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Abstract

-t~ This study investigated the possibility of creating an energy
accounting system based on currently identified objectives. The initial
focus was to determine if such a system would be usefu] y reviewing
literature, it became obvious that the’cond1t1ons whwh lead to the
energy crises in the 1970's still exist/, & In fact, most of the

' indicator‘sfgf:é that the United States is more dependent upon foreign oil
than at any time in the past. /\r&;i/;(lﬁ;wicéﬂé?n;i:gm;i;’th thesfailure to
meet the 1985 energy reduction goal of 20%, and it is obvious that
samething needs to be done.

-+ Adding to the problem is escalating pressure to trim the federal
budget. The greatest pressure is on the Department of Defense. fsl"hus,
there is a nsod to improve the methuds used to determine how to decrease
facility energy consumption. -* It -was dnuna

The findings were*that any new systemsneeds to decrease the time
required to prepare reports, allow;"t\:tr\e flexibility to*‘custo'nize/vjreports,
and provide a method for upward reporting of contract data. The result
of this study showed that it was possible to create such a system, but
given the tools currently available not all of the ob;ectwes were

obtainable. V"yn““\” 2 Manea- mf’// 7 208 507 AV
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A MANAGEMENT [INFORMATION SYSTEM FOR
THE ENERGY CONSERVAT!ION PROGRAM

l. introduction

Overview

The purpose of the discussion presented in this chapter was to
provide the justification, purpose and parameters for this research. To
get a thorough understanding of the problem, it was necessary to assess
the envirorment surrounding the research problem. This evaluation
included looking at the energy conservation program, future energy
consumption trends, and the duties and responsibilities of energy
conservation personnel. Once this was done, the focus was narrowed to

describe the precise ressarch topic.

Background

The Air Force'’s interest in energy conservation started in the
1970's when the United States experienced several energy crises. These
crises were precipitated by the Organization of Petroleum Exporting
Countries’' (OPEC) decision to 1imit oil production of its member
nations. During that time over 60 percent of the world's oil production
was controlled by OPEC (1:6). This highlighted the United States
dependence on foreign oil and proved its market was vulnerable to oil
shortages. The United States imported 35 percent of 1i1ts oil (2:17).

One of the Federal Goverrment's reactions to the decrease in the
oil supply was Executive Order 12003, which made it mandatory for




federal agencies to reduce energy consumption. The Air Force
implemented this Order in the Energy Conservation (ECON) Program and
published its Energy Plan as a guide for achieving the objectives of the
Executive Order. The plan separated energy consumption into three
different areas, aircraft fuels, vehicle fuels and facility energy, and
tasked different organizations to manage each of them. This paper deals
exclusively with facility energy and Civil Engineering (CE) persomiel’s
responsibilities in managing the energy conservation program.

The Air Force's energy reduction target for the 10 years between
Fiscal Year (FY) 76 and FY85 was 20 percent. This optimistic reduction
goal was feasible with judicious changes to facilities. Unfortunately,
the first actions taken to meet the goal were actually reactions. The
Air Force wanted an inmediate decrease in consumption. Thus, building
space conditioning (air conditioning and heating) was targeted as the
quickest way to achieve significant reductions. The possible side
effects of this approach, such as the decrease in worker productivity,
were ignored.

The next step was the upgrade of older facilities. |If a facility
was scheduled for renovation, energy efficient windows and doors were
added to the project. When a mechanical or electrical system was
replaced due to functional problems, the replacement had to meet minimum
energy efficiency standards.

Facilities showing poor energy performance, but not scheduiled for
renovation, were upgraded with energy efficient doors and windows and

additional ceiling insulation. These changes to programmed renovations




and these additional small projects were relatively inexpensive and
quickly paid for themselves with reduced energy cost.

In 1976 the Air Force initiated the Energy Conservation Investment
Program (ECIP). This program was designed to provide additional funding
for energy conservation projects which would pay back the initial
investment within 10 years (3:60). The projects identified for this
program were presented to congress as a separate funding request
package.

Even with the special attention and high visibility of the energy
program, the Air Force did not meet the 1975 goal; the reduction
achieved in facilities energy consumption was only 18.6 percent (4:19).

In 1985, the Air Force revised its energy plan. This new plan
mandatea a further 10 percent reduction in facility energy use by 30
September 1995. This plan attacked the reduction from two directions.
First, existing buildings (buildings with a beneficial occupancy date
before 1 October 1985 -~ FY86) must have reduced energy consumption by an
average of 10 percent from the amount they used in 1985.

Second, new buildirgs (buildings with a beneficial occupancy date
after FY85) must have been designed to consume 10 percent less energy
than a building used for the same activities constructed before FY86.
The Air Force established energy budget figures (EBF) (maximum energy
consurption quantities) for each building category code (designation of
facilities by usage). The designer had to show that the proposed design
of any new facility achieved this target value. Building energy
consurption was metered and the first year's consumption reported to

Headquarters Air Force.




To monitor the progress made towards both of these targets the
ECON Officer constantly tracks the energy used by new and existing
facilities and compares their present usage to the FY85 consurption
quantities.

Compounding the technica! problems, the Air Force Budget has not
kept pace with inflation (Figure 1.). The Air Force Budget Authority
Has decreased from $115,444 million in FY 1985 to $97,622 million in

AIR FORCE BUDGET AUTHORITY
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Figure 1. Past Air Force Budgets (5:67)




FY90 (5:67). This is a 15 percent reduction in spending power over the
last five years. This trend is expected to continue:

It was further told (by Defense Secretary Frank Carlucci)

the services to (sic) assume a "five-year drought™ in which

their funding will be ten to twelve percent lower than

projected by the old, now-defunct Five-Year Defense Plan.

(6:16)
The decreased budget included the elimination of ECIP (3:62). Energy
projects which would have qualified for special consideration have had
to compete with mission requirements for funding. It has become
increasingly difficult to fund large energy savings projects.

Another important issue is the current reliance on foreign oil.
In 1988 the United States imported 37 percent of the oil consumed. This
is a higher percentage of the oil consumed in the United States than at
the beginning of the 1973 0il embargo. Assuming a moderate increase in
oil usage and the trend towards domestic production loss, this percent-
age could increase to 55 percent by the year 2000. This equates to 10.2
million barrels of oil per day (1:9). "Another oil crisis is definitely
on the horizon (2, 17)." To avoid this, the United States and the Air

Force must make further reductions.

