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Evaluation of Ventilation Requirements and Energy Consumption
In Existing New York City School Buildings

Stanley T. Liu, Charles M. Hunt, and Frank J. Powell
Center for Building Technology
Institute fcr Appliad Technology
National Bureau of Standards
Washington, D.C. 20234

1. Introduction
Humerous articles and detailed research stuc .e L, 2, 3/* indicate that the nation con-
tinues to face increasing demands for fuel and electrical energy which in turmn impose great
prassuz es on available supplies. This situation, zoupled with air and thermal pollution
protlems of the nation, caused leaders to declare ~hat conmservation of energy resources is
of paramount importance in government and industry.

Energy used 1n buildings for space heating and cooiing, lighting, hot water heating, and
mechanical ventilation constitutes a large portion (32 percent) of »nergy consumption in the
United States, as was recently do‘uzanted by a Stanford Research Institute report}/. It is
estimated that at least 10 to 20 per:ent, and maybe as high as 40 t> 350 percentd of energy
agset in buildings could be saved in the design and censtruction or new buildings by a compre-~
he: sive thermal analysis in the design c¢f the building envelcpe, by a more careful evaluation
of <resh air ventilation requirements and lighting requirements, aud by the utilization of
efficient energy conversion equipment,

Public school buildings, as a group, constituve a significant portion of the public build-
inge in the cities of the United States. The Center for Bullding Technology of the National
Bureau of Standards, under the sponsorship of the National Science Foundation, and with the
collaboration of the Board of Education of New York City, undertook a study in 1974 on the
pattern cf energy consumption, and the effect of ventilation or a classroom environment, in
a typical urban public schoeol. Tne purpose was to obtain detalled information on the enrergy
usage of school buildings in order to develop guidelines for energy conservation in the design
and construction of future energy-efficient school buildings. This report presents the results
of this study.

Work dome at NBS on this project consisted of two parts, The first part involved (1) an
analysis leading to the selection of a typical existing school In New York City to be used as
a norm for comparison with a future new energy-conserving school, and (2) _3 detailed ~omputer
thermal analysis of the selected school using the ¥BS program called NBSLDZ/ to deterrine the
breakdown of its energy usage with respect to lighting, heating, ventilation, and equipment
operation, in order to identify the importance of the major areas of energy consumption in
the new school design. The selection of a typical existing school as a norm was based on a
study of the fuel-oil and electrical energy consumption data from May 1970 through April 1973,
of 19 schocls of varying size as supplied by the Board of Education of the City of New York.
Field trips to five of the 19 schools were taken jointly with the Board of Education and i-s
principal investigator, Richard Stein and Associates, to obtain a typical school schedule and
operating data for various mechanic2l equipment, These data were then used as input to the
NBS computer program for the thermal analysis.

The second part of this report gives the results of a one-week ven:tilation trst conducted
in a typical urban classroom in Jew York City to determine the effect of reduced ventilatiorn
on the interior envirorment, including the concentrations of carbon dioxide and oxygen, the
change in dry-bulb tewperature, the variation of relative humidity, and the activity and re=-
sponse of the students. These results are expected to provide Information on the reduction
of the rate of ventilation as a means of reducing the energy consumption.

Details of the above two parts of the project will be discussed in the following sections.

*
See references at end of text.



School
Ho. Type*
] H. S,
2 . 8,
3 H. S.
4 H, S,
3 0. s,
[] H. S,
7 H. s,
8 1.8,
9 H, S,
10 I. s,
11 H, s,
12 H. S,
13 H. S.
14 1.8,
15 1. 5.
16 H. S,
17 H. S,
i8 I. S.
19 I. s,
*

L]

Location

Srooklyn
Brookl:n
Bronx
{ueens
Queens
Quecns
Bronx
Bronx
Queens
Brooklyn
Manhattan
Brooklyn
Queens
Brooklyn
Mannattan
Brooklyn
Brooklyn
Brooklyn

