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ABSTRACT 

An energy monitoring and control system (EMCS) was installed at the Red River Army 
Depot (RRAD) in November 1983. The U.S. Army Facilities Engineering Support Agency 
asked Oak Ridge National Laboratory (ORNL) to conduct a post-retrofit validation of the 
energy savings from this project. This document reports findings from the study which 
included review of documents and a visit to the Army base. 

Design specifications for the EMCS list 14 functions it should perform to save energy, 
improve management, and monitor alarm systems in 39 buildings. The original economic 
analysis projected an energy-to-cost ratio of 120 MBtu saved/$1,000 invested and a 
benefit/cost ratio (SIR) of 4.2. 

Although the hardware for the EMCS is of good quality and has been installed in an 
organized manner, the system has never, as yet, operated at full capability. Problems stem 
from several sources. As it stands, the system saves little energy, and its SIR is less than 1.0. 
If the system were brought up to full operating capacity, its energy savings would increase, 
but so would the total investment. This is the major dilemma facing those who must 
determine the future of the EMCS at RKAD. 
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EXECUTIVE SUMMARY 

An energy monitoring and control system (EMCS) was installed at the Red River Army 
Depot (RRAD), which is located near Texarkana, Texas. The initial economic analysis was 
completed in June 1979; the specifications were drawn up in February 1981; and the Army 
obtained beneficial occupancy in November 1983. 

The EMCS consists of (1) a central control unit (CCU) designed to monitor system 
performance and perform high-level control functions, (2) field interface devices (FIDs) which 
are capable of being downloaded with control configurations from the CCU to each of 39 
buildings, and (3) a central communication controller (CCC) which permits the CCU to 
communicate with the FIDs. Design specifications for the EMCS list 14 functions which it 
should perform to save energy, improve management and maintenance, and monitor alarm 
systems. 

The 39 buildings under EMCS control represent almost one-fourth of the major buildings 
at RRAD, and they account for about half of the total floor space at RRAD. Eleven of the 
39 buildings are large shops and 8 are warehouses. These two functional categories account 
for 80% of the floor area of the 39 EMCS buildings. 

The procedures used in the economic analysis of the EMCS conform to ECIP guidance in 
effect at that time (June 1979). This original analysis projected total costs of $1,399,421 to 
install an EMCS serving 61 buildings. It projected annual energy savings of 156,379 MBtu; 
approximately 70% of this energy savings would be natural gas. The estimated energy-to-cost 
ratio was 120 MBtu/$1000 compared to a minimum ECIP requirement of 20 MBtu/$1000. 
The estimated benefit/cost ratio, or SIR, was 4.2 compared to a minimum ECIP requirement 
of 1.0. 

The engineering analysis in support of the economic analysis was greatly hindered by lack 
of metered energy use data for RRAD buildings. Energy savings were estimated by modeling 
pre-retrofit and post-retrofit building energy consumption, but these results are subject to large 
uncertainties in the absence of metered base energy use data. The documentation contains no 
warnings or estimates of uncertainties. 

Although the hardware for the EMCS system is of good quality and has been installed in 
an organized manner, it has never, as yet, operated at full capability. At the time of the visit 
to RRAD by ORNL staff members (May 1986), none of the energy-saving functions of the 
EMCS was operational. Problems stem from various sources: 

- The system supplier apparently would not provide the necessary training for RRAD staff 

- Money and manpower allocations have been insufficient to monitor and maintain the 

without additional funding. 

EMCS. 
-- Acceptance testing was inadequate. 

The system needs a period of attention by a knowledgeable, experienced EMCS systems 
expert to bring it to full operational efficiency. This expert must document programming 
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procedures and train two part-time engineers as system supervisors. An additional 5-6 
technicians must also be trained to monitor and operate the system. Without this attention, 
the EMCS will deteriorate. 

There are no existing pre-retrofit/post-retrofit energy-use data for the 39 buildings under 
the EMCS, so it is not possible to recalculate an SIR for the system. As it stands, however, 
most of the system's energy-saving functions are not operating, so it saves little energy. Its 
SIR is certainly less than 1.0. If the system were made functional, its energy savings would 
increase, but so also would the total costs. There is 110 certainty that the SIR would climb 
above 1.0, but it might. A major decision facing those in authority is whether or not to make 
additional investments in the system. 

This project is a good illustration of the wisdom of recent revisiuns in ECIP guidance 
concerning EMCS projects: 

- The need to compare the cost effectiveness of different levels of monitoring and control 

- 'The need to contract for a complete and well-known system under one competitive 

technologies before selecting one. 

contract, including support for hardware, software, training, and maintenance. 

- The need to obtain early commitment for support of operation and maintenance personnel. 



POST-RETROFIT ECIP PROJECT VALIDATION 

1. INTRODUCTION 

Military construction funds are available through the Energy Conservation Investment 
Program (ECIP) for cost-effective, energy-saving retrofits of existing military facilities for 
projects costing more than $200,000. Such retrofits are intended to help military installations 
meet energy reduction targets set by the Department of Defense (DOD). Candidate projects 
for ECIP funding must include an estimated savings-to-investment ratio (SIR) as part of the 
design phase, and the projects are then ranked for funding using these SIRS as one of several 
criteria. 