Purpose of this St

Qeneral issue. To camply with the Air Force Energy Plan, the
energy conservation officer must be able to identify buildings which are
wasting the most energy and implament plans to reduce the waste.

Using utility and other records, collect data on various
forms of energy used. Establish, where possible, the his-
torical consumption profile of buildings and systems to
identify how much energy typically is consumed and primary
causes of variances. The energy use profile will help in
identifying energy conservation options which can be em-




ployed. This data also establishes the benchmark from which

energy reduction goals can be set for the team to work to-

ward. Simply stated, unless you do this, you won't know

when your energy conservation job is done for each building.

(7:2-2 to 2-3)

The “other records" are historical meter readings. However, "Since 1975,
energy reductions have became increasingly difficult to achieve (3:9)."
The energy fixes have become much more expensive. To achieve sufficient
reduction, the projects now completely replace working mechanical and
electrical building systems and renovate otherwise functional
facilities.

With fewer and fewer dollars available, the ECON program must
target facilities for conservation measures which save the most energy
for each dollar invested. This requires tracking many facilities to
find those most in need of conservation action. This conpels the energy
conservation planners to examine hundreds of buildings and utility meter
readings to determine how each facility performs.

Specific Problem. The problem dealt with in this thesis, was
determining how the information needed for tracking energy consumption
of Air Force facilities can be collected, stored and retrieved to
optimize the investment in energy conservation. The discussion of the
general issue raised many question such as: how to determine which
facilities need work or where to get the money for energy conservation
projects. However, the first topic to investigate has to be how to
collect and process the data needed to determine the best approach to
reducing energy waste.

Research Objective. This research develops and implements an

energy tracking and reporting system at wright-Patterson AFB. The




information gained can be used to develop a system which might be
effective at other bases.

Investigative Questions. To realize the objective of this
research the criteria for a tracking system had to be ascertained. The
following research questions were used to obtain those criteria.

1. what available data can be used to determine the energy
conservation performance of a facility?

2. in what form is the data which will be used for input to the
MiS?

3. what information can be developed from the data to compare
the energy conservation performance of the Base facilities?

4. wWhat format provides the easiest to use information?

5. Besides energy conservation performance reports, what addi-
tional information can be provided from the collected data?

6. is there any system currently available which will meet the
requirements determined in the previous questions?

7. what method is the most appropriate to provide useful infor-
mation about the energy use pattern of a facility? One
possibility is a computer program on the WANG computer
system.

8. Can a system defined by the previous questions be implement-
ed AIR FORCE wide?

) and Limitations

The outcome of this research was a system for displaying the
energy consurption patterns of Air Force facilities. The investigation
included evaluations of both manual (using pencil and paper
calculations) and camputerized systems. The determination on the type
of system developed depended upon the results of the research.

The main limitation was that any computer application must run on

the WANG Computer System. This computer was chosen to support the Work




Informat ion Management System (WIMS) and is available at most CE
organizations. This will provide for the widest possible distribution.
The programiming languages provided with the WIMS are Basic, Fortran and
OOBOL (COmmon Business Oriented Language). The intended purpose of
COBOL was the development of data management programs and is therefore
the logical language to use for this type of program. The author had to
learn COBOL to develop any software solutions to this thesis.

Due to time constraints of the AFIT Graduate Engineering Manage-
ment Program and the data needed for a complete operational test, a
prototype system was implemented and evaluated at only one sight,

wright-Patterson AFB.




Overview

The primary research method used was historical. Literature
reviews of public documents, military policies, and military regula-
tions, provided answers to most of the research questions. The remain-
ing answers were developed from interviews with Air Force Personnel who
prepare the Defense Energy Information System Report (DEIS 11), Air
Force Engineering and Services Center Work information Management System

(WIMS) developers, and the personal experiences of the author.

Methodology Justification

The MIS developed in this thesis has to meet the requirements of
Air Force regulations and policies, and be campatible with private
industry practices. The author gathered data from documents as to the
information contained on different utility company billing forms, the
various energy reports required by Air Force regulations, and the energy
reports required by Air Force Regulations and Policies. Previous
attempts at developing energy tracking systems were reviewed.

Historical research is the consolidation of information about a
given topic and the development of a coherent picture on the current
state of knowledge about that topic. The researcher examined what has
been done to define the problem and what has been proposed as solutions
to the problem. The research reviewed previous research and applied
inductive logic to formulate a proposed solution to the problem. The
final step was to test the hypothesis. This resulted in new knowledge
(8:48-49).




Since past events produce the information used as the basis for the
solution, the relevance of the results of this report is dependent upon
on the reliability of the sources and the validity of the information.

The first criterion, source reliability or external appraisal,
was authenticating the source. Can the source be proven to be what it
claims to be? To satisfy this requirement, the documents used for this
report came from recognized publications such as professional journals,
reputable trade journals and goverrment documents and reports.

The second criterion, content validity or internal appraisal, was
verifying the information obtained from the source. To satiate
criticism, the critical information was supported by other sources that
report the same or similar results; these additional sources also met
the requirement for source reliability. (9:148, 153)

There are two dangers in using the historical methodology,
insufficiency of data and improper selection of data (9:159). To
overcome these problems, the researcher made an effort to do a thorough
Jiterature review and to incorporate all pertinent data. While this
does not guarantee information was not overlooked, it does increase the
rigor of the methodology.

In conjunction with the literature search, telephone interviews
were conducted with 17 randomly selected bases. The initial 1ist of
interviewees was developed from lists provided by the Major Command
Staff of Air Training Cormand, Military Airlift Coomand, Strategic Air
Conmand, and Tactical Air Conmand. These interviews were used to
determine the current procedures used at base level organizations. The

exact questions used for the interviews are provided as Appendix A.
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Research Questions
The criteria used to develop the energy tracking system was

established by the answers to the eight questions below.

Investigative Question 1.

what available data can be used to determine the
energy conservation performance of a facility?

The purpose of this question was to determine what type of data
needs to be collected to enhance the evaluation of a facility's energy
consumpt ion.

Two avenues were pursued as sources for information. First, the
literature review provided information on what has been shown to have
significant impact on building energy consumption. The second source
was the interviews of selected base level Energy Conservation Officers.
This step reinforced the first and gave a picture of what data is
gathered today.

Investigative Question 2.

Iin what format is the data which will be used
for input to the MIS?

The intention of this question was to decide what is needed to
manipulate the data once it has been collected in the database. Data
has to be standardized to allow direct comparison.