Menhattan

H. 6, - High School
1. S. - Inteimediate School

Wall Type 1
Wall Type 2
HWall Type 3
Wall Type 4:
Wall Type 5
Wall Type 6

e
4
4"
10
4
10

toce brick, 2" airspace, 6" concrete block
face brick, 2" sirspace, 4" concrete block
face brick, 6" concrete block

2n

1/2" masonrxy,
glass block
1/2" masonry

Table L Description of the 19 Schools *ncluded {n the Energy Consumption Survey

Year
Completied

1962
1963
1969
1960
1935
1965
1959
1970
1966
1970
1958
1938
1964
1968
1958
1969
1964
1966
1966

tross Floor
Areq
1,300 fe?

404
188
7
246
311
254
288
176
284
169
251
300
254
164
175
282
248
163
170

airspace, 3" plaster

Type of Wall
Construction**

L R ¥ ST

No. of
Stories

.

w W

;LW N W W

1 fc

2

Classroom

Ceiling Heights

10*-0"
10'-0"
819"

10'-8"
90"
11'-0"

9'-o"
10°-0"
116"

a'-o"

9'-3"
10°-4"

11'-3"
Bgro5®

gr-g”

- 9.29 x 107

2

2
m

1 £ = 3.048 x 107 @
1 in.

= 2.54 ca

Ratio of
Classroom
Window to
Exterfor
Wall Area

0.37
0.52
0.50

3,39
0.58
0.52

0.29
0.41
0.25
0.56
0.50
0.05

0.49
0.42

Heating System
Type

Fin-Tube Steam
Fin-Tubu Steam
Fin-Tube Steam

Fin-Tube Steam
Fin-lube Steam

Fir~Tube Steam

Fin-Tube Steam
Fin-Tube Steam
Fin-Tube Steunm
Fin-Tube Stean
Fin-Tube Stzam

Fin-Tube Steam

Fin-Tube Steum

Fiu-Tube Steum

Hot Water



Table 2 Three-Year Averaged Monthly Electricity Coneumption in 19 Schools

School Gros:ri‘:oot Monthly Electricity Consumption in LWh Per 1,000 fr.2 Ploor Area Year'y

No. 1,000 f£t2 1 2 3 4 5 6 7 8 9 10 11 12 Total
1 404 326 . 332 384 316 362 nz 181* 189% 26Y* 3334 318 306 3,633
2 188 379 378 403 338 ae6 333 232 214 269 328 354 349 2,963
3 371 416 406 460 340 363 323 178 214 31 355 543 4,307
4 246 443 434 503 358 466 443% 37 195% 258 320 421 434 4,312
5 311 453 420 487 380 496 386 149 101 309 447 435 429 4,512
6 254 461 444 448 517 504 375 104 110 298 426 474 463 4,624
7 288 424 458 529 440 474 385 145 117* 332% 442 457 482 4,675
8 176 432 430 476 399 477 455 236 29 317 403 434 437 4,745
9 284 487 479 555 444 539 431% 150* 155 365 466 472 487 5,030
10 169 667%%/426% 389 518 440 454 372 366* 344% 266% 398 433 639%%/419%  5,286/4,825
11 251 551 S4C 603 492 581 451 261 207 360 521 534 558 5,659
12 300 530 552 641 484 625 524 141 168 368 532 572 552 5,692
13 254 561 540 601 464 570 458 346 373 403 511 535 554 5,916
14 164 553 524 544 485 549 510 417 422 507 532 542 529 6,114
15 175 616 595 631 567 631 534 338 377 406 857 588 580 6,420
16 282 617 576 660% 540% 664 567 393 399 495 583 605 603 6,202
17 248 81s 729 815 734 763 685 356 384 574 768 802 766 8,201
18 163 809 784 825 801 786 676 549 633 627 681 765 784 8,722
19 170 1,280 1,129 1,257 1,240 1,306 1,381 1,273 1,296 1,260 1,271 1,212 1,233 15,142

&
Z-year average 1 kWh/1,000 fe2 = 38,750 J/n?

s 1 £ft2 = .093 w?
Extra large during the opening year operation



ELECTRICAL £NERGY CONSUMPTION, KWH /1000 FT2(GROSS FLOOR AREA)
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Figure 1 Averaged {3-Year) Y arlv Electrical Energy Consumpticn in 19 Schools



BUILDING TOTAL ENERGY CONSUMPTION, BTU/FT2(GROSS FLOOR AREA) -YR
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Figuie 3 Averaged (3-~Year) Yearly Luergy Requirement in 19 Schools
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Scavol No.

