o r c e  r e a d i n e s s  c o n s i d e r a t i o n s ,  t h e  
c u r r e n t  and f u t u r e  manning s i t u a t i o n  and command and base l e v e l  
management a b i l i t i e s  were a l l  c o n s i d e r e d  i n  t h e  development of 
t h e  plan t o  a s s u r e  t h a t  no technology o r  system would be 
recommended t h a t  would a d v e r s e l y  impact  McClel lan.  

In s h o r t ,  t h e  i n i t i a t i v e  i s  des igned  t o  f i t  a s  p e r f e c t l y  
a s  p o s s i b l e  i n t o  McClell an ' s  d e v e l o p i n g  long- range  energy use 
plan whi l e  p rov id ing  a  demons t ra t ion  avenue which can s t i m u l a t e  
technology growth and g ive  o p e r a t i o n a l  v i s i b i l i t y  t o  i n d u s t r y ,  
Government, t h e  R & D  community, and t h e  gene ra l  pub1 i .c .  

A b r i e f  d e s c r i p t i o n  of  McClellan A F B  f o l l o w s .  
The miss ion  performed by t h e  Sacramento, Air  L o g i s t i c s  

Cen te r  ( A L C )  i s  twofold  i n  n a t u r e .  . F i r s t ,  Sacramento A L C  has  
worldwide l o g i s t i c  management r e s p o n s i b i  1  i t i e s  f o r  a s s i g n e d  
weapon s y s t e m s ,  equipment ,  and commodity i t e m s .  -Second,  i t  
a l s o  performs an i n d u s t r i a l - t y p e  'mi s s ion  i n  p r o v i d i n g  ma in tenance ,  
supp ly  and procurement- type s e r v i c e s  e s s e n t i a l  t o  Al r  Force 
l o g i s t i c s .  The b a s e ' s  c i v i l i a n  and m i l i t a r y  s t r e n g t h  t o t a l s  
over  17 ,000 personnel  who work i n  t h e  many a c t i v i t i e s  l o c a t e d  
on i t s  3687 a c r e s ,  w i t h  894  b u i l d i n g s .  The i n s t a l l a t i o n  i s  
t h e  S t a t e  of C a l i f o r n i a ' s  f o u r t h  l a r g e s t  employer w i t h  a  pay- 
r o l l  c o s t  of $287 m i l l i o n  i n  F i s c a l  Year (FY) 1977. Add i t ion -  
a l l y ,  t h e  base awarded c o n t r a c t s  t o t a l i n g  more than  $568 m i l l i o n  
i n  FY 77. 

Sacramento A L C  c u r r e n t l y  s e r v e s  a s  System Manager (SM) 

f o r  t h e  f o l l o w i n g  a i r c r a f t :  F-111 , FB-111, F-105, F-106, 
F-100,. F-104, T-33, T-39, A-10, C-12, . F-86, and t h e  F-84; 
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i n  a d d i t i o n  t o  e i g h t  m i s s i l e  a n d  s p a c e  p r o g r a m s ,  a n d  24  e l e c -  

t r o n i c  s y s t e m s .  

I. M c C l e l l a n  AFB i s  h o s t  t o  t h e  A i r  L o g i s t i c s  C e n t e r  a n d  

s e v e n  m a j o r  t e n a n t  o r g a n i z a t i o n s .  

T h i s  p a p e r  w i l l  d e s c r i b e  t h e  c u r r e n t  a n d  p r o j e c t e d  e n e r g y  

u s e  p a t t e r n  o n  w h i c h  t h e  Showcase  I n i t i a t i v e  p r o p o s a l s  a r e  

b a s e d .  I t  w i l l  a l s o  i d e n t i f y  t h o s e  c u r r e n t  a n d  e m e r g i n g  e n e r g y  

t e c h n o l o g i e s  t h a t  w e r e  r e v i e w e d  i n  o r d e r  t o  s e l e c t  a n d  d e f i n e  t h e  

p r o p o s e d  t e c h n o l o g y  a p p l i c a t i o n s  s u i t a b l e  t o  M c C l e l l a n  AFB. 

B .  CURRENT AND FUTURE ENERGY USE 

D e t e r m i n a t i o n  o f  t h e  a p p l i c a b l e  e n e r g y  t e c h n o l o g i e s  a n d / o r  

s o u r c e s  r e q u i r e d  t h a t  t h e  c u r r e n t  p a t t e r n  o f  e n e r g y  u s e  o n  

M c C l e l l a n  AFB be  e s t a b l i s h e d .  T h i s  n e c e s s i t a t e d  a  r e v i e w  o f  

h i s t o r i c a l  e n e r g y  c o n s u m p t i o n  d a t a ,  w i t h  e m p h a s i s  o n  t h e  d a t a  

m o s t  r e c e n t l y  a v a i l a b l e  a n d  an  a t t e m p t  t o  d e t e r m i n e  t h e  c u r r e n t  

l e v e l s  o f  c o n s u m p t i o n .  E n e r g y  c o n s u m p t i o n  showed e l e c t r i c a l  , 

u s e  t o  r a n g e  b e t w e e n  9,600 and  10 ,800  MW h o u r s  p e r  m o n t h ,  w i t h  

p e a k s  i n  J a n u a r y  a n d  J u l y .  N a t u r a l  gas  u s e  i s  g r e a t e s t  d u r i n g  

t h e ' w i n t e r  m o n t h s  o f  November  t h r o u g h  F e b r u a r y ,  p e a k i n g  a t  

a b o u t  138 ,000  MBTU a n d  c o r r e s p o n d i n g  c l o s e l y  w i t h  t h e  h e a t i n g  

d e g r e e  d a y  c u r v e .  A c o n s e r t e d  c o n s e r v a t i o n  e f f o r t  i s  d r a m a t i -  

c a l l y  r e f l e c t e d  i n  b o t h  t h e  e l e c t r i c a l  a n d  n a t u r a l  g a s / f u e l  o i l  

c o n s u m p t i o n  f i g u r e s  b e t w e e n  1 9 7 2 ,  a n d  1 9 7 7 / 7 8 .  

I n  a d d i t i o n  t o  t o t a l  l e v e l s  o f  e n e r g y  c o n s u m p t i o n ,  e s t i m a t e s  

w e r e  made o f  t h e  e n e r g y  f l o w  w i t h i n  t h e  b a s e  b o u n d a r i e s  t o  

i n d i c a t e  w h e r e  and  how e n e r g y  i s  b e i n g  u s e d .  The  g e n e r a l  f l o w  

d i a g r a m  d e v e l o p e d  f o r  M c C l e l l a n  i s  shown i n  F i g u r e  1 .  Know- 

l e d g e .  o f  t h e  a n n u a l  a n d  m o n t h l y  e n e r g y  c o n s u m p t i o n  p a t t e r n s ,  

a n d  d e t e r m i n a t i o n  o f  t h e  p e a k  e n e r g y  demands,  as  w e l l  as  t h e  

h o u r l y  a n d  d a i l y  v a r i a t i o n  i n  e n e r g y  r e q u i r e m e n t s ' ,  w e r e  i m p o r -  

t a n t  f a c t o r s  i n  e v a l u a t i n g  t h e  a p p l i c a b i l i t y  o f  t h e  p o s s i b l e  

a l t e r n a t i v e  e n e r g y  s o u r c e s  a t  t h i s  b a s e .  T h i s  d a t a  a l l o w e d  
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s e l e c t i o n  o f  t h e  e n e r g y  t e c h n o l o g y  and  s o u r c e  t h a t  was m o s t  

e f f e c t i v e  f o r  e a c h  u s e .  

The e n e r g y  r e q u i r e m e n t s  f o r  M c C l e l l a n  w e r e  p r o j e c t e d  t o  

t h e  y e a r  2000 i n  o r d e r  t o  a s s e s s  t h e  i m p a c t  o f  f u l l  u s e  o f  

b o t h  e n e r g y  c o n s e r v a t i o n  t e c h n o 1  o g i  es and a1 t e r n a t e  e n e r g y  

s o u r c e s .  

The p r o j e c t i o n  was d e v e l o p e d  a s s u m i n g  a l l  a p p l i c a b l e  e n e r g y ,  

t e c h n o l o g i e s  and s o u r c e s  a r e  u s e d  t o  t h e  f u l l e s t  p o s s i b l e  

e x t e n t ,  t h a t  f u e l  a v a i l a b i l i t y  i s  a d e q u a t e  f o r  f u t u r e  g r o w t h ,  

and t h a t  c u r r e n t  e n e r g y  usage  p a t t e r n s  c o n t i n u e .  Based on 

t h i s  p r o j e c t i o n ,  e n e r g y  c o n s u m p t i o n  c a n  be  e x p e c t e d  t o  d e c r e a s e  ' 

b y  a b o u t  20% o v e r  t h e  n e x t  20 y e a r s .  I t  m u s t  be e m p h a s i z e d  

t h a t  a c h i e v e m e n t  o f  t h e  p r o j e c t i o n  w i l l  r e q u i r e  f u n d i n g . f o r  
Y. e n e r g y  s a v i n g  c o n s t r u c t i o n / f a c i l  i t y  r e t r o f i t  p r o j e c t s  i n  

a c c o r d a n c e  w i  t h  t h e  d e v e l  o p i n g  l o n g - t e r m  e n e r g y  p l  an  f o r  

M c C l e l l a n .  The o b j e c t i v e  o f  t h e  ' l o n g - t e r m  p l a n  i s  t o  re -duce  
- ,  

r e l i a n c e  on  f o r e i g n  e n e r g y  s o u r c e s  t o  t h e  g r e a t e s t  e x t e n t  

p o s s i b l e  f o r  o u r ' i n d u s t r i a l  e n e r g y  needs  b y  t h e  y e a r  2000 .  

I n  t h e  f o i l o w i n g  s e c t i o n ,  t h o s e  c u r r e n t  and  e m e r g i n g  e n e r g y  

t e c h n o l o g i e s  c o n s i d e r e d  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e  showcase 

c o n c e p t  a r e  r e v i e w e d .  

C .  TECHNOLOGIES CONSIDERED 

The a r e a s  c o n s i d e r e d  f o r  i n i t i a t i v e  i m p l e m e n t a t i o n  were  

b r o k e n  i n t o  t w o  l a r g e  g r o u p s ,  E n e r g y  C o n s e r v a t i o n  T e c h n o l o g i e s  

and A l t e r n a t e  E n e r g y  S o u r c e s .  The f i r s t  c o v e r s  t h e  r a n g e  o f  

s y s t e m s l d e s i g n s  c a p a b l e  o f  c o n s e r v i n g  e n e r g y  d e r i v e d  f r o m  

e x i s t i n g  s o u r c e s ,  and  t h e  s e c o n d  c o v e r s  t h e  u s e  o f  e n e r g y  

s o u r c e s  o t h ' e r  t h a n  wha t  i s  c u r r e n t l y  consumed a t  M c C l e l l a n .  

The d a t a  g a t h e r e d  b y  t h e  A i r  F o r c e  T e r r e s t r i a l  E n e r g y  S t u d y  ( 1  1 
was u t i l i z e d  i n  d e c i d i n g  w h a t  t e c h n o l o g i e s  and  sou. rces  w o u l d  

m o s t  p r o b a b l y  be u s e f u l  t o .  M c C l e l l a n .  T h i s  e n a b l e d  a  number 

o f  t e c h n o l o g i e s / s o u r c e s  t o  be e l  i m i n a t e d  f r o m  c o n s i d e r a t i o n  



w i t h o u t  t h e  need  f o r  f o r m a l  e v a l u a t i o n .  F o r  e x a m p l e ,  M c C l e l l a n  

i s  n o t  s i t u a t e d  o v e r  a  g e o t h e r m a l  r e s o u r c e  r e g i o n  o r  where  

ocean  t h e r m a l  o r  t i d a l  power  p o t e n t i a l  e x i s t s ;  t h e r e f o r e ,  t h e s e  

t e c h n o l o g i e s  do n o t  a p p l y .  However ,  a p p l i c a t i o n  o f  s o l a r  

t e c h n o l o g i e s  ' i s  v e r y  f e a s i b l e  as t h e  A n n u a l  Mean D a i l y  I r r a d i a n c e  

r e c e i v e d  r a n g e s  f r o m  1 5 0 0  t o  1800  B T U / F T ' / Y ~ .  The a r e a s  o u t -  

l i n e d  i n  T a b l e  I were  r e v i e w e d  t o  d e t e r m i n e  t h o s e  o f  p o t e n t i a l  

u s e  t o  M c C l e l l a n .  

TABLE I 

E n e r g y  T e c h n o l o g i e s / S o u r c e s  

1 .  E n e r g y  C o n s e r v a t i o n  T e c h n o l o g i e s  

a .  U t i l i t i e s  C e n t r a l i z a t i o n  

b .  E n e r g y  Management and C o n t r o l  

c .  I n d u s t r i a l  P r o c e s s e s  

d .  B u i l d i n g  E n v e l o p e  

e .  B u i l d i n g  E n v i r o n m e n t a l  C o n t r o l  Sys tems 

2.  A1 t e r n a t e  E n e r g y  S o u r c e s  

a .  C h e m i c a l  

b. N u c l e a r  

c .  S o l a r  

d.  G e o t h e r m a l  

The f o l l o w i n g  p a r a m e t e r s  were  c o n s i d e r e d  i n  e v a l u a t i n g  and  

s e l e c t i n g  t h o s e  t e c h n o l o g i e s  b e s t  s u i t e d  f o r  M c C l e l  l a n :  

TABLE I 1  

Eva1 u a t i o n  P a r a m e t e r s  

1 .  E n e r g y  C o n s e r v a t i o n  

a. A v a i l a b i l i t y  o f  s y s t e m s  

b .  H i g h  e n e r g y  u s e  f a c i l i t y / i n d u s t r i a l  p r o c e s s  

c .  D i v e r s i t y  o f  f a c i l i t i e s  c o n s i d e r e d  

d.  A v a i l a b l e  s p a c e  f o r  s y s t e m s  



e .  A v a i l a b l e  e n e r g y  s o u r c e  f o r  s y s t e m s  

f .  D i v e r s i t y  o f  s y s t e m s  

g .  P o t e n t i a l  e c o n o m i c  p a y b a c k  o f  s y s t e m s  

2 .  A l t e r n a t e  E n e r g y  S o u r c e s  

a .  G e o g r a p h y  

b .  L o g i s t i c s  

c .  Space  a v a i l a b l e  f o r  s t o r a g e  

d .  S p e c i f i c  b u i l d i n g  l o c a t i o n / s u r r o u n d i n g s  

e .  P o t e n t i a l  e c o n o m i c  p a y b a c k  o f  u s e  

B a s e d  o n  e v a l u a t i o n ,  u s i n g  t h e  a b o v e  p a r a m e t e r s ,  s p e c i f i c  

a p p l i c a t i o n s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n  w e r e  recommended f o r  

i n c l u s i o n  i n  t h e  M c C l e l l a n  DOE/DOD E n e r g y  Showcase I n i t i a t i v e .  

D. PROPOSED TECHNOLOGY APPLICATIONS 

The p r o p o s e d  t e c h n o l o g y  a p p l i c a t i o n s  w i l l  b e  b r i e f l y  

d e s c r i b e d  i n  t h r e e  g r o u p s .  The  f i r s t  g r o u p  p e r t a i n s  t o  t e c h -  

n i q u e s  t o  c o n s e r v e  t h e  u s e  o f  e x i s t i n g  e n e r g y  s o u r c e s .  The  

s e c o n d  g r o u p  a p p l i e s  new a l t e r n a t e  s o u r c e s  o f  e n e r g y .  L a s t l y ,  

a  g r o u p  i s  ' p r o v i d e d  f o r  a  number  o f  a d d i t i o n a l  m e t h o d s  w h i c h  

d o  n o t  f a l l  r e a d i l y  i n t o  t h e  ab.ove c a t e g o r i e s .  T h i s  g r o u p  

a l s o  p r o v i d e s  a  means f o r  a d d i n g  o t h e r  a p p l i c a t i o n s  n o t  p r e -  

v i o u s l y  c o n ' s i d e r e d  i f  t h e y  a r e  d e t e r m i n e d  w o r t h w h i l e .  

1 .  E n e r g y  C o n s e r v a t i o n  T e c h n o l o g i e s  

a .  U t i l i t i e s  C e n t r . a l i z a t i o n .  U n d e r  t h i s  a r e a ,  t w o  

d i f f e r e n t  c a t e g o r i e s  a p p l y ;  one  f o r  c e n t r a l i z a t i o n  o f  u t i l i t i e s  

f o r  a  l a r g e  number  o f  f a c i l i t i e s  a n d  a  s e c o n d  f o r  c e n t r a l i z a -  

t i o n  o f  u t i l i t i e s  f o r  i n d i v i d u a l  f a c i l i t i e s .  The  t w o  a r e  n o t  

m u t u a l l y  e x c l u s i v e  o n  a  l a r g e ,  d i v e r s i f i e d  b a s e ,  a n d  t h e y  c a n  

a c t u a l l y  b e  c o m p l e m e n t a r y  i f  d e v e l o p e d  c o r r e c t l y .  



Tota l  base u t i l i t i e s  c e n t r a l i z a t i o n  t a k e s  i n t o  
account  t h e  o v e r a l l  ene rgy  f low of a  base and s a t i s f i e s  a s  
much of  i t  a s  p o s s i b l e  by us ing  a  l a r g e  c e n t r a l  p l a n t  r a t h e r  
than a  number of s m a l l ,  d i s p e r s e d  p l a n t s .  T h i s  t a k e s  advan tage  
of e f f i c i e n c y  of s c a l e  ( l a r g e  b o i l e r s ,  compresso r s ,  e t c . ,  a r e  
more e f f i c i e n t  t o  o p e r a t e  than  small  o n e s )  and non-seasonal  u s e ,  
t h e  p o s s i b i l i t y  of  c o g e n e r a t i o n  ( u s i n g  t h e  was te  energy  from 
one p rocess  t o  o p e r a t e  a n o t h e r ) ,  and energy  f low c o n t r o l  
( s w i t c h i n g  from one type  of energy  u s e  t o  a n o t h e r  a t  appro -  
p r i a t e  t imes  t o  reduce  peak l o a d s ) .  

