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;Pis paper provides an analysis of energy use on community college \
campuses which justifies the introduction of 2 simple model for describing *
that energy use. The model is then app]led to the data from’80 campuses ! ..

to determ1ne average values for the parameters of the model. gThe model
can be used to measure the energy savihgs of conservation programs as |
. . : |
. well ‘as the .cost av01dance assoc1ated w1th those saV1ngs. Because pr\ - 1

model expi1c1t1y takes into account var1at10ns 1n weather, it provides

a

an esséﬁtigl tool for evaluating‘energy conservation programs.
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' urged that the program be expanded to all camunity colleges 1n the Un1ted
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An Analysis of Energy Use,
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. - Compunity College Compuses . y -
. ”~, . . ’ ? . r.
. by ‘
LI - ‘Carl M. York : - |
Jawrence Berkeley Laboratory - _ /
- ' ) . ‘
\
I.  Introduction .
F 2 v ’ " ' ’ ”
. .

In 1977 a co]]aboratlve program of energy conservatzon on five comnun1ty
/
co]]ege campuses in northern Ca11forn1a Was begun by the Lawrence Berke]ey

L]

Laboratory and the Pac1f1c Gas and E]ectr1c Cqmpany The program adapted ]
a strategy ‘that had been used by PG & E with elementary and high schools in s
the Fresno area for use in the comnun1ty co]]eges After one year}pf this
p1lot program, 1t was est1mated that the five campuses had saved a tota] of

9

90 x 10 BTU s With a corresponding cost avoidance of $310,000. The Uu.s. R

bepartment of Energy, which sponsored LBL's participgtion in th1s program

State$. This was done and a nat1ona1 “program wés Jaunched in January of
A}979 by LBL in co]]abprat1on with the League f0r Innovat1on in the Cosmunity
Co]]eges, a national organ1zat1on based in Los Angeles. Meanwhile the
efforts of PG & E were directed toward estab11sh1ng an on- gO1ng energy
management program‘#or the 120 coTleges and un1ver51t1es in the1r servigf
area " An informa] co?}aboration between LBL gnd PG & E continued and . .
focuaed on the nekd to resolve several problems that had arisen in the
detennination of energy eauings and cost avoidance. '

. 6.
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The most‘important question that had to be resolved was how to correct |
the observed epergy savings for Eﬁ7 fact .that theﬂweather might be colder in
one year thgn in the next. In fact the observed savings might have been due e
to warmer weather rather than the conservat1on program. This proble? was
very similar to the question which was posed bx the nat1ona1 prdﬁram where
the energy use of campuses in Florida wou}d have to be compared with those‘
in Minnesota, if possible. No Simple solution copld be found to thrs"dilemma

1n the literature on the suhject, so a model for.energy use on a campus was

' devised .This paper desgribes the phys1ca1 basis for that model, the stat1s-

tical basis.for be11ev1ng its relevance to the data from eighty of the

-

colleges in the national program, and‘finally 3 discussion of the model
itself.. , s S . . '

An earlier pader1 describes the model.and explains how college admin-

£

tstrators can use 1t to determine the energy savings. and cost avoidance of
. ; - :

programs bﬂ‘their campuses. That paper deliberately avoided the technical

: arguments which are presented here to justify the model and its use>
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I1. Energy Use in Buildings--An-Engineering Analysis ~ ’ ) v
Y .

) s " . -

Shrader2 has written do;n an equation to deseribe the us% of heating

- energy to maint?in a constant temperature in a buiJging, The equatiop cén

o be s{mp11fied to’serve as a basi® for a model which gives the fqe] usage iﬁ

. terms of heating Qegree &ays\pnd ﬁwq'constants which are characteristics of. : ’
3 ' _ the building. ‘The building is co;:idered to be a thermodynamic system

which has both heat losses and heat gains. When £he inside air teﬁperature
§ y *
is maintained at a constant level, then these gains and losses are Just equal

to each other. So the problem is to write down expressions for the heat
\
gains and losses ‘and then set them equal to each other.

The heat ioss_from a building is due to transmission through the

»

building's shell and to infilt}ation of cold air from the outside through

14 -
cracks and other openings. The transmission losses, Ht, can be written .

Ht = A'Y (Ti - To)

]

where: . | A
“. - ]
H, is the heat transmitted through the shel} (in BTU/sq.ft. hr.);
A' i# the total area‘of exposed shell surface (in sq.ft.);
.‘ﬂ is the composite coefficient of thermal' transmission of A
the shell (in BTU/sq.ft. °F hr.); : l{
T, is the indoor temperature (in °F); and )
T, is the ouEdoor temperature (in °F)

A given building will have a thermal transmission coefficient which depends

on its design, construction, and building materials. Hence U can be thought

of as a constant which is characteristic of an individual building.