No. of Day Studertas

School Houra
Weekdays
Week Nights

Weekends

Space Occupled
Weekdays
Week Nights

Weekenda

Lighting
Weekdays
Week Nights

Weekends

Thermostat
Classrooms
Lyunagium
Auditorium

Cafeteria
Boiler Schedule

Heating Season

Other Seasons

Boiler Schedule
Weekdays
Week Nighta

Ueekends

1,720

8:30 a.m. - 3:00 p.m.
6:00 p.m. - 10:00 p.m,

Saturday, 9:00 a.m. ~
12:00 noon

AlL

Gyrnasium, Auditorium

Gymnasium, Auditorium

All

Coxridor, Gymnasfum,
Auditorium

Corridor, Cymnasium,
Auditorium

2 °F
70 °F
70 °F
0 °F

2 Boilers
1 Boiler

7:90 a.m. - 2:30 p.m.
6:00 p.m. -~ B:00 p.m.

Saturday, 8:00 a.a. -
10:00 a.m.

Table 4

4,000

7:00 u.m. - 5:00 p,m.
7:00 p.m. - 9:50 p.m.

Saturday, 10:00 a.m. -
5:00 p.m.

All

Gymnagium, 30 Class-
Yooms

Gymnas fum

All, 20% Aud{rorfum

Corridor, Cymnasium,
30 Classrooms

Gyamasfum

13 °F
70 °F
70 °F
70 °F

2 Boilers
1 Botler

6:00 a.m. - 3:6L 4 .
7:00 p.m. ~ 93:00 p.m.

Saturday, 9:00 a.a. -
2:00 p.wm.

Operation Scnedules of the 5 Schoola Visited

10

1,500

8:30 a.m. ~ 3:00 p.o,

2:00 p.;m. - 10:00 p.nm,,
3/veek

Saturday, 9:00 aus. -
12:C9 noon

All

Gyunagium, 15X Class-
Toous

Gymnasfum

ARl, 25 Audltorium

Corridor, Gymnasium,
15X Classrooms

Corridor, Gymnasium

2 °F
70 °F
70 °F
70 °F

2 to } Boilers
1 Boller

7:00 3. m. - 2:33 p.m.
6:00 p.m. - 9:00 p.m,

Sacurday, 7:00 a.2. -
10:00 a.ax.

1?7

4,000 .

7:30 w.m. ~ 4:30 p.m,
6:00 p,m. - 10:00 p.m.

10:00 a.m. - 3:00 p.m,

All

Gymnasium, 12 Class-
rooms

Cyunaaium

All

Corriderr  “vumasium,
12 Clagsrooms

Gyrmasfum

70 °F
0 °F
W °r

2 to 3 Botlers
1 Boiler

5:00 a.m, ~ 6:00 p.m.
6:00 p.m. ~ 9:00 p.m,
9:00 a.m. - 2:00 p.m.

19

1,500

8:30 a.w. - 3:00 g.o

6:00 p.m. 10:00 p.a.,
I/ Weck

10:00 a.w. ~ 5:00 p.m.

All
2nd Floor (25%)

Gyunagium

All

Corridor, Cafeteria,
Gymnasium, Classrooms

Corridor, Gymnasium

12 °F
0 °F
i0 °F
70 °F

2 Boilers
2 botlers

7:00 «.m, - 3:00 p.m,
0:00 p.m, - 9:00 p.m,
11:00 a.m. - 5:00 p.m.



