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; . 1.0 Summary
Three cases were evaluated. The first two considered only a central
computer based system, while the third looked at a system consisting of a
central computer with microprocessor on marginal buildings. Case 1,
(Optimal), represents the fastest possible payback and involves 65 buildings
controlled centrally via minicomputers. Case 2, (Breakeven), extends the
building number to 115, matching the Energy Conservation Investment Program
(ECIP) criteria. Case 3 (Mixed) considers a mixture of both central and
local control, though it has the fastest payback it is the least flexible
of the options considered. Two methods of economic analysis were used,
siﬁp]e payback and life cycle costing. The results of the analysis
appear below (See Section 5 for further explanation of the economics).
Energy saving schemes included equipment shutdown, outside air
reduction and shutoff, and enthalpy optimization. Lack of data prevented
the inclusion of temperature reset, chiller, and boi]ef load optimization
: and load management. Although the hospital is an appreciable load, a
separate study examining the hospital as a candidate is required.

Simple Payback (in years)

A (Project cost only) B (Project &

Optimal 4.21 6.76 recurring costs)
Breakeven - 5L 9.11
Mix 3.54 5.67

Life Cycle Costing (in years)

Escalation Scenarios (see page 14)

I II I11
Optimai 5.73 5.16 4.90
Breakeven 8.2 7.26 A 7.5
Mix 4.72 4.39 3.78
1
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2.0 Generic System Description

The initial Energy Control System suitéble for Fort Knox should be
capable of performing the following tasks: Equipment Shutdown, Qutside Air
Reduction & Shutdown, Enthalpy Control and Temperaiure Reset. The system
musf'be capable of expanding its function to include load management routines
and preventive maintenance program plus have available space for additional
buildings. These requirements necessitate a mini-computer base system, the
following one is proposed.

2.1 Central Console

Central Processing Unit

Operator's Console

16K Mini-computer

CRT Terminal

Program Package

256 Word Periphal Memory

Line Printer
It is assumed that the central console will be housed in the FE Shop. This
will reqdire modification of approximately 200 square feet and a 15KVA
inverter to protect against memory loss in the event of a power outage. It
is assumed thé mini-computer is dedicated to and is an intergal part of the
energy control system.

2.2 Buildings to be Controlled

Three cases have been studied. The first considers a totally centralized
system with the fastest payback period. The second includes all the buildings
which can meet a maximum six year payback criteria and still remain centrally
controlled, while the third considersa central automatic system with micro-

processors on marginal buildings. A plot of payback and initial investment

2




vs the number of building for Case 1 appears in Figure 1. The plot is

arranged with buildings having the fastest simple payback on the extreme

left and the slowest on the extreme right. The cost of common equipment i
(central minicomputer, central modoms, etc), has been excluded since it is common
to all buildings. Table 1 1ists the buildings used in the optimal and ;
breakeven cases. The breakeven case includes all the buildings in the

! optimal case plus the buildings listed under Case II. A list of buildings
controlled via local microprocessor appear in Table II. It is assumed
that the microprocessors cost $1200.00 each. These buildings (Table II)

have been grouped with Case 1 as an example of a mixed system.




soNIQING 40 #

ee! sn ol 0o/ ob
1 1 1 ' ) m t + — $ + —tr %
B *
N o \‘.\\ i 1l ‘
- \\.\ e :
-8 i
”~
¥ : e s
\\I\
1 -
92 \\\ <+ €
) a8
1509 3aALje|nwn) &7
k 2 Vg <
4+
- \ \ o *
- S
.|
0
Sy 4 |
&.Eﬁ poLUd4 YoegAeq aALe|nun) ]
. A
24 19
<+ h
NIVEAYd ITdWIS
HILSAS ¥3LNdL0I TVYLINID e
L 34n9ld




296

Jauwng

9961
¥09
€19
009
€€l
00cl
ootLtL
00cl1
£€9
0021
0021
0021
£€9
09¢€
009
866
8281
8498
8/81
856
661
0cy
oLE
aivl
09v
98l
86
¥8S