I n d i v i d u a l  f a c i l i t y  u t i l i t i e s  c e n t r a l i z a t i o n  
( b u i l d i n g  energy  sys t ems)  has t h e  advan tage  of p rov id ing  
r e l i a b l e  o n - s i t e  power a t  a  minimum energy  c o s t .  Th i s  c o n c e p t ,  
on a  small  s c a l e ,  has  a l l  of t h e  f e a t u r e s  of t o t a l  base 
c e n t r a l i z a t i o n ,  and i s  p a r t i c u l a r l y  u s e f u l  f o r  f a c i l i t i e s  which 
must have an u n i n t e r r u p t e d  energy  f l o w .  Examples of  t h i s  t y p e  
of f a c i l i t y  i n c l u d e  computer s y s t e m s ,  communications c e n t e r s ,  
and command p o s t s .  I n c o r p o r a t e d  with a  t o t a l  base cenltral  
u t i l i t i e s  network,  c e n t r a l i z e d  i n d i v i d u a l  f a c i l i t y  systems can 
p rov ide  r e l i a b l e  power t o  e s s e n t i a l  f a c i l i t i e s  a t  t h e  l o w e s t  
energy  c o s t .  

Based on e v a l u a t i o n  of many p o s s i b l e  combinat ions  
of both c e n t r a l  and d i s t r i b u t e d  u t i l i t i e s  sys t ems ,  t h e  f o l l o w -  
i n g  o f f e r e d  t h e  b e s t  mix of  t e c h n o l o g i e s  a t  m i n i m u m  energy use  
and a r e  recommended f o r  i n c l u s i o n  i n  t h e  Showcase I n i t i a t i v e s  
Program: ( 1 )  C e n t r a l i z e  a l l  a p p r o p r i a t e  base u t i l i t i e s  
( i . e . ,  thermal  e n e r g y ,  c h i l l e d  w a t e r ,  c o m p r e s s e d - a i r )  i n t o  one 
o r  more p l a n t s  and ( 2 )  f o r  f o u r  s e l e c t e d  f a c i l i t i e s ,  p rov ide  
i n d i v i d u a l  b u i l d i n g  t o t a l  energy  systems us ing  base-wide 
d i s t r i b u t i o n  s y s t e m ( s )  a s  backup. The f o l l o w i n g  paragraphs  
out1 i n e  t h e  c o n c e p t s .  



b. Utilities Centralization. This initiative consists 

of centralizing all base utilities into one or more large 

plants. The method and amount of centralization (one or 

several plants; all utilities or just a few) must be explored 

during a full scale feasibility study, as .any centralization 

is highly dependent upon total energy flow and the load pro- 

files of a particular application. T h e  method and amount of 

centralization must al-so be established before any firm 

decision can be made concerning t h e  number or type of plants, 

the siting o f  those plants or even the type o f  utility to be 

addressed. 

The feasibility study for this initiative should 

a1 so consider the possibility o f  cogeneration of electricity, 
* 

use of refuse derived fuel o r  biomass as a primary or supple- 
mental fuel, and the practical i tylconstraints involved in 

LL 
construction by the Air ,Force with operation and maintenance 

by the local utility company (Sacramento Utility District 

(SMUD)). Other possible combinations o f  ownership and opera- 

tion should also be explored with the advantages and dis- 

advantages of each clearly detailed. SMUD has expressed 

interest in a cogeneration program with McClellan. Discussions 

held with the SMUD staff indicate they are amenable to various 

combinations o f  ownership and co-p<roduction o f  steam and 

electricity. They have already entered into one cogeneration 

arrangement with a local firm. SMUD officials are aware o f  

current DOD policy against entering into competition with 

utility companies. 

Each utility to be centralized will require a 
distribution system. Up to four distribution systems could 

be required (thermal, chilled water, compressed air and 

electrical). Each system is expected to utilize existing 

lineslpipes where possible. 



Each u t i l i t y  c e n t r a l i z a t i o n  recommendation c o u l d  
r e q u i r e  r e p l a c e m e n t  o f  many e x i s t i n g  p i e c e s  of  equ ipmen t .  The 
f o l l o w i n g  examples  i l l u s t r a t e  t h i s  p o i n t .  A t h e r m a l  ene rgy  
p l a n t  c o u l d  p o s s i b l y  r e p l a c e  f o u r  l a r g e  b o i ' l e r s ,  125-150 
i n d i v i d u a l  b u i l d i n g  b o i l e r s ,  and a p p r o x i m a t e l y  200 i n d i v i d u a l  
s p a c e  h e a t e r s .  A r e f r i g e r a t i o n  p l a n t  c o u l d  p o s s i b l y  r e p l a c e  
f i v e  ma jo r  u n i t s  and a  l a r g e  number o f  i n d i v i d u a l  b u i l d i n g  
c h i l l e r s .  A compres so r  p l a n t  c o u l d  p o s s i b l y  r e p l a c e  f i v e  
ma jo r  u n i t s .  and a  l a r g e  number o f  i n d i v i d u a l  b u i l d i n g  c o m p r e s s o r s .  

  he e n e r g y  s a v i n g s  i n h e r e n t  i n  t h e s e  c e n t r a . l i z a t i o n s  
a r e  e s t i m a t e d  t o  be 20% o f  t h e  e n e r g y  consumed by t h e  e x i s t i n g  
d i s p e r s e d  equ ipmen t .  T h i s  p e r c e n t a g e  t r a n s l a t e s  i n t o  an annua l  
e n e r g y  s a v i n g s  of  0 . 3  t o  0 . 4  m i l l i o n  MBTU/year. I t  i.s i m p o s s i b l e  
t o  e s t i m a t e  c o s t  s a v i n g s  a t  t h i s  t i m e ;  however ,  s t u d i e s  of  
s i m i l a r  c e n t r a l  p l a n t s  f o r  o t h e r  D O D  i n s t a l l a t i o n s  have shown 
payback p e r i o d s  o f  20 t o  25 y e a r s .  I f  t h i s  h o l d s  t r u e  f o r  
t h i s  p l a n t ,  t h e  y e a r l y  c o s t  s a v i n g s  would be i n  t h e  r a n g e  of  
$2.60 t o  $3 .25  m i l l i o n  p e r  y e a r .  

I n . a d d i t i o n  t o  t h e  e n e r g y - c o s t  s a v i n g s  a s p e c t s ,  t h i s  
i n i t i a t i v e  w i l l  e n a b l e  D O D / D O E  t o  j udge  t h e  v a l u e  . o f  v a r i o u s  
t y p e s  of  advanced combus t ion  t e c h n i q u e s  i n  i n d u s t r i a l  a p p l i c a -  
t i o n s .  Due t o  t h e  s t r i n g e n t  e n v i r o n m e n t a l  r e s t r i c t i o n s  i n  t h e  
S t a t e  o f  C a l i f o r n i a ,  i t  w i l l  be n e c e s s a r y  t o  employ advanced 
combus t ion  t e c h n i q u e s / t e c h n o l o g y  i n  o r d e r  t o  r e d u c e  e m i s s i o n s  
from any c e n t r a l  p l a n t ( s ) .  

c .  I n d i v i d u a l  B u i l d i n g  Energy Sys t ems .  Four  f a c i l i t i e s  
a r e  recommended f o r  i n d i v i d u a l  e n e r g y  s y s t e m s .  The t y p e  of 
s y s t e m s  e v a l u a t e d  f o r  t h e s e  f a c i l i t i e s  a r e  f u e l  c e l l s ,  S t i r l i n g  
e n g i n e s ,  and improved d i e s e l  e n g i n e s .  The USAF T e r r e s t r i a l  
Energy S tudy  has  shown t h a t  t h e s e  sy s t ems  have t h e  most  
p romise  f o r  g e n e r a l  USAF u s e  and t h a t  t h e y  can  r e p l a c e  e x i s t i n g  



USAF b a c k u p  power  s y s t e m s  Q n  a  o n e - f o r - o n e  b a s i s .  T o t a l  e n e r g y  

r e q u i r e m e n t s  ( a l l  t h e r m a l  and e l e c t r i c a l )  a r e  t o  be  f u r n i s h e d  

b y  t h e  p r o p o s e d  u n i t s  t o  t h e  maximum e x t e n t  p o s s i b l e .  

B u i l d i n g  200 i s  p r i n c i p a l l y  an a d m i n i s t r a t i v e  

f a c i l i t y  f o r  t h e  ALC and c o n t a i n s  t h e  ALC Command P o s t .  The 

Command P o s t  and o t h e r  s e l e c t e d  p o r t i o n s  o f  t h e  b u i l d i n g  a r e  

t h e  o n l y  a r e a s  a n t i c i p a t e d  b e i n g  a t t a c h e d  t o  t h e  e n e r g y  s y s t e m  

a t  t h i s  t i m e .  The power  r e q u i r e m e n t s  a r e  on t h e  o r d e r  o f  

300 KWp and  5.0 MBTU/hour. The f u e l  c e l l  was c h o s e n  as  t h e  

b e s t  s y s t e m  f o r  t h i s  a p p l i c a t i o n ,  and i t  i s  recommended t h a t  

i t  b e  c o n f i g u r e d  t o  o p e r a t e  on n a t u r a l  g a s / l i q u i d  p e t r o l e u m .  

B u i l d i n g  262 i s  t h e  m a i n  c o m p u t e r  f a c i l i t y  f o r  t h e  

ALC. The t o t a l  b u i l d i n g  e l e c t r i c a l  and e n v i r o n m e n t a l  c o n t r o l  
* 

s y s t e m s  a r e  t o  b e  p r o v i d e d  b y  t h e  p r o p o s e d  e n e r g y  s y s t e m .  The 

power  r e q u i r e d  i s  on t h e  o r d e r  o f  1720 KWp and  1 . 0  MBTU/hour. 

The i m p r o v e d  d i e s e l  e n g i n e  w i t h  h e a t  r e c o v e r y  was f o u n d  t o  b e  A 

op t imum f o r  t h i s  f a c i l i t y .  The recommended c o n c e p t  i s  f o r  

t h i s  d i e s e l  s y s t e m  t o  b e  c o n f i g u r e d  t o  r u n  o f f  as  many d i f f e r e n t  

f u e l s  as p o s s i b l e  w i t h  a  min imum o f  m o d i f i c a t i o n s .  

The S t i r l i n g  e n g i n e  s y s t e m  was f o u n d  t o  b e  u s e f u l  

f o r  B u i l d i n g  7, t h e  b a s e  C o m m u n i c a t i o n s  C e n t e r .  The t o t a l  

power  r e q u i r e d  t o  o p e r a t e  t h e  f a c i l i t y  i s  on t h e  o r d e r  o f  

2000 KWp and 2  MBTU/hour. I t  i s  p r o p o s e d  t h a t  t h e  S t i r l i n g  

e n g i n e  s y s t e m  w i l l  g e n e r a t e  one t h i r d  ( 1 / 3 )  o f  t h e  t o t a l  l o a d  

and be c o n f i g u r e d  f o r  m u l t i - f u e l  u s e  w i t h  t h e  p r i m a r y  f u e l  

b e i n g  l i q u i d  p e t r o l e u m .  The p o s s i b l e  f u e l  a l t e r n a t e s  i n c l u d e  

n a t u r a l  gas ,  c o a l ,  s o l  i d  w a s t e ,  and wood. 

The l a s t  f a c i l i t y  i s  B u i l d i n g  1099 ,  t h e  R a d a r  

A p p r o a c h  C o n t r o l '  (RAPCON) f a c i l  i t y .  The t o t a l  power  r e q u i r e d  

t o  o p e r a t e  t h e  f a c i l i t y  i s  on  t h e  o r d e r  o f  1 5 0  KWp and 1 .0  

MBTU/hour. The f u e l  c e l l  s y s t e m  has a l s o  been d e t e r m i n e d  t o  

b e  b e s t  f o r  t h i s  u s e .  I t  i s  recommended t h a t  t h e  f u e l  c e l l  be  



configured to use 1iqui.d petroleum as the primary fuel with 

the capability of converting to natural gas use should liquid 

petroleum become unavailable. It is possible that some excess 

thermal energy could be provided to several nearby facilities. 

T h e  above four facilities were selected because 

they provide a highly visible, diversified use o f  small com- 

plete energy systems. In addition, they are representative o f  

such facilities throughout the DO D  and the private sector. 
Equally important to the DOD is that these facility systems will 
demonstrate the potential for use as remote-site power systems. 

Failure o f  the power supply at any o f  the selected type o f  

facilities will substantially impair mission capability. An 

important factor i'n maintaining force readiness is the assurance 

that assigned power systems can provide an uninterrupted energy 

flow that is suitabl'e for remote and mission critical installa- 

tion applications. Individual building total energy systems 

offer a significant increase in energy flow reliability. 

d. Energy Monitoring and Control. Energy Monitoring 

and Control Systems (EMCS) are computerized.centra1 control 

systems designed to optimize energy consumption on the base. 

For McCl.ellan, it is recommended that the existing EMCS system 
be extended to include all energy intensive facilities on the 

base; and that it be tied into both building environmental 

control systems and industrial processes housed therein. T h e  

energy conservation,functions available through the u s e - o f  an 

extended EMCS system are substantial. Additionally, to validate 

the use o f  the technologies/sources and to provide the maximum 

amount o f  usable data, it is imperative to establish a re9iable 

and extensive current energy use data base. T o  do this, it is 

necessary to install an extensive metering system on existing 

faciliiieslindustrial process lines as soon as possible. If 



i m p o s s i b l e .  I t  i s  a l s o  n e c e s s a r y  t h a t  a l l  new s y s t e m s  be 

c o n n e c t e d  t o  t h e  base  EMCS s y s t e m  f o r  d a t a  m o n i t o r i n g  and e q u i p -  

I men t  c o n t r o l  i n  o r d e r  t o  p r o v i d e  t h e  r e q u i r e d  o p e r a t i o n a l  d a t a  

I a p p r o p r i a t e  t o  each  i n i t i a t i v e .  E x p a n s i o n  o f  t h e  EMCS s y s t e m  

I a s  d e s c r i b e d  w i l l  p r o v i d e :  

( 1 )  A c e n t r a l  d a t a  g a t h e r i n g / c o n t r o l  p o i n t  f o r  

a l l  i n i t i a t i v e s  w i t h  t h e  e x c e p t i o n  t h a t  c o n t r o l  o f  any  l a r g e  

c e n t r a l / r e g i o n a l  u t i l i t y  p l a n t  w i l l  be  d a t a - 1  i n k e d  t o  t h e  b a s e -  

I w i d e  EMCS f o r  m o n i t o r i n g  and d a t a  r e c o r d i n g  p u r p o s e s  o n l y .  

( 2 )  A h i g h l y  v i s i b l e  c e n t r a l  p o i n t  f o r  d e s c r i b -  

i n g  t h e  i n i t i a t i v e  p r o g r a m  t o  v i s i t o r s  w i t h o u t  d i s r u p t i o n  t o  

L o n - g o i  n g  o p e r a t i o n s .  

I, ( 3 )  An o n - l i n e  s y s t e m  c a p a b l e  o f  r e a l - t i m e  

I d a t a  r e d u c t i o n  p r o d u c i n g  b o t h  v i s u a l  d i s p l a y s  and h a r d  c o p i e s .  

I I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  a t  M c C l e l l a n ,  EMCS 

s i g n a l s  a r e  t r a n s m i t t e d  o v e r  h a r d w i r e  ( c o a x i a l  c a b l e  and t e l e -  

phone p a i r )  l i n e s .  The c a p a b i l i t y  f o r  t r a n s m i s s i o n  o f  s i g n a l s  

b y  r a d i o  f r e q u e n c y  i s  a l s o  emp loyed .  

T h e r e  a r e  l i t e r a l l y  m i l l i o n s  o f  b u i l d i n g s  and 

I t h o u s a n d s  o f  i n s t a l l a t i o n s  and i n d u s t r i a l  p a r k s  t h a t  c a n  b e n e f i t  

f r o m  a p p l i c a t i o n  o f  t h i s  ' t y p e  o f  s y s t e m .  T h i s  Showcase a p p l i -  

c a t i o n  w i l l  e n a b l e  t h e  t e c h n o l o g y  t o  be v i s u a l l y  d i s p l a y e d  t o  

i t s  b e s t  a d v a n t a g e  a'nd s h o u l d  g r e a t l y  enhance p u b l i c  k n o w l e d g e  

and a c c e p t a n c e .  

I : e .  B u i l d i n g  Sys tem.  T h i s  c a t e g o r y  c o v e r s  e n e r g y  c o n -  

k s e r v a t i o n  t e c h n o l o g i e s  e n c o m p a s s i n g  t h e  b u i l d i n g  e n v e l o p e ,  

I e n v i r o n m e n t a l  c o n t r o l  s y s t e m s ,  and i n d u s t r i a l  p r o c e s s e s .  ' I n  

I t h i s  a r e a ,  ways o f  i m p r o v i n g  t h e  e x i s t i n g  base  a s s e t s  t h r o u g h  
I *i . r e t r o f i t  o f  u p g r a d e d  o r  more' e f f i c i e n t  d e s i g n s ,  s y s t e m s ,  a n d / o r  

p r o c e s s e s  were  examined .  The g o v e r n i n g  p a r a m e t e r s  i n  t h e "  



s e l e c t i o n  of b u i l d i n g s  t o  examine f o r  improvements under t h i s  
c a t e g o r y  were: 

, ( 1 )  Large energy  u s e r s  
( 2 )  D i v e r s i t y  of energy  use 
( 3 )  Range of p o s s i b l e  technology a p p l i c a t i o n s  
( 4 )  P o t e n t i a l  f o r  gene ra l  USAF a p p l i c a t i o n  of  

demonst ra ted  d e s i g n ,  sys t em,  and /o r  p r o c e s s .  
( 5 )  Ease of r e t r o f i t  of equipment 

Use of t h e s e  pa ramete r s  r e s u l t e d  i n  s e l e c t i o n  of 
t h e  f o l l o w i n g  f a c i l i t i e s :  

( 1 )  Bu i ld ing  200 - A L C  Headquar t e r s  (Admin- 
i s t r a t i v e  b u i l d i n g )  

( 2 )  Bu i ld ing  2430 - Foundry 
( 3 )  Bu i ld ing  2436 - P l a t i n g  Shop 

( 4 )  Bu i ld ing  2'51 - High Bay P e r i o d i c  Depot 
Maintenance Fac i l  i t y  

( 5 )  Bu i ld ing  362 - Fina l  Ce l l  Dock 
( 6 )  Bu i ld ing  365 - Final  Ce l l  Dock 
( 7 )  Bu i ld ing  692 - A i r c r a f t  P a i n t  Hangar 
( 8 )  Bu i ld ing  783 - Automated Warehouse/Storage 

As i n t e n d e d ,  t h e s e  b u i l d i n g s  cove r  a  wide v a r i e t y  
of energy  c o n s e r v a t i o n  needs and ,  c o n s e q u e n t l y ,  can e f f e c t i v e l y  
use a  wide range  of energy  c o n s e r v a t i o n  t e c h n o l o g i e s .  P o s s i b l e  
t e c h n o l o g i e s  range  from e l e c t r i c i t y  g e n e r a t i o n  by use  of  was te  
h e a t  t o  improved i n s u l a t i o n .  A m a t r i x  of  a  few p o s s i b l e  energy  
c o n s e r v a t i o n  t e c h n o l o g i e s  i s  ihown i n    able % I I I .  The s e l e c t i o n  
of  s p e c i f i c  t e c h n o l o g i e s  t o  be a p p l i e d  was not  under taken  s i n c e  , 
a  d e t a i l e d  A & E  f e a s i b i l i t y  s t u d y  c o v e r i n g  t h e  scope  of t h e  e n t i r e  
concept  p lan  i s  necessa ry  t o  p r o p e r l y  examine t h e  numerous i n t e r -  
f a c e s  i n v o l v e d .  Use of t h e  r e s u l t s  from an on-going Base Energy 
A u d i t  Program and o t h e r  p r i o r  s t u d i e s  a s  a p p r o p r i a t e  i s  a l s o  
e n v i s i o n e d  d u r i n g  t h e  f e a s i b i l i t y  s t u d y  phase.  