Funded ECIP projects are classified into one of ten categories, one of these being Energy 
Monitoring and Control Systems (EMCS). ECIP guidance requires that representative 
projects from each of the ten categories be monitored to compare actual energy/cost savings 
with savings predicted in the design report. Information from such validation studies is of use 
to the Army and other military branches in judging future ECIP budget requests and in 
estimating the ECIP program’s effectiveness. 

The Red River Army Depot (RRAD) had an EMCS installed and received beneficial 
occupancy in November 1983. Funding for the project was provided under ECIP Project No. 
096. In February 1986, the U.S. Army Facilities Engineering Support Agency (USAFESA) 
asked Oak Ridge National Laboratory (ORNL) to conduct a post-retrofit validation study for 
this ECIP project. The purpose of this document is to report the results of the validation 
study, carried out by staff members of ORNL, for this ECIP Project No. 096 (EMCS at 
RRAD). 
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2. ECIP PROJECT DESCRIPTION 

The RRAD is located at the eastern edge of Texas near the city of Texarkana, where 
winters are relatively mild (2531 heating degree days), but summers are hot and humid. 
RRAD’s central mission is to retrofit and renovate light tanks, so it is largely an industrial 
complex of warehouses, large shops, and administrative buildings. Energy use by the RRAD 
is large, and it was felt that the potential for energy conservation warranted an analysis of 
possible energy and dollar savings of an EMCS. 

The first plans for an EMS were prepared in 1979 based on installing controls in 61 
buildings. The Advanced Final Design Analysis, prepared in October 1980, reduced the 
number of controlled buildings to 53, and the Specifications for the EMCS issued by the U.S. 
Army Corps of Engineers in February 1981, retained these 53 buildings. The final 
installation, with beneficial occupancy in November 1983, placed EMCS controls and/or 
sensors in 39 buildings. (See Sect. 4 for a more detailed description of these changes.) 

The EMCS consists essentially of a central control unit (CCU), field interface devices 
(FIDs) in each of the 39 buildings, a central communication controller (CCC), and various 
sensing and monitoring devices. The CCU should monitor system performance and perform 
high-level control functions. The FIDs were to be capable of being downloaded with control 
configurations directly from the CCU, avoiding the need to reprogram each FID on site. The 
CCU communicates with the FIDs through the CCC. In the event of system failure at the 
CCU or CCC level, the FZDs can maintain their control functions for their buildings. (See 
Fig. 1.) 

This EMCS design is in general compliance with guidelines of Army TM 5-815-2 for a 
medium-size EMCS (500-2500 points), where a point is any feature within the system which 
is either monitored or controlled by the EMCS. The RRAD system currently has 677 
assigned points. 

Of the 39 buildings within the EMCS, almost two-thirds fall within one of three use 
categories: 

Shops (11 buildings), 

Warehouses/storage (8 buildings), or 

Administration (5 buildings). 

The main purpose of the EMCS is to reduce energy consumption and cost. It should also 
save manpower, improve management and maintenance, and monitor alarm systems. In order 
to achieve these benefits at RRAD, the design specifications list 14 functions which the 
EMCS should be able to perform. 

1. ‘Time Scheduled Operation: Starting and stopping of a system based on time of day or 
type of day (weekday, weekend, holiday, etc.). 

2. Start/Stop Optimization: Starts a system 10 minutes to 2 hours before occupancy time 
and stops it 10 minutes to 1 hour before quitting time. 

3 
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C e n t r a l  C o n t r o l  U n i t  (CCU) 

o Monitor system performance 
o Provide  c o n t r o l  i n s t r u c t i o n s  

t o  FIDs through CCC 

C e n t r a l  Communications 
C o n t r o l l e r  [CCC)- 

F i e l d  I n t e r f a c e  Devices  ( F I D s l  
(There a r e  40 of these  d i s t r i b u t e d  

among t h e  39  b u i l d i n g s .  1 

o Implement c o n t r o l s  a t  b u i l d i n g s  
a s  commended by CCYJ. 

o Continue l a t e s t  c o n t r o l  p a t t e r n  
i f  CcEl o r  CCC ma l func t ions .  

o Relay i n f o r m a t i o n  from s e n s o r s  
t o  c a .  

1 

Sensor s  and Con t ro l  Devices  

o Temperature  s e n s o r s  
o Power meter  i n t e r f a c e s  
o Remote r e s e t  c o n t r o l l e r s  
o Stratas f eedback  d e v i c e s  
o S t r r t l s t o p  r e l a y t  

Fig. 1. Summary of EMCS organization and function. 
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9. 
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11. 

12. 

13. 

14. 
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Duty Cycling: Shutdown of an HVAC system for short periods during normal operating 
hours. 

Demand Limiting (motors): One part of electric load-shedding operation. 

Demand Limiting (Chillers): Also, a load-shedding operation by resetting chilled water 
temperature upward. 

Night Setback: Assigned systems are turned off when outside temperature is above 50°F 
or cycled to maintain 55'F inside if the outside temperature is below 50°F. 

Colt; Deck Temperature Reset: EMCS monitors cooling requirements and resets the cold 
deck to minimize energy use for reheat and cooling. 