Base level Energy Conservation Officers and the Air Force
Engineering and Services Center (AFESC) answered this question. Through
the use of interviews, information about the data gathered at base level
was obtained. The AFESC provided a program manual developed for a
different computer system. The manual contained information about the
type of data found on utility bills.

1"




Investigative Question 3.

what information can be developed fram the data
to canpare the energy conservation performance
of the Base facilities?

Once the data had been gathered and standardized, the intention
was to develop some information which can be used to manage the Energy
Conservation Program. The literature review of Air Force regulations
and reports on factors which effect energy consumption provided the
measures needed to determine energy consurption at both the base level

and the facility level.

investigative Question 4.

what format provides the easiest to use informa-
tion?

Even with the most complete database, sometimes the true useful-
ness is hidden because the information is presented in incomprehensible
form. The literature of research on hunan and computer interfaces
provided information on how to formate the information to make it the

easiest to read and comprehend.

Investigative Question 5.

Besides energy conservation performance reports,
what additional information can be provided fram
the collected data?

Some of the data gathered to monitor energy consumption are used
for other activities and reports. This research of the Energy Program
presented an opportunity to increase the productivity in Civil Engineer-
ing by eliminating redundant handling of data.

A review of the uses of the data provided the information on the

reports needed at base level and at the Major Commands.
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investigative Question 6.
is there any system currently available which
will meet the requirements determined in the
previous questions?

Literature review and interviews were used to determine if any
system was available which could meet the needs defined by the previous
questions. A predominate requirement was that any system had to be
usable to generate the reports required of Civil Engineering's

Personnel.

investigative Question 7.
what method is the most appropriate to provide
useful information about the energy use pattern
of a facility? One possibility is a computer
program on the WANG camputer system.
This question was to determine if a manual or computerized system
would be the most efficient method of handling the data. This included
the generation of the reports associated with the energy conservation

program. The answers were determined from the telephone interviews with

Base Level Energy Conservation personnel.

Investigative Question 8.

Can a system as defined by the answers to the
previous questions be implemented AIR FORCE
wide?

A common system would provide a means of sharing information and
techniques between Energy Conservation Of{icers. It could also enhance
training method by providing a standardized system.

The interviews of the Energy Conservation Officers provided the
answer to this question by highlighting any major differences between

the type of data collected and reported to conmand level agencies.

13




111. Findings

Overview

The purpose of this chapter is to detail the finding of the
research portion of this thesis. To accomplish this, the investigative
questions which were outlined in Chapter |1 and the structure of the

developed MIS are discussed.

Research Questions

Investigative Question 1.

what available data can be used to determine the
energy conservation performance of a facility?

The basic information needed to monitor energy usage is the
quantity of energy consumed by the facility or base. However, most of
the facilities are not metered. The Air Force requires bases to meter
35 percent of the base square footage, but that is inadequate. Many
facilities are lumwped together and an individual facility's energy usage
cannot be measured (10). Furthermore, the majority of the metered fa-
cilities are new and should therefore be the most energy efficient.
while the older buildings, were most of the potential gain exists, are
less likely to be metered.

The size, use, and design of a building are the predaminate
factors which control the amount of energy that building will use. When
these factors are cambined with the number of occupants, the actions of
the occupants and the effects of the weather, energy consumption
predictions accurate enough to meet the current Air Force goals are

nearly impossible. There is no perfect correlation between energy
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consumption and any other factor effecting energy usage (11). For
some facilities weather data in the form of Heating Degree Days (HDD)
and Cooling Degree Days (COD) follows the general trend of energy
consumption (12:114). A system used to analyze the consumption of
energy in facilities needs to include HDD and CDD.

The interviews yielded the same information as gathered from the
documents reviewed. Besides quantity and temperature data, both of
which are currently tracked in the Energy Conservation Program, no
additional data is used to analyze energy consumption.

Investigative Question 2.

in what form is the data which will be used for
input to the MIS?

This question was answered in two parts. Some facility
consurption information is gathered by base personnel. Additional
information is provided by the utility companies on the monthly utility
invoices.

The data gathered at base level is either meter reading, consump-
tion nurbers taken from an Energy Monitoring and Control System, or
Engineering estimates of consumption. The system needs to be able to
handle both types of entries.

The utility bills come with many different pieces of data and in
various forms, depending on the company and the type of utility
provided.

Electricity can be charged by demand level, consumption quantity,
reactive power, fuel charges and various other miscellaneous charges.

There can also be rebates for past over charges.

15




Demand, consurption and reactive power charges can all be
calculated using several methods. There are at least three methods for
structuring the demand rate schedule and two ways of determining the
billing demand.

The first demand rate structure is simply a flat fee for each
Kilowatt (kw) of the highest demand experienced during the billing
cycle. The second method, called Block-Hopkinson Demand Rate Schedule,
charjes different prices for different blocks of kw used. As an
example, the cost maybe $1.00 per kw for the first 100 kw demand, $1.50
per kw for the demand between 100 kw and 200 kw, and $2.00 per kw for
all kw over 200. Finally, there is the Time of Day Demand Rate
Schedule. Under this billing method the charge is based on the time of
day the peak demand (highest demand experienced in the billing cycle)
occurred. The actual rate structure can be either a flat fee or a
blocked fee schedule. All of these rate schedules can also be struc-
tured so that prices differ seasonally.

The different methods by which the demand charge can be calculated
are further complicated by having two methods for calculating the
billing demand. The most straight forward is to use the actual peak
demand recorded during that billing period. The more energy being used
at a given instant in time the higher the demand and hence the higher
the bill. The other method sets a minimun demand level and is used for
cost calculation if the peak demand does not exceed that level. This
minimum level can be set at a specific value in the contract or can be

fixed as a percentage of a past peak demand.
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Electrical consumption charges can be calculated from a flat or a
blocked rate structure. Quantity is strictly determined by the amount
of electricity used during the report period, as measured in Kilowatt
Hours (kwh). It is not coomon for utility companies to charge different
consumption rates at different times of day. This would reqguire
multiple meters or meters with dual recording capability.

The meters used on the electrical system use voltage and amperage
to determine the amount of power being used by the customer. Because
motor, transformers, and other types of equipment change the
relationship between voltage and amperage the measured quantity can be
different from the amount actually used. This difference is called
reactive power. Reactive power can be charged at a flat fee or it can
be added to the recorded demand to increase the billed demand. To
determine the reactive power, readings are kept on the power factor of
the metered demand. Power factor is the cosine of the angle (8) between
the actual power in kilo Volt Armperes (kvA) and the real power measured
in kW (see Figure 2.). Reactive power is demand multiplied by the
tangent of 8. While the actual methods for calculating the quantity of
the reactive power which is chargeable are numerous, 4 methods are
discussed in this study.