TABLE I 1 1  

POSSIBLE ENERGY CONSERVATION TECHNOLOGIES 

INDUSTRIAL PROCESS BUILDING ENVIRONMENT CONTROL BUILDING ENVELOPE 

Waste H e a t  R e c o v e r y  Waste H e a t  R e c o v e r y  - - - - - - - - - -  

I n s u l a t i o n  I n s u l a t i o n  I n s u l a t i o n  
( P r o c e s s  F l o w ,  Tanks ,  E t c . )  ( D u c t i n g ,  P i p e s ,  E t c . )  ( W a l l s ,  R o o f s ,  E t c . )  

T h e r m a l  S t o r a g e  

Upgraded  L i g h t i n g  

Therma l  S t o r a g e  

- - - - - - - - - - -  
Therma l  S t o r a g e  

Upgraded  L i g h t i n g  

-4 Change E n e r g y  S o u r c e  Change E n e r g y  S o u r c e  - - - - - - - - - -  UI 

A u t o m a t i c  c o n t r b l s  A u t o m a t i c  C o n t r o l s  - - - - - - - - - -  

E q u i p m e n t  U p g r a d i n g  E q u i p m e n t  U p g r a d i n g  M a t e r i a l  U p g r a d i n g  

B e t t e r  P r o c e s s  Sys tem B e t t e r  Sys tem D e s i g n  B e t t e r  B u i l d i n g  D e s i g n  

Waste M a t e r i a l  R e c o v e r y  - m e - - - - - - - -  - - - - - - - - - -  

E n e r g y  Management E n e r g y  Management - - - - - - - - - -  



S i n c e  t h e s e  f a c i l i t i e s  a r e  s i m i l a r  t o  a  s u b s t a n t i a l  
segment of commercial s e c t o r  f a c i l i t i e s ,  t h e  v i s i b i l i t y  of t h e  
v a r i e d  t e c h n o l o g i e s  should  d r a m a t i c a l l y  i n c r e a s e  p u b l i c  know- 
l edge  about  an a p p l i c a t i o n  of t h e s e  improvements i n  equipment/  
d e s i g n s .  

2 .  A l t e r n a t e  Energy Sources  

a .  P o t e n t i a l  a l t e r n a t e  energy  s o u r c e s  a p p l i c a b l e  t o  
McCl e l  1 an : 

( 1 )  Nuclear  
( 2 )  Refuse/Biomass 
( 3 )  Chemical ( c o a l  and s y n t h e t i c  f u e l s )  
( 4 )  S o l a r  

The use  of  n u c l e a r  energy  i s  not  recommended due 
t o  t h e  phys ica l  l a y o u t  of t h e  base ,  t h e  c u r r e n t  s e n t i m e n t  
a g a i n s t  i t s  use a t  t h i s  t i m e ,  and t h e  u n c e r t a i n t y  of  t h e  f u e l  
s o u r c e  a t  t h i s  t i m e .  The use  of r e f u s e  d e r i v e d  f u e l  o r  biomass 
appea r s  t o  be a  p o s s i b i l i t y  f o r  f u t u r e  use  i n  t h e  c e n t r a l  
p l a n t ( s )  and i s  being c o n s i d e r e d  under t h e  deve lop ing  long-  
range  i n d u s t r i a l  energy  p l a n .  Based on e v a l u a t i o n  of each 
p o t e n t i a l  s o u r c e ,  t h e  recommended primary energy  s o u r c e s  a t  
McClellan i n c l u d e  c o a l ,  supplemented by t h e  use  of n a t u r a l  g a s ,  
1  i q u i d  pe t ro leum,  s y n t h e t i c  f u e l s  and s o l a r  e n e r g y .  The appl  i -  

c a b l e  a l t e r n a t i v e  o r  reduced-  energy  s o u r c e  use  l o c a t i o n s  
recommended i n  t h i s  plan a r e  d e s c r i b e d  below. 

b .  - Coal .  The recommended c e n t r a l i z a t i o n  ( s e e  pa ra -  
graph Dla)  of u t i l i t i e s  could  use coa l  a s  a  pr imary f u e l  i f  a  
l a r g e  p l a n t  i s  de termined t o  be optimum. I f  s o ,  a  l a r g e  p a r t  
of t h e  c u r r e n t  n a t u r a l  g a s / e l e c t r i c i t y / l i q u i d  petroleum use 
would be r e p l a c e d .  T h i s  s u b s t i t u t i o n  would no t  o n l y  l e s s e n  



t h e  u s e  o f  s c a r c e  n a t u r a l  gas and p e t r o l e u m  p r o d u c t s ,  b u t  w o u l d  

a l s o  l e s s e n  M c C l e l l a n ' s  v u l n e r a b i l i t y  t o  an e n e r g y  s u p p l y  d i s -  

r u p t i o n .  

c .  C u r r e n t  S o u r c e s .  I f  a  s i n g l e  l a r g e  p l a n t  i s  n o t  

op t imum f o r  M c C l e l  l a n ,  v a r i o u s  advanced  ' c o m b u s t i o n  t e c h n i q u e s /  

t e c h n o l o g i e s  c o u l d  b e  u s e d  t o  i m p r o v e  t h e  e f f i c i e n c y  o f  s m a l l e r  

p l a n t s  u s i n g  n a t u r a l  gas o r  p e t r o l e u m  p r o d u c t s  as p r i m a r y  f u e l .  

These t e c h n i q u e s / t e c h n o l o g i e s  c o u l d  s i g n i f i c a n t l y  r e d u c e  t h e  

u s a g e  o f  such  f u e l s  w i t h o u t  i m p a i r i n g  m i s s i o n  e f f e c t i v e n e s s .  

d .  S o l a r  E n e r g y .  T h e r e  a r e  many me thods  o f  c o n v e r t i n g  

i n c i d e n t  s o l a r  r a d i a t i o n  i n t o  u s e f u l  e n e r g y .  O f  t h e s e  me thods ,  

t h r e e  a r e  recommended f o r  u s e  a t  M c C l e l l a n ;  p h o t o v o l t a i c  c e l l s ,  

s o l a r  t h e r m a l  u n i t s  ( b o t h  a c t i v e  and  p a s s i v e ) ,  and w i n d  g e n e r a t o r s .  

( 1 )  P h o t o v o l  t a i c  s y s t e m s .  C a t h o d i c  p r o t e c t i o n  f o r  

s e l e c t e d  t a n k s ,  an u n d e r g r o u n d  gas l i n e ,  and  an e l e c t r o p l a t i n g  

f a c i l i t y  power  s y s t e m  a r e  t h e  recommended uses  f o r  p h o t o v o l t a i c  

c e l l  s y s t e m s .  The c a t h o d i c  p r o t e c t i o n  s y s t e m s  a r e  t o  be  d i r e c t  

r e p l a c e m e n t s  f o r  e x i s t i n g  s y s t e m s .  The p r o p o s e d  f a c i l i t i e s  

i n c l u d e :  

( a )  W a t e r  Tower #769 - 100  W a t t s  Peak (Wp) 

( b )  W a t e r  Tower  #233 - 20 Wp 

( c )  W a t e r  Tower  #216  - 550 Wp 

( d )  Wate r  Tower  ( C a p e h a r t )  - 1 0  Wp 

( e )  D e l u g e  Tank #705 - 1 0  Wp 

( f )  U n d e r g r o u n d  Gas L i n e  #65  - 450 Wp 

To a s s u r e  h i g h  v i s i b i l i t y  o f  t h e  a p p l i e d  t e c h -  

n o l o g y ,  i t  i s  s u g g e s t e d  t h a - t  t h e  p h o t o v o l  t a i c  a r r a y s  be  s i t u a t e d  

b e t w e e n  t h e  s t r u c t u r e  s u p p o r t s  o r  on  t h e  s i d e s  o f  t h e  t a n k s .  

The m o s t  e n c o m p a s s i n g  a p p l i c a t i o n  o f  a  p h o t o -  

v o l t a i c  power  s y s t e m  i s  on t h e  b a s e  e l e c t r o p l a t i n g  f a c i l i t y ,  



B u i l d i n g  2 4 3 6 .  T h i s  f a c i l i t y  u s e s  a  g r e a t  d e a l  o f  d i r e c t  

c u r r e n t  (DC) e l e c t r i c i t y  ( t o  b e  p r o v i d e d  d i r e c t l y  f rom p h o t o -  

v o l t a i c  a r r a y s )  and l o w  t e m p e r a t u r e  w a t e r .  The l o w  t e m p e r a t u r e  

w a t e r  c a n  be p r o v i d e d  as a  b y - p r o d u c t  o f  a c t i v e l y  c o o l i n g  t h e  

a r r a y s .  T h i s  a p p l i c a t i o n  c a n  t h e r e f o r e  u s e  a p p r o x i m a t e l y  60% 

o f  t h e  i n c i d e n t  s o l a r  e n e r g y ,  as opposed  t o  6 -10% i n  a  n o r m a l  

a p p l i c a t i o n .  I t  i s  e x p e c t e d  t h a t  t h i s  s y s t e m  w i l l  r e d u c e  

c o m m e r c i a l  u t i l i t y  e l e c t r i c i t y  u s e  a t  t h i s  f a c i l i t y  by  25.0% 

and n a t u r a l  gas u s e  b y  50 .0%.  An a d d i t i o n a l  a d v a n t a g e  i s  t h a t  

t h i s  e n e r g y ,  b e i n g  s u p p l i e d  b y  t h e  sun ,  w i l l  b e  g r e a t e s t  when 

t h e  e l e c t r i c a l  e n e r g y  u s e  on b a s e  i s  h i g h e s t .  The p r o p o s e d  

s y s t e m  w i l l  t h e r e f o r e  have  an  e l e c t r i c a l  e n e r g y  c o s t  r e d u c t i o n  

f a r  o u t  o f  p r o p o r t i o n  t o  i t s  a c t u a l  e n e r g y  p r o d u c t i o n .  T h i s  

t y p e  o f  s y s t e m  has many o t h e r  a p p l i c a t i o n s  b o t h  w i t h i n  DOD and 

i n  t h e  p u b l i c  s e c t o r .  

( 2 )  S o l a r  T h e r m a l  S y s t e m s .  The s o l a r  t h e r m a l  

a p p l i c a t i o n s  were  c h o s e n  t o  d i s p l a y  a  w i d e  v a r i e t y  o f  t e c h n o l o g y .  

The f a m i l y  h o u s i n g  u n i t s ,  b o t h  on b a s e  and C a p e h a r t ,  c a n  u s e  

b o t h  a c t i v e  a n d / o r  p a s s i v e  s y s t e m s  f o r  space  h e a t i n g / c o o l i n g  

and d o m e s t i c  h o t  w a t e r .  The d o r m i t o r i e s ,  B u i l d i n g s  521 and 

522,  c a n  u s e  b o t h  a c t i v e  and p a s s i v e  sys tems  f o r  space  h e a t i n g  

and. h o t  w a t e r .  The i n d u s t r i a l  f a c i l i t y ,  B u i l d i n g  692 ,  c a n  u s e  

a n  a c t i v e  s y s t e m  f o r  p r o c e s s  a i r  h e a t i n g .  The s e l e c t i o n  o f  

s p e c i f i c  s y s t e m s  t o  be  a p p l i e d  and t h e  f a c i l i t i e s  i n v o l v e d  i s  

t o  b e  a c c o m p l i s h e d  i n  t h e  f i r s t  phase  o f  p r o g r a m  i m p l e m e n t a t i o n  

( f e a s i b i l i t y  s t u d y ) .  

( 3 )  Wind Sys tems .  The w i n d  u s e  p o t e n t i a l  a t  

M c C l e l l a n  i s  b e l i e v e d  l i m i t e d  t o  t w o  o f f - b a s e  c o m m u n i c a t i o n s  

s i t e s .  S p e c i f i c  s i t e  d a t a  was n o t  a v a i l a b l e ,  b u t  l i m i t e d  

o b s e r v a t i o n  i n d i c a t e s  t h a t  a p p r o x i m a t e l y  o n e - t h i r d  ( 7 0 0  KW)  o f  

t h e  2000 KW r e q u i r e d  b y  t h e  o f f - b a s e  D a v i s  C o m m u n i c a t i o n  Annex 

and t h e  t o t a l  200 KW r e q u i r e d  b y  t h e  o f f - b a s e  L i n c o l n  Communica- 

t i o n  Ann'ex c a n  be s u p p l i e d  b y  a  w i n d  s y s t e m .  S i n c e  no s e l e c t i o n  



of s p e c i f i c  systems has been a t t e m p t e d ,  a p p l i c a b i l i t y  of wind 
g e n e r a t o r s  t o  on-base s i t e s  should  be e v a l u a t e d  d u r i n g  t h e  
f e a s i b i l i t y  s t u d y .  

The use  of s o l a r  energy  systems d i r e c t l y  b e n e f i t s  
McClellan i n  two ways. F i r s t , .  t h e r e  i s  an o v e r a l l  r e d u c t i o n  i n  
energy  use  s i n c e  s o l a r .  energy  has r e p l a c e d  e l e c t r i c i t y  a n d / o r  

, n a t u r a l  g a s .  Second ly ,  and more impor tan t  from. a  c o s t  s t a n d -  
p o i n t ,  t h e  maximum energy i s '  d e l i v e r e d  a t  a  t ime of peak use 
of e l e c t r i c i t y  and n a t u r a l  g a s ,  t h u s  r educ ing  t h e  demand cha rge  
s i g n i f i c a n t l y .  These a p p l i c a t i o n s  a r e  t y p i c a l  of s i m i l a r ,  
s i t u a t i o n s  th roughou t  t h e  D O D ,  and t h e  p u b l i c  and p r i v a t e .  
s e c t o r s .  T h e i r  s u c c e s s f u l  demons t ra t ion  should  enc0urag.e 
adop t ion  i n  a  v a r i e t y  of ways w i t h i n  and o u t s i d e  t h e  Federal  
Government. 

3 .  Misce l l aneous  I n i t i a t i v e s .  I t  i s  a n t i c i p a t e d  t h a t  some 
s m a l l ,  y e t  h i g h l y  e f f e c t i v e  i n i t i a t i v e s  m i g h t  have been ove r -  
looked o r  may emerge subsequen t  t o  t h e  p r e p a r a t i o n  of t h e  
concep t  p l a n .  T h e r e f o r e ,  a  m i s c e l l a n e o u s  a r e a  i s  provided t o  
e n a b l e  t h e  program managers t o  i n c l u d e  such i n i t i a t i v e s  i n  t h e  
o v e r a l l  plan a t  a  l a t e r  d a t e .  Examples of t h i s  type  a p p l i c a t i o n  
i n c l u d e :  

Pneumatic ,  r a d i o  a c t i v a t e d  programmable c i r c u i t  b r e a k e r  
p a n e l s ,  

Radio swi tched  n i g h t  s e t b a c k  c o n t r o l l e r s  
Radio s i g n a l  c o n t r o l l e d  h e a t i n g  t h e r m o s t a t s  

f 
T r a n s i e n t  v o l t a g e  s u p p r e s s i o n  on d i s t r i b u t i o n  l i n e s  

Telephone d i a l e d  r e s t a r t  of E M C S  swi tched  i n t e r i o r  
l i g h t i n g  systems 

I n f r a r e d  pho tograph ic  a n a l y s i s  of e l e c t r i c a l  and h e a t i n g  
I- d i s t r i b u t i o n  systems 

Spray i r r i g a t i o n  of r o o f s  t o  reduce  environmental  l o a d s  



C h i l l e d  b r i n e  s t o r a g e  systems 
D a y l i g h t i n g  t e c h n i q u e s  t o  use n a t u r a l  l i g h t  
S t a t i o n a r y  a n d / o r  movable window/door shad ing  sys tems 
Diurnal  envi ronmenta l  enhancement sys tems 
E l e c t r o n i c  f l u o r e s c e n c e  1  i g h t i n g  bal l a s t  
E M C S  s i g n a l  t r a n s m i s s i o n  over  base  e l e c t r i c a l  d i s t r i -  

b u t i o n  system 

E .  O V E R A L L  T E C H N O L O G Y  IMPACT 
The numerous c u r r e n t  and emerging technology a p p l i c a t i o n s  

proposed f o r  i n c l u s i o n  i n  t h e  Energy Showcase Base I n i t i a t i v e  
p rov ide  a  wide d i v e r s i t y ,  both i n  types  of t echno logy  and i n  
s e l e c t i o n  of d i f f e r e n t  f a c i l i t y  u s e s .  A minimum of  15 d i s t i n c t  
a p p l i c a t i o n s  i n  t h e  major  technology groups i s  proposed .  The 
l o c a t i o n s  of t h e s e  a p p l i c a t i o n s  a r e  s i t e d  t o  g i v e  a c r o s s - t h e -  
base cove rage  i n v o l v i n g  a d m i n i s t r a t i v e ,  i n d u s t r i a l ,  a i r c r a f t  
o p e r a t i o n s ,  communicat ions,  computer s e r v i c e s ,  and personnel  
hous ing .  V i s i b i l i t y  and a c c e s s  t o  t h e  a p p l i c a t i o n  s i t e s  by a  
v a r i e t y  of i n t e r e s t e d  groups were key c o n s i d e r a t i o n s  i n  t h e  
s e l e c t i o n  of t h e  proposed p r o j e c t s .  A d d i t i o n a l l y ,  p r o v i s i o n s  
have been made t o  c o l l e c t  and document t h e  o p e r a t i o n a l ,  energy  
consumption,  and c o s t  d a t a  t h a t  a r e  n e c e s s a r y  t o  a s s e s s  t h e  
va lue  of t h e  proposed a p p l i c a t i o n s  t o  t h e  t a r g e t  p o p u l a t i o n s .  