10. School No. 19 was the only school visited that had air-conditioning. The
school was a windowless_school with a higher than usual lighting level
(5.5 ware/fed (59.2 W/m?) classroom floor area) ind a longer than usual
school schedule (open 7 days/week, 52 weeks/year for both teaching and com-
munity activities). The boillers supplied steam for space lieating during
the winter and for the absorption chillers during cooling season, The win-
dowless deésign and tne operating schedule probably caused the high energy
consumption rate for this school.

The information gathered during the visit to the schools was used as input to the NBS-
developed building thermal load determination program in order to obtain a detailed energy
consnmption pattern of a typical existing school. The computer analysis 1s described in the
following section.

3. Computerized Analysis of the Energy Consumption
Pattern of a Typical Existing School

3.1 Calculation cf Indoor Space Conditions by Building Thermal Simulation

Numerous papers have been published and calculation manuals vrepared on the subject of
heating/cooling load determination. Very few of the computerized models, however, have the
capability of handling fluctuations in indoor air temperature as in the case of the schools
studied in this report where the boilers are actually shut down during nonoccupied perilods of
time and the indoor temperature is allowed to drift below the set value oI the thermostat.

The heat transfer calculations for room temperature prediction are similar to the heat-
ing/cooling load calculations. The former, however, are somewhat more complex than the latter
because they require exact heat transfer calculacions for heat conduction through exterior
surface and infiltration heat exchange. The National Bureau of Standards, over the last sev-
eral years, has developed a computer program which computes the room heating/cooling load re-
quirement, as well as the temperature fluctuation of a room not heated or air-conditioned,
when the building is subjecred to hour-by-houvr randomly fluctuating outdoor climatic condi~
tions. The program is called "NBSLD" and cunsists of various subroutines for calculating heat
gains and losses, which are similar to those recommended by the ASHRAE Task Group oa Energy
Requiremen:sl . One major extension of the program beyond the recommended ASHRAE Task Group
algorithms is a routine called RMIPK, which solves for the hour-by-hour heating/cooling load
requirements or temperature variations, taking into account the traansient heat conduction and
thermal storage in the building and internal mass, through the use of a series of simultaneous
heat balance equations. The details of this routine, and the general description of the over-
all program, are given in references [5] and [8].

3.2 Construction Data and Operation Schedules of the Selected School

In order to aid in the design of new energy conserving schools and to investigate the
application of the NBS computer program NBSLD to school design, one of the schools visited
during the field trip was selected for a detailed analysis of its energy consumption pattern
with rerfpect to its requirenments in heating, ventilation, lighting, and mechanical equipment
operation. Once a suitable mode for the energy consumption in an existing typical school is
established, areas of major emergy consumption can be identified, and ne. cesigns can be
devised and applied to minimize or reduce the energy requiremencs in these major areas.

The school selected for this detailed study was school No. 6 because its yearly consump-
tion in fuel oil was approximately the average of the 19 schools studied. Since the computer
program '"NBSLD" is a thermal energy analysis program and the space heating requirement of a
tuilding 1s intimately associated with the building shell design and ventilation requirement,
emphasis was placed on selescting a school which has an average fuel-oil consumption.

The No. 6 schoocl selected for the analysis is a high school facility having an overall

floor area of 254,000 sq. ft., (23,600 m?) and is located in Queens, New York. The facility
is composed of 3 buildings: a 3-story claseroom and administration building, a gymnasium,

13
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OCCUPANCY SCHEDULE DURING WEEKDAY (SCHOOL No.6)

AUDITCRIUM

CAFETERIA

5. ‘ | GYMNASIUM

CLASSROOM

1 1 i | H ! i 4 § i { 1
0 2 4 & 8 10 12 14 16 I8 20 22 24
HOUR FROM MID-NIGHT

Figure § Occupancy Schedules of School No. 6 During a School
Day (Heating Season)



AVERAGE MONTHLY ELECTRIC ENERGY CONSUMPTION ~ ~xWH/MSF GROSS

SCHOOL No.6 (H.S)
254 MSF FLOOR AREA (GROSS)

