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Summary

0i1 delivery data were collected for twenty-four building types at
three Army installations in the Washington, DC area. These data, collected
for F&75 and FY76, were analyzed to determine the heating energy consumed
by the different building types. The average heating energy consumption
as well as the high and lTow samples were calculated and plotted for each
building type. The report provides a data base for determining where
the application of energy conservation techniques is feasible and cost
effective and where the use of energy control systems is mot cost

effective.
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1.0 INTRODUCTION
A major problem in establishing cost effectiveness of energy control

systems and energy conservation ideas is to determine how much energy a

building consumed before the energy control system or energy conservation
concept was implemented. This is especially true at Army fixed facilities
where individual buildings are not meteréd. In order to provide a data
base on Toad demand and energy consumed by building type, an extensive
building metering program-has beén undertaken at Forts Belvoir, Carson

and Hood. Energy cconsumption and load demand data will be available in
FY79 as a result of this effort. However, this type of data is required
now in order to establish cost effectiveness and payback of energy con-
servation ideas and energy control systems currently being planned or
implemented. :

While individual buildings at fixed facilities are not metered, fuel
0il is delivered to individual tanks and oil delivery receipts are recorded
at the Facilities Engineering Directorate at each facility. As a result
of collecting data from oil delivery receipts for FY75 and FY76 at three
Army installations in the Washington, DC area, FESA was able to perform an
analysis that is indicative of heating energy requirements for different
types of buildings.

2.0 DATA COLLECTION AND PREPARATION

The buildings selected were checked for functional occupancy as well
as heated space (square footage). The.oil delivered to a building was
divided by the total square footage to provide a gross consumption per
square foot for each building type. Similar buildings were then analyzed
to obtain a high value, a low value and the average consumption per square

foot per year for each building type for which data were available (Appendixes




A, B, C). The data from the three installations were combined using a weighting

factor to obtain the heating energy consumption for a building type in the
Washington, DC area (Appendix D). The data presented in this report could be

normalized on the basis of heating degree days thus direct consumption or

extrapolation of consumption can be made by inference by square foctage. Pages

D-23, Z4, 25 are plots of the three installations compared toc the area hase-
1ines.
2.1 CALCULATION OF THE HIGH, LOW AND AVERAGE HEATING CONSUMPTION

011 consumption for each of two years was obtained and combined. The
average consumption for each building was obtained by dividing by two giving
gallons/year.

This number was then multipled by the BTU's/gallon yielding BTU's/year.

The BTU's/year then divided by the square footage of the building to
obtain BTU‘s/ftzlyear.

A1l the buildings of a class on an installation were separated to give
the high and low consumption. The average for that class of buildings
on an installation was obtained by summing the total BTU's consumed per ft2/
year and dividing by the total number of the buildirgs for this area.

If the sample consisted of just one building, (its) consumption is used
as the average consumption for that type of building.
2.2 CALCULATION OF THE COMBINED INSTALLATION DATA

The total average heating consumption in BTU/ftz/year for each type of

building was calculated using:
n

The total average or b Z : building are.asi X average consumption

the average line i
f

i = building

Zn building areas

.i




The baseline data were calculated using a weighting factor which is
a function of the total square footage of a particular building type at an
installation. The use of a weighting factor precluded the information

from one installation masking the data from a second installation.

n=3
The baseline of heating }E: installation consumption; X
consumption for a specific = veighting factor)
type of building i=1
i = installation weighting factor

Weighting factor = weighting factors were derived for each building type at
an installation. The weighting factor is a function of the
total square footage of a building type at a specific
installation.

3.0 ASSWMPTIONS

The data presented are based on the following assumptions:

1. The o0il was actually delivered to the specified building tank and
receipts reflect the correct building.

2. There is no leakage from the oil tanks and no spillage. |

3. A specific building could be off by two tanks of fuel in the two i
years studied and is a function of the fuel in the tank at the start |
and finish of FY75 and FY76. 1

4, The oil was actually consumed in the time period of interest.

The data and conclusions should be applied cautiously since single

building samples do not reflect averages and building consumptions is a

function of the mechanical equipment located in a specific building.




4.0 RESULTS
The average heating consumption hy building type for the three
installations ranked from highest to Towest is given in Table 1:
TABLE 1
Raqﬁed Consumption

Heating gonsumption*

Rank Building Type BTU x 10°/sq ft/year

] Fire Station 323 single sample
2 Museum 302 single sample
3 Theater . - 2113

4 Gymnasium 213 single sample
5 Band Auditorium : 210 single sample
6 Motor Repair Shops 176

7 Field House 169 Single sample
8 Chapels 156

9 EM Barracks 136

10 General Instructional Bldgs. 123

11 Library 117 single sampie
12 Post Exchange 106

13 Officer's Mess 102 single sample
14 BOQ 102

15 EM Mess 101

16 Laboratories 100

17 Recreational Center 99

18 Warehouses 93

139 EM Barracks with Mess 89

20 Admin Offices 86

21 Officer's Family Housing 85

22 NCO Family Housing 64

23 Commissary 41

24 Bowling Alley 36 single sample

*Values were rounded

Table 2 delineates the distribution of thermal energy at a typical

installation.

percent of the total heating space requirement for seven different categories

of buildings.