The first method is to charge for all the reactive powver. The
second is to charge for only the amount of reactive power above a
percentage of the peak demand (see Equation (1)). The third method is
to multiply the demand charge by a factor which is calculated as a ratio
of the contact allowed power factor to the actual power factor for the

billing period (see Equation (2)). The final method is to take the

17




kw

Figure 2. Power Factor Triangles

difference between the allowed reactive power and the actual reactive

power (see Equation (3)).

Charged kVAR = kVAR - (Demand x Contract Percentage) O
Demand = Demand x Coatract Power Factor (2)
Charged X Actual Power Factor
Charged kVAR = Demand x (Tan(0,) - Tan(6,)) 3
where
@, = cos !(Contract Power Factor)
o, = cos ! (Actual Power Factor)

The final item comon on electric invoices, which might need
calculation, is the fuel charge. When it occurs, this item is to

18




provide the utility company a method to pass on the increased or
decreased cost for their primary fuel source. The term fuel charge is
samewhat of a misnomer. In some contracts this term not only allows for
a fluctuation in fuel cost, but it also provides the utility companies a
way to recoup any excess costs associated with the production of their
product.

There are other varied charges used infrequently with some
electricity invoices. They vary widely and any database capable of
handling all would be to curbersome. Instead of producing specific
fields for each of these unique charges, general areas are needed to

allow for the incorporation of this miscellaneous data.

The natural gas bill, in covparison to the electric invoice, is
very simple. The major problem is that there are three different
measurement units which can be used to compute the bill. The first,
cubic feet, is a unit of volume and is taken directly from a meter. The
other two measures, therms and British Thermal/Un'its (BTU), are units of
energy and deal with the quantity of energy contained in a specific
volume of natural gas. These units cannot be metered; they must be
determined fram laboratory tests. The approximate relationship is

1 cf = 1 therm = 1000 BTU's (1 mBTUD)

Facility gas meters are read using cubic feet and require a conversion
factor between the unit used for the utility bill and the volume
measurement taken fram the facility meters. Other than this conversion,
the calculation of the natural gas cost is simple. Consumption is
charged at a flat rate or under a blocked rate structure and there are
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no demand charges. There is the possibility of a fuel charge or other
miscellaneous charges.

The water bill is the final invoice considered in this study.
Though not an energy concern, it is a critical resource and fits into
the structure of this system. With water, there is basically a
consurption charge with possible additional miscellaneous charges.

Investigative Question 3.

what information can be developed from the data
to carwpare the energy conservation performance
of the Base facilities?

This is the heart of the energy conservation program. As
mentioned in Investigative Question 1 there is no exact match between
external influences and energy consumption. However, same facilities
show a very high correlation between Degree Days and energy consumption.
These are the non-industrial facilities, especially housing units
(12:114). The general energy characteristics of a facility can be
determined and compared to other similar facilities. More importantly,
the usage pattern for a specific facility can be tracked to determine if
it starts to deteriorate. Both of these techniques can assist in
determining if work needs to be done on a facility.

Even the lack of correlation between weather and energy
consumption gives basic information about the facilities energy usage
pattern. By knowing the weather has little effect on the facility, the
ECON personnel can concentrate on different ways to reduce energy
consumption in that facility. Also, if the facility starts to show a

correlation between weather and energy consumption the energy




conservation personnel will be queued to look at that facility to locate
the what caused of the change.

Using the basic information provided by energy consumption,
facility size, and weather data (HDD and CDD), the energy conservation
personnel can determine which facilities show the greatest promise for
energy savings. In addition, they will know the most likely
characteristics to modify to achieve a reduction in energy usage. The
system must track the consumption, facility size, and Degree Days.

Investigative Question 4.

what format provides the easiest to use informa-
tion?

The input format and the resultant output of the reports from this
system both effect the usefulness of the system. This discussion does
not include hardware changes. The structure of the input should be such
that it follows the natural flow of information within the organization
(13:28). This means the data should be entered at the most logical
point and the information should be available were it is needed.

Additionally, the structure of the program should facilitate data
entry. The AFESC WIMS progranmers developed a standard format for
database programs. This is to make use of the program function keys
consistent between application and to make transition between
applications easier. (The complete explanation for this system is in the
School of Engineering and Services MAT 003 - ESIMS Administrator Course
Quide Source Generator.)

The output of the system should be such that it provides flexible
information where and when it is needed. The WIMS provides a report
utility which, when used with the databases on the VS, allows each user
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to tailor reports to their specific need. The output reports should be
clear, concise, and usable. The best method would include same
graphical presentation.

Neither colums and rows of statistics in tabular

arrangement nor the seemingly endless listings of figures in

textual form can possess the clarity, appeal, or

meaningfulness of a well-designed chart. By emphasizing

important salient relationships, graphs and charts may also

be of inmense service in the location and definition of

problems and in the discovery of hidden facts. (14:v)

The graphical representation provides more information in an easier to
understand format.

investigative Question 5.

Besides energy conservation performance reports,
what additional information can be provided from
the collected data?

There are at least four other uses for energy conservation data.
The first is the billing of reimbursable custamers. The second is to
assist in the preparation of annual utility contract reviews. The third
is for monthly upward reporting on utility funds. And finally data can
be used for preparing testimony in utility rate cases (15).

The billing system is a basic function which allocates the cost of
utilities to agencies which are separately funded. This mainly deals
with housing, hospitals, the Air Force Comissary, the Army Air Force
Exchange, Moral Welfare and Recreation activities, other goverrmental
agencies, and non-goverrmmental organizations (16:3). The utility
meter readings needed to charge these activities for consumwption are
available in the energy conservation program. Recording the meter read-

ings once eliminates redundant handling of these meter readings and
could reduce the work load associated with preparing the reimbursable bills.
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The second common report is the ysarly utility contract review.
The utility bills are reviewed and the consunptions sumimed to present a
picture of the total energy usage and the costs associated with a
specific contract. This information is used in evaluating the terms of
the contract to determine if the contract needs to be changed or
updated. Again, most of the information for this report is gathered
from data previously collected for the energy conservation program.