Q e AR, AVE. METERED DATA
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600 | MSF = 1000112

| #2 = 9.29x102m?
| KWh/MSF = 38.750 J/m2

5Q0 ~

400 -

300
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Figure 10 Comparison of Predicted and Actual Measured Monthly Electrical
Energy Consumption in School No. 6



MONTHLY ELECTRIC ENERGY CONSUMPTION ~KWH/MSF GROSS
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Figure 12 Comparison of Actual Measured Monthly Electrical Energy Consumption

With Corresponding Predicted Values



which had the same electricity consumption). With the school officially closed frem Decewber 24
to January 1 for the Christmas recess, the December consumption should be much lower than four
January if tha school was in fact closed entirely during the recese. Also, the sciiedule for
lighting used in the computation was, at best, an estimate of the actual usage pattern which
was subjected to much greater variations than space heating or wratilation aequipment opera-
tions, sincs those operation schedules were controlled by a sing.e person, the custodian,

while the lighting switches were accessible to a large number of veople.

Table 6 gives a breakdcwn of monthly energy usage for veutilation, heat loss through
glass, heat loss iue to air infiltration and conduction through the building shell, lighting,
ventilation fans, and other miscellaneous equipment. Table 7 gives the various types of energy
usage in terms of fraction of total energy consumption. It 18 seen from the two tables that
during the heating season (November - February), 76 percent of the heating energy was used to
heat ventilation fresltr air. The fraction of energy for classroom ventilation was the largest
("7 percent), followed by gymnasium (26 percent), auditorium (14 percent), and cafeteria (8.5
percent). These data showed that a significant reduction of heating energy could be obtained
by reducing the rate of fresh air intake.

Table 7 shows that che fraction of heating energy used to compensate for heat loss die
to fenestration was 2.5 to 1.9 percent, and for heat loss through the solid parts of the “uild-
ing shell and infiltration, was 17 to 19 rerceant, with a combined total of abiut 21 percent.
However, this relatively small fraction does not mean that there is no need to imprcve the
design of the building shell. The large quantity of heating urergy used co heat up the out-
door fresh air for ventilarion purpose overshadows the building skin loss. If the fresh air
intake 13 reduced signiricantly--for example, by a factur of 2--the perzent building skin loss
will become larger. Tha heat ’oss through window glass was the differeice between the heat
loss by conduction and heat gain due to solar radiation. This lcss represents only 2.5 to
2.9 percent of the total “uilding energy usage and 10 to 14 percent of the total heat loss
through building shell and :y infiltration. This is because even though the amount of glass
in the classroom buZlding is large (33 percent, see Table 5), the amuunts of glass in the
other two buildings are small and the overall ratio of glass to expesed surfaces, including
roof and ground floor, amounts to only 7 percent of the total building shell area.

Tables 6 and 7 also give the monthly electrical energy consumption for lighting and equip-
ment operation. It (s seen that lighting constituted about 80 percent of the total electrical
energy usage and ventilation fans most of the remaining usage. Therefore, any significant re-
duction in lighting would reduce the overall electricity usage by a large amount. The power
requirement for ventzlation fans will be reduced 1f the ventilation rate for classrooms and
the ailr supply rate to the other spaces are raduced.

4. Ventilation Test
4.1 Objective of the Test

As described in the previous section, fresh air ventilation comprises the majcr heating
energy consumption for the existing schools. Any reduction in the ventilation rate will
therefore contribute significantly to the effort in reducing fuel-oil consumption.

The purposes in providing ventilation air for a classroom are (1) to prevent the buildup
of carbon dioxide gas, and to a lesser extent to prevent the - .duction in oxygen supply, to
levels considered harmful to the general health of the students; (2) to dilute the intensity
of body odors which may be disagreeable and distracting, in a densely occupied space; and
(3) to provide air movement in the classroom for the 3. poses of minimizing the temperature
gradient and local pockets of high carbon dioxide or odor concentracion.