N

The infiltration heat 10ss includes the heat required to warm the ‘.




outdoor air to room tempérafure, as well as the hedt required to evaporate

water to maintain the humjdity inside the building. The Heat loss by

infiltration, H., can be written: . ’ s ‘ .
. (] Hy = QPCp (Ti,' To) + Qph (Ni - NO) . o
where: Q s the volume of outdoor air entering the building (in
cu.ft.fhr.); . - 2 . - \ i

b is the density.of air (in 1b./cu.ft.);
¢, is the heat capacity of the air (in BTU/1b. °F);
~h is the latent heat of vaporization (in BTU/1b. of. water);

, .
‘M. is the relative humidity of indoor air (in 16% of water/1b.
" of dry.air); and

No is the relative humidity of outdoor, air. :

The heat loss of the building will be the sum of these expfessions,
H, + H,. an"f' . ' ‘ . *ﬁ‘
" The heat gained by tﬁé building can be identified with fouq sources.

They are: thg heat from ;un1ight warming §he outside walls and entering

the windgws, S; the heat gﬁnegated by people's b&ﬁies, P;. the heat given

of f by lights and appliances, E; and finally the heat provided by the_furﬂace,
F, tp-mafhtain'fhe inside air te;peratyre. These heat gains can be addeJ

and then set,eQUaL to the heat losses to obtain the heat balance. That is,

S+P+E+F= Ht + Hi.

If the fuel used in the furnace is gas, and the efficiency of the furnace,

» ’ “‘
" e, is the fraction of the heat energy which goes into the building, then

. ~
F = eG' <:

where G' is the amount of gas (in+BTU/hr.) which is burned. Because we




. -"5" ' \
. . “~~ - . . *
~ . .. .. .
want to express our final answer in terms of the total fuel used pép month
on a campus, let g be the amount of gas used in stoves, water heaters and
other-gas consuming appliances. Then the total gas used gnd recorded on

g the utility meters will be ’ Lo . . .

- o ’ 6

g + G
and : ‘ . o

/
e(G - g) e °

F

If this expression is substituted into the heat balance equation and the
-+

various terms are re&rrangéd, we ¢an write: " )
. 3 g
o | |
6=z f (A0 + QpCp)(Ti - To) + Qph(wi z No) -(S+P+E)+eg]
- = a+ b(Ti - To) o~
» . ~ L]
where 2 ] [Qph(W, - W) - (S +P +€) +eg ]
- . ) ] l
and b = : (AT + Qpcp)
. ’ . J ~

The resulting simple equation

-

G=a+b(Ti-‘T0)‘

*

is valid at a given time. In order to use the gquation to understand fuel
use compared to outside temperatures, we will sum'over all of the quantities
__’/ko; a one month period. Then G would be the total fuel use in one month,
anq (T0 : Ti) is thg total temperature dfffereﬁcg\in that same month: :
The consEants, a and b, would be summed over that month. Thgt ist a

would depend on the total hwﬁidity difference, (Ni - No) during the month,
the total solar heat absorbed during the month, the number of people in

the building during the month (the "occuﬁancy“ factor), and the amount of

10



heat contributed by 1ights and appliances during the month.

. ‘ “«

In a comwunity eo]]ege}fhe number‘of peopﬁe per month ina gjven
building is not the same from oue month~to the next. Nor is the'energy ' .
uséd for 1ighting the same in DPecember as in June._ However, for this . ‘_
analysis t?e/constants, a and b, haue been takerm to have the same values
from month’to month and from year to year. This assumpt1dn will be justified

below for the colleges in our study.
t Pl

The value of the total temperature difference, Ti - To’ can be set L

A

.equal to the number of heating degree days (HDD) in the month. The heating

:' degree day is based on the observation that when the temperature goas
below 65° F, the heaters in most buildings are switched on to maintain a
comfortable inside temperature. Above 65° F, the heaters will not be used.
Hhen the average temperature.fog a given day (obtained by adding the h1gh
and Tow temperatures for a twenty- four hour period and d1v1d1ng by two) is
one degree be]ow 65°, it counts as one heating degree day. The "degree day"

confept assumes'that.the same amount of heating fudl is needed for any
- rs - L4

gombination’Z? cold and duration that, can be added . to give the same number
of heat1n9 degree da% For example, ten days at 64°, five days av 63°,

4
two ddys an 60°, and one day at 55°, all count as ten heat1ng degree days

It is assumed that each combinattion will requ1re the same amount of ﬁue].'

Over the years this assumption has proved to be useful 1n estimating ;
customers fuel needs during periods of co]d weather, SO we sha11 rep]ace

the aVerage va]ue of the temperature dlfference W]th HOD, the number of

heating degree days in the month.