The third item is not common to all major coomands. Some conmmands
request monthly or quarterly reports from their subordinate units. An
energy MIS has the potential to eliminate redundant handling of informa-
tion for periodic reviews. This report tracks the amount of the energy
budget which has been used and the amount of money earned from the
reimbursable customers. Periodic reports fit with the billing system.

The finial use is to determine the effect of a requested rate
increase on the Goverrment Installations which are serviced by the
requesting utility company. Currently the data needed to prepare for
these rate cases has to be gathered fram each base under contract with
the requesting utility company after the campany announces it is seeking
a rate increase. This is a time consuming process. First, the effected
installations need to be identified and then the organization handling
the analysis needs to contact the installations to get the necessary
information. The energy MIS database could eliminate this by providing
a source for data for future utility rate cases that constantly up dated

as the changes occur,

23




investigative Question 6.

What method is the most appropriate to provide
useful information about the energy use pattern
of a facility? One possibility is a computer
program on the WANG computer system.

Fram the interviews it was discovered that 12 of the 15 respon-
dents currently use a camputer system. They report that the system
saves them, on average, 65 percent of the time they would need to
generate their reports manually. This highlights the performance
benefits gained by using a computer system to do data processing.

while no specific question was asked regarding which sections of
the organization performs which specific tasks, several interviewees
said the person preparing the DEIS || report handled only a portion of
the overall job. There is a split between those taking the meter
readings, those preparing the DEIS 1| report, and those who monitor the
budget .

The shop personnel are generally responsible for taking the meter
readings. The readings are then used by the energy conservation
personnel to prepare the DEIS |1 report and either the same person or,
as in six of the bases surveyed, someone else prepares the other
reports. This variety shows the use of the system needs to be
decentralized. On the other hand, to reduce the nurber of times
information is handled the system needs to have centralized data

storage.
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Investigative Question 7.
is there any system currently available which
will meet the requirements determined in the
previous questions?

The current practice where each base develops their own system
seems to comply with the requirements. ([t may not be the most efficient
way. But, each system is tailored for that base and major command.

There are many draw backs to the current system. With such a
variety of systems, it is hard to share techniques for analyzing data.
And any comparison between bases is questionable. While some of the
bases have benefitted from people who were capable of creating
integrated systems which minimize the work load, others have only
developed fragmented systems which help in one area but do not minimize
redundancy. Even at bases where an =ffective system was developed,
software maintenance and modifications become irritating problems.

There are several PC based energy tracking programs available in
the coomercial realm. One such program, FRASER fram Omni Corp, is
currently being used at Lackland AFB. Being a PC system restricts the
usefulness by placing access to the system in a single area of the
organization. FRASER does not offer decentralization or networking
capability.

There is no system currently available that meets the full

requirements of the system described by the research and envisioned by
the author.
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investigative Question 8.

Can a system as defined by the answers to the
previous questions be implemented AIR FORCE
wide?

A system is possible at the bases within CONUS. The basic
guidance of the energy conservation system is AFEPPM (Air Force Energy
Program Policy Memorandum) 86-8 and the basic guidance for the utility
services is AFR 91-5. Since all CONUS bases are covered by the same
requirements, the same basic information, and the same data sources, the
differences between bases are in the structure of their reports. All
CONUS bases collect common data and report in similar frequency and
format. Each command must deal with a variety of utility companies bill
structures. Since the reports generated for each command can be
tailored to meet their requirements these differences pose no problem.
However, the structure of the utility bills can limit the applicability

of this system. The final answer must wait until a system resulting

from this study is placed in a large scale test.

System Structure
Most of the needs identified from the answers to the preceding

questions are incorporated into the MIS. The needs identified but not
included in the MIS are described later in this report. Those items
which are incorporated fall into two broad categories, data collection
and data manipulation.

Data collection includes collecting, storing, and upward
reporting. The MIS has a decentralized data entry design which allows
multiple offices to interact with the databases. It also has

26




centralized data storage permitting all users access to the carplete
data set. Finally, the system has the capability for upward reporting.

Data Manipulation encompasses invoice verification, unit
conversion, consurption calculation, and resource allocation. The
system checks utility invoices against charges calculated from contract
terms. It also takes consumption data from the utility invoices and
converts it into units required for Air Force reports. For facilities,
the system calculates consumption from meter readings and charges only a
specified percentage of the consumption against that meter. To
facilitate report preparation, the system has the capability to allocate
the consumption and cost from each invoice and facility meter in three
different ways.

The system which resulted is a collection of three programs and
three reports for the WANG VS computer system. The purpose for creating
three programs followed the break down of the natural flow of
information and the structure of the input data. The first program,
UVERUD, deals with the Utility Contract Data. This program includes the
rate structure and the general information on the contracts. The second
program, UBILUD, handles the monthly utility invoices received from the
local utility companies. This program verifies and stores the invoice
data. The final program, WETUD, handles the facility data. This
includes the facility meter readings and some general information on the
allocation of the resource.

The reports are used for billing reimbursable customers (BILL),
developing input information for the DEIS |1 report (DE!S), and develop-
ing information used to track utility budget expenditures (UTIL).
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Programs

User Screens. The programs were developed to include two screen
types, directory screens and information screens. The directory screens
are not updatable. They provide a means for finding a specific data
record. To facilitate the presentation of these screens data records
are provided to illustrate the format of the data types, this data is
not coded into the program.

The information screens are updatable and the format used in this
report to indicate the type of data accepted in each field would not be
seen on the computer screen. To indicate that numeric data is allowed
the field is displayed using underlines, to indicate an alpharwmeric
field a capital x (X) is used, and 9 is used to indicate a computed
field.

UVERUD. This program (see Screen 1) provides the data entry
interface for the utility contract database. The purpose for this
database is two fold. First the data are used by the Air Force to
analyze the impact of a requested rate increase on the Air Force. The
information needed for the analysis is available and stored in a central
database. With the contract data available in a coomon form, upward
reporting to a central database is sinpliified. This allows quicker
response time to requests for rate increases.

This database is also used at a local level to allocate and verify
the cost and consumption of the monthly utility invoices (see Screen 2).
The fields which control allocation are utility classification, energy
category, and primary user . These fields determine how the portion of
the utility invoice which is not otherwise distributed by a specific
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Active Utility Cootracts Billing Data Updater

Start Date Contract Number Rnd Date Consolidated Bill

_ %0/07/01 1000000000000000001000100 601
_ 83/06/29 5521000000237000022000900 201
_ 83/06/29 5521000000237000022001000 201

Position the cursor and press ENTER to display the eptire record.