The percent of building space is given relative to the




TABLE 2

Building Consumption

% of Total Relative % of Total
Building Heating Heating
Category Space Requirement Requirement
5 Troop Housing 32.5 1.00 30
' Family Housing 27,9 1.45 36
Administration
& Training 11.8 1.10 12
Hospital &
Medical 3.7 1.20 4
Community Service
3 & Commercial 7.1 1.30 8
i Storage 7.6 .65 4
Maintenance Pro-
duction & Misc. 9.4 .75 6
The study results indicate that community service and repair facilities
are the largest energy consumers. The high energy consumption by fire sta-
; tions and repair facilities is probably due to high ceilings and large doors
at these buildings. The community service category and the maintenance category

f building types represent 14% of an installation's total thermal requirements,
but only a small fraction of the total number of buildings found at a fixed
facility. As a result, it is anticipated that the implementation of energy
conservation concepts and energy management systems in these types of buildings
would have a high payback. The ranking and the energy consumption for a given
g building type will be affected by the consumption factors in Table 3 and may
offer an explanation as to the high or low energy consumption of a specific

building type. A1l of these factors contribute to the diversity in consumption




between types of buildings and within types of buildings. Calculating the
consumption on a foot-cubed (ft3) basis would narrow the difference between
the highest and lowest ranking. However, for the purpose of this report,
this information was not developed.
TABLE 3
(From Reference 1)
Factors of Energy Use

PRIMARY

Equipment

Climate

Population

Building Volume

Age and Condition

Functional Use

Construction

SECONDARY - Operation, time element, i.e., mode of use
THIRD ORDER - Internal and external effects
- i.e., steam supply, radient effects

FOURTH ORDER - Parasitic effects - i.e., pilot lights

Troop housing and family housing represent the major consumers of
thermal energy at a fixed facility because of the large number of these
buildirgs found at an installation. A review of Table 1 in conjunction with
Table 2 indicates that "Barracks" types of buildings would be promising
candidates for energy conservation measures and energy control systems.

Family housing was the lowest building consumer category at the three
installations examined. This could imply that military families are aware

of the energy crisis and are practicing energy conservation. In performing




e

the analysis a discernible trend was noted in that energy consumption was
a function of rank, i.e., the higher the rank the more energy consumed.
This effect was noted both in Officer and NCO family housing, however, the
data collected were not sufficient to draw any conclusions in this report.
5.0 CONCLUSION

The results of this investigation provide a data base of determining the
heat energy requirements for different types of buildings at fixed facilities.
While the data is based on 0i1 deliveries to three installations in the
Washington, DC area, it can provide a basis for implementing energy conservation
concepts and selecting buildings for energy management control systems until
better data become available.

From a study like this the baseline of heating consumption for every
type of building on Army installations can be estimated and the comparison
between the installation's consumption and the baseline consumption can be

made.




REFERENCES

1. Characterization of Energy Usage on Military Installations, USA

Facilities Engineering Support Agency, 22 October 1974.




APPENDIX A

INSTALLATION NO. 1

A-1




13 025°GL

2
298 ¥91 298" ¥91 0£5°52L 80L°L2¢ L6l sse|b-poom| 91 02L Y syoedueg W3
44/33/nL8 40 spue
-noy3 ut uotrjduns i ol i jLLng adAy mwwa .uww..;wm adk)
-u0d bHurieay 4o ae3ak/_33/n19 00 J4ed 3Jan3ona3
abeuaae |e303 3yl HNN S A S ‘ou | buLpling burping

L :ON

NOILVTIVLSNI




® l/mo

S PR

NIWGILSIING
14 OS V3V .
0008 0009 000t 0002

0000
1
! ®
|
i $—
b NOILJWNSNDD ONIWV3HW 4O e [ .| . _ _:_ _|
¢o8 vo_ﬁzj Jovy3AY 3HL :
T . ”
[*ON [LSNI
®
®

oJe)

oSl

00¢

0G¢

IVIA%4LA /0 LE OCOI

A-3




243 GL0°891

LSL°06 9Q9°¢8 9661  P3Id4DU0I-}ILug| ¢ alLecee

Gl €8 2Ly 18 6961  p3s4aduod-3dLlug| ¢ 09¢ ‘8l

SLL719 vGLS§S 8Y6L-LYbl PIBAUCI-HILUG | ¢ 008°91

604709 2vol sse|b-poom | | LLL EL

80t °€CLL Lve6l sse|b-poom | | ‘s

GL8- el Lv6L sse|b-poop | | 296°9

229°8¢L 00¢-¢EL Lv6L-0v6L sse|b-poom| ¢ G8E*S

£€69°46¢1 oSl Lt Lvel sse|b-pooM | ¢ 02,V 008
4A/33/ni9 40 spue abeudA MO o e
-noy3 :w uotjduns ¢ ! 31Lng ELIYE mwwn uwwLWm adA}