Chapter 4 of the 1974 Applications3 Volume of the ASHRAE Guide and Data Bookzj states that,
with regard to health consideration, 1 cfm (0.47 x 10~3 m3/s) of outdoor air per student is
required to provide the necessary oxygen content, and 4 cfm (1.89 x 103 m3/4) of outdoor air
per student is required to liuit the CO; concentration to 0.6 percent by volume. These values
are applicable to a room with from 110 to 457 £e3 (3,12 to 12.98 nd) of alrspace per student.
In rhe same reference, the requirement for odor-free air (not necessarily outdoct air) varies
from 29 cfm (13.6 x 1073 n3/s) per student at 100 fed (2.84 wd) of airspace per student to
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1)

(2)

)

(O]

Table 7 Types of Energy Usage as Fractions of Total Calculated Energy Consumption in School No. 6

Ventilation Energy Usage (Heating)

Classroom Ventilation/Total Heating
Gymnasium Ventilation/Total Heating
Cafeteria Ventilation/Total Heating
Auditorium Ventilation/Total Heatlng

Components of Heating Energy Ussge

Total Ventilation/Total Heating

Glass Loss/Total Heating

Walls, Infiltracion Loss/Total Heating
Hot Water/Total Heating

Components of Electrical Energy Usage

Lighting/Total Electrical
Fane/Total Electrical
Miscellanevus Equipment/Total Electrical

Components of Heat Loss

Glass Loss/Total Loss
Walls, Infiltration Lose/Total Loss

.125
.170
.0L0
.105

.400
.010
.069
.521

.800
.193
.007

129
.871

10 11
.225 276
.273 .263
.033 .058
.173 166
704 .763
.021 .029
.122 2141
.153 .067
.800 .800
.194 .193
.007 .007
.149 173
.851 .827

12

.272
.268
.070
.142

.752
.028
174
.046

.799
.194
.007

.138
.862

Month

.275
.259
.085
.141

.760

.886

.272
.264
.080
.139

.755
.022
.186
.037

.799
.194
.007

.105
.895

.274
.269
.060
.155

758
.020
173
.049

.799
.194
.007

.104
.896

.237
.237
.063
.180

717
.016
.148
119

.800
<194
.C07

099
.901

.194
.248
.020
.170

.632
.012
.113
.243

.800
.194
.007

.099
.901

.068
.078
.000
.012

.158
.000
.019
.823

W79
.194
.007

.026
.974
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Figure 17 Variation of the Outdoor Dry-Bulb Temperature During the 4-Day Ventilation Teat Period
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Figure 23 Indoor Air Temperature Variacion During.One Class Period
(Norma)l Condition, Both Grilles Open)
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C_ = constant outdoor ambient CO2

o
N = number of occupants in a room

Q.
]

average CO2 volume rate of production/occupant
V = volume of room
A_ = air change ratz
t = time
The assumptions for the above equation are:
1. constant outdodr amblenc CO concentration level
2. uniform CO2 concentration throughouc the room at any time

3. air change with ambient air at constant CO, concentration level only

2
Equation (1) can be rearranged to solve for G, giving

. ACV Cr ~ Cr°
= N |1 - exp (—Ac:) - (Co - Cro); )

To obtain an average CO; production rate for the students in the test classrocm, the test
results of Figure 30 were used. From Figurs 30, with Ag = 1.3, N = 30, Co = ,0005, Cxqy =
.00068, Cr = ,00143 at t = .667 hr, and V = 7,860 fe3 (223 w3) che value of G 1s computed by
using equatton (2). The result is G = 0.44 ft3/h1 (3.46 x 10~6 m3/g) per student. This ig
equivalent to about 540 grams per day which can be compared with 642 grams per dey reported by
Wang [12] for college students in an auditorium. In reference 9, the production rate of COp
for a standard seated adult vas given as 0.75 ft3/hr (5.9 x 10-6’ m3/8). Assuming the produc-
tion race of CO% for an eighth grader to be 70 percent of that for an adult, the value for G
will be .525 ft3/hr (4,13 x 10~6 m3/g) which 1s in reasonably good agreement with thz computed
value based on test results.