(1)Keys (8)Pind

(9)Modify(10)Query (11)Add  (12)Delete(13)Help (14)Path (15)Print (16)Retro
(26)Merge (27)Bxtrct(28)Move (29)Info (30)Bistry(31)Rpts

Screen 1. Utility Contract Directory (UVERUD)

facility meter reading or consumption estimate will be handied. while
all these fields allocate a portion of the consumption and cost, these
three fields are used to produce different reports. The utility
classification field is used to monitor the allocation of the utility
budget. The energy category field is used to monitor the energy conser-
vation targets. The primary user field is used to charge the appro-
priate agency for the cost of the utility they consumed during that
month.

Other data stored in this database are the information needed to
calculate consurption (the meter capacity and the meter multiplier) and
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Coatract Billing Information Screen

Installation Code: XXXX Revision: __
Contract #: Schedule: Change #:

Company Name:  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Primary User: XXXXXXXXXX Utility Classification: XXXXXXXXX
Boergy Category: XXXXXXXXXX Consolidated Bill #: X __

Customer Charge: (M)inimum or (B)ase: X

Heter Capacity: Heter Multiplier:
Binimum Load: . Rate: _ .
Rewmarks:
Bffective Dates (YY/MM/DD) - Start: Bnd:
(1)Keys (3)Desc (5)Next (8)Pind
(9)Modify(10)Query (11)Add  (12)Delete(13)Help (15)Print (16)Retrn
(20)Screen(29)Info (32)Brit

Screen 2. Utility Contract General information (UVERUD)

to determine the monthly bill (custamer charge, minimum load rate
structure, reactive power calculation method, and maximum demand).

The rate data stored in this database are used by the program
UBILUD to verify the utility invoices (see Screen 3).

UBILUD. This program (see Screen 4) provides the interface for
the monthly invoice database. it is updated at regular intervals. The
data for the electric, natural gas, and water invoices are stored in
this database. The result is a database which contains all the
information necessary to calculate the basic unit cost of the utilities.
This database also contains the actual base consuwption information.




Rate Structure Screen

Normal (excludes High Season) Bigh Season Prom 00 to 00
Block-Hopkinson Demand Rate Schedule
Consumption Cost Demand Cost Consumption Cost Demand Cost

Time of Day Demand

On Peak 0ff Peak 0o Peak Off Peak
Demand Cost Demand Cost Demand Cost Dewmand Cost
Ratchet Clause - " Minimum PP - ;;
Haxisum Demand: «_ Schedule: Verification Method: __
Billing Demand: _.__ X of Maximum Demand KVYAR Charge: _
(1)Keys (3)Desc (5)Mext (8)rind
(9)Modify (10)Query (11)Add (12)Delete(13)Belp (15)Print (16)Retrn
(20)Screen (29)Info (32)Bxit

Screen 3. Utility Contract Rate Structure (UVERWD)

Using the UBILUD database in conjunction with the UVERUD database
provides a method for verifying invoice price data are correct.

On the input screen for the electric invoices (see Screen 5)
fields are provided to identify the meter used for determining consump-
tion, the contract under which the rate structure is based, and the
actual billing information. The billing data includes the meter
reading, consumption, billing period peak demand, two fields for
reactive power so that it can be entered as kVAR or as power factor,
fuel charges, rebates, four fields for miscellaneous charges, and costs
associated with each of these items as well as an overall cost.
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Date

Active

feterd

Monthly Utility Bill Updater

Contract Humber

_ 8910
8910
_ 8910
_ 8911
_ 8911
_ 8911
_ 8912
_ 8912
8912
_ 9001
~ 9001
— 9001
~ 9002
~ 9002
— 9002

00000}
010001
020001
000001
010001
020001
000001
010001
020001
000001
010001
020001
000001
010001
020001

$521000000237000022001000
1000000000000000001000100
2000000000000000001000100
5521000000237000022001000
1000000000000000001000100
2000000000000000001000100
5$521000000237000022001000
1000000000000000001000100
2000000000000000001000100
5521000000237000022001000
1000000000000000001000100
2000000000000000001000100
5$521000000237000022001000
1000000000000000001000100
2000000000000000001000100

Position the cursor gad press RETER to display the eatire record.

(1)Keys (5)Next (N)up (8)Pind

(9)8odify(10)Query (11)Add  (12)Delete(13)Belp (14)Path (15)Print (16)Retrn
(26)Merge (27)Bxtrct(28)Move (29)Info (30)Bistry(31)Rpts

Screen 4. Monthly Utility Bill Directory (UBILUD)

On the input screen for the natural gas invoices (see Screen 6)
the same fields are provided as under the electric invoice with minor
exceptions. Reactive power and demand are not included. The additions
have to do with calculating the anount of energy contained in a quantity
of natural gas. The basic unit of measure for natural gas is assumed to
be in cubic feet. Two fields have been incorporated to alliow for
billing based on energy potential and for reporting the quantity of
MBTU's consumed.

Finally on the input screen for the water invoice (see Screen 7)
only the fields dealing with identifying the meter and the contract
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Wonthly Bills - Blectricity

Neter #: Report Date: _ Billing Date:
Contract #: Schedule: __ Change §: __
Revision #: __

Heter Reading:

On Peak Demand: X (Y for yes)

Consumption: . Cost: .o
Peak Demand: o Cost: .o
Peak Resctive Power: .

Power Ractor: _. Cost: __ .
Puel Charges: __. {per unit) Cost: _
Remarks: KXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX] Rebate: ——

Other Charges: Reason Charge

Cost: _
Calculated Cost: .o
(1)Keys (3)Desc (5)Next (8)Prind
(9)Modify(10)Query (11)Add  (12)Delete(13)Belp (15)Print (16)Retrn
(17)Verify (29)Iafo (32)Rzit

Screen 5. Monthly Electricity Invoice (UBILUD)

along with the fields for mster reading, consumption, rebate, miscella-
neous charges, and cost of each of these item and the total cost have
been included.