The equation for fuel use, ' ~d . J

6=a+b HOD,




A

" for a single bu1]d1ng has an 1nterest1ng property, when a co]]ect1on of

« the U.S, Neather Service. *‘.\\\ .

.
R .
7{1
*. . . - - . N
(] L -
.

-

buildings is to be heated if'wé indicate ther1th bu11d1ng by a subscr1pt T

*

i to distinguish it from all of the others, then we can write .

*

. : b, - st »
6, =a; +by WO, . o ..~ . '
. i "% i " ] LR A .
for the 1N buiiding. If now we add up the gas used by 211 of the N . )
buildings on a campus, we can wrjte - g . __;/
v ) ’ . .)
. N y N : N ' . -
, . G = ¢ G, 2a)+ Zb)HDD
LU N TR i=1 \
or o T ' .
. ' b
Grop = A+ B HOD ‘ T
. : - " »
That is, the total campus usage is equa] to a constant, z a1, plus

B HDB, where B = £ b " Data on the tota] “fuel use can be used to determ1ne

‘.

the constants A, called the "base use” and B, the "aggregated therma] per-

>

formance index". Notek1 and Fe]s3 have used this approach to predict the

demand for gas by aT] of the res1dences served by a ut111ty district n

terms of the nymber of heat1ng degree days pred1cted for that district by ‘N

I

This analysis indicates that there is a linear relationship between

the @eating'fue] usage in a building and the number of heating degree days.

Furthermore, this relation holds for a coTifction of bui]dings'on~a campus;
- A}
even ,ifffthey have quite different strﬁctura] characteristics and ut11izat1on'

patterns This implies that it should be possible to ca11brate a campus in

-

terms of its energy usage and then measure the effects of-a conservation

L]

program. Such a conservation effort would produce.a~change in the charac-
4 .

*

teristic constants of the building or campus., and hence in the fue]nusage.

¥
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A]l of the 1230 Communlty and Junior Co]]eges in the Unlted States

-

" were 1pvfted.to Jo1n a program of energy conservatlon sponsored by the

Department of'Energy and 1mplementedtby League, for Innovation in the

R Community Colleges, and’ the LawrenCe Berke]ey Laboratory In March of 1979,
. f,ﬂz&x\\iquto]]eges volunteered to part1o1pate in the program and of these, 80

subm1tted data on thelr campuses, and theJr ut1]1ty bills.: The data that
' were collected 1nc]uded eiectr1c1ty use per month fueJ us per month

(broken out .by natural gas, 07], coal, or other), ang the e ergy coste per

month for a twelve month period 1n 1978-79 Add1t1ona1’1nformat1on was N

v

P,z@quested on the floor space of the campus bulldlngs (in gross square feet),

;gbe‘enro]]ment of full &ime equivalent sbudents (FTE) in the fall of 1978,
and the number of heat1ng degree days (HDD) 1n each month correspond1ng to~ .
the fuel, usediln that .month. ) .

- < . [}

L4

In earlief stud1e$ﬁ’severa] 1nd1cators of campus energy use have been

.

| used Thg va]ues of these. 1nd1ces for the present sample of cambuses are . °

1nc]uded here to prov1de an indication of the variation in, time of4¥w1r

- "‘-’ ."l ]
va]ues The first 1ﬁ31cator is the "Energy Use Index" wh1ch 1s ined by
the rat1o ) o © ) - 'I t:r o
\ cup =.Jotal Energy Used Per Year °
* : Total Gross Square Feet . -

A

.

) »
The EUI has been used as a measure of the energy eff1c1ency of bu1]d1ngs,

.

Just as the effic1ency of an automobile is measured in m11es per gallan.
Unfortunate]y, it assumes that the energy use of 2 bu1]ding in Florida 1s
cgmparab]e to that of a bu1]d1ng in M1nnespta The average value of EUI

“~for this sample is ]rsted in Fable 1 togother with earlier values.

- - . 1 3
a ’ ’ * ‘




I " “iicluded in the table, They are the Annual Energy Use per/Full Time :
. Equiva]ent Student (FTE), and'the.Annual Cost of Energy fer Full Iime

\
Equ1vaﬂent Student These two 1n?1ces are usefu] if you know the growth -

.