Agsuming G = .50 £e3/hr (3.93 x 1076 3/s) for an average eighth grader, the steady-state
concentration of COp in the test classroom with 24 students and an outdoor ambient COy con-
centration level of .05 percent was computed by equation (1) for various air change rates, and
compared with the results obtained from the tests under the three test conditions. The re-
sults are shown in Figure 35.

From Figure 35, it 1s seen that the estimated and the measured results showed excellent
agreement. Figure 35 also shows that for am air change rate of 0.25/hr, the CO; :oncentration
in the test room with 24 students would reach a steady-state level of 0,65 percent which would
be higher than the maximum safety limit of 0.50 percent. (It is therefore comecluded that for
a building without any mechanical ventilation and with the windows closed, natural air infil-
tration alone could not be relied upon to prevent the COz concentration level from rising
above the maximum safety limit.

5. Conclusions

Under the spousorship of the National Science Foundation, an analysis on energy consump-
tion and ventilation requirement tor am urban school building in New York City was completed.
The tasks involved in this project included (1) the selection of a norm in energy consumption
for comparison wirh a future energy-efficient school, based on the actual electrical energy
and fuel-oil cousumptions of 19 existing schools, (2) a computerized energy analysis of one
of the 19 schools that had an energy consumption close to the norm, in order to determine the
pattern of energy consumption in the school, and (3) a ventilation test in a classroom to
determine the effects of reduced ventilation rate on the general environment of the classroom.
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The electrical energy and fuel-oil consumption data of the 19 schuols were provided by
the Board of Education of New York City. It was found that when two somewhat atypical schools
were omitted, the overall energy consumption of the other 17 schools varied by a factor of
less than 2. The two atypical schools had a very high consumption rate. Omitting these two
schools, the arithmetic values of 5,250 kWh and 417 gallona, both per 1,000 £e2 gross area
(2.03 x 108 J and .017 m3 per m* of gross floor area) were chosen to be the average yearly
electrical energy and fuel-oil consumptions of a typical school.

Rased on the architectural drawings of the schools provided by the Board of Education,
it was found that most of the schools in New York City were of the cavity-wall type construec-
tion, 3 stories high, single-pane glass with a window to exterior wall area ratio ranging
from 0.3 to 0.5 for a typical classroom. Ventilation was provided for the zlassrooms by top
exhaust fans on the roof, and space heating was provided by fin-tube radiators under window
sills using low pressure steam, Except for a few schools, most schiools had no space cooling
equipment.

The computerized energy analysis was performed on one of the 19 schools. The sachool had
a configuration typical of those described abgve and had an energy consumption of 4,624 kWh
and 428 gallons of fuel oil on & per 1,000 £e gross floor area basis (1.79 x 108 J for elec-
tricity and “uel oil of .0174 m3 per m? of gross floor area)., Using the operating schedules
provided by =he school custodian persomnel, architectural and mechanical data from the blue-
prints and t.e weather data for the year 1962-63 for New York City, a thermal energy simula-
tion was performed using the NBS~-developed computer program NBSLD. The monthly electrical
energy and fuel-oil consumption agreed well with the actual measured 2nergy consumption data.
It was also found that 80 percent of electrical energy was used for the lighting of the school
building, and 75 percent of useful thermal energy produced by the fuel oil was used for heat=-
ing venitilation air. It is therefore concluded chat the most effective ways of reducing energy
consumption for any new school, and also for the existing schools, are to reduce the lighting
levels of the classrooms and the ventilation rates (fresh outdoor air). However, these recom-
mendations need to be tempered with study of illumination needs and change in ventilation re-
guired by local building codes. The elactrical enerzy consumed by the ventilation fans which
comprised 20 percent of the overall eleccrical energy consumption would be reduced as a con-
sequence of the reduction in the ventilation rate. Since the conduction through the windows
and exterior surfaces and infiltration loss comprised 21 percent of the heating energy, im=-
provements in the construction of the building shell will further reduce the overall energy
congumption of a new echool.