The verification portion of this program checks the calculation of
utility company invoices to insure their accuracy. This includes
consumption, if meter readings are available, and the calculated costs
of all individual items. If any of the individual items are wrong, a
message describing the error appears on line twenty of the input screen.
Total cost is not checked by the computer, but a calculated value for
total cost is displayed below the value input by the user. This allows




Honthly Bills - Watoral Gas

feter #: Report Date: __ Billisg Date:
Contract 9: Schedule: __ Change #: __
Revision: __
fleter Reading: .
Coasumption: _
Correction Pactor: _ .
Corrected Conswmption: . Cost: .o
HBTU Pactor: _ .
Puel Charges: _ . (per wnit) Cost: .
Remarks: Rebate: .o
Account Charges: Resson Charge

Cost: o

Calculated Cost: .o
(1)keys (2)Pirst (3)Desc (4)Prev  (5)Mext (8)rind
(9)Modify(10)Query (11)Add  (12)Delete(13)Belp (15)Print (16)Retra
(17)Verify (29)1afo (32)2xit

Screen 6. Monthly Natural Gas invoice (UBILUD)

the user to determine the magnitude of the cost difference.

WETWD. This program (see Screen 8) is the data entry mode for
updating the database which contains the facility meter readings.
Similar to the other programs, the first screen is the directory screen.
Each meter has two additional screens, one containing general
information about the meter and the other containing consuvption data.

The general information screen (see Screen 9) provides the
updatasble fields useful for tracking, allocating, and manipulating the
meter readings. The fields used for tracking include the facility were
the meter is located, a description of the facility, a unique designator




Hoathly Bills - Water

fleter #: Report Date: Billing Date:
Contract §: Schedule: Change #: __
Revision: __
Neter Reading: .
Consuaption: . Cost: .
Remarks: Rebate: .
Account Charges: Reason Charge

$90 0000000000800 00000000000 00000000400 .

Cost: .
Calculated Cost:

(1)Keys  (2)Pirst (3)Desc  (4)Prev  (5)¥ext (8)Prind
(9)Modify(10)Query (11)Add  (12)Delete(13)Help (15)Print (16)Retrn
(17)Verify (29) Iafo (32)Bxit

Screen 7. Monthly Water invoice (UBILUD)

for this meter, and the beneficial occupancy date (BOD). The fields
used for allocating the energy mstered are utility classification,
energy category and customer name.

The final set of fields determine how much consumption is
associated with a specific meter reading. How much of metered quantity
is allocated to this user (17). And whether this is a sub-meter (this
metered quantity is a portion of the quantity accounted for under
another meter) (18).

Two different screens exist for entering consurption data. The
first screen (see Screen 10) allows the user to enter the actual meter




Active Heter Reading for Base Pacilities
t te BOD Customer idated Bil

_ 10274 3001 DBase 350101  Base 201

_ 10830 2001 Base 851010  Rospital 101

_ 11435  B001  Base 850901  Base R01

_ 99998 G002 BHowsing 850101 Bousing 601

_ 99999 G001  Base 850101 Base H) |
Position the cursor apd press RWIER to display the eptire record.
(1)Keys (8)rind
(9)Modify(10)Query (11)Add  (12)Delete(13)Belp (14)Path (15)Print (16)Retran

(28)8ove (29)Iafo (30)Bistry{31)Rpts

Screen 8. Facility Meter Directory (UMETUD)

reading. The program calculates the consumption based on this reading
and the previous months meter reading. The consurption information is
displayed in the indicated locations. In addition, the date of the
reading is required to trigger the consurption calculations. This
function is progranmed in for two reasons. First, it provides the
opportunity to calculate the nurber of degree days between meter
readings, instead of the current msthod of using the degree day readings
for the calendar month. Second, the program uses this field for not
calculating consurption for the meter readings not yet entered. The
reading date field is left blank until a reading is made. The computer,




BASIC H#EIER DATA

Pacility: Pacility Deseription: XXXXXXKXXXXXXXXXXXXXX

Heter Number: X _ 30D:

Utility Classification: XXXEKXXXXXX Pacility Size:

Customer Wame: XXXXXXXXXX Boergy Category: XXXXXXXXXX

Moltiplier: Maxinum Meter Reading:

Percentage of Metered Usage Applied to This Account: _.

Is this a Naster Meter: X faster Heter Number: X __
Consolidated Bill Number: X ___ (R)eading or (C)onsumption: X
(1)Keys (3)Desc
(10)Query (13)Relp (15)Print (16)Retra
(20)Screea(29)Info (32)nzit

Screen 9. Facility Mster Data (UWMETWD)

sensing a blank field, will not subtract the current months reading from
next months reading (defaulted to zero) thus avoiding a negative
consuvpt ion.

Because other methods exist for determining consumption besides
reading from a traditional meter, this program permits the direct entry
of consurption (see Screen 11). Two methods which need this capability
are readings taken from an EMCS system (18) and estimates based on
engineering principles (2, 17).

This database, unlike UBILUD, also contains the fields necessary
for allocating the metered consurption. This was done for two reasons.
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UETER READING SCRERN

Racility: Pacility Description: XXXXXXXXXXXXXXXXXXXX
Neter #: X __ Piscal VYear: __
Reading Consumption Date Read (yy/mm/dd)

Sep .o

Oct . 9999999999
Hov . 9999999999
Dee . 9999999999
Jan . 9999999999
Teb . 9999999999
flar .o 9999999999
Apr . 9999999999
Bay . 9999999999
Juo .o 9999999999
Jul . 9999999999
Aug . 9999999999
Sep . 9999999999

Consumption for this PY to date: 99999999999
r ifications a re .
(1)Keys (3)Desc
(10)Query (13)Help (15)Print (16)Retrn
(20)Screen(29)Info (32)8xit

Screen 10. Facility Meter Readings (UMETUD)

One, the amount of data needed monthly for each of the meters is small.
This small size allows each record to contain a full years data. The
overhead needed to include allocation data was negligible and the
simplicity gained by placing all the data associated with a specific
meter in one updater provides advantages when creating reports. Two,
since in some cases different organizations occupy the same facility the
sbility to associate meters and organizations is necessary.

Reports
BilL. This is the report (see Screen 12) used to calculate the

charges to be assessed to the separately funded agencies. The user only




METER READING SCRERN

Racility: Pacility Description: XXXXXXXXXXXXXXXXXXXX

Meter #: X __ Piscal Year: __
Reading Consumption Date Read (yy/wm/dd)
Sep
Oct
Hov
Dec
Jan
Yeb
flar
Apr
Hay
Jun
Jul
Aug
Sep

Coasumption for this PY to date: 99999999999

Nake your modificatiops and press BNTER.

(1)Keys (3)Dbesc
(10)Query (13)Belp (15)Priat (16)Retra
(20)Screen(29)1nfo (32)Rxit

Screen 11. Facility Meter Consumption (UMETWD)

nesds to determine which month to calculate, the remaining information
should have been supplied in the three databases discussed above. This
report prepares only one months at a time.