F .  P R O G R A M  M A N A G E M E N T  A N D  IMPLEMENTATION 
Obvious ly ,  a  program of t h e  scope  d e s c r i b e d  above canno t  

be accomplished wi thou t  an e f f e c t i v e  management o r g a n i z a t i o n  
and a  tho rough ly  though t  o u t  implementa t ion  p l a n .  A s t r eam-  
l i n e d  o r g a n i z a t i o n a l  s t r u c t u r e  has been developed t o  manage 
t h e  program from concept  through d e s i g n ,  c o n s t r u c t i o n ,  t e s t i n g ,  
and o p e r a t i o n .  The r e v i s e d  s t r u c t u r e  i s  des igned t o  focus  
a p p r o p r i a t e  management a t t e n t i o n  on t h e  program t o  keep i t  



m o v i n g .  The o r g a n i z a t i o n  a l s o  i n c l u d e s  a d v i s o r s  f r o m  t h e  

r e g u l a t o r y  and  t e c h n i c a l  f i e l d s ,  b o t h  f r o m  w i t h i n  and o u t s i d e  

t h e  F e d e r a l  G o v e r n m e n t .  A d v i s o r y  i n p u t s  a r e  d e s i r e d  a t  b o t h  

t h e  h e a d q u a r t e r s  and  M c C l e l l a n  p r o g r a m  c o m m i t t e e  w o r k i n g  q e v e l s .  

The c o n c e p t  p l a n  d e t a i l i n g  t h e  p r o p o s e d  p r o g r a m  d e s c r i b e s  

an  e x t e n s i v e  i m p l e m e n t a t i ' o n  o u t l i n e .  I t  was d e s i g n e d  t o  f o c u s '  

a t t e n t i o n  on s e v e r a l  i m p o r t a n t  m i l e s t o n e s ,  t h e  f i r s t  o f  w h i c h  

has  been  c o m p l e t e d .  The D e p a r t m e n t  o f  E n e r g y  g a v e  t h e i r  v e r b a l  

c o n c e p t  a p p r o v a l  d u r i n g  a  b r i e f i n g  t o  them on 1 9  O c t o b e r  1 9 7 8 .  

A n o t h e r  i m p o r t a n t  i t e m  i s  t h e  emp loymen t  o f  an  A r c h i t e c t -  

E n g i n e e r  f i r m  t o  c o n d u c t  a  d e t a i l e d  f e a s i b i l i t y  s t u d y  o f  t h e  

c o n c e p t  p l a n .  A c t i o n  t o  s e l e c t  t h e  A-E f i r m  i s  u n d e r w a y .  The 

f e a s i b i l i t y  . s t u d y  may be  d e v e l o p e d  i n  s e v e r a l  phases  t o  accom- 

m o d a t e  o n - g o i n g  p r o g r a m m i n g  and  d e s i g n  a c t i v i t i e s  a s s o c i a t e d  

w i t h  t h e  c e n t r a l i z a t i o n  p o r t i o n  o f .  t h i s  i n i t i a t i v e .  I t  w i l l  

v a l i d a t e  a n d / o r  m o d i f y  t h e  p r o p o s e d  c o n c e p t  i n  o r d e r  t o  t a k e  

b e t t e r  a d v a n t a g e  o f  e x i s t i n g  f a c i l i t y / e n e r g y  r e q u i r e m e n t  

c o n d i t i o n s  o r  t h e  a p p l i c a t i o n  o f  t h e  m o s t  p r o m i s i n g  e m e r g i n g  

t e c h n o l o g i e s  a v a i l a b l e  a t  t h a t  p o i n t  i n  t i m e .  I n  a d d i t i o n  t o  

t h e  above ,  t h e  f o l l o w i n g  s p e c i f i c  a c t i o n s  w i l l  b e  a c c o m p l i s h e d  

by-  t h e  s t u d y :  

A n a l y s i s  o f  u t i l i t y  l o a d s / r e q u i r e m e n t s  

E v a l u a t i o n  o f  c h a n g i n g  s h i f t  h o u r s  on c e n t r a l  

p l a n t  1 , o a d i n g  

V a l i d a t i o n  o f  Base ~ n e r ~ y  A u d i t  P r o g r a m  (BEAP) 

c o m p u t a t i o n s  f o r  b u i l d i n g s  o v e r  30,000 SF i n -  a r e a  

C o n t i n u a t i o n  o f  BEAP a n a l y s i s  f o r  f a c i l i t i e s  l e s s  
I 

t h a n  30,,000 SF i n  s i z e  

E v a l u a t i o n  o f  i m p a c t  on  o n - g o i n g  f u n c t i o n a l  a c t i v i t i e s  

and i n t e r f a c e s  r e q u i r e d  f o r  o p e r a t i o n s  f o r  m i n i m a l  

d i s r u p t i o n  

T ime  p h a s i n g  f o r  p r o g r a m m i n g  a c t i o n s  i n  v i e w  o f  c u r r e n t  

s t a t e  o f  t h e  a r t  f o r  each  t e c h n o l o g y  



Time phasing f o r  c o n s t r u c t i o n  
Va l ida t ion /deve lopment  of program c o s t s  t o  t h e  

s t a r t  of c o n s t r u c t i o n  
P r e p a r a t i o n  of i n i t i a l  envi ronmenta l  a s ses smen t  

The l e n g t h  of t h e  d e s i g n  and c o n s t r u c t i o n  phases  depends 
on t h e  outcome of t h e  f e a s i b i l i t y  s t u d y  a n d  t h e  l e v e l  of fund-  
ing  p rov ided .  However, i t  i s  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be 
some o v e r l a p p i n g  of t h e  d e s i g n ,  c o n s t r u c t i o n ,  t e s t i n g ,  and 
o p e r a t i o n a l  phases due t o  t h e  many d i s t i n c t  p r o j e c t s  i n v o l v e d .  

G .  CONCLUSION 
Thi s  paper  only  h i g h l i g h t s  t h e  scope  and expec ted  b e n e f i t s  

of t h e  j o i n t  D O E / D O D  Energy Showcase I n i t i a t i v e .  I t  should  
be c l e a r  t h a t  a l though  i t  proposes a  m u l t i t u d e  of technology 
a p p l i c a t i o n s ,  t h e  program i s  comprehensive and f u l l y  i n t e r -  
f aced  wi th  t h e  on-going and planned energy  a c t i v i t i e s , a t  
McClellan A F B .  I t  s a t i s f i e s  al 'l  of t h e  known o b j e c t i v e s  of 
t h e  Departments of  Energy and Defense.  I t  i s  i n v o l v e d ,  b u t  t h e  
Air  Force b e l i e v e s  i t  i s  workable .  All who have been a s s o c i -  
a t e d  w i t h  t h e  development of t h e  concept  a r e  e n t h u s i a s t i c  
about  i t ,  a r e  o p t i m i s t i c  abou t  i t s  s u c c e s s ,  and .a re  anxious  
t o  proceed t o  des ign  and implementa t ion  of t h e  p r o j e c t s .  
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THE GRAND SCHEME/AN ECONOMIST'S VIEW 

OF ENERGY CONSERVATION 
- . - 

A. INTRODUCTION 

In the l e t t e r  inviting me to participate in this  conference, economics 
was described as the web which can t i e  together the diverse elements present 
a t  this  gathering of government policy makers and representatives of public 
u t i l i t i e s ,  architectural/engineering firms, manufacturers of energy conser- 
v ing  devices, and buyers, users, and practi t ioners of energy conservation. 
"Web," I t rus t ,  refers in this  case to a network of related concerns that  
interconnect the various parties involved i n  energy conservation. 

My purpose i s  to  give an overview of the role economics can play in 
energy conservation. Let us begin by discussing the approach an economist 
takes to energy conservation, and then see how economics can help designers, 
engineers, builders, manufacturers,public u t i l i t i e s ,  policy makers, and 
consumers solve specific kinds of problems. I wi 11 conclude with a brief 
example of economics applied t o  solve a problem of mutual concern to  
designers, builders, and consumers. 

B. HOW.DOES AN ECONOMIST LOOK AT ENERGY CONSERVATION? ---. 

A central concern of economics i s  the e f f ic ien t  allocation of scarce 
resources. This means getting the'l arges t possible benefit from avai l able 
resources. I t  i s  from the standpoint of economic efficiency that economists 
usually view energ.y conservation. Because energy conservation, 1 i ke energy 
consumption, generally requires the use of scarce resources, the economics 
problem i s  to determine i n  any given case i f  i t  pays to substi tute scarce 
resources of one type (conservation) for  scarce resources of another type 

(energy). Where energy can be conserved w i t h  l i t t l e  cost i n  terms of 
resources or sacr if ices  i n  human comfort or  in productivity, i t ,  or course, 
pays to do so. B u t  where the costs of reducing energy consumption are 
sizable, an expl ici t  comparison of the costs and benefits of energy conser- 
vation may be necessary to determine what kinds and how much conservation 
i s  economically eff ic ient .  
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Since, in addition to conserving energy, i t  i s  possible to  substi tute 

renewable energy (e.,g . , solar energy) for  nonrenewable energy (e.g . , oil o r  
/ 

gas) the problem i s  enlarged to  finding how much i t  pays to use of each 
of the various a1 ternatives to nonrenewable energy. This means' finding the 
balance that  wi 11 meet a desired objecti.ve, such as providing a given level 
of physical comfort or powering a given level of production, a t  the lowest 
cost. That balance occurs when an additional dollar spent on each of the 
types of energy conservation, on renewable energy, and on nonrenewable 
energy yields the same do1 la r  value, and that dollar value i s  as great as 
that  available a t  the margin on the best a1 ternative investment. If the 
tradeoffs are properly made, net benefi ts--the difference between total  
benefits and total  costs--will be maximized and ttie net total  costs related 
t o  an energy objective will be minimized. 

Figures l a ,  l b ,  and 1c i l l u s t r a t e  a simple two-way tradeoff between 
conservation and energy consumption. The top figure, l a ,  shows that energy 

. . 

consumption costs f a l l  as energy conservation costs r i s e ,  such that total  
energy-related costs may f i r s t  f a l l  and then r ise .  "Qc" designates the 
level of energy conservation that  resul ts  i n  the lowest total  combined cost 
of energy and conservation. 

The middle figure, 1 by .  shows that  t h i s  ,same level of energy conservation, 
"Qc," maximizes net benefits to energy conservation. That i s ,  Figures 2a 
and 2b are two ways of looking a t  the same t h i n g .  

The bottom figure, l c ,  shows that  the optimal level of conservation 
occurs where the l a s t  dollar spent on conservation yields exactly a dollar 
of savings, i . e. ,  where marginal costs equal marginal savings. 

Figure 2 extends Figure 1 and shows a simple three-way comparison among 
renewable energy, nonrenewable energy, and energy conservation. The 1 ower 
two solid curves show a tradeoff between renewable and nonrenewableenergy, 
such as heating by o i l  versus solar energy. The top sol i d  curve shows the 
total  combined cost of the two energy sources based on a given level of 
energy conservation. 
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F IGURE 2 

F I N D I N G  THE O P T I M A L  COMBINATION OF RENEWABLE ENERGY, 
NONRENEWABLE ELERGY, AND ENERGY CONSERVATION 
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The lower two dashed curves show a new tradeoff"between renewable and 
nonrenewable energy based on a higher level of energy conservation. More 
conservation means less of both renewable and nonrenewable energy. The top 

I 

dashed curve shows the total  combined cost of the two energy sources 
excluding the cost of the additional conservation. 

The dotted curve shows the new total  combined cost with the cost of 
the additional conservation added i n .  In this  i l  lustrat ion,  the dotted 
curve--though higher than the dashed curve--is lower than the original 
(sol id)  total  cost curve. This. means that  the higher level of energy con- 
servation i s  more cost effective than the in i t i a l  lower level of conservation. 
The figure also shows that  i t  i s  more cost effective to  meet the energy 
requirement that  remains a f te r  conservation w i t h  a combinati on of renewable 
and nonrenewable energy rather than completely with nonrenewable energy. 
Furthermore, the figure shows that with the increased level of conservation, 
i t  pays to  provide a s l ight ly higher 'percentage of the energy requirements 
w i t h  renewable energy. (This i s  indicated on the horizontal .axis by the 
sh i f t  from f ,* to f ,**). 

W i t h  this  brief descri ption of the economist's concern for  economic 
efficiency in energy conservation investments, l e t  us now identify some 
related concerns. To increase the comprehensiveness of their  accounting 
of the costs and benefits of energy conservation, economists use a l i f e -  
cvcle costing approach. This means that they measure the net effect  over 
time of reducing fuel costs by purchasing, instal  1 ing , maintaining, operating, 
repairing, and reclacina fuel-conserving features. They employ the 
technique of discounting to  place a l l  values on a common time basis. Hence, 
the life-cycle costing/discounted cash flow analysis method has become 
closely identified with economic evaluations of energy conservation. 

Beyond the study of .what kinds and 1 eve1 s of energy conservation are 
economical ly eff ic ient ,  economists are concerned w i  t h  how to achieve the 
economi.ca1 ly  e f f ic ien t  use of energy conservation. In t h i  s regard, they 
deal w i t h  a variety of economic topics and tools,  such as pricing policies 
to encourage conservation and/or to  change the scheduling of use of conven- 
tional energy sources ; subsidies to purchasers of renewable energy and 



- .  
conservat ion t o  account f o r  t he  f a c t  t h a t  s o c i e t a l  bgnef i t s  f r o m  rqduc t ions  

i n  the  use o f  f o s s i l  f u e l s  may n o t  be f u l l y  r e f l e c t e d  i n  the d i r e c t  d o l l a r  

savings r e a l i z e d  by the p r i v a t e  i n v e s t o r ;  and f inanc ing  and market ing . : I :  

arrangements which may a f f e c t  t h e  r a t e  a t  which renewable energy and con- 

s e r v a t i  on a re  adopted. 

I n  addi ti on, economists sometimes address t he  concerns o f  speci a1 

i n t e r e s t  groups t o  develop ways of i n f l u e n c i n g  t h e  d i s t r i b u t i o n  of the  

ga ins from energy conservat ion; They may, f o r  example, i d e n t i f y  s t r a t e g i e s  

f o r  enhancing t he  p r o f i t s  of amanufacturer of energy conserving products.  

These a re  b u t  a  few of t he  t o p i c s  t h a t  concern economists i n  t he  area 

of energy conservat ion.  Perhaps, however, t h i s  b r i e f  overview w i  11 serve 

t o  in t roduce  t h e  n e x t  sub jec t :  the s p e c i f i c  k inds  of problems t h a t  economics 

can address. 

C. WHAT PROBLEMS I N  ENERGY CONSERVATION CAN ECONOMICS HELP SOLVE? 

Economics can he lp  so lve  impo r tan t  problems i n  energy conservat ion 

faced by each of t h e  p a r t i e s  i d e n t i f i e d  e a r l  ier - -des igners,  engi  neers , 
b u i l d e r s ,  manufacturers; p u b l i c  u t i l i t i e s ,  p o l i c y  makers, and consumers. 

Table # I  l i s t s  some quest ions t h a t ,  w h i l e  f a r  from exhaust ive,  are 

rep resen ta t i ve  o f  those each o f  these p a r t i e s  m igh t  ask,. 

A des igner  w i l l  o f ten  f i n d  i t  necessary t o  j u s t i f y  t o  a  c l  i e n t  on 

economic grounds an energy conservat ion f e a t u r e  of a  new b u i l d i n g  design . 
For  example, he o r  she may wish t o  p rov ide  an es t imate  of the  n e t  1  i f e -  

c y c l e  savings o f  a Trombe w a l l ,  a  massive w a l l  d i r e c t l y  behind a l a r g e  

g lazed s o l a r  c o l l e c t o r  area which serves as heat  storage. To eva lua te  the  

c o s t  e f f ec t i veness ,  i t  i s  necessary t o  es t imate  the  energy ga ins and 

losses f rom the  Trombe w a l l  and t h e  l i f e - c y c l - e  d o l l a r  value of those ga ins . 

and losses.  . It i s  a1 so necessary t o  es t imate  the  cons t ruc t i on  costs,  any 

maintenance and replacement costs,  and the  expected 1 i fe of the  system. 

These va lues can then be combined i n  a  1  i f e - c y c l e  c o s t  model and compared 

aga ins t  the  a l t e r n a t i v e  w a l l .  The c l i e n t  can then be advised as t o  t he  

Trombe w a l l ' s  c o s t  e f fec t i veness .  
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TABLE 1 QUESTIONS ABOUT ENERGY CONSERVATION 

Par ty  

Designer 

Engi neer 

Bui 1 der 

Manufacturer 

00 Pub1 i c  U t i  1 i t y  

P o l i c y  Maker 

\ 

Consumer 

-. . 

Representative Questions 

W i l l  a Trombe w a l l  be cos t  e f f e c t i v e  f o r  a nurs ing home i n  Boston? 

What i s  the  opt imal s i z e  f o r  a s o l a r  heat ing system f o r  a school i n  Phoenix? 

Which energy conservat ion features should rece ive  p r i o r i t y  i n  a g iven housing development? 

How should a new energy conservat ion product be pr iced? 

How can r a t e  schedules best be designed t o  reduce peak loads? 

What government p o l i c i e s  w i l l  most cos t  e f f e c t i v e l y  promote the  r a p i d  u t i l i z a t i o n  o f  
so la r  energy? 

How much i n s u l a t i o n  should I add t o  my a t t i c ?  , 1 .. 



An engineer may be called upon to design and s b e  a solar  energy sys- 
tem. The most cost-effective system will depend both on the comparative 
technical performance and on the life-cycle costs of the various options. 
As the design parameters are changed--with the focus usually on changing 
the s ize of collector area--an i te ra t ive  calculation approach can be used 
to  determine the system for  which life-cycle costs of the total  energy 
components of the building are minimized.(') The s ize of the system should 
be increased as long as each additional increment provides the necessary 
return on the do1 lar .  

\ 

A builder i s  faced w i t h  a-host of energy conserving features that  may 
be profitable for  a given housing market, b u t  he or she i s  typically con- 
strained by a 1 imited budget. To maximize profi ts ,  i t  i s  important to give 
priority to  those features which will most enhance the salabi l i ty  and 
sel l ing price of the houses. An economic ranking of the alternatives i s  
useful to determine the i r  priority.  This can usually best be accomplished 
by computing for each a1 ternative e i ther  a ra t io  of savings to  costs ( i  .e. ,  
a benefit/cost o r  savings- to- investment ra t io)  or the internal rate of 
return, and then ranking and giving pr ior i ty  to  the a1 ternatives in de- 
scending order to  the i r  ra t ios  or the i r  rates of return. 