Chilled Water Temperature Reset: When all building space temperatures are below 
78" F, the chilled water temperature is reset upward. 

Outside Air Temperature Reset Schedule: The hot water distribution system temperature 
is reduced as space heating requirements are reduced. 

Run Time: The EMCS is to total run time of selected equipment and provide warning 
messages as routine maintenance is required. 

Safety Alarms: The EMCS monitors alarms for equipment, especially boilers. 

Intercom: Personnel in any of the 39 buildings may use a FID to communicate with the 
CCU personnel. 

Hot and Chilled Water Pumps: These pumps are controlled by the EMCS to coordinate 
their operation with outside air temperature. 

Overhead Door Switch Interlock: Whenever an overhead door is opened, the EMCS 
shuts off the heating system. 

(See Sect. 5.1 for additional descriptions of the EMCS.) 
The original economic analysis for this project estimated that the EMCS should save about 

one-half million dollars per year. Most of this savings (about 70%) would come from reduced 
consumption of natural gas; about 20% savings would come from electric load-shedding and 
reduced electricity use; and the remaining 10% would come from reduced use of fuel oil. 

'The foregoing description of the EMCS at RRAD summarizes the design specifications 
and the pre-installation economic analysis. Was the 
hardware for the system installed as specified? What 
savings are actually realized? After two years of operation, it should be possible to answer 
these questions. 

How well is it actually performing? 
Are all the functions operational? 





3. PROJECT VALIDATION PROCEDURE 

This ECIP validation effort involved ORNL staff members from both the Energy Division 
and from the Instrumentation and Controls Division. The  object of the validation was to 
document the operational history of the EMCS at RRAD and, if possible, to gather pre- 
retrofit and post-retrofit energy use data needed to calculate an updated SIR that could be 
compared with the SIR of the original economic analysis. 

The validation procedure included: (1) a review of documentation which had been 
collected from the RRAD Energy Office and from the Corps of Engineers, Fort Worth 
District, and (2) a site visit to RRAD. The document review is to confirm that the planning 
and economic analysis for the project conformed to ECIP guidance in effect at the time they 
were carried out and to verify that the original estimates of energy savings and project costs 
utilized reasonable engineering procedures. These two quantities, energy savings and project 
cost, are the primary factors in calculating the SIR. 

The site visit was carried out during the week of May 12-14, 1986, as two ORNL staff 
members and a USAFESA staff member met with: 

Mr. Walter Eason, Director, Energy Office, RRAD, 

Mr. Robert Springer, Part-time EMCS Manager, 

Mr.  Richard Cobb, Part-time EMCS Operator, and 

Mr. Ted McCoy, US.  Army Corps of Engineers, Fort Worth District, assigned to 
RRAD. 

The major tasks during the site visit were to: 

Supplement background information regarding the EMCS by talking with RKAD staff 
members. 

Inspect the EMCS hardware and observe the system in operation. 

Attempt to obtain pre-retrofit and post-retrofit energy use data for some sample of 
buildings within the EMCS operation in order to re-estimate the SIR, or at least identify 
a group of buildings that could be used for a “flip-flop”* metering study in the near 
future. 

* Note: A “flip-flop” research design for the EMCS requires that the fuel use for a building or 
group of buildings be metered for a period (say a week) with the EMCS energy-saving functions in 
operation and then metered for a like period with the energy-saving functions not in operation. This 
procedure is repeated for perhaps 10 cycles during the winter heating season and IO cycles during the 
summer cooling period. 
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* 
* 

Update the cost data for the project. 

Inspect a sample of buildings that are within the EMCS operation. 

The following sections of this report summarize findings from the review of documents 
and from the site visit. 



4. EVALUATION OF PROJECT DOCUMENTATION 

A brief description of the EMCS at RRAD and an economic analysis of the project are 
presented in a document prepared in June 1979, by the Master Planning Section, Engineering 
Plans and Services Branch of RRAD.' The calculations show estimates of annual energy 
savings and cost savings and current working estimate (CWE) costs. These savings and costs 
are then used to calculate a discounted benefit/cost ratio, an energy savings/cost ratio, and a 
simple payback period. The energy savings estimates for this RRAD document were taken 
from a March 1979, study by Energy Management Consultants, Inc., prepared for the U.S. 
Army Corps of Engineers, Fort Worth District. A final report of this analysis was published 
in 1984.2 

As the project progressed into detailed planning stages, Energy Management Consultants, 
Inc., produced two additional reports for the Fort Worth District Corps: an advanced final 
design analysis in October 19803 and a set of specifications for installation of the EMCS in 
February 1981.4 Although RRAD obtained beneficial occupancy of the EMCS in November 
1983, final costs have not been established. The latest current working estimate advice 
document provides total costs as of November 1985.5 The remaining parts of this section 
review these documents in terms of conformance with ECIP guidance and adequacy of 
engineering analysis. 