-u0d butjeay j0 NTELY J4e3 3J4n3onu

Moo dleg /333/N18 0001 A an3ona3s .oy | butpring buiptng

L :ON

NOILVT1VLSNI

A-4




08 |
L4 08 VIV
000bZ_00002 0009 00021 0008 000V

®)
o
o o
° —
& 4 . =
010 ERE e vt i e INOLLJWNSNDD oNLyanl N 1
40 3NIT FHVI3AV 3H
. ] ool ™
° g v
(]
|A
® .. —w
®
= O¢l 70
|*ON "LSNI




Num 89€ ‘68
. v6E"68 €26°2¢L G96°09 6E61L poom-3oLtug| ¥ [0L°21
S06°911 5087401 L6l poom-Xotuag| t 6L1 Y
5187821 96596 GE6L-pEBL poom-3oLag| v L9v°e
68¢°89 PAS I A 9G661-0G61 pooM-3DoLag| € 099°¢ S4301 440 404
bursnoy A Lweq
JA/33/018 30 SPUBL  5F5494 MO VIR
-nou3 ul uoijdums 4 g 11Lng 3df) mwﬁ_.n uwo;wW adAy
~u0d burjeay 3o aeak/,33/N19 0001 4BIL aunjonays | bulp|ing
abedase | P03 3Y] 4 ou | butp|ing

L :ON

NOILV TTVLSNI

A-6




S¥YIADI440 HO4  ONISNOH  ATIWVA
14 DS vIYV

O0QEl _000¢] 00001 0008 CO09 000F CO0¢
. 06
L [ ]
" | 3 .
it 751 et f o et s
. 00!
® [ ]
o o
. OGSl
I:ON | LSNI
®
00¢

dv3aA /L4 /7018 000

A-7




mum v18°8S

“92v°69 gEab " LS 19799 ULS"8S 9901 poomM-3otugi € GO 0L
LUL"SS GE6 ¢S LEL LS 9561 pooM-3oLlagi € S0€E°9
8591724l 199°¢lLl 0oL pLL 0€61 POOM-32Lug| ¢ 96" L butsnoy
ALtwey QN
JA/33/0LG 40 Spuel 36043 MO 6t g s
-noyz ui uotjdwns v 1 W 11Lng adk) mwwn uwm..ww adky
~u0d buljesy 40 ae3k/ 337014 000 J4ed a4n3onu} butptn
abruaAe (0303 3yl \N 3/ L A S -ou | BuLpLng LpLing

1 :ON

NOILVT1VLSNI

A-8




ONISNOH  ATINVS

14 0SS v3IYV

0002 _0000!I 0008 0009 000F 000¢

A e — . = e+ -

LSNI

06

OOl

OGlI

00¢

dV3A /L2 /7NLE8 COCI




oM 649 LbL

. 5 342U02-%DLug L £16°2¢E
) LEv'v8 Gm.mm wmmﬂ Mm;ocoulw__u.?_m L 199°€2
Lo 2661  [F1840u0d-yoLug| | ELG°€e
S0y 05 GEpL  [aeuouod-yoLuag| | 9L LL
£v6 a8 1761 sse|b6-pooM| | Lg2°GL
Sm..\.i yS6L  [sseb-93840u0)| | 8L9°El
H Ev6l sse b-poom| | 080" L1
memwr 261 91340U02-pooM| | cmmnm i
. ghe° L9 0961 [P3840u0d-3oL4g| | Ge8*¢ -iish Fsblng
(e43UY UOLY
-eU3SLULWPY
v, 0 spue MO ybLy 6pral 33 °bs
w:wﬁ\wwmcw:nmz gliyocnkusny L 311ng adfky mw o m:wmﬁ:m
-u0d bHurieay 4o meh\mut:hm 0001 Adeaj 34n3onu3g -ou | Butpying LpLL
abeuasaAe |e303 9yl
L NOI LV TTVLSNI

o i et b




S30440 dand TIVA3N39 NOLLY Y LSININAY
T4 O v3AV
000S¢ 0000€ 000SZ 00002 000GI 0000l 000S

o
e — 08 3.
® ° L4 W
(O bl AdNOSND0 SNILYAL . o e g b0 R RIS ) el 3 =
VPO INA 3bvdI IAL * . gy -
. OO0l . M <
" ||— .14
nN
[ ] - ;
A.
@
. . 0S| m
"ON| L3N o
70




A
(N
b 1
<
Z4 651719
LS° 601 612" 191 : 961 [993s-3201g) | 000°S1L
€0E" 561 L161L sselb-poom| | 9zL 0L
3 1850 961 pooM-a|L]| | 02L°6
L0 GG b6l poom-ajLl] | L12*e
¥GL° 621 P61 poom-aLLLl | 0ZL‘6
062" LE 5561 [993s-320(g{ | 2861 asnoyadem
~dund |euasuay
4£/33/n18 j0 Spue abeuan MO BLp s
-noyl ul uotiduns v 4 e 11tng adAy mwwn uwmgwm adAy
-u0d buijesy 30 T
saveg 4 4ecA/533/018 0001 43 ) 24n3onis | .oy | surpiing buip|Lng

abeuioAe 2303 3ayf

L:ON  NOILYTVLSNI




INST. | NO:[
RA

HE
EA
I6000 24000 32000

BOIO(.)

O
o
(¥}

O
o)

Kol ——

O
=

JvIA/LLL / NLE 00C!