Unfortunately, the problem may not be solved so simply.' A c r i t i ca l  
question that  complicates the answer to the builder's question i s  the com- 
parative market response t o  the conservation alternatives.  I t  i s  possible 
that  some energy conservation features, though saving more than they cost 
over the life-cycle, may not add sufficiently to  the sell ing price of the 
house to be worthwhile to the builder; furthermore, some Features that save 
more energy a t  lower cost than others may be less desirable from the 
standpoint of the builder because the i r  market demand in a given housing 
market i s  less .  

The possible divergence between the cost effectiveness of an energy 
conservation feature based on i t s  costs and savings versus i t s  cost 
effectiveness to the builder taking into account market demand .may ref lect  
imperfections in the housing market due, for  example, to  lack of information 
on the part of the consumer. I t  may also ref lect  considerations such as 
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aesthetics that  are not fu l ly  reflected i n  the dollar estimates of costs 
and savings associated w i t h  the alternatives.  In any case, this  possible 
divergence i s  of vital  concern to  builders and requires them to consider 
market information to  avoid unprofitable decisions. This s i tuat ion,  i f  
serious, may warrant some form of government intervention, such as pro- 
v i d i n g  consumer information, to t ry  to reduce the market imperfections. 

Market information i s  also often required by the manufacturer of 
energy conservation. Measures of the responsiveness of market demand to 
a change i n  the price of a good or  service ( i  . e m ,  the price e l a s t i c i ty  of 
demand) can inform the manufacturer whether to expect revenues to  r i s e ,  
f a l l ,  o r  remain about the same i f  prices are raised. 

In a ser ies  of a r t ic les  in the Public Ut i l i t i e s  Fortnightly, Alfred 
Kahn, now the President's chief inflation f ighter ,  and formerly Chairman 
of the Department of Economics a t  Cornel 1 University and a pub1 i c  u t i l i t y  
regulator, explored the use of economics in addressing questions of 
c r i t i ca l  importance to public u t i l i t i es . ( ' )  In the second of his three 
a r t i c l e s  he discusses how "marginal principles" of economic theory can be 
used to  design rate  structures that  will reduce peak energy demands. 
Despite problems i n  i t s  appl i ~ a t i o n , ( ~ )  marginal cost pricing--or some 
variation thereof--is becoming increasingly recognized and util ized for  
altering the use patterns of energy. P u t t i n g  i t  simply, t h i s  i s  done by 
pricing consumption a t  higher rates when the costs of supply are h i g h .  

A related issue of interest  to  economists i s  the effect of ra te  
schedules on the cost effectiveness of solar energy. For example, mar- 
ginal cost pricing of e lec t r ic i ty  may cause the recharging of a storage 
component by off-peak e lec t r ic i ty  to be cheaper than by an active so lar  
energy system. 

Government decision makers charged w i  t h  promoting the ' commerci a1 i za- 
t ion of solar energy use economic models to  assess a1 ternative policy 
options and to  'predict the market penetration of solar energy under d i f -  

ferent scenarios of government pol icy and other i n p u t  assumptions. ( 4 )  In 
order to  understand how best t o  intervene i n  the market and in order to  
determine the net benefits of that intervention, i t  i s  essential to  have 
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an idea o f  how the  market w i l l  perform w i t h  and w i thout  d i f f e r e n t  types 

and l e v e l s  o f  government i n te rven t i on ,  as w e l l  as an est imate o f  the  

soc ia l  value o f  t h e  pred ic ted  change i n  market performance. 

Another area i n  which government dec is ion  makers are us ing economic 

ana lys is  t o  guide p o l i c y  ac t ions  i s  i n  the area of standards development 

f o r  energy conservat ion i n  bu i ld ings .  Economic ana lys is  i s  being used t o  

determine the  economically e f f i c i e n t  l e v e l s  o f  energy conservat ion i n  

d i f f e r e n t  types o f  bu i l d ings  us ing d i f f e ren t  energy sources and located 

i n  d i f f e r e n t  c l i m a t i c  regions. (5) 

Economics can a lso  address problems o f  d i r e c t  concern t o  consumers. 

For example, ana lys is  has been made o f  t h e  economically e f f i c i e n t  l e v e l s  

o f  i n s u l a t i o n  f o r  houses w i t h  d i f f e r e n t  energy sources, located i n  d i f -  

f e r e n t  cl imates. The r e s u l t s  have been p u t  i n t o  a booklet  t h a t  ass i s t s  

the  homeowner i n  making economically sound investments i n  energy con- 

s e r v a t i  on. (6) 

D. AN EXAMPLE 

Now t h a t  we have had an overview o f  the r o l e  o f  economics i n  energy 

conservation, l e t  us see b r i e f l y  i n  a case example how the r e s u l t s  o f  

economic ana lys is  can answer r e l a t e d  questions o f  mutual concern t o  the  

var ious members o f  the  b u i l d i n g  comnunity who are i n t e r e s t e d  i n  energy 

conservation. The example i s  taken from an i n t e r d i s c i p l i n a r y  study o f  

windows recen t l y  completed by researchers a t  the Nat ional  Bureau of Stan- 

dards. (7)  It analyzes the  energy and l i f e - c y c l e  cos t  e f f e c t s  o f  a l te rna-  

t i v e  window choices i n  a room o f  a " representat ive"  house i n  n i n e  c i t i e s  

loca ted i n  d i f f e r e n t  c l ima te  regions o f  the  Uni ted States. (8) 

The maps i n  F igure 3 show the c i t y  l oca t i ons  and the  heat ing and 

, cool ing  zones f o r  which t h e  windows were examined. Table 2 l i s t s  the 

window choices t h a t  were examined and some o f  the key assumptions. I n  

a d d i t i o n  t o  considering a l t e r n a t i v e  window sizes, o r i e n t a t i o n s  and 
. glazings, t h e  study inves t iga ted  t h e  e f f e c t s  o f  us ing venet ian b l i n d s  and 



Figure 3 LOCATIONS STUDIED FOR WINDOW SYSTEMS 
o a 3a Normal Heating Degree Days (Base 65 F )  

3b Sumer Cooling Hours Over 8 0 ' ~ ~  

1 and 

, 0.1 

a ~ h i s  version of heating degree day dis t r ibut ion across the  U.S. is simplified 
fo r  the  purpose of i l l u s t r a t i on .  For the  more detailed map from which i t  was 
derived,see Heating and Cooling Day Data, Environmental Information Sumnaries 
C-14, September 1974, p. 7. 

b ~ h i s  map, taken from Madeleine Jacobs and Steve Petersen's "Making the  Most of Your 
Energy Dollars i n  Home Heating and Cooling," NBS Consumer Information Series 8, 1975, 
i s  approximate only. For a more extensive l i s t i n g  of coolin our da a see 
&ulation Manual -Homes/A~artrnents, NAHB Res. Found. Inc., 1g7!, pp. $3~35.  

12 , 



TABLE 2 WINDOW ALTERNATIVES EXAMINED FOR EACH REG ION 
- -.--- --- 

FEATURE ALTERNATIVES EXAMINED 
.- --- - .- . - ---- 

W i  ndow type Wood, Double Hung and Weatherstripped 

Window Accessories Venetian . ~ l  inds and Thermal Shutters 
----.--.-.- -.- - ----- - - - -- -.- 
Bu i l d i ng  App l ica t ion  18' x 15' x 8 '  Family Room/Kitchen o f  Single-Family B r i ck  Rambler 

B r i ck  and Block Construct ion - 
Window S i  zes 0, 12, 18, 30, 60 ft.2 
- --- 
Orien ta t i on  S, SWISE, E/W, NWINE, N 
- .- - --- .- 

Glazing Type Single, Double, T r i p l e  
-- . - - -. -. -. --- -- 

Mode of Window Use (1) Bare, Not Used f o r  Dayl ight ing,  (2 )  Managed, Used fo r  
Day l igh t ing  

I n t e r n a l  Energy Loads L igh ts  Equ i  men t A i r  Leakage People 
0.65 w a t t s / f t 2  0.52 w a t t s / f t 2  0.5 A i r  Changeslhr. 0.5 people at .  

System Operation Boi l e r  E f f  i ci:ency Cool i ng COP Thermos t a t  Adjustment 
0.65 2.0 72" t o  62" F Winter Nights 

78" t o  84" F Summer ~ i g h t s  

Economic Assumptions Gas Heating a t  $0.30 per therm, E l e c t r i c  Cooling and L i g h t i n g  a t  
$0.03 per Kwh 

Energy Pr ice  Escalat ion Rates of 0%, 12% 
Discount Rate o f  8% 

- - -  
Economic Performance Measures $ L i  f e  Cycle Cost o f  Each Combination of A 1  te rna t ives  

Least-Cost Window -Size, Or ien ta t ion ,  Glazing, Mode o f  Use, and 
Overa l l  Sys te~n  

.- 
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thermal shut te rs  as accessories t o  the window, and of tak ing  advantage o f  

any ava i l ab le  dayl i g h t  from the window t o  t u r n  o f f  e1ectfi.c l i g h t s  i n  the  

room. The evaluat ions were performed w i t h  a l i f e - c y c l e  costimg model. (9 
(10) Table 3 presents a sumnary o f  some of the eva lua t i on  r e s u l t s .  

Columns 3 through 7 g ive  the r e s u l t s  f o r  one o f  the cases examined i n  the 

study: the case when venet ian b l i n d s  and thermal shut te rs  are not used 

(I w i l l  r e f e r  t o  the window wi thout  these accessories as "unmanaged") 

and a v a i l a b l e  day1 i g h t i n g  i s  - n o t  subs t i t u ted  f o r  e l e c t r i c  l i g h t i n g .  

Columns 8 through 11 g i v e  the r e s u l t s  when the accessories - are used 

( i  .e., the window i s  "managed) and d a y l i g h t i n g  - i s  used t o  lower the costs 

o f  e l e c t r i c  l i g h t i n g .  

Column 7 g ives the est imated l i f e - c y c l e  do1 l a r  .amolints by which the 

costs o f  the room would be ra i sed  (a p o s i t i v e  d o l l a r  amount) o r .  lowered (a  

negat ive do1 l a r  amount) by having a window system of the s i z e  designated 

i n  Column 4, as opposed t o  having a s o l i d  wa l l  w i t h  no window.. These 

r e s u l t s  assume t h a t  the window i s  unmanaged and no t  used for  day l i gh t i ng .  

Column 11 gives s i m i l a r  d o l l a r  estimates, assuming t h a t  t he  window i s  

managed and used fo r  day l i gh t i ng .  (11) 

We can see from Column 3 t h a t  f o r  a l l  l oca t i ons  i t  i s  cheaper under 

the assumed condi t i ons - - tha t  i s ,  n o t  managing the  window and f a i l i n g  t o  

save energy costs by us ing day l i gh t - - t o  have a windowless room than t o  

have even small windows. I f  windows - are t o  be used, Column 4 shows t h a t  

the smal lest window s i z e  examined i n  the study, 12 ft2, i s  the leas t -cos t  

s ize .  

Column 8, on the  o ther  hand, shows that., under the.assumptions o f  

t h i s  study, the windows are cos t  e f f e c t i v e  when managed and used fo r  

dayl i ght ing because t h e i r  savings i n  energy outweigh t h e i r  h igher  costs 

fo r  purchase, i n s t a l l a t i o n ,  maintenance and r e p a i r .  The accessories-- 

the venet ian b l i n d s  and thermal shutters--reduce the  undesirable heat  

gains and losses from the windows t o  low. leve ls ,  wh i l e  the savings i n  

e l e c t r i c i t y  f o r  l i g h t i n g  more than of fset  the costs o f  purchase, i n s t a l -  

l a t i o n ,  maintenance and r e p a i r .  



Table 3 Regional Sumnary o f  Cost-Ef fect ive A1 te rna t i ves  f o r  Resident ia l  ~i ndowsa 

. . - - . . . . . 
a  

Taken from Rosal ie 1. Ruegg and, Robert E. Chapman, A Regional Assessment of Selected Nindow Systems, National Bureau of Standards Report 
( I n  preparat ion).  1979. 

- -- -.---- - 
Unmanaged. No.t Used fo r  Day l igh t ing  

C i t y  Fuel P r i ce  Least-Cost Least-Cost Least-Cost Least-Cost $ LCC' 
(Heating kbCool - Escalat ion Window Window Or ien ta t ion  Glazing f o r  
i n g  Zones) R a t e ( % ) .  Size S i  ze Least-Cost 

Greater2Than 0 Window 
(ft. Greater Than 0 

(1)  - -- (2).  -- (3)  (4)  (5  I (6) (7)  

Washington, 0  0 12 South Single 89 
D.C. (3,4) 12 0 12 South Double 130 

Miami , 0 0 12 North Single 115 
F l o r i d a  (1.1) 12 0 12 North double 271 

San Antonto, 0  0 12 North Singled 88 
Texas (1.1) 12 0 12 North Single 185 

Los Angeles, 0  0 12 North S ing le  59 
Cal i f o r n i a  12 0 12 North Single 35 
(1/2, 5 )  

Atlanta, 0 0 12 South S ing le  ' 60 
Georgia (2.3) 12 0 12 South Single 80 

Seat t le ,  0  0 . 12 South Single 9 7 
Washington 12 0 12 South Double 146 
(3.5) 

I n d i  anapol i s .  0  0 12 South S ing le  104 
Indiana (3,4) 12 0 12 South Double 159 

Portland. ' 0  0 12 South Double 103 
Maine (4,5) 0  0 12 South T r i p l e  136 

Bismark, . 0  0 12 South Double/Tri p l e  108 
North Dakota 12 0 12 South T r i p l e  147 
(5.5) 

b~umbers i n  parenthesis r e f e r  t o  the heat ing and cool ing zones, respect ive ly ,  as given by the heat ing and coo l ing  zone map i n  F igure 3.  

-. -- 
Managed, Used f o r  Day l igh t  

Least-Cost Least-Cost  east-~os't $ LCC' 
Window Or ien ta t ion  Glazing f o r  

S i  ze Leas t-Cost 
Window 

Grezter Than 0 
(8)  (9)  (10) (11) 

12 South Single -89 
18 South Single -773 

12 North Single -149 
' 18 North Single - 1000 

12 North Single -145 
18 North Si ngl e  -986 

12 North Single -125 
30 North Single - 105 1 

12 South Single -147 
18 South Single -972 

12 South Single - 39 
18 South Double -600 

12 South Single -62 
18 . South Double -660 

12 south( ;' S ing le -29 . 
18 South T r i p l e  -489 

12 South Single -23 
18 South T r i p l e  -489 

'lhe di f ference i n  d o l l a r  costs w i t h  windows as compared w i t h  the cos ts .w i thou t  windows over a 25 year l i f e  cyc le.  P o s i t i v e  f igures i n d i c a t e  
the amount t h a t  windows add t o  l i f e - c y c l e  costs; negative f igures, the amount t h a t  windows save. 

d ~ h e r e  i s  on ly  a s l i g h t  d i f fe rence  between the costs  o f  s i n g l e  and double g laz ing  when energy esca la t ion  i s  a t  12%. 
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Columns 5 and 9 show the  o r i e n t a t i o n  of the  wtridows which r e s u l t s  i n  

the  lowes t  c o s t  o r  g rea tes t  savings. It may be seen t h a t  n e i t h e r  manage- 

ment and d a y l i g h t i n g  no r  the r a t e  of fue l  p r i c e  e s c a l a t i o n  change t he  

l e a s t - c o s t  o r i e n t a t i o n .  A sou the r l y  o r i e n t a t i o n  i s  recommended f o r  

reg ions  w i t h  s i g n i f i c a n t  hea t i ng  loads, and a  n o r t h e r l y  o r i e n t a t i o n  f o r  

reg ions  w i t h  l i t t l e  o r  no hea t ing  loads. 

Columns 6 and 9 i n d i c a t e  whether s i ng le ,  double o r  tri p l e  g l a z i n g  i s  

l e a s t  c o s t l y  f o r  windows o f  the  s i z e  g i ven  i n  Columns 4 and 8, respec- 

t i v e l y .  I t  may be seen t h a t  the  use o f  window accessor ies in f luences the  

p re fe r red  g l a z i n g  type. S i n g l e  g l a z i n g  i s  more o f t e n  recommended f o r  t he  

managed wi ndow than the  unmanaged w i  ndow because t h e  thermal s h u t t e r s  

p rov ide  a  p a r t i a l  s u b s t i t u t e  f o r  mu1 t i - g l a z i n g .  The p r e f e r r e d  t ype  i s  

a l s o  in f luenced  by t h e  r a t e  o f  esca la t i on  i n  f u e l  p r i ces ;  the  h i ghe r  t h e  

escal  ati 'on, t he  more favorab l  e  mu1 t i - g l  az ing  becomes. . 
Note t h a t  these conc lus ions a re  c r i t i c a l l y  dependent on the  assump- 

t i o n s  and m igh t  be d i f f e r e n t  f o r  a  d i f f e r e n t  s e t  o f  cond i t i ons .  Tes t i ng  
0 

t h e  s e n s i t i v i t y  o f .  r e s u l t s  t o  a s s ~ m p t ~ o n s  and to . .est imated values of cos ts  . . .,. 4 

and b e n e f i t s  i s  a  s t e p  t h a t  i s  o f t e n  h e l p f u l '  t o  i n t e r p r e t i n g  the r e s u l t s  

of economic eva lua t ions  such as t h i s  one. I n  t h i s  case, f o r  example, 

the r e s u l t s  a re  t e s t e d  f o r  s e n s i t i v i t y  t o  the  r a t e  o f  fue l  p r i c e  escala- 

t i o n .  

Time does n o t  pe rm i t  a  thorough assessment of the  f i n d i n g s  of t h i s  

study; r a t h e r ,  l e t  us cons ider  i n  general  how t h e  r e s u l t s  r epo r ted  i n  

Table 3 can a s s i s t  the var ious  p a r t i e s  i n  t h e i r  energy conservat ion 

dec is ions .  

  he' r esu l  t s  would suggest t o  designers,  b u i l d e r s ,  o r  homeowners 

t h a t  they should g i v e  c lose  a t t e n t i o n  t o  . the window designs they s e l e c t ,  

as w e l l  as t o  t he  s i z i n g ,  placement, accessor iz ing,  and use of those 

windows. The r e s u l t s  would suggest t o '  po l  i c y  makers t h a t  they  should use 

cau t i on  i n  making po l  i c y  reconanendations and s e t t i n g  standards t h a t  c a l l  

f o r  across-the-board reduc t ions  i n  window areas i n  b u i l d i n g s  f o r  the  sake 

o f  energy conservat ion.  The r e s u l t s  would suggest t o  manufacturers of 
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windows t h a t  i nc reas ing  a t t e n t i o n  i s  be ing  focused on windows as energy 1 

l o s e r s  o r  savers and t h a t  the  market f o r  energy conserving windows and 

accessor ies i s  l i k e l y  t o  be a growing one. 