4.1 CONFORMANCE WITH ECUT GUIDANCE 

Initial ECIP guidance was published in 1977, but it was revised in 1982, 1983, and 
1985.6 Therefore, in evaluating conformance with this guidance, it is necessary to use that 
form in effect when the document under consideration was prepared. In this case, the original 
1977 guidance was in effect when the planning and specifications for the EMCS at RRAD 
were prepared, and these requirements included: 

The Energy to Cost Ratio (E/C) should be equal or greater than 20, where: 

MBtu saved/year E/C = 
$CWE (in thousands) * 

@ The maximum economic life for an EMCS should be 15 years. 

The Benefit/Cost Ratio (SIR) should exceed 1.0, where: 

Total discounted benefits (96) SIR = 
Total costs ($) 

'4 review of the Economic Analysis for Energy Monitoring and Control System,' prepared by 
the Master Planning Section of RRAD, shows that the project met each of these standards. 
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‘The projected annual energy savings of the EMCS was 156,379 MBtu, and the CWE (in 
thousands) was $1301, yielding an E/C of 120. The economic life of the EMCS was 
projected to be 15 years. The discounted benefits were estimated as $5,761,757, and the total 
costs as $1,369,421, yielding an SIR of 4.2, Proper differential escalation rates and recurring 
benefit/cost factors were used in the calculations. Although the estimated E/C and SIR for 
the project exceed minimum ECIP requirements, the accuracy of the estimates depend upon 
the accuracy of the projected energy savings and project costs. 

4.2 ADEQUACY OF ENGXNEERXNG AND ECONOMIC ANALYSIS 

The original engineering analysis for the project aimed at calculating energy savings for 
the various EMCS functions. This analysis was carried out by Energy Management 
Consultants, Inc. (EMC) of Denver, Colorado, and the results were reported in the Final 
Report: Energy Engineering Analysis Program for Red River Army Depot, Texas.’ 

The EMC analysis was faced from the onset with at least one very important difficulty. 
Like most military bases, RKAI) did not meter individual building energy use. As a result, 
E M C  was forced to rely upon a rather complex modeling procedure to estimate pre-retrofit 
and post-retrofit energy consumption by a variety of complex buildings. Their procedure for 
estimating energy use and energy savings is summarized in Sect. 5.3.1 of their report, and 
more detailed descriptions of formulae and computer constants are found in Appendix H of 
the report. The E M C  approach consisted of five steps: 

A review of RKAD building drawings. 

A field investigation to determine preliminary locations of EMCS equipment and types of 
EMCS functions that would be appropriate. 

Development of a preliminary point schedule. 

Computation of estimated energy savings. These calculations involved 13 energy constants 
(ECs) and 16 systeni/building variables. The ECs were derived using computer 
simulation of buildings and RRAD weather data. These derived ECs and building 
variables were then loaded into another computer program to calculate energy savings for 
each EMCS function for each building. 

All buildings were then ranked by the calculated E/C ratio and simple payback. 
initial set of buildings was selected as best candidates for inclusion in the EMCS. 

An 

The building simulation programs used by E M C  to derive the ECs are standard ones 
(DOE-2, ECUBE, QUIKEE), and the general approach was the only feasible one available, 
shurt of submetrring a sample of buildings. Unfortunately, the results of such modeling 
efforts that are not verified by mctered data have large possibility for error. The infiltration 
rates, internal loads, interaction of EMCS-controlled conservation measures within a building, 
and many other important variables are not well known, so results may easily be in error by 
50-1007’0. The E M C  report of its estimates would have been improved by including caveates 
regarding interpretation of their estimates. Overall, and with this exception, the engineering 
calculations were adequate. 

The original cost estimate for the EMCS’ projected construction costs of $1,301,516 arid 
design costs of $67,905, totaling $1,369,421. This 1979 estimate assumed that “sensory 
controls will be installed in 61 buildings.” The most recent CWE advice (November 198S)5 



1 1  

lists construction funds of $1,106,972 and design costs of $168,735, totaling $1,275,707 for 
installing the EMCS sensors and controls in 39 buildings. Therefore, since the final cost of 
the project is essentially equal to the original estimate, but the number of buildings has been 
reduced by about one-third, the possible energy savings should also be reduced by perhaps 
25535%. The expected SIR would be reduced from about 4 to 3 with a considerable margin 
of uncertainty. 





5. PERFORMANCE AND OPERATION OF THE EMCS 

In order to realize its energy-savings potential and attain the SIR predicted for it, the 
EMCS must perform up to its design specifications. The authors of this report visited RRAD 
during May 1986, to inspect the EMCS installation. The activities during the visit focused on 
two areas: 

An examination of the actual performance of the EMCS, including the CCU, CCC, and 
FIDs. The objective was to check how many of the 677 control and monitoring points 
were operational and how many of the energy-saving functions were being used. 

An examination of the energy conservation that was being achieved through use of the 
EMCS. This involved a search for pre-retrofit and post-retrofit fuel use data for buildings 
within EMCS control. 

Before making the visit, the ORNL staff members had carefully reviewed relevant 
documentation, including the specifications for installing the EMCS at RRAD.4 They also 
were supplied with an exit report’ written by Mr. Ed Jaynes who served as the EMCS 
manager prior to leaving RRAD in February 1986. The  following system description is taken 
from these documents and from personal observations. 