»

trends 1ﬁ'the student body of a given campus, 1f.you need to know how

., To structure tuition fees to allow for enefgy cost increases. However, our

. / v -
.
analysis in this paper focuses more directly on conservation measures t

!‘gpb;ied to—the phyeisé1‘p1ant, sO we will not pursue the discussion of

» these student body reloted indioes. Their average values for the schools"

in our,sémp1e are included in Table I. T, _ 1.
. The trends of the four indices in Table.I are marked. The tota] energy _ ,T

used bofh per square foot &nd per FTE has dropped sharply since 1972-73. In ‘

“

spite of these decreases, the costs both per square foot and per FTE, have

; inpreased, The exp]anat1on of the f1rst trend lies in the efforts of co}leges

| ] - to cut back on' e1r enerqy use. wh11e the cost 1ncreasé:‘are clearly conn!Eted
f‘, td the risin *

I ’ « ®e T

lt is c]ear that conservatioh efforts are w ork1ng on the Community College

of energy. The first trend should be emphasized because

| L i camphses. i _

|': ;? "In Referefice 4, an attempt was made to take into account the variation
| . ‘ 'of chimate w1th the geographlc location of the campus 1in construct1ng the

! ‘total stat1st1ca] sample for their study. How well this worked for the ’
| . subset of two year colleges in_their total sample cannot be determined.

) s The averages for the present study- which are reported in Table I are not

. -' . . . . . ) ’ . o~
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-
r

/.' . " . - . \ [ -
corrected in any way for c]1mate variation. , An obJeqt1ve method for doing*+ ™ .

this will be deve]oped be]ow , - ‘

In a study of 1343 schoo] p]anés for grﬁﬁes'K-lz, the Educational
- 1

5

Facilities Laboratories” found a ]ihear_re]ationship between fuel use and

11 .
+ the number of.heqaﬁng degree days for several classes of school plant con- =~ ¢ o

. . N .

gtructioﬁ: Ihe engineering basis for such a re]dtionghip has been derived ~ -
in the previous section and we wilY now seek to establish a similar relation- .

* ship on the basis of our statistical sample of community col]eges.‘ ! %

. p .

. ‘ ‘4 . . (/
a. The Dependence of Energy Use on Climate

0‘ 2

The Energy Use Index, intrbduced above, provides a measure of the energy

'

use on a campus which {s independent o%\The size of thé campus. To determine ‘1
wﬁether or not the EUI's of the campuses'in our sample depended upon their‘
goegraﬁhic,]ocation, a "scatter diaéram“ of EUI vs. Heating Degree Days
per year was plotted. This is shownein Figure 1. It'i striking to.note

. that there is sich a wide var1at10n in the EUI va]ues for a gtven number

of heating degree days. \ However this indicates that conservation measures

o

n reduce energy ‘se of most of the campuses in our sample. From this
]

plqt there is a clear indication that the trend is for those cembuses in-

colder climates, i.e., with more heating degree days, to have higher energy

use indices. ,The straght line shown in the figure has been drawn by per-
forming a least squares fit to the data plotted in Figure 1. Its charac-a/'

- teristic constants are an intercept at

EUI = 86.6 x 10° BTU/sq. Ft.yr.

. and a slope of B ’ .

1.9°8T0/sq:t. HOD

—-R -
The correlation coefficient is r = 0.40 indicating a rather poor fit. It
p 'lfj

- i }
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. b.  The Dependence of Energy Use on Campus Size

) F s & - . ) "
IV -1e- - . Lot
’ B ' » . & »
el -
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is not surbr1sfng that the correlation coefficient i$ relatively low, |,

because in any given range of‘HDD values there is a wide variation in'the

EUI valueg, as noted aSbve These data on energy use are consistent with

-

a ]1near dependence on heat1ng degree days as suggested by the eng1neer1ng

*

equation dervved 1n the precedIng sect10n In ths samp]e of data no attempt

has been made to d1st1ngu1sh between total energy use and fuel use on a1

4

campus. Nor has’a d1st1nct10n been made between the various types of fuel,

e.g., gas, oil, coa], or electricity. *These distinctions w111 be examined

[

below. * ° .
1. \

Ll

L]
\ * " A

To determine whether or not the Energy Use Index depends on the_gize

of the campds, the data on EUI were plotted against the gross<square feet

. of floor space on thescampus, as shown in the scattEr‘diagram of Figure 2,

"" Thése data were fitted to a straignt 1ine by the methad pf least squares'

*and-the line 1s p]otted on the diagram. The intercept is at

EUd = 1.21.5 MBTU/sq. ft. yr. a S
the very small s]gpe'is . - . R ‘
E b 0.01 MBTU/I0% sq.ft. - , ,
. and the correlation coefficient is,r = 0,05, From th?s'it can be conc]uded"
that no significant dependence of EUI on campus size e%ists. S
c. The Bependence.bf Energy Use“en Occupancy. ‘ i 9

The occupancy of the buildings on a campus require$ a measure of the

" pumber of peop]e inside the buildings af each time during a day. In terms

of Shrader ] equation, the number of persons, P, contributes to the heat1ng

of a bui]ding, while. the volume of outside.air, Q, that enters the bujlding
. ) 1 .
' ' 7
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will partially depend on the number of studepts entering and 1eaving the ‘

building through its doors;u Whemyonthly sums were taken over these quan;- J

tities, both of these variables were reduced to cqgstants The question -

now arises as to whether’energy use depends on“the number of students. One

measure of the average occupancy of a campus is the number of full time

. eguivalent students (FTE) on the campus. Th1s number was included in the

data co]]ected for each campus and was used in {h1s part of the analysis.