To summarize,. th is paper has at tempted t o  g i v e  some background and 

perspec t i ve  o f  t h e  r o l e  t h a t  economics can p l a y  i n  energy conservat ion.  

It bas discussed the  economist 's pe rspec t i ve  of energy conservat ion,  has 

l i s t e d  d i f f e r e n t  k inds  o f  quest ions t h a t  economics can address, and has 

g iven  an example o f  economics app l i ed  t o  t h e  eva lua t i on  . of t h e  energy 

and c o s t  performance o f  a1 t e r n a t i v e  window systems. 
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ABSTRACT 

Concern w i t h  energy conservat ion requirements has resu l t ed  i n  a growing 

awareness throughout t h e  arch i  t ec tu ra l l eng inee r ing  community o f  t h e  need f o r  

an easy-to-use, f a s t  -runn ing, completely documented, pub1 i c-domain computer 

program f o r  t h e  energy-use analys is  o f  bu i ld ings .  DOE-2 has been developed 
. . . .  

t o  meet these needs. The program emphasizes ease o f  input ,  e f f i c i e n c y  o f  . . 

'computation, f l e x i b i l i t y  o f  operat ion, and usefulness o f  output. A key 
I 

f a c t o r  i n  meeting these requirements has been achieved by the  development o f  

a free-format B u i l d i n g  Design Language (BDL) t h a t  g r e a t l y  f a c i l i t a t e s  t he  

use r ' s  task i n  d e f i n i n g  the bu i l d i ng ;  i t s  heating, v e n t i l a t i n g ,  and ' a i r  con- 

d i t i o n i n g  (HVAC) systems; and i t s  operat ion. This  paper describes t h e  DOE-2 

program. 

A. INTRODUCTION 

Approximately one- th i rd  o f  the t o t a l  energy consumed i n  the  Uni ted 

States i s  used t o  operate bu i ld ings .  Only by the  e f f i c i e n t  use o f  energy i n  

each b u i l d i n g  w i l l  we reduce our energy consumption a t  l o c a l  and, even- 

t u a l l y ,  na t iona l  leve ls .  Saving energy i n  bu i l d i ngs  w i l l  r equ i re  new p u b l i c  
d .  

p o l i c i e s ,  new b u i l d i n g  codes, and innovat ions i n  the  design o f  b u i l d i n g s  and 

communities. It w i l l  a l so  requ i re  new design procedures and t o o l s  f o r  

9, 
engineers and a rch i t ec t s ,  c o r r e c t  operat ion o f  bu i  1 d ing  energy systems, and 

ca re fu l  a t t e n t i o n  t o  t he  q u a l i t y  o f  ma te r i a l s  and construct ion.  



Until recently,  building designers lacked the necessary tools  for  the 
comprehensive cal cul a t i  on of dynamic heating and cooling 1 oads, the simul a- 
tion of heating and cooling dis t r ibut ion systems, the modeling of equipment 
supplying the required energy, and the  calculation of the  l ife-cycle costs  
of owning and operating building energy systems. Calculation of the 

, response of building envelopes and systems t o  time-dependent variat ions of 
heat and moisture resul t ing from the weather outside and human ac t i v i t y  
inside i s  practical  only with the  aid of a computer. Earl ier  energy anal- 
ys is  computer programs have had l imitat ions:  they have been expensive t o  
r u n ,  d i f f i c u l t  to  use, or limited in scope. Furthermore, differences in 
algorithms and assumptions may cause di f ferent  programs to give widely 
di f fer ing resul ts .  

Therefore, there was a need for an easy-to-use, fast-running, well- 
documented, widely available computer program fo r  the analysis of energy use A 

i n  buildings. In response to  t h i s  need, three national laboratories collab- 
orated t o  develop a new computer program for  design, analysis, research, and 
code compl i ance . Lawrence Berkel ey Laboratory ( L B L )  , as the 1 ead 1 aboratory, 
collaborated w i t h  the  Los Alamos Sc ien t i f i c  Laboratory (LASL) to develop the  
DOE-2 program. DOE-2 i s  an improved version of the former DOE-1 program, 
which i t s e l f  i s  an improved, updated version of the  former Cal-ERDA program. 
The Argonne National Laboratory and Consultants Computation Bureau were 
collaborators w i t h  LBL and LASL on Cal-ERDA and DOE-1. 

The DOE-2 LOADS routines are based on American Society of Heating, 
Refrigerating, and Air-conditioning Engineers (ASHRAE) algorithms. (12)  
The primary and secondary systems simulation routines are based on algorithms 
developed by Consultants Computation Bureau in the ear ly  1970's. 

B. DESCRIPTION 1 
) I  

DOE-2 can simulate hour-by-hour performance of a building for  each of 
the  8960 hours in a year. Input i s  f a c i l i t a t e d  by a newly developed computer 

q, 



i n s t r u c t s  the computer i n  f a m i l i a r  Engl ish terminology. DOE-2 a lso provides 

a  means o f  performing the complicated analys is  o f  energy consumption w i thout  

the  necessity o f  prepar ing i npu t  t o  the  program t h a t  i s  co r rec t  i n  every 

minor d e t a i l .  A set o f  d e f a u l t  values (numbers used f o r  the value o f  a  

va r iab le  i f  the  user does not  assign one) i s  inc luded t o  reduce the  amount 

o f  i n p u t  t h a t  must be suppl ied t o  run the  program. 

Figure 1 shows a  b r i e f  organizat ional  con f i gu ra t i on  o f  t he  DOE-2 com- 

puter  program. A de ta i l ed  desc r ip t i on  o f ' a n  e a r l i e r  vers ion o f  DOE-2 i s  

found i n  Ref. 3. 

DOE-2 has fou r  s imu la t ion  subprograms. These are executed i n  sequence, 

w i t h  the  output o f  one becoming the  i npu t  t o  t he  next. The func t i on  o f  each 

subprogram i s  surrmar ized below. 

1. LOADS Subprogram 

The LOADS subprogram ca lcu la tes  the  hou r l y  heat ing and coo l ing  

loads, us ing p r i m a r i l y  the  algori thms described i n  Ref. 1. DOE-2 provides..a 

reorgan iza t ion  and reprograming o f  many o f  these algori thms t o  increase . - 
execut i  on speed. 

I n  the LOADS subprogram, the heat gains and losses through wal ls,  

roofs, f l  oors, windows, and doors are ca lcu la ted  separately.  Heat t r a n s f e r  

by conduction and radiat , ion through the .bu i ld ing  s k i n  i s  computed, us ing 

response fac tors ,  consider ing the  e f f e c t s .  o f  t he  thermal mass; placement o f  

insu la t ion ;  sun angle; cloud cover; and b u i l d i n g  l oca t i on , .o r i en ta t i on ,  and 

a rch i tec tu ra l  features. I n f i l t r a t i o n  loads can be ca lcu la ted  on the  basis  

o f  the d i f f e rence  between the i ns ide  and outs ide cond i t ions  an'd on an assumed 

leak r a t e  (crack method), or by an air-change method. 

I n t e r n a l  use o f  energy f o r  l i g h t i n g  and equipment i s  also computed 

according t o  schedules assigned by the  user f o r  each p iece o f  equipment t h a t  

a f f e c t s  the energy balance o f  each space. The l a t e n t  and sensib le heat given 

o f f  by the  b u i l d i n g  occupants are ca lcu la ted  as an hour-by-hour func t i on  o f  

the occupancy o f  the bu i ld ing .  

A l l  the LOADS computations are performed on the basis o f  a  f i x e d  

temperature f o r  each space as spec i f i ed  by. the  user. Because the  LOADS pro- 

gram ca lcu la tes  thermal loads on the basis o f  hou r l y  weather data using 



Fig .  1. DOE-2 Computer Program Conf igurat ion 
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a r t  i f i c i  a1 ( f i x e d )  space temperatures, t he  output  may have 1 i t t l e  bear ing on 

the  ac tua l  thermal requirements o f  a  bu i l d i ng .  I t  i s ,  instead, a basel ine 

p r o f i l e  o f  t he  thermal performance o f  a  space, given a f i x e d  i n t e r n a l  tem- 

perature. The SYSTEMS program then mod i f ies  the output  o f  the LOADS program, 

t o  produce actual thermal loads based on an hour ly  va r i ab le  i n t e r n a l  temper- 

a t  ure. 

2. SYSTEMS Subprogram 

The SYSTEMS subprogram contains a lgor i thms f o r  s imu la t ing  perform- 

ance o f  t he  secondary HVAC equipment used t o  con t ro l  t h e  temperature and 

humid i ty  o f  each zone w i t h i n  the  bu i l d i ng .  Many o f  the equations used t o  

develop the  SYSTEMS s imu la t ion  procedure are g iven i n  Ref. 2. These algo- 

r i t hms  have been organized and coded . to a l low se lec t i on  o f  one o f  16 prepro- 

gramned space-condi t i  oning systems. The SYSTEMS subprogram i s  used by 

choosing one o f  these preprogramned systems and p rov id ing  the  necessary 

i n p u t  data f o r  t he  s imu la t ion  ca lcu la t ions .  New subroutines, which can be 

developed and entered by the  user, are necessary f o r  study o f  a  system t h a t  

has no t  been preprogramed. 

The SYSTEMS subprogram uses the  output  in fo rmat ion  from the  LOADS 

program and a 1 i s t  o f  user-def ined system c h a r a c t e r i s t i c s  (e.g., a i r - f l o w  

rates,  thermostat se t t ings ,  schedules o f  equipment operat ion, o r  temperature 

setback schedules) t o  ca l cu la te  t h e  hour-by-hour energy requirements o f  .the 

secondary HVAC system. The SYSTEMS subprogram c a l  cu 1 ates thermal 1 oads 

based on va r i ab le  temperature cond i t ions  f o r  each zone. 

3. PLANT Subprogram 

The PLANT subprogram conta ins the equations necessary t o  ca l cu la te  

t he  performance o f  t he  pr imary energy conversion equipment. The ope ra t i  on 

o f  each p l a n t  component .(e.g., b o i l e r ,  absorpt ion ch i1  1 er, compression 

c h i  11 er, coo l i ng  'tower, ho t  water stqrage tank, and so la r  heater)  i s  modeled 
i 

on the  basis  o f  operat ing cond i t ions  and par t - load  performance character- 

i s t i c s .  The user se lec ts  t h e  type o f  p l a n t  equipment t o  be modeled, t he  

or 
s i z e  o f  each un i t ,  t h e  number o f  un i ts ,  and the number o f  u n i t s  simultane- 

ous ly  avai lab le.  Values f o r  equipment l i f e t i m e  and maintenance may a lso be 



entered i f  prepropramed values f o r  these var iab les .  are not  used. The 

sequence o f  equipment operat ion may be spec i f i ed  as a step func t i on  o f  the  

load. The user may schedule equipment operat ion by t ime (hou r l y  o r  season- 

a l l y )  or  by peak load schedules. The PLANT subprogram uses hou r l y  r e s u l t s  

from the  LOADS and SYSTEMS subprograms and the  use r ' s  i n s t r u c t i o n s  t o  calcu- 

l a t e  the e l e c t r i c a l  and thermal energy consumption o f  the bu i ld ing .  The 

DOE-2 PLANT subprogram a lso  contains subrout ines f o r  computing the  l i f e -  

cyc le  costs o f  p l a n t  equipment. 

4. ECONOMICS Subprogram 

The ECONOMICS subprogram may be used t o  compute the l i f e - cyc le -  

costs o f  var ious b u i l d i n g  components and -to generate investment s t a t i s t i c s  

f o r  economic comparison o f  a l t e r n a t i v e  pro jec ts .  The methodology used i s  

s i m i l a r  t o  t h a t  recomended by the  Department o f  Energy f o r  evaluat ion of 

proposed energy conservat ion pro jec ts .  (4 )  

I n  add i t i on  t o  these .sirnu1 a t i o n  subprograms, DOE-2 conta ins var ious 

repor t -generat ing rou t i nes  t h a t  p r i n t  hou r l y  values o f  se lected var iab les  

- over spec i f i ed  i n te rva l s .  There i s  a lso  a Weather Data Processor t h a t  a l lows 

ex t rac t ion ,  ed i t i ng ,  and d i sp lay  o f  hou r l y  weather data from weather tapes. 

I F i n a l l y ,  WE-2 contains two computerized l i b r a r i e s  t h a t  can be accessed 
1 
I by the user from the program using BDL. The f i r s t ,  a  ma te r i a l s  l i b r a r y ,  

contains thermal data f o r  d i f f e r e n t  ma te r i a l s  commonly used i n  walls, roofs,  

and f l oo rs .  The second, a weather l i b r a r y ,  contains hou r l y  weather data f o r  

I 75 l oca t i ons  i n  t he  Uni ted States. (With t h e  DOE-2 Weather Data Processor, 

the  user can e a s i l y  add other  loca t ions  t o  t h i s  l i b r a r y . )  

C. BUILDING DESIGN LANGUAGE 

The f o u r  subprograms c a l l  ed LOADS, SYSTEMS, PLANT, and. ECONOMICS, are 

i nd i ca ted  by L, S, P, and E, respect ive ly ,  i n  Fig. 1. The i npu t  t o  these 

programs i s  provided by us ing BDL. The in fo rmat ion  given by the user through 

BBb i s  processed by the  BDL Processor Program and f e d  i n t o  the  L, S, P, and 



E data f i l e s  i n  appropr ia te form. Thus, BDL, as a problem-oriented language, 

ass i s t s  t he  user i n  communicatinq w i t h  t h e  s imu la t ion  programs. 

The BDL Processor checks each BDL i n s t r u c t i o n  f o r  proper form, syntax, 

and content.  The BDL i n s t r u c t i o n s  are read sequent ia l ly ,  and each i s  

examined t o  determine whether any BDL commands or  keywords have been used 

and i f  values have been assigned. The BDL Processor a lso  checks f o r  values 

t h a t  are beyond the  expected range f o r  i n p u t  var iab les.  I f  values are no t  

spec i f ied ,  t h e  BDL Processor assigns an assumed ( d e f a u l t )  value, which w i l l  

appear i n  the  l i s t i . n g  o f  i n p u t  data. The BDL Processor a lso c o l l e c t s  what- 

ever data t he  user desires from the  var ious permanent l i b r a r i e s  (e.g., data 

from the Ma te r i a l s  L i b r a r y ) .  Response fac to rs ,  three ser ies  o f  numbers t h a t  

are used t o  determine the  t r a n s i e n t  f l ow  o f  heat through. e x t e r i o r  wa l l s  and 

r o o f s  as they  r e a c t  t o  randomly f l u c t u a t i n g  c l i m a t i c  condi t ions,  are a lso 

m. ca lcu la ted  by t h e  BDL Processor f o r  use b;y t h e  LOADS and SYSTEMS subpro- 

grams. The BDL Processor a lso prepares the ' inpu t  data f i l e s  f o r  use by the 

LOADS, SYSTEMS, PLANT, o r  ECONOMICS (LSPE) subprograms. 
6 For d i f f e ren t  types o f  users, there  may be a v a r i e t y  o f  problem s izes 

and a wide spectrum o f  d e t a i l  required. The problems may range from very 

d e t a i l e d  cons idera t ion  o f  heat t r a n s f e r  through a s i n g l e  wa l l  t o  a gross 
I model o f  an e n t i r e  b u i l d i n g  as a s ing le  zone. I n  responding t o  t he  chal -  

lenge o f  t h i s  complexity, BDL s i m p l i f i e s  t he  energy analys is  o f  b u i l d i n g s  

w i thout  compromising t h e  f l e x i b i l i t y  requ i red  f o r  d i f f e r e n t  l e v e l s  o f  d e t a i l .  

BDL has the f o l l o w i n g  features:  

0 BDL uses engineering language. The i n p u t  i s  e n t i r e l y  i n  the  

language o f  the  engineers us ing  BDL. No convent ional programming 

experience i s  necessary t o  descr ibe a problem o r  t o  i n t e r p r e t  the  

' r esu l t s .  

0 There are no r i g i d  i n p u t  formats. I npu t  data can be s p e c i f i e d  i n  

any form convenient t o  t he  user. I n  other  words, BDL i s  designed 

w i t h  t h e  engineer, and no t  the  keypunch.operator; i n  mind. 

0 The sequence o f  i n p u t  i s  f l e x i b l e .  The user has the  freedom t o  

s p e c i f y  the  sequence o f  i n p u t  best su i t ed  f o r  each i n d i v i d u a l  problem. 



e The language i s  eff ic ient .  Because no two problems are ever 
expected to be exactly alike, the user can specify the input so 
that  BDL executes i t  as if i t  were a special purpose program 
written for that one particular problem. The processing of small 
problems i s  not penalized by BDL's ab i l i t y  to process large 
problems. 
Parametrjcs are easi ly  accomplished. A parametric study can be 
performed in a single run simply by adding a few cards to  the 
input deck. 

D. APPLICATIONS 

DOE-2 can be used to study a large range of energy-conserving possibil- 
i t i e s ,  including 

(1) Effect of the thickness, type, and relat ive position of insulation 
in exterior walls and roofs; 

(2) Effect of occupant, lighting, and equipment schedules; 

(3)  Eva1 uati on of intentionally undersigned pr imary HVAC systems by 
calculating the room temperature and humidity deviations from a 
design set  point; 

( 4 )  Effect of intermittent operation such as the shutdown of HVAC 

systems during the nighttime or on weekends; 

( 5 )  Effect of" reduction in outside a i r  requirements and use of outside 
a i r  for  cooling; 

( 6 )  Effective use of internal and external shading; 

( 7 )  Off-peak heating or cooling of buildings to shave peak heating or 
cool i ng demands; and 

(8) Use of solar energy for heating and cooling. 
DOE-2 can be used profitably i n  many stages of decision-making, 

including 

(1) Predesign selection of the basic elements of the building, primary 
and secondary HVAC systems, and energy.source; 



( 2 )  Evaluat ion,  du r i ng  the  design stage, o f  s p e c i f i c  design concepts 

and mod i f i ca t i ons ;  

( 3 )  Evaluat ion,  du r i ng  cons t ruc t ion ,  o f  con t rac to r  proposals f o r  

dev ia t i ons  f rom t h e  c o n s t r u c t i o n  p lans  and s p e c i f i c a t i o n s ;  

( 4 )  Ana lys is  o f  e x i s t i n g  b u i l d i n g s  f o r  c o s t - e f f e c t i v e  r e t r o f i t s ;  and 

(5) Ana lys is  o f  e l e c t r i c  1  oad management techniques. 