5.1 SYSTEM DESCRIPTION 

The system was supplied by HSQ, Tnc., 34 South Linden Avenue, San Francisco, 
California 94080, and consisted of the following elements: 

I. Master Control Room (MCR) Attributes 

A. Digital Equipment Corporation (DEC) central processor (51 2KB) running PDP 
11/24 RSX-11 Ivl operating system (real-time, multi-tasking) 

B. XYCOM Central Communications Controller (CCC) having two (2) redundant 
masters (each 2-80 processors) 

C.  Two (2) DEC KL02 hard disk drives, one of which is redundant 

D. One (1) 10.4-MB removable disk used to run the system with at least one RL02 
maintained as backup 

E. Two (2) line terminals (DEC LA120 DECWRITER III’S) 

1. Change-of-state/alarm terminal 

2. Trend/history terminal 

F. Console terminal (DEC VTl00) 

G. Real-time graphics terminal (ISC model 8001G) with light pen interaction 
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H. Uninterruptible boot clock (SLC-1) with seventy-two (72) hour battery backup 

I. Point types in system 

1. Inputs to system 

a. Analog (approx. 350) 

b. Binary (approx. 350) 

c. Pulse (1 from kW meter) 

2. Outputs from system 

a. Binary (approx. 350) 

b. Non-input binary (compressor unloaders, approx. 44) 

J. Software capabilities (source is Fortran IV) 
1. Demand limiting (Load Shedding Based on Priority) 

2. Rote duty cycling (15 rriin on/15 min off, etc.) 

3 .  Max on/min off duty cycle (temp. and power demand dependent) 

4. 'I'imed event control (time period on/time period off) 

5. Multiple event control (If/then control which is highly flexible for setpoint 
control, trending, printing messages, disabling or enabling points, running 
operator written Fortran programs, stopping, starting, etc.) 

6. Optimum start/optirnurn stop control 

7. llistorical data gathering on one ( I )  minute intervals with reporting on a 
variety of hour/day/month/year formats 

a. Power meters (pulse and/or analog input) 

b. K'TD's (pulse and/or analog) 

c. Virtual. points (enthalpy, flow, Btu/hr, etc.) 

8. Run-time summary with run-time limit acknowledgment 

9. Many others such as disable points, lockout points, disable events, summaries 
on alarms, etc. 

11. Field Interface Device (FID) Attributes [Forty (40) FIDs located in each of thirty-nine 
(39) buildings] 

,4. Card cage 

1. 8080A CPU board 

2. A/D converter board (2 rnax at 26 AI each) 

3. RAM/EPROM board (16-K RAM on-board) 

4. Digital input board (2 rnax at 16 AI each) 

5. Send/receivc (full duplex) modem 
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B. Field termination strips 

1. Analog (32 max) off 4-20 mA RTDs 

2. Digital input/output (48 DI/48 DO) off 24 VDC relays 

C.  Power supplies 

1. 24 VDC for analogs and binaries 

2. 12 VDC for card cage (4-5, -5, +12, -12) 

3. 12 VDC battery backup for card cage (4 hour) 

4. 5-A breaker for 120-VAC power to FID 
D. Control panel switches 

1 ,  Off-line I enables/disables CCC link 

2. Self Test - activates stand-alone control 

3 .  Reset - initializes F ID operation 

4. Outputs Disable - disables command outputs 

5. Lamp Test - illuminates LEDs  for test purposes 

6.  Comm Test - defeats potential timeout response of FID (therefore allowing 
technician to run FTD diagnostic tests) 

E. One (1) FID located in the MCR is used for troubleshooting and testing FID 
components 

F. FIDs have the capability to do stand-alone control upon loss of communication with 
the CCC. This is accomplished by means of programming stored in EPROMS 
(Erasable Programmable Read-only Memory) located in FIDs model programmer 
(EPROMS are 24-pin 2716’s) 

G. FID software capabilities 

1. Rote duty cycle control 

2. Timer event control 

3. Setpoint control 

H. Data termination cabinets beside each FID provide terminations for all field 
hookups prior to F ID connections 

I. All FIDs are connected to the CCC by eight-voice grade telephone lines [full duplex 
off two (2) wire pairs] through amplifiers and repeaters 

J. Hand-off-auto switches and relay enclosure boxes are located in locked equipment 
rooms (when possible) 

5.2 SYSTEM EVALUATION 

Visual examinations of the Master Control Room Facilities and a typical FID indicated 
that the hardware utilized in the system was of good quality and seemed to be installed in an 
organized fashion. 



Based on system documents, references made in Mr .  Jaynes' report, and conversations 
with Mr .  Springer, it appears that the system was originally designed to function in general 
compliance with the guidelines of the Army TM 5-815-2, June 1983, for a medium-size 
EMCS (approximately 500 to 2500 points). The system currently has 677 points assigned. 
The CCU with associated CRTs and hardcopy terminals were to serve as the operation 
interface and exercise supervisory control over the field units. The  field units were intended 
to interface to the field input/output functions and provide front-line and stand-alone control 
consisting of duty cycle control, timed event control, and setpoint (setback/setup) control. 