JBJULM

00%
0oL
002
00L
00t
00¢
00¢

00t
00€
002
00v
00¢
002

00l
09¢€
oL
oLg
00t

oL8
018
oL
089
001
oL9
ool
09%
09§
09%

butaimM e207

0v92
099

02tL
099

0%9¢
02€l
0861
0v92
0861
OLEL

OLEL
"0861
099
0SSY L
0€99 L

06LL

0v9¢

0148 L
061

0€S9 L
oLes L
€99
0099
099
0£8S
0£8S
oLes

TOON—MOMNTNMNMTONTST — N —<

™
—

NOODO~— O NOONT OO MNMANTNMNMTOANT— N —<
——
—
—

—
AR —Or— 0O
— —

— p—p—

(395 (do3s

3s50) juLod -84) ¥  -3jue3s) SS  (boreue) v  (Adeurq) g

(4eak/¢) sbulaes

(§) 53500

Agwas:cv sjuiod

J493ndwo) [euajua) eLp pallodajuo) sbuipling

I 378Vl

1859/0859
6159
859
8559

155979559

§659/b559

£659/2559

1559/0559
8459

1959/9¥59

$959/v959

£459/2t59
LbS9
LLE2
il
89Y1
L9¥1
OLEL
LOEL
90 |
6011
$02
2€65
69£2
9/£1
oLLL
L
€9

# 9078

I 3SV)




096 082S 8 8 2109
09t 092P L L 2v6S
099 09¢2¢ 8 8 0v6S
09L 096€ 6 6 L16S L
098 08s8 €l €l G5SY
095 096 9 9 evie
01 099 L L 12ve
09t 00€6 S S 220y
oLy 096€ 9 9 GB8Ee
0€0L 0€ol £l £l 0191
0oL 099 L L 2LEe
0v8 obtL ! ol el L221
00l 099 L L 0S8
00L 029t S S ¥8EL
00l 099 L L pLLL
0091 028‘0L L 9l Ll 80€6
009 0BEE 9 L L0E6
9L6 006G - 09S¢ 1 S 90£6
= 916 00S 096¢ S 9 8626 w
== 9L6 004 096€ S 9 1626
29§ _ 066 09LL 02z LL Ll Ll 89€¢
6021 celLe oLet 088°LL 81 8l 0L02
L18 2881 096 096€ 9 9 0€LlL
95/ A% A | 029 029t L '/ 92L1
v2o€ 0€ES oLeL 088°LL 8l 8l veLl
- cée ool 009 L L 6¥59
== cée 00l 099 l L 28¢€2
= 1424 00l 099 L L 18l
5 9¢€8 002 0cel 4 2 8LYL/LLYL
2€99 LOEL 0882 8LL9L 1 02 £ 92 Ll
182¢€ 8LvL 088¢ 815°91L b 02 £ 92 9l
J2uung J3JULM bBulalM @207  350) 3ulod 4 SS v g # 9078
(4eak/§) sbutiAes ($) s3s0) (43qunu) S3jutod
P,3u0)
I 378Vl

il



€€2 009 09¢€ 0v65 66 6 8L€2 !
€62 009 09¢ 0v6S 6 6 LL£2 .
£€2 009 09¢€ 0765 6 6 9/£2

€22 009 09¢€ 0v65 6 6 €2

€22 009 09¢ 0t65 6 6 vL€2 |
€€2 009 09¢€ 0b6S 6 6 08Y 1 |
92 €€9 019 0465 6 6 6LY1 m
9€2 £€9 019 0465 6 6 €8yl _
981 I 0LS 0825 8 8 862

822 18€ 09€ . 096€ 9 9 88t

9€2 €89 019 0%65 6 6 SLpL

962 £€9 019 0825 8 8 9811

222 009 09¢ 029% L L G8Y1

€22 009 09¢€ 029% L L vavl

052 266 001 029% L L 162

€22 009 09¢€ 095t L L FA: 07 B

:MO|3q pa3sSL| Sauo [euotlippe ayz snid sbuLp|ing aAoqe 3y} ||P S8pn|oul I 3se)

IT 3SV)
082°‘vt$ 9€L°€6$ oLt ‘e 29°£82¢
LEcL LEBL OLY 096¢ L L 8269
w 989 69€L 09% 029% L L 090¢
, e €501 00l 099 L L 1659
, e L86 0oL 099 L L 6¥99
2ot LSyl 008 0858 el el 0659
009 9081 09s 082S 8 8 8109
Jauung " u3juLM BulaLM (207 350D JuLog Y sS v g # 9079
“"(aeak/§) sbuiaes (%) S350) (48qunu) SIULOd
P,3U0)
I 378vl