E. TESTING AND VERIFICATION 

The a lgor i thms used i n  DOE-2 are be ing  s y s t e m a t i c a l l y  t es ted  -by compar- 

i n g  program r e s u l t s  w i t h  d e t a i l e d  hand ca l cu la t i ons .  I n  add i t ion ,  a  p r o j e c t  

i s  under way t o  v e r i f y  DOE-2 against  measured energy-use data f rom ac tua l  

bu i l d i ngs .  .( 5  

F. DOCUMENTATION 

The DOE-2 u s e r s  ~ u i d e ( ~ )  i s  an i n s t r u c t i o n a l  i n t r o d u c t i o n  t o  t he  

program, w h i l e  t he  DOE-2 Sample Run con ta ins  d e t a i l e d  sample 

program runs  f o r  a  v a r i e t y  o f  b u i l d i n g  types. A DOE-2 BDL Sumary, ( 8 )  

which con ta ins  a sumnary o f  a l l  BDL commands and keywords, has a l so  been 

prepared. These t h r e e  documents were prepared by LBL. The DOE-2 Reference 

~ a n u a l " )  descr ibes BDL i n  d e t a i l ,  and t he  WE-2 Program Manual (10) 

descr ibes t h e  a lgor i thms used i n  t h e  programs and con ta ins  f l o w  cha r t s  o f  

t he  subrout ines. Both o f  these manuals were prepared by LASL. 

A l l  o f  t h e  above documents w i l l  be a v a i l a b l e  i n  m id -Ap r i l  1979 f rom t h e  

Na t i ona l  Technica l  I n fo rma t i on  Serv ice (NTIS), US Department o f  Commerce, 

5285 P o r t  Royal Road, S p r i n g f i e l d ,  VA 22161. 

G. ACKNOWLEDGMENT 

DOE-2 was supported by t he  US Department o f  Energy, O f f  i c e  o f  t he  

Ass i s tan t  Secre ta ry  f o r  Conservat ion and Sol ar App l i ca t ions ,  D i v i s i o n  o f  

B u i l  d ings and Community Systems. 



H. REFERENCES 

1. "Procedure f o r  Determining Heat ing and Cool ing Loads f o r  Computerizing 
Energy Ca lcu la t ions  - Algori thms f o r  B u i l d i n g  Heat Transfer  Subrou- 
t ines,"  compiled and publ ished by the ASHRAE Task Group on Energy 
Requirements f o r  Heat ing and Cool ing o f  Bui ld ings,  1971. 

2. "Procedures f o r  S imulat ing the Performance o f  Components and Systems 
f o r  Energy Calcu lat ions,"  compiled and publ ished by t h e  ASHRAE Task 
Group on Energy Requirements f o r  Heat ing and Cool ing o f  Bui ld ings,  1971. 

3. Lokmanhekim, M., Cumali, Z., Winkelmann, F. C., Rosenfeld, A. H., 
Leighton, G. S., and Ross, H. D., "Cal-ERDA, A New St.ate-of-the-Art 
Computer Program f o r  t h e  Energy U t i l i z a t i o n  Analys is  o f  Bui ld ings,"  
paper presented a t  the  Th i rd  I n t e r n a t i o n a l  Symposium on the  Use o f  
Computers f o r  Environmental Engineering Related t o  Bui ld ings,  Banff ,  
A lber ta,  Canada, May 10-12, 1978. 

4. "L i fe -Cyc le  Costing, Emphasizing Energy Conservation," Energy Research 
and Development Admin is t ra t ion  r e p o r t  ERDA 76/130. Avai l 'able from 
NTIS, US Department o f  Commerce, 5285 Por t  Royal Road, Sp r i ng f i e l d ,  VA 
22161. 

5. Diamond, S. C., Hunn, B. D., and McDonald, T. E., "DOE-1 V e r i f i c a t i o n  
Program Plan," Los Alamos S c i e n t i f i c  Laboratory in fo rmal  r e p o r t  
LA-7552-MS (November 1978). 

6. "DOE-2 Users Guide," B u i l d i n g  Energy Analys is  Group, Energy and 
Environment D iv is ion ,  Lawrence Berkeley Laboratory r e p o r t  LBL-8689 
(February 15, 1979). Ava i l  abl e from NTIS. 

7. "DOE-2 Sample Run Book," B u i l d i n g  Energy Analys is  Group, Energy and 
Environment D iv is ion ,  Lawrence Berkeley Laboratory r e p o r t  LBL-8678 
(February 15, 1979). Ava i lab le  from NTIS. 

8. "DOE-2 BDL Sumnary," B u i l d i n g  Energy Analys is  Group, Energy and 
Environment D iv is ion ,  Lawrence Berkeley Laboratory r e p o r t  LBL-8688 
(February 15, 1979). Ava i l  ab le from NTIS. 

9. Horak, He L., Hunn, B. D., Peterson, J. L., Roschke, M. A., 
Tucker, E, F., and York, D. A., "DOE-2 Reference Manual," Los Alamos 
S c i e n t i f i c  Laboratory r e p o r t  LA-7689-M, Lawrence Berkeley Laboratory 
r e p o r t  LBL-8706 (February 15, 1979). Ava i l  ab le from NTIS. 

10. Diamond, S. C., Horak, H. L., Hunn, B. D., Peterson, J. L a ,  
Roschke, -M. A., and Tucker, E. F., "DOE-2 Program Manual," Los Alamos 
S c i e n t i f i c  Laboratory r e p o r t  LA-7688-M, Lawrence Berkeley Laboratory 
r e p o r t  LBL-8705 (February 15, 1979). Ava i l  ab le from NTIS. 



ECONOMIC ANALYSIS: 

A DESIGN TOOL 

1 By Stephen P. Bucalo 

Economics p l  ays a  major r o l  e  i n  develop ing energy . e f f i c i e n t  systems. 

It i s  a  tremendous chal lenge t o  overcome a t echn i ca l  problem w i t h  l i m i t e d  

resources; economics i s  t h e  founda t ion  f o r  s o l v i n g  these k inds  o f  tech- 

n i c a l  problems as c o s t - e f f e c t i v e l y  as poss'i b le .  

The n a t i o n ' s  a b i l i t y  t o  adapt t o  cond i t i ons  i n  t h e  energy f i e l d  i s  

con t i nuous l y  be ing  tested.  Our soc ie ty ,  which i s  accustomed t o  exponen- 

t i  a1 growth i n  energy consumption, has d i f f i c u l t y  understanding t h e  

f i n i t e  na tu re  o f  f o s s i  1  f u e l  resources. While op in i on  d i f f e r s  w ide l y  i n  

regard  t o  t h e  magnitude o f  ou r  "energy c r i s i s , "  recen t  s t a t i s t i c a l  data 

cannot be disputed. From 1947 to .1975,  t h e  U.S. consumption o f  petroleum 

i ncreased annual l y  by almost 4  percent ,  whi 1  e  annual p e t r o l  eum produc t ion  

increased by l ess  than  2 percent :  i n  shor t ,  t h e  increase i n  our  n a t i o n ' s  

r a t e  o f  pet ro leum consumption has been t w i c e  t h e  increase i n  our  i n t e r n a l  
1. 

p roduc t i on  ra te .  Obviously,  petroleum impor ts  have had t o  outpace ex- 

p o r t s  s i nce  1947 t o  s a t i s f y  our consumption. Th is  i n e q u i t y  between 

p e t r o l  eum consumption' and p roduc t ion  has been t h e  pr imary f a c t o r  c o n t r i  b- 

u t i n g  t o  t h e  Un i t ed  S ta tes '  t r a d e  d e f i c i t  i n  petroleum, gas, and coal  ' 

s i nce  1953. I n  f a c t ,  U.S.. petroleum impor ts  c o n s t i t u t e d  92 percent  o f  t he  

t o t a l  U.S. energy impor ts  i n  1974.(1) 

Whi le i t can be argued t h a t  con t i nu i ng  imports o f  l a r g e  amounts o f  

pet ro leum are  i n  t h e  c o u n t r y ' s  bes t  in te res t - -as  i t a l lows  us t o  conserve 

ou r  own reserves--dependence upon u n r e l i a b l e  f o r e i g n  petroleum impor ts  

cou ld  jeopard ize  t h e  we l l -be ing  o f  our c i t i z e n s  and our  na t i ona l  s e c u r i t y  

should such impor ts  be te rm ina ted  f o r  any reason.. Moreover, t he  w o r l d ' s  

f o s s i l  f u e l  reserves are no t  un l  i m i t e d  and cannot meet t h e  wo r l d ' s  needs 

? . .  
i n d e f i n i t e l y .  Our n a t i o n ' s  i n e f f e c t i v e  use o f  our  n a t u r a l  resources i s  

ev i den t  when we cons ider  t h a t  t h e  most abundant energy resource i n  t h e  

coun t r y  i s  coal ,  w i t h  a  reserve  up t o  28 t imes t h a t  o f  petroleum.(2) 

I n  s p i t e  o f  t h i s  g rea t  reserve, t he  U.S. consumed one and a h a l f  t imes 



more petroleum than coal  between 1970 and 1975, p r i m a r i l y  i n  response t o  

t h e  environmental concerns assoc ia ted w i t h  t h e  use o f  coal .  

Technological  advances du r i ng  t h e  past decade p resen t l y  permi t  t he  

use o f  coal  i n  an env i ronmenta l ly  acceptable manner. The use o f  nuc lear  

energy f o r  e l e c t r i c a l  generat ion p resen t l y  prov ides 12 percent  o f  our 

n a t i o n  ' s  e l  e c t r i  c a l  needs. Known na t i ona l  reserves o f  u ran i  um a1 so 

p rov ide  t he  p o t e n t i a l  f o r  a  g rea te r  c o n t r i b u t i o n  o f  nuc lear  energy t o  

meet our  f u t u r e  energy requirements. 

It i s  ev ident  f rom the  magnitude o f  t he  present "energy c r i s i s "  and 

i t s  e f f e c t  on our  n a t i o n ' s  economic we l l -be ing  t h a t  s p e c i f i c  na t i ona l  

goals  must be es tab l i shed  t o  avo id  undes i rab le  consequences. The most 

s i g n i f i c a n t  goals are t o :  

1. Increase t h e  use o f  coa l  and nuc lear  energy i n  an env i ron-  

men ta l l y  acceptable manner. 

2 .  Decrease t he  consumption o f  energy through t he  increased e f f i -  

c iency  o f  energy conservat ion techniques. 

3 .  Develop a1 t e r n a t e  sources o f  energy such as so la r ,  so l  i d  waste, 

t i d a l ,  wind, geothermal, and f u s i o n  w i t h  f u l l  r ecogn i t i on  o f  

t h e  l i m i t a t i o n s  i n  t h e  q u a n t i t y  o f  energy which can be der ived  

f rom these a1 t e r n a t e  sources, as we l l  as t h e i r  r espec t i ve  costs  

and research and development requirements. 

4 .  Reduce our  dependence on u n r e l i a b l e  f o r e i g n  sources o f  pet ro-  

leum, and increase our  e f f o r t s  t o  f i n d  new re1 i a b l e  sources o f  

pet ro leum and gas. 

5. Increase s torage o f  petroleum t o  o f f s e t  any shor t - term shor t -  

ages t h a t  may a r i se .  

Any economic eva lua t ions  o f  t he  energy s i t u a t i o n  should be h e a v i l y  

o r i e n t e d  toward these ob jec t i ves .  

The na t i ona l  "energy c r i s i s "  has placed an unprecedented emphasis on 

economic e f f i c i e n c y  i n  t h e  design o f  energy systems. T r a d i t i o n a l l y ,  our  

f r e e  e n t e r p r i s e  system has r e l i e d  on the laws o f  supply and demand i n  

de te rmin ing  t he  cos t  o f  any commodity, and energy i s  no exception. 
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However, t h e  OPEC c a r t e l  has s i g n i f i c a n t l y  a1 t e r e d  t h i s  bas ic  re1  a t i on -  

s h i p  as i t  has u n i l a t e r a l l y  c o n t r o l l e d  t he  supply o f  f u e l  and t he  r e l a t e d  
, c o s t  independent o f  normal laws governing supply and demand. Recent 

developments i n  I r a n  c l e a r l y  demonstrate how our cont inued r e l i a n c e  on 

energy resources beyond our  c o n t r o l  can immediately a f f e c t  our  energy 

suppl ies .  

Once known as t he  "dismal science," economics has become c r i t i c a l  t o  

t h e  des ign process, a re1 a t  i onsh ip  t h a t  a1 1 energy-conscious dec i s i on  

makers must r e a l i z e .  For economic ana l ys i s  t o  be e f f e c t i v e ,  it must be 

c l e a r l y  understood and implemented by energy p lanners  across t he  country.  

  he methodologies must be c l e a r  and uni form, f o r  economic ana l ys i s  can be 

used f o r  more than  t h e  i d e n t i f i c a t i o n  o f  l e a s t  cos t  investments. Greater  

energy cos t  savings can be achieved i f  p r o j e c t s  are economical i n  both 

f des ign and cost.  

The f o l l o w i n g  example demonstrates economic ana l ys i s  used as a 

des ign t o o l  t o  maximize energy savings per inves ted  d o l l a r  f o r  t h r e e  
1, s o l a r  panel c o n f i g u r a t i o n s  p rov i d i ng  about 60, 70, and 75 percent  o f  a 

f a c i  1 i t y '  s heat ing.  Investments i n  s o l a r  energy systems are regarded as 

energy-conserving through t h e i r  s u b s t i t u t i o n  o f  renewable energy f o r  

non-renewabl e energy. 

The most impor tant  aspect o f  s o l a r  ana l ys i s  i s  t h e  s i z i n g  o f  a 

c o l l e c t o r  area because o f  i t s  impact on t h e  system's cos t  and t h e  amount 

o f  energy it can supply. Th is  problem i s  complex because t h e  cos t  and 

energy savings vary  s u b s t a n t i a l l y  as c o l l e c t o r  areas change. 

The economic ana l ys i s  must cons ider  f i x e d  costs;  those  assoc ia ted 

w i t h ' t h e  s o l a r  system independent o f  system s ize ;  t h e  v a r i a b l e  costs;  

those assoc ia ted w i t h  c o l l e c t o r  area s i z e  v a r i a t i o n s ;  and, f i n a l l y ,  t h e  

energy savings assoc ia ted w i t h  each c o l l e c t o r  area. With t h i s  data on 

hand, t h e  opt imal  c o l l e c t o r  area can be determined. The opt imal  area 

w i l l  be measured by t h e  f o l l o w i n g  cond i t i ons :  average annual net  savings 

o r  losses, t h e  break-even p o i n t  ( t h e  p r i c e  o f  f u e l ,  used by convent iona l  
9 

systems, which a l lows  a s o l a r  system t o  recover  i t s  investment and 



opera t ing  expenses through f u e l  cos t  sav ings) ,  and t he  degree o f  r i s k  t o  

achieve t h e  break-even po in t .  It i s  impor tant  t o  understand t h a t  t h e  

average annual method does not  compute cos t  f o r  any i n d i v i d u a l  year; 

r a t h e r ,  it i s  an "averaging" process t h a t  b e t t e r  descr ibes cond i t i ons  

over  t h e  l ong  term r a t h e r  than t he  sho r t  term. What may appear t o  be a  

long-range bargain may no t  be a  bargain a t  a l l  ; obsolescence may s tep  i n  

and a l t e r  t h e  e n t i r e  program l ong  be fo re  t h e  bargain pays o f f .  Most 

important' ly, it may be i ncons i s ten t  w i t h  long-range na t i ona l  ob jec t i ves .  

Consequently, a  comparison o f  c o l l  e c t o r  areas based so l  e l y  on average 

annual savings o r  losses i's no t  adequate. As such, i t i s  impor tant  t h a t  

t h e  ana lys t  develop t h e  break-even po in t ,  which cons iders  t he  shor t - term 

r i s k s  assoc ia ted w i t h  r e a l i z i n g  t h a t  p o i n t  o f  economic f e a s i b i l i t y .  The 

f o l l o w i n g  equat ion demonstrates t he  process o f  op t im i z i ng  c o l l e c t o r  

areas: ( 3 )  

SAV = [ (C f  ,o) (DEF) (Qb/n) ( f y r )  (P ) ]  -, 

[ P  (CaAc + Ce - X) + M + I + 0 + T] 

Where: C f  ,o = cos t  o f  convent ional  f u e l  a t  year  zero 

DEF = d iscount  f a c t o r  t imes energy r e a l  growth f a c t o r  

Qb . = average annual combined hea t ing  and ho t  water load  f o r  
b u i l d i n g  

n  = heat p l a n t  energy conversion e f f i c i e n c y  f o r  conversion from 
purchased t o  de l i ve red  f u e l  costs  

f y r  = f r a c t i o n  o f  t o t a l  annual load  met by so la r  energy 

P = c a p i t a l  recovery f a c t o r  

Ca = s o l a r  energy system cos t  d i r e c t l y  p ropo r t i ona l  t o  c o l l  e c t o r  
area 

Ac = c o l l e c t o r  area 

Ce = s o l a r  energy system cos ts  independent o f  c o l l e c t o r  area 

X = investment c r e d i t  f o r  s o l a r  i n s t a l l a t i o n  
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M = annual maintenance costs  

I = annual insurance c o s t s  

0 = annual s o l a r  system opera t ing  cos ts  

I T = ne t  annual taxes 

I SFc = square f e e t  o f  c o l l e c t o r  area 

I L i s t  o f  Assumptions: 

I 1. Present Cost o f  No. 2 Fuel O i l  = $3.00/MBtu 

2. Annual Energy Real Growth Rate = 8% 

3. Annual Discount Rate = 8% 

I' 4. Economic L i f e  = 25 Years 

t 5. Costs o f  taxes and insurance a re  no t  app l i cab le  

6. Example (A) 100,000 SFc, Example (B) 85,000 SFc, Example (C) 
115,000 SFc 

7. Example (A) supp l i es  70% o f  t he  hea t i ng  load  
Example (B) suppl i e s  60% o f  t h e  hea t i ng  load  
Example ( C )  supp l i es  75% o f  t h e  hea t i ng  load  

Example (A) : 

SAV = [(Cf,o) ( D E F )  (Qbln) ( f y r )  (P ) ]  - 
[P (CaAc + Ce - X) + M + I + 0 + T I  

SAV = [($3.00) (25.0) (40,000 ~ B t u 1 . 7 )  (.70) (.09368)] - 
[ (  .09368) ($35 x 100,000 SFc + $150,000 - $730,000) + $30,000 + 

$0 + $3,000 + $01 

SAV = $281,040 - $306,546 

I .  SAV = <$25,506> 

r Break-even p o i n t  c a l c u l a t i o n :  

B.E.P.= [P (CaAc + Ce - X) + M + I + 0 + T I  
L(DEF) (Qb/n) ( f y r )  ( P ) J  



Example ( B )  : 

SAV = [($3.00) (25.0) (40,000 MBtu1.7)  (.60) (.09368)] - 
[ (  e09368) ($35 x 85,000 SFC + $150,000- - $520,000) + $25,000 + $0 + 
$2,500 + $01 

SAV = <$30,645> 

Break-even point calculation: 
I 

Example ( C )  : 

SAV = [($3.00) (25.0) (40,000 M B t u / . 7 )  (.75) (.09368)] - 
[ (  .09368) ($35 x 115,000 SFC + $150,000 - $835,000) + $40,000 + 
$0 + $4,000 + $01 

I SAV = $301,114 - $356,891 

I SAV = <$55,777> 

I This procedure i s  repeated for each collector area and results in 

average annual savings or losses which are plotted as a factor of col- 

lector area and fuel cost savings (as i l lustrated in Figure 1). This 
. . . . .  . . . . . . .  . . . . . . . .  

figure demonstrates that the col lector area ' s  feasibi 1 i ty i s  extremely 
. . . .  . .- ...-... ......... ... -. ................ ..... - .... 
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s e n s i t i v e  t o  f u e l  cos t  f l u c t u a t i o n .  As F igure 1 ind i ca tes ,  t he  present 

cos t  o f  f u e l  o i l  a t  $3.00/MBtu ( cu rve  A-1) produces an annual loss  o f  
approx imate ly  $25,500, $30,600, and $55,800 f o r  c o l l  e c t o r  areas o f  

100,000, 85,000, and 115,000 square f e e t ,  r espec t i ve l y .  As t he  c o l l  e c t o r  

area dev ia tes from 100,000 square f e e t  under t he  $ 3 . 0 0 / ~ ~ t u  scenario,  t he  
annual do1 1 a r  l oss  r i ses .  