Based on conversations with Mr. Eason, the Energy Office Director at RRAD, the system 
beneficial occupancy was obtained in November of 1983, but the system did not function in a 
control capacity until October of 1984. During this period, considerable effort was made to 
correct wiring errors, correct software errors, perform system checkout and shakedown, and 
conduct staff training. 

'The initial staff consisted only of Mr .  Jaynes. He  trained twelve additional persons from 
three of the post shops (air conditioning, plumbing, and electrical) to assist in the 
troubleshooting and maintenance of the system and, when needed, to correct wiring errors. 
However, up until the time of his resignation, he apparently served as the only manager, 
operator, and overall troubleshooter for the system. 

The  system apparently did achieve some measure of control during the summer of 1985 
(cooling program), although not to its full capability. 'The problems seem to be in the FIDs 
and the ability to program them in a convenient and useful manner. Originally, the FIDs 
were supposed to be capable of being downloaded with new control configurations directly 
from the CCU, avoiding the need to physically travel to each FID location and perform 
reprogramming on site. The downloading capability apparently was never successful; 
therefore, someone had to travel to the FID sites and change the programming. The F ID 
programs were stored in EPROMS (Erasable Programmable Read-only Memory), and it 
was necessary to unplug or?e set of EPROMs (heating program) and replace them with 
another set (cooling program) on change of season. 

There was apparently a problem with getting the system suppliers (HSQ, Inc.) to provide 
the necessary training on how to program the EPROMS without additional funding. Mr .  
Jaynes seems to have chosen to program all 40 FID sites with the same simple program 
which essentially moved the responsibility for control to the CCU. Since the CCU's normal 
function in such a system architecture i s  primarily one of monitoring and gathering of 
performance data and higher level control functions, this action resulted in placing an 
additional burden on the CCU and caused the system to fail frequently. Attempts to re- 
institute the cooling season programming were not successful as of the time of the visit by 
ORNL staff. This was apparently due to several factors, including: alterations of FID 
programming without follow-up testing, insufficient knowledge/training of the support staff, 
and problems with the CCU programming. 

Overall, the system appears to have suffered from a variety of problems during its lifetime 
which include the following: 

0 Inadequate allocation of RRAD manpower prior to and following system delivery to 
monitor and troubleshoot the EMCS; 

Inadequate detailed definition of how the system should perform once installed; 

* Inadequate acceptance testing; 
9 Insufficient training of RRAD staff to monitor and maintain the system; and 
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Lack of money to supply the needed staff and related resources (e.g., transportation, spare 
parts) to enable the system to be brought to a full level of operation. Once at a fully 
operational level, the system should be able to be operated and monitored by persons other 
than a degreed engineer. For example, a few trained technicians on a part-time basis, 
with ability to commit to full-time during times of system crisis should be able to keep the 
system operating normally. This would be augmented with a well-trained, part-time 
engineer as overall system supervisor. 

The total costs of the EMS at RRAD may not yet have been realized. If the system is to 
be made operational (and able to attain its potential savings), it will require additional 
expenditures to bring all its functions on line and to train RRAD staff members to maintain 
it. If the EMCS equipment is left in its present state of very limited function, it will not save 
the energy and money to pay back the initial investment. 





6. ENERGY CONSUMPTION DATA AND SYSTEM COSTS OF THE EMCS 

Preliminary studies by Energy Management Consultants, Inc., identified 168 major 
buildings at RRAD having a total floor area of 4,101,467 ft2. The  39 buildings under EMCS 
control represent, therefore, 23% of the 168 major buildings, but they contain 2,075,632 ft2 
floor area or about half of the total space. Of the 39 EMCS controlled buildings, 62% may be 
classified by usage as either administrative buildings, shops, or warehouses. Buildings in these 
three categories are larger than those in the “other” category, accounting for 87% of the floor 
area of the 39 buildings. Shops and warehouses, together, account for 80% of the floor area 
and should account for the largest portion of energy use and the largest potential for energy 
savings. (See Fig. 2.) 

ORNL-DWG 55M-6074 
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Fig. 2. Distribution of 39 EMCS buildings at RRAD by use pattern. Source: Unpublished study 
by Energy Management Consultants, Inc., 1979. 
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The original economic analysis for this project' included estimates of annual energy 
savings and dollar savings for the EMCS by fuel type. The  largest savings (about 70%) were 
projected to come from reduced use of natural gas; electricity savings were next (about 20%), 
followed by fuel oil (about l0T0j. As the ORNI, staff members prepared to visit 
were especially anxious to obtain pre-retrofit and post-retrofit fuel use data for shops and/or 
warehouses that used natural gas as a primary fuel. 

6.1 PRE-RETROFIT AND POST-RETROFIT ENERGY CONSUMPTION DATA 

'The RRAD Energy Office does have a list of estimated annual energy consumption for 
These estimates, however, are modeled results of unknown and 

Only three of the 39 EMCS buildings on the base are metered for both electricity and 

each building as of 1979. 
unchecked accuracy and are not suitable as metered pre-retrofit values. 

heating fuel consumption: 

.---- Building #241 (PX) 

---- Building #4 (Firehouse) 

- Building #1174 (Theater Readiness) 

Building #1174 is undergoing a number of structural changes, so it is unsuitable for a pre- 
retrofitlpost-retrofit comparison, and the PX and Firehouse are not very representative of the 
shops and warehouse complex. 