n e




128 098
096€ 9 “ . i
82 9L 09¢ g 9 9 658
g¢ 91 09¢ 029% 9 9 faeaqL MaN
26 22 0€8 0v1S / L L1t
29 ¢lLL 0lLS 029% L { 816§
o8 L6 09 0c9y [ 9 L 4265
801 091 08§ 05GP L 9 L ‘€€6S
801 091 084 05GY L 9 YA vE6S
801 091 08S 055 L 9 L G265
801 091 089 0SSy L L 16G9
B 091 00t 099 G S €109
16 5§ 09 wmmm‘ 9 9 2011
6HE L £L00¢ oLy 0968 ¢ 6 0665
vie 9le 09§ 08801 8L 8L 916§
vovY 094 0L 065 6 6 L4966
612 GlE 095 099 L l 8744
LvL 1243 08¢l 0v5°21 L 61 61 G9
Gev 9LL olL8 0551 I 9 L €265
vel LEE 085 0566 L l 8 LE6S
Gpl 962 09t 029% Vi VA 6£59
Gl2 06¢ 09t 012/ LL LL £L€2
9¢2 €€9 0L9 096 9 9 9/¥1
vel 65¢€ 09¢€ 0294 / L 000¢
Z1Z 40} ovL 0826 8 8 €98
681 19747 0LS 096 vl 91 TAN |
801 9t 018 0S¢ * b2 9¢ LE €0¢
£SEL LGSt 096¢ 029 / / 6829
962 (1% 09¢ 029t / L 6165
212 0P 09¢ 022°LL [l Al 89€2
29§ 066 09LL 096¢ 9 9 962
€22 009 09¢ 0765 2 PA 0LLY
£e 009 09€ 0vLS Lt 1L 08€2
€22 009 09¢
Jawung J3JULM  DULALM [®D07] 3S0) JuLOg d SS v | ‘#9078
(4eak/¢) sburae§ ($) s3s0) ~(49qunl) sjurod
p,3uo0)
1 378Y1




TABLE II
LOCAL CONTROLS |

BUILDING # SAVINGS ($/year) ‘
(Years) |
BUILDING # WINTER SUMMER SIMPLE PAYBACK |
. )
1482 600 223 1.46 |
297 592 250 1.43 }
1484 600 223 1.46 |
1485 600 222 1.46 |
1486 633 236 1.38 |
1475 683 236 1.33 |
488 381 228 1.97
298 443 186 1.91
1483 633 236 1.38
1479 633 236 1.38
. 1480 600 233 1.44
2374 600 223 1.44
2375 600 223 1.44
2376 600 233 1.44
2377 600 233 1.44
2378 600 233 1.44
2380 600 223 1.75
4770 600 B3 1
296 337 192 2.27
2368 990 562 1
5949 404 212 2
6289 430 256 1.8
203 1551 1353 1
1325 216 1078 1
» 853 443 189 1.9
2000 404 212 1.95
E 1476 359 134 2.43
: 2373 633 236 1.38
| 6539 250 275 2.29
t 5931 256 145 3.0
| 5923 337 134 2.55
F 65 716 425 1
| 4554 324 741 1.2
7741 90 n 3.3 .
! 5951 315 219 2.25
| 5916 760 446 1
5950 315 214 2
1102 2007 1349 1
5925 160 108 4.48
5934 160 108 4.48
5933 160 108 4.48
5924 160 108 4.48
5918 91 85 6.82
1173 12 62 6.9
117 16 38 6
855 16 : 28 6
856 16 28 6




3.0 Energy Savings

The Automation and Centralization of Facilities Monitoring and Control
System Manual, (Reference 1, ECS Manual) outlines 10 energy savings schemes,
(See ECS Manual, Chapter 4). Only four schemes: equipment shutdown, outside
air reduction, outside air shutoff and enthalphy optimization were credited
toward ECS savings. Lack of data prevented analysis of equipment optimization.
Individual equipment performance curves and building heating and cooling load
curves would be needed to properly model the system. The buildings savings
were calculated for the applicable schemes since the building's HVAC systems
weren't compatible with all schemes mentioned above. Savings attributed to
each building can be found in Table 1.
4.0 System Cost

The system cost can be broken down into two categories, non-recurring, or
the initial capital investment and recurring cost which includes salaries,
training, and operation and maintenance. A typically priced system was
chosen for analysis. An jtemized list of non-recurring and recurring costs
appear below:

4.1 Non-Recurring
4.1.1 Central Console

Processor Cost $83,000

Central Processing Unit
Operator's Console

16K Mini-computer

CRT Terminal

Program Package

256 Work Periphal Memory 6,200
Line Printer 10,500
$99,800

10




To properly house the computer equipment, improvements must be made
to the facility, estimated at $25/sq ft and an inverter to protect against
loss of memory during a power outage was estimated at $1000/KVA. Thus the

cost.of the control room can be set at:

Central Console $ 99,800
Renovation 5,000
Inverter 15,000

$119,000

In addition to the above cost, remote points, remote panels, remote modems,
central modem and wiring cost must be considered. For new structures, point
cost need not be counted since they were included in the building design.