UTIL. This report (see Screen 13) tracks budgeting information.
It tracks how much has been spent from the different utility funds. For
most bases these include the base utility budget and housing budgets. It
also calculates how much of the reinbursed money has been earned. This
report can calculate by month or by quarter and includes an accumulative
field for the current and previous report periods.




Pacility Billipg Preparatjon

Piscal Year: 90
0CT
noy
PRC
JAN
141
HAR
AR

gk

JUL
AUG
st

Position the cursor and press ENTRR to select report period.

(16)Retrn

Screen 12. Facility Billing Month Selection (BILL)

DEIS. This report (see Screen 14) calculates information about
the utilities encompassed by this system which is needed for the DEIS i1
report. The different energy categories are reported separately. The
information used to separate this data is contained in the fields energy
categories and BOD in the program UMETWD.

itams Excluded from Current implementation. While it would be
ideal for the system to include all the options discussed in this
research, several items are amitted. These items fall into two
categories, things which would be nice to have, but which would not be
necessary for the initial test and things beyond the programing skill
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Ucilicy Allccations

Piscal Year: %0
0CY
(1]
bRC
JAN
mne

SERE

JuL
AUG
stp
_M1
_m?2
_m3
i
Rositiop the curgor and press RNTER to select report period.

(16)Retrn

Screen 13. Utility Budget Period Selection (UTIL)

of the author.

The first item left out is the degree day database. The lack of
this capability does not restrict the system from achieving results
comparable to the current techniques. It can easily be added after the
system is successfully tested.

Another major item excluded is the ability to display the output
information in a graphical form. There are two problems with using
graphical format for reports under this implemantation. The first is
the limited nuvber of graphical teminals at CE organizations. This
would require the purchase of new equipment or the reallocation of the
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DBIS ut tio

Piscal Year: 90
0Cc?
noy
1.0
JAN
111}
HAR
ARR
HAY
Jun
Jul
AUG
(114

ositj he cursor a res o _select report period.

(16)Retra

Screen 14. DEIS tI Month Selection (DEIS)

existing terminals. The second problem is the time available to create
a graphical report. Time constraints do not permit producing the
necessary programming code.
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Sumery

The Managament Information System developed in conjunction with
this thesis was intended to be the first step towards a full implementa-
tion as reconmended by the research. The most basic functions were
incorporated to provide for the inmediate usefulness. The results of
the implementation at Wright-Patterson AFB proved the system does not
provide all of the function necessary for a useful system.

in particular there were three items which restrict the usefulness
of the current development. The first and most important weakness was
the lack of a way for users to develop customized reports without
writing computer code. The structure required by the different types of
data made the WANG report utility useless for this task.

The next problem was the lack of a way to determine the current
consurption per square foot of the existing base and housing facilities.
The original understanding was that these features were handled by the
current DEIS |1 program released fram the center.

The final omission was the ability to establish a billing rate to
charge reimbursing agencies based on the cost per unit of each of the
utilities. The billing was calculated by dividing the cost of the
utility by the quantity consumed. The current program ignored the
provisions for passing along additional charges as spelled out in AFR
91-5.

These oversights in the basic research made the test at wright-
Patterson unprof {table for the Wright-Patterson personnel. The lack of
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utility rate calculation excluded the system fram being usable for
billing reimbursable custamers. Likewise, the lack of a method for
calculating energy consumption per square foot eliminated energy
tracking as a possible use.

This development did not meet the full set of goals desired for a
functioning system. However, this collection of computer programs does
seam to have pramise. The preliminary research which defined this
system gave the necessary outline for an energy conservation MIS. This
mplementation provided the fields for the utility invoices, meter
readings, and contract data. This was and is a usable framework for
further development.

Even the discovery of weaknesses in the implemented MIS gave
information about further development. The three main databases ard
their data entry programs worked as designed. When used in conjunction
with the recormended enhancements a centrally managed system can be
developed. The advantage to this approach is that the data gathered
will be useful in designing a better system.

With additional work, the system should be ready for a small test
here at wWright-Patterson and then a large scale test, including other
CONUS bases.

Reconmendat jons
Problem 1. The first problem to tackle is to provide the rate

structure as outlined in AFR 91-5. The most practical method would be
to produce ancther database containing the rates for each consolidated
bill on a monthly bases.




Problem 2. The next ares to consider is to enhance the users
ability to produce customized reports at base level. This might mean
the acquisition of a relational database program for the VS computer
system or conversion to a massive flat file.

Problem 3. Another problem to tackle is to provide the system a
method for computing the consumption per square foot value used to track
the progress in the energy conservation program.

Problem 4. To enhance the basic use of the system and transition
from an MIS to a decision support system, the system needs the ability
to determine facility's energy performance over time. This would allow
an operator to graph the consurption per square foot over an extended
period of time to see if any changes occur.

Problem 5. An additional enhancement would be to provide the
capar ison between consumption per square foot and the degree days.
This could give the ability to determine if the building envelope
improvements offer any potential savings.




and Responsibjlities Questionnaire

SECTION |. Demographic information to determine if any general charac-

teristics exist among the people preparing the DE!S |i Report.

Unit and Office Symbol:

what was your Last Degree?

How long have you been an Energy Conservation Officer or Utility

officer?

Have you received any fornal training on Energy Conservation meth-
ods?

a. Yes b. No

which best describes your duties as an Energy Conservation Offi-

cer.
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a. It is covered by my job description.
b. It is an additional duty.

SECTION 11 Specific question relating to the energy conservation

program.

10.

1.

12.

13.

How many Electric Bills does your base receive?

what is the rate structure of these bills?

How many Natural Gas Bills does your base receive?

How many reports do you produce per month/quarter (choose time
period)?

what percentage of your work day is used to produce these reports?
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14.

15'

160

17.

18.

19.

what percent of your time do you spend per month collecting energy
data?

what types of data do you use for the energy conservation program?

Do you use a computer in the Energy Conservation Program?
a. Yes b. No

If you answered yes to question 15, what percentage of the work is
done by computer?

If you answered yes to question 15, which computer system is used
for the energy conservation program?

a. Personal camputer c. Other

b. wang VS computer

what percentage of the time you spend on the Energy Program
contributes to cost savings?

SECTION 111 Unstructured questions to allow you to provide additional

information ebout your job.




20. Please list any other actions you take in performing your duty as
an Energy Conservation Officer?

21. Please make any additional caments you have here?
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10.

1.

12.

13.

14,
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