The data for EUI's were plotted agaanst theﬁcorresponding number of

FTE's for each campus as shown in F1gure 3. MWhen a straignt lﬁne.was fitted

to the data, as 1nd1cated, 1t/gave an intercept of ’ ’
EUT = 121.9 MBJY/sq.ft.yr. < . . ,
. . . %
and the slope is . .- - . l
YL t1.0 MBTUN0SSq fLLyr. FTE )

The correlation coeff1c1ent of 0.08 again indicates no significant correlation.,

Eéom'thds result we can conc\ude that the intensity of energy use on-a campus

)

Lo . . . - /
does not depend significantly on the size of the student d;gas measured

in FTE. ‘ _ * oy C~.
N P , .. _7 \
o : "< o0 o %
d. Some Consistency Checks on the Data K : {
~ - R /
'Because the various college districts have regulations which provide ‘

for a. proport1ona11ty between the enro11ments and the amount of bu11d1ng

floor space, some re1at1onsh1p ts expected to ex1st in our sample ‘between

these two parameters. Our data for 80 campuses 1nc1uded both the number of’ |
. \\ . |
. ,fu]] t1me equivalent studen » FTE, and the gross squaré footage of the |,

) oo/ ' y |
buildings on the campus. If a straight line is fitxed to the data, the

¥ .
slope of the line is 1 FTE.p” 86. 8 gross sguare feet This. 1§ 3 reasdnable

S T T
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gu1de11ne for construct1on of fac111t1es and 1nd1cates that our sample of

colleges does not have any s1gn1f1cant b1ases ln terms of space utilization.

The correlatlon coeff1c1ent for this fit of the stralght line to-the data ’
s r = 0.54. In view of this degree of corre]atlon between FTE and campus

floor space, it s not surprising that the correlations of\EUI with both of

these quantities were found to be small in the preceding paragraphs.

. Consider next the indices in Table 1. Here the value for the average
. v s . . ) "
i ,_7.Energy Use Index was given asq <. .
128 x 10° BTU/sq. t. - ,
.\ .
and .the energy\yse per full time equivalent student was
" |
. & 3.1 x 10° BTU/FTE . g - !
. Fs N . . ' |
|

The rat1o of these t;o quant1t1es gives the FTE per gross square foot and

el

should be comparable to the s]ope of the line above (l FTE per 86.8: gross .f
square feet) by regression analys1s. The rat1o here is one FTE per 98
* gross square feet, which is within 10% of that value.

The variation of EUI with heating &egree days, can provide another check:

h ]

.The average number of heating degree days per year in the sample was )
( EUI = 88.5 x 10° + 9.1 HDD
. = 128 xw10° BTY/sq. Ft.yr.

_Th}s value can be compared with the average EUI value in Table I of 128 x

L P

¢

4382 HDD/yr. Using this value ‘in the gquation of EUL $ives

L ‘

? 4 /lgi B}U/sq.ft.yr.' The two values agree to within 1%. . ] e
Consistency checks of this type serve to verify that our sample of

campuses does not have any serious biases which m1ght affect the conclu-

~. . sions drawn from the analysis.' The relatively small sample of data and the

wide spread of values of the several variables led to the conclusion that -

K . . T o ‘21 * q - M




oL , -17-

the application of more sophisticated statistical techniques was not
\\‘ \
. ‘warranted. It should be noted that the use of r, rather than r2, as the

c?rre1ation coefficient is not standard practise. However, the advantage

> of using r in the present analysis will become clear in a later discussion : -
N of the correlation betwken energy use and cooling degree days. 4
J ’
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IV. The ,t/mear Model of Heating Fuel Use

. -
f !
——

shoutd exist between fuel use and the number of heating degree days on a

From the preceding sections pne can conelude that a linear relationship '

3
campus. I§ has also been shown that in the data from our sample of community

colleges that definite\totrelations exist between the Energy Use Index and

heating degree days per’year, as we]] as between the size of the campuses

apd their.%hro11ments No clear corre]at10n d:% found between the Energy
Use Index and the size of the campus, or the size of the student body. Be-
cause the average administrator of a community college does not have the *
d}ggchm‘cai background, or interes¥in pursujhgfan apa]ysis of the type
prgﬁented above, a’simp1ified model which embodied these conclusions was

de\ire'IOped.'I ’

i
Th1s mode] separates the usé of electricity and the use of fuel for

heating. Then each campus utility bills for one year are ana]yzed to
‘determige.three parameters: the average monthly electricity use: E;, the
lbase fuel.use, a; and the thermal performance index, bz The fuel bills are
comhined wgth heating degree day data to determine the constants, a and by

by performing a least squares fit to-the linear equation -
G=a+b HDD

Here G is the heat1ng fuel and HDD is the number of heating degree days in

: 1v9n month. ) -
a g . —7 .