4.1.2 Remote Points

The number of each point type was determined to be:

NUMBER OF POINTS

POINT COST/POINT OPTIMUM BREAKEVEN OPTIMUM BREAKEVEN
Start/Stop $400 398 821 $159,200 $328,400
Reset 300 18 22 5,400 7,260
Analog 406 6 9 2,436 3,654
Binary 260 426 860 110,760 223,600

TOTAL $277,796 $562,914

4.1.3 Local Wiring

In calculating local wiring cost it was assumed for points in the basement
that a ten foot run from a point to the remote panel was required, fifty
feet for dampers and fifteen feet for all other points. For building sharing
remote panels it was assumed an additional 75' of wiring was required to
connect the buildings. A1l remaining calculations concide with procedures
recommended by the ECS manual. The local wiring cost for the optimal and

the six year payback conditions came to $44,416 and $70,700 respectively.

N




4.1.4 Remote Panels and Modems

Due to the high cost of wiring, the majority of building have individual
remote panels. In some cases where the buildings are close and the numter
of points is low, the panels have been shared. Since telephone lines are
being used for transmission each panel will require a remote modem. One
central modem is required for every sixteen remote modems. To tie the system
to the computer, 63 remote panels ($2000 each) are required for the optimal
case and 115 remote panels for the 6 year payback case. Thus 63 & 115 remote
modems, $325 each and 3 and 8 central modems priced at $5000 each must also
be included. Thus the total cost of the communication links for each
scenario is $161,00 and $307,000 respectivé]y.

4.2 Total Capital Investment

The total capital investment cost will consist of central system, remote
points, local wiring and the communication link prices. The total cost for

both scenarios is calculated below:

Optimal Six Year
Central Room $119,800 $ 119,800
Remote Points 277,796 562,914
Local Wiring 42,410 70,700
Communication Link 161, 475 307, 375
TOTAL CAPITAL INVESTMENT $601, 481 $1,060, 789

5.0 Economic Analysis
Two approaches will be used in the economic analysis, simple payback
and life cycle costing.

5.1 Simple Payback

Simple payback is the project funded cost divided by the yearly savings.

The total project cost divided by the yearly savings was calculated also.

12




5.1.1 Project Funded Cost Method (A)

Optimal Case

Project Funded Cost
Total Savings/Year

Simple Payback

Simple Payback = $601,000/$98,423 + 44,280) = 4.21 years
Breakeven Case
Six Year Payback = 1,060,000/185,591 = 5.71 years
Mixed Case
(657,400/185,591)= 3.54 years

5.1.2 Total Project Cost Method (B)

Besides the initial capital investment, recurring cost can be
considered when estimating the system price. This includes maintenance,
labor and training. The calculation method follows:

Optimal Six Year

Maintenance 5% of initial capital investment 30,050 53,000
Labor Nx1.24 x 1.29 x 14,000 (N = shifts) 22,400 22,400
Training 1500/man bi-annually 1,500 1,500

Simple Payback = Total Project Cost
Yearly Savings

Let N = Simple Payback Period. Assume training cost will be $750/year.

N = Initial Investment + Maintenance (N) - Maintenance + Labor + Training
Yearly Savings

Therefore,

N = Initial Investment - Maintenance Cost
Yearly Savings - Labor - Maintenance = Training

Optimal Case

N = (601,000 - 30,050) / (138,000 - 22,400 - 30,050 - 750)

N = 6.76 years

Breakeven Payback Case
N = (1,060,000 - 53,000) / (186,683 - 22,400 - 53,000 - 750)

N = 9.11 years
13




Mixed Case

It is assumed that the increased labor requirements to maintain the
remote microprocessors will be no more than one man year ($22,400). This
is considered very adequate.

(657,000 - 32,850) / (185,591 - 44,800 - 30,050 - 750) = 5.67 years

5.2 Present Worth Life Cycle Costing Method

It is assumed in ali cases that the system will be operational in 1981.
Inflation is assumed to be 5%.* The initial capital investment is taken at
the midpoint of construction. Three cases were considered.

The following parameters were used in the life cycle analysis for the
three scenarios.

CASES
I (AR 11-28) IT (TRADOC) III**(DAEN-MS%-
Heating 0i1 Cost $2.82 MBTU ) $2.92 MBTU $3.16 MBTU
Heating 0il
Escalation 7% 9% 10% - 4%
Electricity Cost $.021 KWH $.021 KWH $.026 KWH

Electric Cost=
Escalation Factor 10% 10% 20% - 9%

Applying the methodology discussed in the ECS Man i
results were obtained (payback in years) a1 S0 Kt

I I1 I11
Optimal 5.73 5.16 4.90
Breakeven 8.2 7.26 9.81
Mixed System 4.72 4.39 3.79 :

*Chemical Engineering - Economic trends
**Escalation factors, first number escalation until 1980; second number 1981
and beyond straight 1ine method of escalation employed.
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