AREA SQ. FT

WARE HOUSE




¥ 20%°/9
£62°0L2 L9L° (81 Gv61 sse|b-poom| | 0zz°LlL
988°96¢ 2L 6EL S LE ovel pooM-3oLugl ¢ 0ove‘e
Lol el 6€6L POOM-%0 L4g L 956°8
€05 vt 9961 sse|b-19935| | LSL°S
660" LEL €961 [@93s-)2019| L €0L°S
» 928°88¢ €961 [9935-320]9g L 090°S
LLY ¥9E €26°502 697697 2v61-0v61 sse|b-pooM| ¢ 80L°‘E
9Eh L Lv61l sse|b-3935| | goL‘E
€eL" e G561 [893S-pooM | | 00S°1L doys
JLedad 4030l
4A/33/018 30 spue abeuan MO ybtH -

Lo 4 11Lng adky awwi < Mg adk|
-uod butiesy j0 de3A/_13/N19 000 ae3dx 34n3ona} . putpn
abedare [B103 Byl /2 - J ou | buip|tng tpLing
1 :ON  NOILVI1VLSNI

A-14




dOHS ddd dOLOW
14 DS NEay
00002 - 00091 0002l 0008 000%

E
.. ® p
| ° » 002 <
SINCUSOSNGD ONMyaH | e 2 @)
€62 042 G INT JovIIAV IHY ° O
. O
i A
) 00% (98]
° —
(=
e
n
[FON | ISNI bes -
~
. -
>
008 70




A-16

44 06€°9L
8GL LLL 8GLLLL 26b° 261 2SL°v6l Lv6l sse|b-poom| G 8/2°¢ | bplq L2deu)
AA/334/018 30 SPUB|  S6p,aa Mo ybLH VIR
-noy3 ul uorjduns . e 311ng adA) mwn—vn uwm._Wm adAy
-uoo Buileay 4o aeak7_337n18 0001 Jedy aun3onuys |, ButpLin
abeasre 2303 ay] G ou | bup|ing tpLLng
L:ON NOILV TTVLSNI




dlinal

13dVHO

g

V3dv

0002 _0000! 0008. 0009 000 000¢

G LA LHpr——etd

0S
00l
FON [ ISNT o oS
il ( 3
e e e
T 002

dv3A/,Ld /NL8 000

A-17




AL 500° 20l

90586 0L9°2L (561 pasaouod-yoolg| 1 PYLED
L16°t8 6561 1993s-300(g| | 595°12
1S9°€ELL [S61  padaouod-yatag| | 762°€ L
095° L6 2661  P32aouod-yoLag| | 52621
062°€0L 5961 a3840u0)| | 958°S
; 008" bbE €961 [p3auouoo-yorag| | 02€°2
vSL S ip 6yl [mounuoo-yorag| 1 0£8° |
826902 €961 mmw_.OIWUmLUCOU 1 _.NOa 1 mWwOQL:Q
_.wswcwmu
Aa03ed0qe
4£/33/019 30 SPUR|  Sfpuan MO 1 s
-ndyy ul uoryduns . 1 - 311ng adky PLY "3 o adk|
103 BuL3eay 40 37337018 0001 NN aunponys | 30 mcwv._.wsm Buip|ing

9feuaae |e303 3yl

L

ON

NOILVTIVLSNI

A-18

M st s




gVl
14 0S8 Vv3dv

0000t 000SE 00008 00052 00002 _000SI 0000 000
e L e e e g () 8
1002
4” {ooe
|
FONT ISNT| o
| |
| |

JYV3IA /L4 /NLE 00!

B 4

A-19




24 160°09L

8£8°8¢21 998756 8261  [93340U0D-JLug L L9G°€EE
891" ¥0L SLL76L S0/L7¢EL 6261-826( [93340U00-XdLug| € 26Ehe
GGE"€Le €661 sse|b-}d019 L vLyeLL
p €20°€6 Zhbl 93942U0d-pooM § 089°L
L8 661 LV6L  [P3840U00-%001g L 996°9
(WA XA ¢G6l  [P3940U0d0-%d014g L ARAR
GG6°8L1 8561 sse|6-19935 L 000°2 buLpping
: “3SU] | B4BU3Y
4£/33/018 30 spue abeuan MO bLH 11 -
-ndyy oy ydune £ ! : 111ng adfy mwwa oy adAy
-ucd butjesy j0 NTEYY Je3 aJanjonu
Sbadiy (9163 S0k \Nuw\:._.m 0001 A PSS .o buLp|Lng buLping

1 :ON

NO!LVI1IVLSNI

A-20




G e

ONITING 1SNl TVd3N3O
L 08 NIy
000SE Q000 000G¢ Q0000¢ OQ0SI 00001 CO0S

NOILJWNSNGD ONILY IH|

€38~ == = = T T T TG INT 30V AV 3AL

"ON | TSNT . "