ﬂ These constants can be used to determine’the energy savings that result

from the application of cqnservation measures. If the data that have been

used to determine the constants a and b are taken from a year designated as

a “base year", then the gas-that you would expect to use in any subsequent’

-
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¥ month would be just a + b HDD. Here HDD would be number of heating degree

‘days for the month\in question. jhe.expécted electricitu use in that month

wou]d be Eé, where the subscript, B, indicates the value for the base year. ' Y

The-differences between these expected uses and the actual usage in a month
- g%ve the energy savings.

We can write .

) ] AG = a + b HDD_- Gy

.
ALY bt \ N 7

for the gas, and

[

AE

{]
m

E A ,

for the electricity savings in the given month. Here GA and EA are the }/‘ g

actual amounts of gas and electricity used in the month. If AG and AE .

are positive, there have been energy savings as a result of the conservation
méasures. These energy savings can be converted to dollar va]ues, catled
the "cost avoidance" for the month, if they are mu]t1p]1ed by the current

7

- billing rates for gas and electricity.  _
- As developed in Reference- 1, this model requires a modif%cation to the
constants, a and b, to convert them to "intensdties“. This is done by
) dividing the constants by the number of gross square feet on the campus and.
) converting their units to ?TU. In terms of the ney ca]ibration intensities,
A, B, ‘and E, several\ngykffrections were explored. First the sampie of'
. . 80 campuses were separated into categories depending on heating fue] type.
All campuses use some e]ectr1c1ty for lighting, vent11at1on and S0 on, but
there were four c]asses of heating. fuels, 9as, gas plus 011, oil, and .. @
e]ectricity. This last case is referred to as an "all electric” campus.

Histograms of the constants, A, B, and E, were plotted and the average o

(/ values were ca]cu]ated\as shown in Figure 4.3, b, and c. Table 11 summarlzes
2, “ N 2
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the results of a,similar ca]culatﬁc:!for the four fuel types and shows that
+

with the except10n’0f the q]] electvic campus, the values of E, M and B

¢
a

are roughty independent of, the fuel type.

Te detdiled sfidy 0{ the gas -fueled tampuses led to several 1ns¢ghts
abp¥it the limitations of this method of Tode11ng the energy use on a campus.
The first and m?st ipportant was revealed by a study of the correlation

coefficient for a -googdness of fit é? the fuel use to heating Hegree.days.

degrée days in a year, 15 shown in Figuke 5. With only one exception the
campuses w1th fewer than 1000 heae1ng degree days per year had very Tow
correlat1on coefficients. It was decided on this basis to exclude them from

fu;ther analysis.- fhose\few additiJnal cd%és in which the correlation

N3

coefficient was found to be less than 0.5 were alsq.pmitte&. Presumably
the poor correlatisa\in warm ¢1imates has to do Rith the fact that the gas

/ .
used for heatit‘his not 1arge COmpar&d to the base‘ﬂsesz such as hot water,
stoves, swimming poo] heaters, and so on. As a result, -no clear correlation
'\ *
between the total gas bil1s and the number o? Heating degree days emerges

@

" In it least one casa.of poor cogrelation 1t was found that the ut111ty .

company used an averaging method of bi111ng based on the previous year's

L

. L]

t ‘fuel use. This met::ijproduced roughly equal monthly payments, but, wiped

out any corretation Wetwéen the ptility bill and the seaSod?] variation of
- * . ) - . ‘
heating degree days. N

T 1 4 H ) -
‘ ©  In the early stagds of this study it had been hoped that a model for .
' * o N
electP&ETty use cou]d be ded*g?d which would enable air conditioning to

-
*

. be related to gooling degree days 1n an analogous way to that used above
'o

'“-\\\\\ for hggttng fuel, It was assumed that the "cooling use" would .be propor-

.
. . . i -

» 27 *

»
B .

a i
_The correlation coefficient, r, plotted against the total number of heating

.