There is one option for gathering pre- and post-retrofit energy consumption data for an 
important sample of the 39 buildings. RRAD has installed a new major boiler plant which 
first went into operation during the 1985-86 winter. It burns coal and/or wood chips with 
an efficiency of about 80% and replaces an old gas/oil boiler which had poor efficiency. This 
new boiler plant serves 12 buildings, 10 of which are on the EMCS: 

On EMCS: 

Building # 

315 (shop) 
321 (shop) 
323 (shop) 
325 (admin.) 
345 (shop) 

Not on EMCX 

Building ?# 

493 (rubber operations plant) 
433 (rubber operations plant) 

401 (shop) 
411 (shop) 
421 (shop) 
441 (small arms) 
591 (shop) 

Building #493 is a new and large industrial type plant using a large amount of steam, but its 
steam use will be metered beginning in the fall of 1986. Building #433 is being converted to 
an unheated storage facility not requiring steam. Therefore, the steam used by the 10 EMCS 
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buildings may be obtained by subtracting the metered value of steam delivered to #493 for a 
given period from the amount of steam delivered by the new boiler plant over the same period 
(see Fig. 3). This latter value is recorded in the “Facilities Engineering (FE) Operating Log 
(Boiler Plant).” If the EMCS is functioning during the 1986-87 heating season, a good 

REMOVED FROM 
,’<STEAM LINE 

ORNL-DWG 88M-6073 

#493 (RUBBER 
OPER. PLANT) 

Fig. 3. Schematic for “flip-flop” metering experiment to verify energy savings for IO 
buildings under EMCS control at RRAD. 
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estimate of steam savings and fuel savings could be obtained by doing a “flip-flop” metering 
experiment over the heating season. This would involve: 
* Recording weekly fuel use and steam output from the boiler plant. These data are listed 

in the FE log. 

Recording the steam use by Building #493. This would require weekly readings of the 
condensate meter at this building. 

Recording average weekly outside air temperatures. 
be available from the base weather station. 

Arranging to implement all pertinent EMCS energy-saving functions for one week and 
then allowing the buildings to operate in the pre-retrofit mode for the following week. 
‘This flip-flop control might be repeated for about 9-10 cycles during the heating season. 

Using the above data, the pre-retrofit and the post-retrofit energy use/HDU may be 
calculated. Multiplying energy use/HDD by total HDDs  in a typical heating season 
yields energy use for the heating season, which may be converted to cost per heating 
season. ‘The difference between pre-retrofit and post-retrofit costs is the fuel cost savings 
for the heating season. 

8 

* Hourly outside temperatures should 

* 

’This flip-flop experiment would provide a good estimate of energy and cost savings of the 
heating fuel for 10 of the 39 buildings at RRAD. These 10 buildings account for 41% of the 
total floor area of the 39 buildings; the 8 shop buildings of the 10 account for 95% of the floor 
area of the 11 total shop buildings under EMCS control. The  experiment, as described, 
would involve almost no cost for data gathering, but it would involve costs for data analysis. 
It would allow a reasonable estimate to be made of the energy savings for the shop buildings. 
The 10 buildings are not metered for electrical use, but perhaps records of run times could be 
used to estimate electrical consumption of some equipment. 

In summary, there are no existing pre-retrofit/post-retrofit energy use data for the 39 
buildings under the EMCS at RKAD. It would be possible to perform a flip-flop experiment 
that would provide such data for 10 of the 39 buildings, 8 of the 10 being shops. 

6.2 COMMENTS REGARDING BENEFIT/COST RATIO 

In order to provide a reliable post-retrofit estimate of the benefit/cost ratio for the EMCS 
at RRAD, it would be necessary to have reliable estimates of energy and cost savings and total 
real costs of thr EMCS. Unfortunately, neither of these factors is known. As discussed in the 
preceding section, lack of pre-retrofit and post-retrofit metered energy use data for the EMCS 
buildings prccludes calculating energy savings. Also, if the EMCS is to be made functional 
and maintained in a fully operational state, additional expenditures will be required, adding to 
the cost of the EMCS. Without knowing the energy savings and associated cost benefits, and 
without knowing the full costs for the system, it is not possible to calculate an SIR. 

(1) ar 
the system stands without significant expenditures for improving and maintaining its operation 
and (2) as the system could be at full functional capability. As the system stands, most of its 
energy-saving functions are not operational. Thr night setback function was operational last 
winter, but none of the remaining 13 controls have been operational. Consequently, it is 
obvious that the energy and cost savings are very small compared to the expected savings, and 

It is possible, however, to comment on the SIR for this system under two scenarios 
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the SI must be very little above zero-certainly less than one. Indeed, if the operating and 
maintenance costs exceed the manpower and energy savings the SIR could be negative, that is: 

[(manpower/energy savings) - (operating/rnaintenance costs)] SIR = 
construction costs 

If the EMCS were brought up to full capability, its energy savings would increase but the 
The  resulting SIR could only be obtained by collecting total costs would also increase. 

additional experimental data. (See Sect. 6.1.) 