OO0l

00¢

CO¢

O0oY

00S

3v3A/,L3/0L18 000

A-21



214 188°28
685" LCL 180° 801 8961 sselb6-yoo1g| 1 676°8€
895" /9 5961 sse|b-yoLag| | 5902
SLp €91 2v61 sse|6-poom| | 820 Y
299" LLL LL0°86 8507921 | Lv6L-0V6L sse|6-poop| 268°2
621" 651 061 sse|6-pooM| | #99°2
£v6°8LL G561 sseb-yo0(g| | 0£2°1 SSay S, Udl
palsL(u3
44/33/019 30 SPUR|  SfpugA MO ybLH g
-nou3 ut uoiaduns v 11Lng adAy 1% i S adky
-uod butjesy jo 4eaA/ 13/Nn18 000 4e3 ) aun3dnuls |, butptn
abeaaAe | 0303 8yl /2 L ou | bulp|ing tpLing

L :ON

NOILVTIVLSNI

A-22




68510

‘SS3N

N3IANA3ILSITING

0S8 14 v3dv

S _0000¢C00sz 00007 00091 G001 000G
S
@
- WZO_._.QEDmZ,. U@Z_._..dimT_[-l ’ D e e .HP.-I-[OO_
¢ T hoaNm 39a3av 3Hu T T T .
| | . ®
T"ON | LSNI R e
002

dV3A/.L4 /018 OCO!

* A-23




A-24

p34 GEE“ VL
168" /8 256768 ov6L  [93940u02-32L4g

L GEY 0L
. 6lLL LL GL0°€9 ¢9¢ " 08 0v61L 93342U02-3214g & 921 “0¢
4 2807 ¢LL PE6L  [9394DU0D-}IL4g L 91/°Se
656°66 6261 93940U00-3JL4g L 2EE ‘12 SSOl Y3Lm
E)oeddeg S, usy
pagsLlu3
44/14/n19 40 spue abedan MO ybLH 34 -
-NOy3 UL uoLjawns E 31Lng ELTY mwwa uwmgwm adA) _
-u0d burjeay 40 Teak/.34/N1d 0001 B3 aanionuis | . futpin
abedane 303 3yl \N ou | butpying SRS

L:ON  NOILVTIVLSNI




SSIN  HLUM S NIWA3LSIING
‘14 "OS  V3IUY
000SS 0000€  000S2 00002 QO0ST Q0001 000S

0o¢
[
ool - - — SNOLLIWOSNDD ONWIHL .l b
ey *Lo NI Zopgany FHL 4
—@- - .
Z [FON | LSNI OO0

oSl

YV3IA4LS /018 000!

A-25




A-26

veETLLL vv6l sse(6-poom| [ 008°¢ [9bueydx3-3sod
4A/33/N18 30 SPU®R|  3BpuaA MO bLH 11 °bs
-:m;a uL uotjduns v 1 4 11Lng adfy mwwn umeWu adf}
-u0d buijeay jo mezxmuw\:Hm 0001 4837 3J4n3on43§ -ou | 6uipying fuipLing |

abeuane |e303 3yl

1 :ON  NOILV 1 1VLSNI




SL6° 16 b6l [12t4q 33a4ouodl | 0Le‘9e 433U3)
-33340u0)| - UoL3e3u23Y W3
J4A/33/n19 30 spue abeuaa Mo ybLH o
-noyl :w uotjduns . 3LLng ELIY mwwn_ uww;ww. adAy
-uod putjesy jo aeak/-33/n19 0001 ded; 3J4n3onuls % bu n
abedaae 0303 3y) ¢ ou | buipyting I
1:ON  NOILVTIVLSNI

A-27




59p°€61 Op6L  [preaduco-ydLagl | 256°GL J83e3y]
4£/13/n19 40 spue abeuaa MO 6LH il g
-noy3 ut uorlduns v 1 4 11109 adk) mw%a uwwLWm adk|
euea Guiatey 48 TesA7 337018 0001 Jea ) aunjonu3s || butpin
abeuaAe | P30} 3yl ¢ ou | buLpling pLLng
. \ )
L:ON  NOILV1TVLSNI

i et i

A-28




A-29
.

12€°9¢ G961 sse|b6-3oLug L 00v“2Z ([A311ly butimog
J4££33/n19 J0 spue abedan MO 6 .
N -:%5 uy uorjdumns v 1 WO ung adf) mw%_ .uwo..Wm adk)
-uod butjeay jo FTELYA) Jed aJan3ona
sStioRe L030n UL Al33/N18 0001 A EELEE AT P BuLpLLng burping

Lt :ON  NOILVIIVLSNI




me»wwum\:Hm 0001
abeudae |e303 3yl

*ou | buiplilng

800°6L b6l  [93342U0d-3OoLug| | 868821 AJesstumo)
AK/33/NL8 40 SPUR|  aFpuan MO 6LH (g
-noy3 ut uotrjduns v 1 4 311ng adf) mvwn uwmgwm adA]
-u0d butjesy 40 ded A 34n3on43g 3 buip|ing