A
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tional to the number of cbo]iqg degree days, CDD, and that the monthly
» ' .
electrical _use, E, could be 3ritten as the sum of a base use and the cooling

use. That is,

- P
-

o : E=d+e COD

In the samp]e_of bas-fue]gﬁ campuses used above, there were no consisa.
tent results for the values of d and e. In fact 15 of the 42 cases Eha1y§ed
1n this way had negative slopes for a straignt line, i.e., e < 0. To
surmarize this situation; the values of the correlation coefficient were
plotted in a scatter diagram against their c?rrespondin§ number of annual -
cooling degree days, and this plot is shdwn in Figure 6. As a rgs%lt'd¥
this incbherent result, the idea of using a lﬁnear equation to relatg
electrical use aqd cooling degree days was abandoned and the simple monthly
average of the electricity use in theiﬁase year was adopted.

The failure of cooling degree days to relate inaa simpte way'to energy
use is a well known prob}ém.6 Howev§>\ a c]Far éxception to this observa<
tion was found in‘the case of the 9 a]]ﬂeﬁecfrii campuses in our samplé

-

To analyze the data from these campuses, a‘edr r_e]atioqship of the form

E=d+eCbb+ fHDD f{///
was assumed. The utility bill data were used to fit the constghts d, e,

and f. In each case the correlation coefficient was greater than 0.83 and

L

< the mean values for the constants were

. d = 4.2 x 10° BTU/sq. ft.mon.
", e=3.1BTU/sq.ft. CDD .
T = £.80 BTU/sq.ft. HDD —

Because the base use,‘h, depends primarily on the lighting used on a

.campus, it is not surprising that it comes out to be very nearly equal to

ERIC © " - 9
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the‘va1Ues of € found in Table II for those eampuses that are 1ighted with *
: electr1city, but heated with other %ue]s. The therma} performance index
for the all e]ectrié campus {s ? and is seen to be approximate]y one half
the values found for campuses heated with fossi] fye]d . An exp]ana‘fon
for this d1fference can be found 1f one notes that the formula for the
therma] performance index, b, is™inversely proportiondl to the furnace ]
efficiency? e. Because gas and oil/furnaces must be vented up a chifmney to
discharge their waste products, the efficiency by which they convert fuel
to useful space heat 1s only about 602. However, nearly 100% of the elec-
tric energy entering an e]ectr1c boiler 1s converted to space heat1ng Hence,

o~ the observed,ratio of almost a factor of two in the thermal performance index

can be attributed to.the differences in thermal efficiency between electric

+
L

and fossil fuel fired boilers. . )
In"a few of the cases that were analyzed, the va]ue of the base use

- constant, a, was found to be negat1ve This could be exp1a1ned by the fact
that the bu11d1ngs on the ¢ampus did not turn on their heaters when the out- 5
side air temperatnre reached 65° but at.some lower temperature. If one
analyzed the heat flow into, and out of a building, as done in Eeference 2,
it can be shown that each building has its own reference temperature, which
is the oniside air temperature,at which the'heating system actually switches
on. There is no reason why this should be 65° F, because it deﬁends on the
wa11'and roof 1h§u1aticn, window area, room vent11at10n, lighting 1ntensity,
average %iﬁ.fancy, and other details of the building's c0nstruct10n and
use. In our equations above a term can be introduced to correct for this )

*

aFoffset of the effective value of HDD.i We could write for the heating use .

o,

b (HOD - T)
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yhsge T is the number of degree @ays that is required to correct the
reference temperature of a given campus bui]ding'from 65° to its true

iy

value. Then the total gas consumption would.be . ' -

G =8y +b (HDD +T) + Pe
-

" and this could be rewritten as

G=a'+ b HDD
wifere . (N

a = BG‘+ bT + PG : - *

This implies that our ana1}sis cannot distinguish between the base use,
or an offset in the reference temperature for the number of degree days,
unﬂess there is some other -information. . -

There are severa] potentia]/brﬁb]ems that should be borne in n{nd when
utility bills are used for this type of analysis. First, the billing
neriods in one year can vary from those in'another by as many as six days
out of 30, or 20 percent. Meters are read an tie five normal working days
of the week’, except when holidays ar cfuiters of holidays interrupt the
'pracess Hence the possible variation. A meter may not be read as
schedu]ed because the ™eter-reader cou]dgaxe hac{gn accident along h1s
] route or have been prevent:a in ,some dther way from doing his job. There
is also:the Qoss1b1]1ty of fhe meter\fe1ng misread or of the reading .
being incorrect]y"recorded. In this case, a bill for a very small amount
of energy may be rece1ved and then followed the next month with a bill for
" both the: energy used dur1ng the f1rst period, plus that used in the second*

period. To correct for such.an error some appropr1ate average must be

taken qver the two month period.




N .