7. SUMMARY, RECOMMENDATIONS, AND LESSONS LEARNED 

7.1 

1 .  

2. 

3. 

4. 

5. 

SUMMARY 

An energy monitoring and control system was installed at the Red River Army Depot, 
and beneficial occupancy obtained in November 1983. The EMCS consists o f  (1) a 
central control unit (CCU) designed to monitor system performance and perform high- 
level control functions, (2) field interface devices (FIDs) which were to be capable of 
being downloaded with control configurations from the CClJ to each of 39 buildings, and 
(3) a central communication controller (CCC) which permits the CCU to communicate 
with the FIDs. Design specifications for the EMCS list 14 functions which it should 
perform to save energy, improve management and maintenance, and monitor alarm 
systems. The hardware for the CCU, FIDs, and CCC is of good quality and installed in 
an organized manner. 

Of the 39 buildings under the EMCS, 11 are shops and 8 are warehouses/storehouses. 
These two building use categories account for 80070 of the floor area of the EMCS 
buildings. 

The procedures used in the economic analysis of the EMCS conform to ECIP guidance 
in effect at the time. The estimated energy-to-cost ratio was 120 compared to a 
minimum requirement of 20, and the estimated SIR was 4.2, where the minimum 
requirement is 1.0. 

The engineering analysis in support of the economic analysis was greatly hindered by 
lack of metered energy use data for the EMCS buildings. Energy savings of the EMCS 
were estimated by modeling pre-retrofit and post-retrofit energy consumption. Although 
standard models were used, the results are subject to large uncertainties. The 
documentation contains no caveats based on such uncertainties in the estimates. 

The EMCS at RRAD has never, as yet, operated at full capability. At the time of the 
visit to RRAD by ORNL staff members (May 1986), none of the energy-saving 
functions was operational. These problems stem from a number of sources: 

The system supplier (HSQ, Inc.) apparently would not provide the necessary training 
for programming the EPROMS without additional funding. 

Money and manpower allocation have been insufficient to monitor and troubleshoot 
the EMCS. 

- 

- 

- Acceptance testing was inadequate. 

At present, the system requires a period of attention by a knowledgeable, experienced 
EMCS systems expert to bring it up to full operational efficiency. This expert must then 
document the programming procedure and train two part-time engineers as system 
supervisors and about six technicians to monitor and operate the system. Without such 
attention, the EMCS will deteriorate. 

25 
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6. There are na existing pre-retrofit/post-retrofit energy-use data for the 39 buildings under 
the EMCS. It would, however, be possible to perform a flip-flop experiment to provide 
such data for 10 of the 39 buildings. Such an experiment presupposes that the EMCS 
has been made fully operational. 

7. As it stands, most of the system’s energy-saving functions are mot operational, so it saves 
little energy. If the system were made functional, its 
energy savings would increase, but total costs would also increase and the SIR could only 
be estimated by performing the flip-flop experiment. There is no certainty that the SIR 
would be above 1.0. 

Its SIR is certainly less than 1.0. 

7.2 RECOMMENDATIONS AND LESSONS LEARNED 

1. Lack of metered energy use of Army buildings prevents accurate estimation of the cost 
effectiveness of building retrofits. It also hinders any attempt to account for fuel 
expenditures on the Army base. 
Recommend The Army should meter building energy use for samplings of 
representative building types for each major base to compile a data base for use of facility 
engineers, U.S. Corps of Engineers, and A-E firms. 

2. Before recommending an energy control option for buildings, it is necessary to obtain 
accurate estimates of the cost effectiveness of different levels of monitoring and control 
(none, programmable thermostats, FM control, EMCS). 

Recommend: Revised ECIP guidance’ already requires that “...the life cycle cost analysis 
of each EMCS project will include a detailed comparison of all reasonable control 
alternatives for each conservation function.” ‘This guidance should be followed. 

3 .  Selection of the EMCS should be from among standard, well-established systems which 
can offer broad ranging support for the hardware, software, personnel training, and 
maintenance of the system. “One-of-a-kind” systems should be avoided. 

Recommend: Revised ECIP guidance* suggests that, “Project managers should stress 
identification and accomplishment of a complete system under one competitive contract .... 
Small business program goals should be supported primarily through ... subcontracting ....” 
‘I’his guidance should be followed. 

4. An EMCS can only pay back its large initial investment if it is fully operational. This 
requires an early commitment of funding and manpower devoted to operating and 
maintaining the system at a high level of efficiency. 

Recommend: Revised ECIP guidance’ requires that, “Early activity operation and 
maintenance personnel involvement is a key ingredient to a successful EMCS application. 
.. . The project documentation must include a formal commitment ... that appropriate staff 
will be assigned to the project within 90 days of award of the construction contract.be 
followed. 

5. Adequate acceptance testing should ensure that every function of the system is operating 
for every point specified, and it should include checks that programs to change operating 
modes are fully operating and understood by those Army staff who must work with the 
EMCS. 
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Recommend: Contracts for installation of EMCS units at Army bases should specify that 
a large percent of the total payment to the contractor will be withheld until acceptance 
testing has demonstrated that the system is fully operational and that key Army staff can 
manipulate the system. 
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