L sUN

NOILVIIVLSNI

A-30




T

806891 Lb6L pPOOM- | 333§ L 8LL°22 9SNOY P3aly
4K/33/n18 30 SPU®|  aFouaA MO 61H Yok
-noy3 ur uotduns v i 4 21Lng adf) mmwn uwwgwm odky
-u0d burjeay 4o Je3k7,337018 0001 Je3aj aunjonays | o BuLp|ing burpiing

dbeuaaAe |e303 9yji

(e

ON  NOILVI1VLSNI




ONIdINg 40 SANIM
© 14 08 v3IYY

IN3d344d

Q08¢ | OO0 OO0 OO08! Q08 OO0V
< :
A3 TV ONITMOR
®
BRIEINERL SIS ERPER] ,
HONVHIX3 ﬁmoa
° ,
ASNAH a3y . ﬁ
I"ON | "LS NI JIIVIAIL —

OO0l

00¢

Q0%

YVIA /L4 /018 00O

A-~32




IND NOILY D30I

|

(@]
=4

SSIW N3
—
2 I
= O LSNI N3O

dOHS 3% Y3UOW
3ISNOH I YYM

321330 WOV

’ oYel ‘W3
(o] o o Q [o] (@]
o e} (o] L2 (@] 'o]
5] o~ o~ e =

YV3A/,L4 /1 NLE 000i

SAMPLE

SINGLE




APPENDIX B

INSTALLATION NO. 2

B-1




)14 201 “6€

98L° LLL gL 6Ll 9061 91elS “joLuq
€33a40u0) | | 92981
2607501 6£G°98 G¥9°€clL vroL-0v6l Sy ‘poom
€93340u0) | ¢ 8ee 0L bog
4£/34/019 30 SPURl  SFpuan MO ybiH 3y
-:cﬂ_t, :w uot3duns v 3LLng EL IR mwwn uwwLWm adA)
-u0d buljeay 40 aeo./_33/Nn18 0001 4B a4n3ona3g : = butp|in
abeddAe | 0303 3yl 4 ou | BuLpLng pLtng

2 :ON

NOILV1IVLSNI

B-2




L4 08 v3dY
0002 00002 0009 0002!

SRS SRS T il R

oG

<00l

0G|

B-3

dV3A /L3 /7 NLlg 000!




234 L8V 0pL
£65'28 256° 501 6681 A0L4q “Ausy| | oL
££0°98 3061 ajeys
AOLaq “Auspf | G/9°8
L95°€L €061 aje(s
A0L4g *2u03S | | 00v°8
0£S " ¥8 v42°99 G00° 001 9681 ae(s
oLuaq Ausy| ¢ 068°L
88699 L0S°69 69t 59 8061 aje|s
AoLuq ‘Ausyt 2 885,
ove " LS 9€8 " Y £r8°19 2681 are|s
AOLUG “Ausw| 2 88v‘9
608/ $99°9Y 225768 €061 aje|s
AoLuq ‘Ausy| 2 ¥20°9
G62°65 6681 a1e|s
Aotuq “Ausp| | 8v.°S
226" 2L €061 arels
AoLAq “Ausy| | 222§
L00° €2l 6EL ILL 86t " GEL %61 91e[S-)oLuq
‘93840u0) | ¢ 0t0°s
£26°G9 €061 aje(s
. AoLaq “Ausw| | 18t ¥
892" 69 GE6l ajels-)yolug| L G9L°€
v26° G5 Ge6l ajeLs-yoLug| | G9/°2 SUa2 1440
404 Bulsnoy
Al twey
AK/34/0L8 30 spue abeuan Mo ybtH T
-noy3 ut uotzduns v 1Ling adf] mwwn pmm;ﬂw -
-uod burjesy 40 aeak/ 33/nLg 0001 Jeaj aundonuis || " buipyin
abeaane (0303 Ayl 2 ou | putpling e
z :ON NOILV 1 1VLSNI




SYA0I440 Y04 ONISNOH  ATIWVS
14 DS v3AYV

00Qk._000Z] 00001 0008 0009 _000% 0002

[ J
s € SR
° o | O O
° ® °
o | ® i e . m
Bﬂ.d@ =S u Ok&kcﬂ@?.@“l@ui&m‘.uu T SR e S L B . - ey R — -4
2 CBTTI0 INIT FOVIUIN S|HL s # L 9
00l c =
(] = y
° mn »
° M. ]
ZTON| ISNI| LR
>
'4
007¢




B-6

. ¥4 §61°62
, vEY 6L 269°6L 86.°09 088 66 2e6l 33®S-}214q ,
€ajaaouo)| g v8L°Y
¥S8°LL vE6l 83e|S-3oL4q
€93940u0)| | 160t butsnoy
AL twey QIN
. 4A434/018 40 spue b1
o’y uoyaduns| i Pay ing adA] o T adAy
-u0d BuLjeay Jo t 30 eaJe
L1eay 4 o3k 337N18 0001 Jeap aamanas |0y | uiprang Butping