:

One prob]em that is almost certain to arise is the fact that the
billing perlod‘wI]] n&f/:;;nc1de with the beg;nning and ending of 5’month
On the other hand, the weather service gives the number of heating degree . .
. days in a given calendar monjh. Clearly the number of heating degree days“

» . . - . . . . i -
shoﬂld correspond to the period during which the heat1n§ fuel was used'and 1

the Pacific Gas and Electric Company has a computer program to make this \

adJustment 7 A s1m1]ar correction was used gﬁ the work of Woteki and S

P od

Ee]g. In the present ana]ys1s it had to be assqmed that, the billing period

coincided with the number of heating degree days that,weréd® reported, because *

R ]

no provision was made to co11ect 1nformat10n on %?111ng per10ds w1th the

other data. There is no direct. way to verify whether thleue] bills and . i

-

degree days used in this study are §ynchronous. However, the high values

N

of the -correlation doefficienf§:disp1ayed in Figure § could be interpreted
as an indication that any lack of jﬁ:chronism does not seribusly affect,.

the general validity of the 1inear%

del of fuel use. °~ . - . 5
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V. Contlusions - B §

. L ]
From the preceding analysis we have” concluded that a collection of .,

- .

‘ 'build!ngs in one.location, ;uch as ommurity college campus, can be
represented.by ;;1ine§r re]ationshiB between its héaping,fuel use and the
\\ﬁﬁaber 6%’heating degree &ays. In addition'én average e]ecyrici;y use is
ﬁeeded to complete the de;cr4ptioa o% eﬁergy usé on the campus. Th{s
representation, or model, deﬁend§ on three parameters, the base fuel use,
the thermal p;rformance index of the buildings and the average e]éc;r{cify
use. These parameters can’ be expressed as ind;ces of intensity of fuel use
when converted to common units of BTUi{s per gross square foot and then used
- to compafé thgienergy use on diffeggnt campuses. The avsrage va]uei of
these iqdiceg for cé&puses using &iffergnt fuel mixtures are very nearly
constant with thp exception of, all electric¢ campuses. This indicates that
. the use of energy does nft depend on t?e heating fuel or combination of
“ fuels, but rather on the physical construction of the campus bui]dinQQ anq
the way they are utilized. This model automati;a11¥ separates out differ-
ences in size and climate between c;mpusés and provides an individual campus
with an“abjec§i9e meaﬁ; of comparing its energy u;e wiFh that'oﬁ its peers.‘
\_/{By adopting d base year of performance, this modgl also perhﬁts the
energy savings and cost avoidance of!conservation measureb‘to be.dete;ﬁinad
“.in an objective way. Such a detgrminatidh is essentiaf for measuring the
progress of those campuses that have adépted conservation or energy
management programs. e . !
Tﬁe model does not produce satisfactory results if it is applied to
: campuses with less than 1000 heating degree days per year. However, the

results are not sensitive to other small errors such as missed me ter readings,
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or variations in billing ‘periods. _ :

The model provides a tool fbr college administrators to'use in evalu-

ating the management of energy use on their campuses.
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. TABLE I SUMMARY OF ANNUAL ENERGY USE AND COST
" ’ I
. ) : | —
sy 7 . R . "' ‘ |
+ # ! < K
- ) ’ ¢ . -
. 3 1972-38. ' 1974-52. 1978-9b.
. Annual l !
. * ] -
. BTU/Gross Square 5 ’
I Feet  ° | 183,000 135, 000 128,000
t .
i !
; Annual !
| BTU/Student L \ ' ' |
©+ (FTE) p 29.2x108 20.6x10% . 13.1x108 |
: . 1 - - , o
: Annual ,’ ¢ -
. Cost/Gross Square |
. ! Foot . 30.9¢ a0 o 75.0¢ |
5 ‘ ] a
- i L] 1 |
: Annual ' ] ’ ‘
t Cost/Student ' | -
{FTE) t$ 49 i $63 ! $ 75
Y ’ {
. 0 i
a'.‘\t:elsek, F.J. and Gomberg, I.L., HEP Report No. 31, p.9, April 1977
]
b'Resul.ts' from LBL Sample ?80 Community Colleges) . ¢




* TABLE - IT
v L]

The Average Values of E, A and B fors&? Campuses ]

-7
n
L)
4 80 | .
) °a|E .| A B
Fuel Mix 12 E 1% 10% B1U/Sq.ft. mon. | X 103 BT/sq.ft. mon | BTU/sq.ft. HDD
Electricity & Gas 49 “4.33 - »1.98 ' 13.3 i
+ v |
* All Electricity 10 6.48 - - |
Electricity + 0il . 6 4.13 2,14 10.4 !
Electricity + Gas + 0il 15 ' 4,30 3.51 . " 12,5
~Overall Averages’ 80 4.52 2.58 12.8 l
. l 3 ’ .
3 )

. v
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