As t h e  c o s t  o f  convent ional  f u e l  esca la tes  t o  t he  break-even p o i n t s ,  

(curves A-2, A-3 and .A-4), 100,000 square f e e t  remains as t he  opt imal  
c o l l e c t o r  area. Assuming t h a t  t he  shor t - term annual esca la t i on  o f  f u e l  

o i l  approximates 12 percent ,  t h e  $3.27/MBtu break-even p o i n t  should be 
r e a l i z e d  w i t h i n  one year  o f  t h i s  analys is .  Consider ing t h e  t ime  neces- 

sa ry  t o  secure funds f o r  t h e  p ro jec t ,  as we l l  as i t s  design and const ruc-  
t i o n ,  t h e  dec is ion  f o r  s e l e c t i n g  100,000 square f e e t  o f  c o l l e c t o r  area as 

a'n economical ly V iab le  a l t e r n a t i v e ,  based on ach iev ing  t he  break-even 
, isk- f ree.  As soon as an opt imal  c o l l e c t o r  area has 

etermined, t he  c a p i t a l  investment cos t ,  operat ion,  and maintenance 

expenses and f u e l  savings can be combined and app l i ed  t o  a  l i f e  c y c l e  7 
c o s t i n g  method f o r  comparison aga ins t  o ther  a l t e r n a t i v e  energy source 
systems. 

Th is  paper has addressed t he  f u n c t i o n  o f  economic ana l ys i s  as an 
e f f e c t i v e  t o o l  i n  op t im i z i ng  t h e  des ign o f  so la r  systems. I f  our energy 

systems are designed i n  terms o f  maximizing energy savings per invested 
d o l l a r ,  then we can c o n t r i b u t e  toward a reduc t i on  i n  t h e  energy t r a d e  

d e f i c i t  burdening our  na t i on ' s  economic system. However, f o r  our -na t ion  
t o  s i g n i f i c a n t l y  reduce our consumption i n  f o s s i l  f ue l s ,  energy conser- 

v a t i o n  measures must be employed i n  our i n d u s t r i a l  sector.  Th is  sec to r  
accounts f o r  nea r l y  40 percent o f  t he  energy consumed i n  our country.  

The r e c e n t l y  enacted Nat ional  Energy Act should s t imu la te  i n d u s t r i a l  

p a r t i c i p a t i o n  through t a x  incen t i ves .  Combining f u l l  use o f  our na t i ona l  

resources, w i t h  economical ly e f f i c i e n t  energy system design, and 
cont inued governmental p a r t i c i p a t i o n  i n  investment i ncen t i ves  can make 

t h e  d i f f e r e n c e  between a f u t u r e  dependent on t h e  demands o f  f o r e i g n  

coun t r i es ,  o r  one of sound and respons ib le  energy management. 
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ECONOMIC FEASIBILITY AND TECHNICAL 
READINESS OF SOLAR 

~ O L C G I E S  
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ABSTRACT 
,- 

This paper is a summary of the state of connnercialization of solar 

technologies as indicated by technical readiness and economic feasibility. 

It provides this data by market sector for solar thermal, Wind Energy Con- 

version System (WECS) , Photovoltaics Systems, Ocean Thermal Conversion ' 

System (OTEC), a d  biomass technologies relative to the t w  indicators of 

technical readiness and -~omic feasibility. 

A. INTFODUCTION 

B 'I'm key parameters provide insight into the assessment of cormnerciali- 

zation status of solar technologies. They are the technical readiness (does 

it mrk and a t  what performanc,e level) . and economic feasibility (what does 

it cost in the market place and what does the competition cost). These 

factors must be assessed on a consistent basis t o  provide: 1)input to the 

p l i c y  and funding mchanisms within the government, and 2) provide insight 

into those areas where improvemnts can be made. 

The wrd solar technologies has come to cover a host of disciplines and 

, ideas that are in the various stages of the cormnercialization process 

(applied research, development, field test,demnstration, and diffusion). 

The diffusion of these technologies is aimed a t  four major market areas: 

1) res-i:dential/coxmercial; 2) industrial/aqricultural process heat (I/APH); 

v, 3) Utilities ; and 4 ) synthetic products/transprtati~n. The tecl-iiologies 

that are addressed here and how they relate to these market sectors is shown 

in Table 1. 

%. 

.. . 



* IJECS- Wind Energy Conversion System 
**OTEC- Ocean Thermal Energy Conversion System 

sector 

Technology 
b 

Solar Thermal 

WECS* 

m'EC** 

Photovoltaics 

Biomass 

Table 1, Solar Technologies versus Market Sectors 

Res kdential/ 
Cmmrcia l  

1)Hot Water-Air Sys. 
2) " -Liq.Sys. ' 

3) Space Heat-Air Sys. 
4 )  " -Liq. Sys. 

Dispersed Single Units 

Dispersed Electic 

Woodburners (a i r - t ight  
stoves) 

I/APH 

1 ) ~ o t  Water 
2)Hot Air 
3) Steam 

less than 1001cw. 

Intermediate E l e c .  

1) SNG 
2) MediurrrBTU-Gas 
3 ) Uw-BTU-Gas 

U t i l i t y  

Elec t r ic i ty  (pwer 
Tower) 

Elec t r ic i ty  (Wind 
Farm, .1-2.rn) 

E lec t r ic i ty  (1 000 
MW Systems) 

1) Large Central 
2) Solar Power Sat- 

ellite (5-1 OGW) 

1) Elec t r ic i ty  
2 SNG 
3) Fuel O i l  

..- - 
Syn. Products 

Ammnia 

Ethanol 
Methanol 
AmrrPnia 



For a good portion of the effort associated with solar technologies it 

. is  difficult to separate economic feasibility from technical readiness, i.e., 

much of the effort in F&D is directed a t  improvements which help the tech- 

nology become economically feasible. For example, a major effort i s  under 

way on reducing the cost of photovoltaic cells to $.SO per peak watt by 

1985 by improved performance and improved production processes. W i t h  that 

in mind, table 2 is a sununary of the technical readiness assessment of solar 

technologies (it does not cover all aspects) and the thrust of R&D in these 

technologies. . 

The m a i n  impression to  take from this a s s e s m t  and other mrk (ref. 

4,5) is that technical readiness of solar technologies is not a major obta-  

1. 
cle to deployment and eventual diffusion of solar technologies into the mar- 

ket place by year 2000. Since many of these technologies w i l l  be moving into 

demnstratiorl p h e  during the. 1980's. Biomass, solar t h d  systems 

B seeming to offer the lowest technical r isk.  

C. ECONOMIC FEASIBILITY 

It i s  the economic competitiveness of solar technologies that is the 

fundamntal variable in €he.-diffuision process. Social and e n v i r o m t a l  

issues can play a.secondary role (and even these can in many instances be 

quantified and included in the economic a s s e s m t )  and can be the deciding 

factor when the economic position of solar costs overlaps or coincides w i t h  

that of its ccnrrpetitors (conventional energy sources). For example, this 

is the case when campring electricity made from biomass versus nuclear or 

Tr In ing the economic a s s i s m t  of a solar technology t h s e  have "" ""Z' 
been numerous routes taken to arrive a t  delivered-cost of energy or cost 

of service (back-of-the-envelope calculations, levelized costing, life-cycle, 
B present value, annualized costing, first-year costing, market penetration, 



! Tecivlology Sector 1 System / Technical Readiness Assessr.2!t 
I i I i 
, 
j Solar Thermal 

I 
Residential/ 1 Hot Water-Air and Liquid Numerous ~ y s t & '  Available 
Conm-ercial Systems (ref.  .3) 

i 

Space Heating/Hot Water-Air 
and Liquid Systems I 

I . .  1 A i r  Conditioning Systems 
f I 

I/WH ! j Low Temperatur ( A i r , w a t e r  N m o u s  systems available 1 steam) (solar ponds, f l a t  p la te  
;' 8 collectors, evacuated tube 
B . collectors) ref.  I ,2. 
4 

Bigh Temperature (>I 50°c, In  the RD&D phase (line recei- 
a i r ,  s team) vers, parabolic dish,  power 

1 tower) ref. l ,2 
1 
I 
i 1 

! WECS Residential/ Single D i s p e r s e d  Units 1 c m m r c i a l  
Nuyaerous uni t s  available,(ref.  ) 

I 1 ( ~ 1 0 O k w )  
! I 1 

Damnstration: 1983 (ref.  4 )  

U t i l i t y  

1) 10 IW Prototype Demnstrat- 
ion ~ f a n t  (Ba r s tow ,  Calif .) 

2)Cormercial System: Late 
1980 ' s (ref.  5) 

I 

i 
j , 
l 

Wind Farms, Combined Cycle, 
Hydro-Storage 

u t i l i t y  I ""'7 
1 
i 

I n  the RD&D Phase: 
1) 200kw T e s t  i n  New Mexico 
2) 2 IW Unit in North Carol' a 

strategies.  

d 
3) System Studies of various 

C m p t i v e  Electricity:  Mid- 
I 1980's (ref.  5) 

1 

Table 2. Technical Readiness Assessment of Solar Technologies 
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I 

. . 

I 

i t 

/ 
I 
i 1 U t i l i t y  ( Closed Cycle System A. In  t he  F&D Phase 
! Open Cycle System 1 1) System Studies Completed 

Technology 

i I I 
I , I 

Table 2. (Continued) 

of 100-1 OOOMW Capacity 
2) Ocean Test of Conpnents 

in t h e  near-term. 

1992 (ref. 4,5) 

B. Demonstration Plant: 1985 
C. F i r s t  Conanercial Plant: 

(1) Numerous technical  d m n -  
s t r a t i o n  projects  under- 
way (using cells w i t h  
c ap i t a l  co s t  of 10 -1 0 
$/kw) re f  .5 

(2) Continue research in im- 
proving cell ef f . 'from 
10% to 15-20%. ref.5 

(3)  Research to reduce cost to 
$.50 per peak w a t t  by 1985. 
re f .  5 

(1) Sam as .dispersed systems. 
(2) Demonstration: late 1980's 

(1) System Def initiori Studies 
(2) Environmental Inpact " 
(3)  In s t i t a t i ona l  " ' " 
(4) Den-cnstratiori: 1995 
(5) C m r c i a l  Sys.:2000 

Ref. 1;5 

I I 
I 1 1 il 1 

I 
Sector 

D i s p e r s e d  Systems ( s i l i con  . 

o r  gallium arsenide cells; 
f l a t e  p l a t e  o r  concentrator 

1 1 

Systems 

I 
arrays; f ixed posit ion) 

. . i ul 

. . I i I ! 

j 
I U t i l i t y  1 . Centralized Systems (earth- 
i 
I 1 based systems) 
i I 

i I 
Solar Power S a t e l l i t e  (5-1 0 

s f l m )  

I I ! I j I 
- 

? 
1 

. i i 
J 

I 
I 1 

i Photovoltaics 

I i i 

Technical Readiness  assess^-!?n t 

Residential/ 
Commercial 



/ ~echolom, I Sector i systems I Technical Readiness &sessn?nt  / 
I i 1 . I 

Cogeneration 
Fuel Substituion (use medi- 

um-BTU-gas instead of . . nat- 
u r a l  gas) by: 

Biomass 1 I Residential, 
i 

gasification 
anerobic digestion 

D i r e c t  Comlxstion to pro- 
steam. 

Anerobic Digestion 

Space Heating (Air t i g h t  Fastest  Growing,Solar Market- 
(without gov. intervention) 
ref .  1. 

! j Connnercial stoves, radiating 02 cen- 
i 
I i I r a l  heating uni ts)  
i I 

1)off-the-shelve technology 
2)Used extensively during KWWI 
3 ) ~ ~ ~ s  suppliers of boi ler  

and systems (developed by th 
fo re s t  products industry) 

4)Fbrest Products Industry may 
become energy self-sdiffcient 

I 
using own residues. 

5) O t h e r  industries dependent 
upon assured supply of feed- 
stock. 

6)Assured supply dependent on 
demnstration of energy 
farm by ear ly  1980's. ref.6 

I 

TAble 2. (Continued). , 

1)biler s i z e  limited to 
600,000 #steam per hour. 

1) Already denonstrated by 

pr ivate  sector on smal l1  
scale  ; 

1 1 Ut i l i t y  1 D i r e c t  Cmhst i~n(D.C. )  to 1 1 produce e l e c t r i c i t y  

I i 
I Systems to pro- 

I j 
I 

! mdium-BTU-gas, SNG,) 

I 
1 Pyrolysis ( fuel  oi l )  

Anerobic Digestion (SING) 
I 

1 2) Significant competition with 

. I nuclear and coal dependent 
i I upon d m n s t r a t i o n  and im- 

i plementation of energy farm 
I I 1 I i n  the  ear ly  1980's. 

1 
! I 

! i < i 
! I 



I r I Technoloqy i Sector i Systems 
i 

I i 

/ Biomass (cont ' . ) Synthetic Fermentation (alcohol for 

I I products he1 additive and chemical 
I I 

I Gasfication (alcohol for  

I fuel additive and chemical 

i 
for m n i a  and 

! other prmucts) 
1 \ - .  

b 

Technical ~eadiness Assessn?2nt 

1) Major int-aiional and 
national program. in exis- 
.tence to make gasohol. 

2) Apmnia DenPnstration Plant: 
1981. ref.  6. 

Table 2. (Continued) . 



etc.). Secondly, the methods used z e  no better than the engineering cost 

estimates that go into the cost calculation. As a result much harm has come 

to the diffusion of solar technologies by the tendency to understate the cost 

of energy for solar resources and compare these cost w i t h  the cost of con- 

ventional energy which are very mature (based upon actual cost of capital, 

operation cost, maintenance as opposed to projected cost of a concept; 

have included in the capital cost the impact of meting institutional and 

environmental constraints) . 
Not withstanding this situation an econconic assessment of solar options 

must be made and the comparison with conventional sources w i l l  be made. The 

policy maker or decision maker must be aware that although projected cost 

show an overlap w i t h  competitive energy, it may not be so in the real mrld. 

Tables 3,4,5,6, have graphically illustrated the projected cost of 

solar technologies as they stand today and in some cases in the future. The 

range of prices for conventional sources are shown on each table. It should -: 

be noted that many regional factors (lalmr cost, s i t e  specific resources, 

fuel cost , etc . ) can influence the cost of solar energy. The band of cost 

shown in each table attempt to take this regional variation intor.accaunt.LIn 

some cases the range of cost are-also the result of uncertainty in the cost 

and the application of v i e n c e  (cost reduction due to increased quantit- 

ies of production) being incorporated. 

Fram these data one can draw some kt--ad conclusions relative to  econo- 

mic feasibility: 

Residential/Comrnercial Sedtor 

1) Solar Thermal Hot Water and Space Heating Systems can compete 

in the all electric market. 

2) Biomass space heating is campetitive against all conventional 

sources. 

3) Wind/Photovoltaics (from an econmic perspective) w i l l  have 

limited success is this sector unless "availability" of any 

conventional energy is the decision variable.. 





(a) Solar Pond 
(b) Flat Plate Collector 
(c) Evacuated Tube Collector 

-- (d) Trackir~g Line  Receivkr 
(e) Tracking Parabolic Dish 
( f )  Central Receiver 

REF. 1,7 
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TABLE 4, Solar Technology Economic Assessment-I/APH. Sector 



TABLE 5. Solar Technoloqr Econorric Assessment-Utility sector 

G 



COMMERCIAL 

I 

REF. 7,8 

TABLE 6. Solar Techfiology Economic Assessment-Synthetic Products -Sector 



I/APH Sector 

1) Represents a sizeable market for  solar thermal application which 

is on the edge of competing economically i n  this sector. Availa- 

of conventional fuels to t h i s  sector could weigh in favor of 

solar application. 

2) Biomass is already carpeting is this sector and w i l l  continue to 

grow into industries other than forest  products as the energy 

farm comes on l ine  to  provide an assured supply for  feedstock. 

Uti l i ty-  Sector 

1) Large uncertainty a b u t  the competiveness of Solar Thermal, W S ,  

OTEC, and land Photovolataics in t h i s  market. 

2) Biomass and Solar Power Sate l l i t e  have the best economical psi- 

tion i n  t h i s  sector. 

Synthetic Fuels 

1) B i m s  is the only solar resource hi t h i s  market and can generate 

economically fuels in t h i s  larket  (only limited by a assured 

supply of feedstock) . 
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