rmma;m>m |R303 dul

2:0ON  NOILVTIIVLSNI




ONISNOH  ATINV4  OODN

14 VS vIIV
00021 0000I 0008 0009 000 0002

" 0¢ &5

'y Q

o e b . NOILIWASNGD ONILVIH} e i e e O

PEL 6L JJ0 INIT TI9WIIAV IHL P &
S OO0l M i
_ ~ v %

-

_ og] &

Z°ON | ISNI i S

_ L

| 5

00¢




233 v82°LLL
LoL 4L LG8 G 9681 se “joLug L 696 °G¢E
€6/°89 6681 931 [S-3dL4q
€33342uU0) L 888°81L
218799 0061 91R[S-3914q
‘938u0u0y | | 105 5L
6bt0LL Lv6l se ‘poom
bA9Ld 93340u0) | | 0126
09€ " ¥S 6681 se-3oLuq
‘93a4duo) | | L09°8
859°G6 0061 93B|S-321uq
@3a40u0) | | 062°8
€22 Lyl G681 93| S-3oL4q
€93340U0) L 086°9
GEE 08 0061 93e|S-)}0L4q
93340u0) | | 280°9
PEG 9rL vE6L 93e|S-30Luq
“a3a40u0) | | 98 Y
£50°¢281L Lv6L St ‘pooM
€93942U0) ) | €€6°2 |sedLiip -dund
[e43udy uoLl
-e4]S LU LWPY
4A/33/n18 0 spue aBeUaA MO b R R
-noy3 cw uot3duns RIBAY 1 YOHH I1Lng adk} mwwo uwwgwm adAy
-ucd buijeay 40 TE J4e3 34n3on43 : R BuLp|in
abesaAe [v}03 9yl NNNHC\:Hm 000L A S ou | buLp|ing lpLing
¢ :ON  NOILV11VLSNI

B-8




S301440 dadnd TIVA3N39
T4 ©S v3IAV

NOILV Y LSINIWAY

000Se 0000 00082 00002 000SI 0000! 000S
_ NOI L JWNSNGD SNILVYEH : _I
F =15y T3 SN vasga3Ay kL] T T T T ST Ty
. ®
: e |
” ¢*ON | 1SNI
| :

0S

00l

ole)

JVIA/LL4/ NLE 000!

B-9




” -u0d futieay 39

pr 109201
9v€ "621L LLL-zet 6€61 bes 3oLuqg
€93340uU0] | | 989°‘6t
961°/8 €681 AoLuq
‘93840u0) | | £20°91
€92°8L £vel 331e|S “}oLuq
€93a40u0) | | A8 A1
Lbe 2S Lvel Se ‘poom
€a3a40u0] | | EEE‘E
108°22 *3syJm abpuaols pajoo) 9261 Se “)IL4q
: €33a340u0] | | GLES
eLL 26 5061 931e|S-}0L4q
. €933a4du0) | | 0gz°e
988" LEL 9681 se
‘pooM %4o14q
€93840u0) | | 22l asnoyauaep
*dund [eadusy
4£/33/018 30 SPURL  3Bp 94 MO 61 o Jfe
-noy3 uL uotiduns . ¢ Haks 3|Lng adAk) mwwn umngm adA)
AR3A/ 31/ Je9 un3onu I & puipyin
oBtoAY |19 84 \Nu nlg 000L A 30N 8 ou | Butpiing tpLing
2:ON  NOILVTIVLSNI

B-10




3SNOH 3dVM

14 0SS Vv3idv
0009S 0008y  Q000t  000Z2e 000be 0009

0S
o]e]
| .| NOILINOSNDD ONLYIH :
HO NI u@?&m\& 3H] R R el (ot et 3
Z*ON | "ISNI 0S|

00c¢

Jv3IA/L4 /7 NLlE 00C!




14 285°¢8

B-12

066° L6 8L 28 6161 se *yoL4q .
¢@3940u0) | | 0v2°12
6G€"901 ove L 1®33s
pajebnaaod
“93840u0] | | 00v°22
028791 o6l se “33t4q
“@3a40u0) | | G608l
066°61LL i 9061 Se “3YoLJ4q
‘a3auouo) | | 1228
vL6°0€C vEo6L Se
Y19 93342U0)
€93840u0) ¢ | 929°L deys
JaLeday 4030y
4A/33/018 40 SPUBL  SFpugA MO 6tH el
-noyz ut uotjduns v . : J1Lng LY mwwn uwm;Wm adA)
-uod futjeay 40 Xe3k7 337018 0001 RLE)N aan3onayg || - butpying
abedaae 0303 3yl ¢ ou | Butp|ing

::ON  NOILVTIVLSNI




dOHS

3OLOW

14 0OS V3ay

00082 0002 0000¢ - 0009

0008 000V

®
g n sl :3

olo
[CIRSS

Luiv

J OZE.»QH:J

bt el

e
OqJd IAY FHL -

L o — e — e — s = -

00¢

o]e}7

009

008

B-13

dV3A /L4 /NnL8 000!




-~

2 LeLeol

£80°8L £80°8L GE6L S “30tuq e
€33840U0) | | £21°01 Ladey)
AK[33/n18 30 SPURL  5fpuap Mo ybLH i
-nouy3 cm uotiduns v : JLng adA| mw.wn «ww.»wm adA
-uod Butyedy 40 de9A/.34/NL9 000 43 A aunonay : - Buipyin
abeaaae |©03 ayj AifgH ; . ou | burp|ing Hing
: A
¢ :ON  NOILVTIIVLSNI

B-14




900" 201 9681 93e[S-32oLuq
“a3a40u0)| | 000459 ssap
$,4321340
4A/34/018 30 spue abeuan MO b1
-noyy ut uorjduns v i s 11Lng adk| mvwn .uwm.cm adky
-u0d> butjesy jo NTELYAY Jea aan3ana3 ge g _ rous
sBusne 10303 S \N 3/0L9 0001 A $ |-ou BuLp| Lng buiping
z:0ON NOILV1TVLSNI

B-15




981 "85S gL6l se ‘poom
€a3s40u0) | | 080°8 SSOW W3
4A/33/018 40 Spuel  gppuanA MO bLH I
-noy} ut uorzduns L ! ! 11Lng adk] mwwn uwwLWm adA)
-uod Buijeay jo 4eak7,337018 0001 dRaj 23S | .54 | supring butp(Lng

abeusae |e303 BYy|

¢

ON

NOILVTIVLSNI

B-16




el el L bl Bl el Lo

B-17

ELEE6 5161 83e[s “}d1uq
‘93a.0u03 | | 180°02 SSOW UILM
syoeddeg W3
JA/34/018 40 SPUB|  Sfpuan M0 6LH ‘ay -
-noyy ut uoiduns ' L 4 3L1ng adkL mwn—,a uwm.hm Sati
-uod butieay jo Te37, 337018 0001 aea ) 38 | .50 | surpring Buip|Lng

9beudAe |e303 3yj

. :ON  NOILVIIVLSNI

I P R e (e



L2822 €61 93RS “HoL4q

€393942U0) L 118 y2 wn L SeuwAy
4£/33/n18 J0 spue abedsh MO ybLH VIR
-noy3 :w uotidwns v 3iLng adA ) mwwn uwwgww adA)
-uod L13e3y 40
02 bulje3y 4 ..Simf\am 000L ELEDY CEURIS(ERAN -ou | BuLp|ing buipring

abeuanre |p303 9yl

z :ON  NOILVTIIVLSNI




SYETLS 7061 93elS “}dluq
€33940u0)| L 296/ |ebueydx3y 3sod
4K/33/0L8 30 SPUR|  SBpuan MO b1 S
-:o«:u uL uorjduns i e 2k 3LLng adf| mwwa uwwgwm adl|
-u0d butjesy 40 JeaA/_31/nL8 000 J4ed 34N3oNUY furpyin
sBeaBAe [€30%, S 2 4/N18 0001 A S -ou | Butpying tpiing
z :ON  NOILVITIVLSNI




EEL VLS 6261 se “3oLuq

‘ajauouo)| | 1S58t Jajeay]
44/33/019 40 spue abeuaAy Mo ybLH 6plal 34 bs
-noy3 ut uotjduns 3LLtng adA) 30 g m:m%?
-u0d butleay 40 meaﬂwﬁ\:.& 0001 NL-C) 3uan3onu3sg -ou | ButpLing LpLing
o9feaanre |©}03 By

¢:ON  NOILVTIVLSNI




B-21

?90°LLL 6261 se ‘albuLys
b so3saqse
‘ajauouoy| | ¥9b°9 Aaeaqty
4A/33/n18 30 spue abeuaA MO 6 Vit
-noy3 up uotyduns v L L e adA ] SpLgl 34 bs wfL
-u0d butjeay j0 FUELY Y 0 J4ed a4n3onuay 5 b n
abedaAr 0303 3yl /33/n18 0001 A s ou | Buip|ing utpLing

z:ON  NOILV1ITVLSNI




B-22

¥58°602 2v61 se_‘pooM
“33840u0) | 199¢/ pueg ‘pny
JA/23/NLi8 30 SPUR|  35p4aA Mo b1 s 4
-noy3 ut uoiiduns = t ik 11Lng adk). mwwn uwwgwm adAj
-u0d buLieay 4o NTELY SRV 000 4p3 34n3on43 . ButpLn
afieaane (0307 9yl blE ; S | -ou | ButpLing e

z:ON  NOILVTIVLSNI




B-23

(89°2¢¢ 6061 93e[s
3¥OL4q pooMm
€93au4du0) | | 88G°€ | ucLiels sdLd
JA/34/01Y 30 spue abeaaa MO BLH o
-:msu ut uotriduns . ; ? 31Lng adA| mwwn umeWm adA]
-uod butjesy jof . Lmuxwmu%wnhm 0001 4R3{ adn3onul g -ou | Buip|ing butp|ing

aheuaaAe [e303 3Yy]

::ON  NOILVTIVLSNI




ONIATING 4O SANIM  LN3J344d |
T 14 OS VAUV
00082 __0O0t2_ 00002 CO091  Qoo2l 008 O00v

JonvHox3 fsou rw_s_ ‘W3 -

_ 13dvHD | O

B

SSIW /M| “SYE ‘W3 i o]0, S

AJVISIT

w

-
n <t
° ° 00<¢ ~ M
WNISYNAAD | | - ONva fanv - .
i .

® 5

. J3iv3aHL <

Z2:ON TSNI E Q0% mw

NOILVLS | 31 >0




S T Sl R T T T e AT R S N i

TR
SRR,

2

INST. NO

SAMPLE

SINGLE

300
250
200
150
100




APPENDIX C

INSTALLATION NO. 3
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APPENDIX D

CONCLUSIONS - COMBINED CONSUMPTION
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