Ventilation tests wera conducted for four days in a classroom used primarily by seventh
and eighth graders. The purpose of the cest was to determine the effects ¢of reduced ventila~
tion on the enviromment of the classroom, with .pecial emphasis on the COy concentrat’on and
02 content. It was found that under three di .crent ventilation rates, ranging from 4.6 to
1.3 air changes per hour, the temperature and relative humidity all stayed within the comfort
range of 70 to 76 °F (21.4 to 24.8 °C) and 20 to 30 percent. No change in 03 content was
detected, and the CO, concentration at the end of a class period in all cases reached a near
steady-state level and did not exceed .16 percent by volume, which waa far below the safety
limit of 0.5 per:ent established by the Occupatiocnal Safety and Health Administration (OSHA).
However, when the =chool building was not ventilated by any mechanical means, the air change
rate in the classroo. was reduced to only (.23 per hour., It was estiuated that under this
conditiun, the CC; concentration level would reach a steady-state level of 0.7 percent by vol-
ume, indicating that mechanical ventilation was required to reduce this value to the accept-
able level of 0.5 percent or less. The estimate of 0.7 percent CO; concentration was based
on students in the 12~ to 13-year-cld age group. It would be higher 1if the students were of
high school age. However, the ventilation test indicates that reductiun of the ventilation
level from the present 5 air changes per hour to 1 air change per hour would permit the Coy
concentration or the Oz content to stay within the established safety limits. The ventilation
test of the present study suggests that significant energy savings in new and existing build-
ings may be achieved by simply reducing the ventilation rates while still maintaining safe
and comfortable indoor conditions. A strong need exists to conduct additiuvnal ventilation
tests of the type reported in the present study for the purpose of suoplying needed informa-
tion to building code officials so that suitable ventilation rates for «n energy conserving
building can be established,
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Appendix - Calcilation of Alr Exchange Rates From Tracer Dilution Measurements

Tracer gas is distributed uniformly throughout the ventilated space, and the concentra-
tion is measured as a function of time. The rate of dacrease of tracer concentratinu may be
represented by the relationship

de . v
It (co D F . (14)

where
¢ = tracer concentration in the space at time t
¢, = tracer concentration in the outside air entering the ventilatad space
v = voluwe rate ac which outside air enzers the space
V = volume of the ventilared space

In the case of SFg tracer gas ¢, fs usually o, and equation 1A reduces to

de _ _ .1 (28)
at i
or
[od v
In o =-gt (38)

where ¢y = initial concentration of tracer, If v, V, and t are in consistent units v/V is
the infiltration rate in air changes per unit time. Thus, if ln (c/cy) 1s plotted against
time, the infiltration rate is obtaiaed frcm the slope.
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16. ABSTRACT (A 200-word or less (actual summary of most significant information. If document includes a signilicant
bibliograohy or literature survey, mention it here.)

Continuation

and measured monthly electricity and fuel-oil consumption data., Detailed analysis of
the pattern of epergy consumption showed that 75 percent of the thermal energy during
the heating season was used for the heating of outdoor air for ventilatioen purposes,
and 30 percent of the electrical emergy was used for lighting,

A ventilation test was corducted over a 4-day period in a typical classroom. It
was found that a reduction of the air change rate from the normal 4.6 changes per hour
to 1.3 changes per hour did not significantly change the indoor environment as expressed
in terms of temperature, relative humidity, oxygen content level, and COs concentration
level, However, computation indicates that, when no machanical ventilation was pre—
vided, the CO; concentration level would exceed the 0.5 perceat safety limit, indicat-
ing that natural air infiltraticn alone will not provide adequate ventilation for the
general health and safety of the students.

BU.5. GOVERNMENT PRINTING OFFICE: 1977-240-8348/102




NBS TECHNICAL PUBLICATIONS

PERIDDICALS

JOUKRNAL OF RESEARCH reports National Bureau
of Standards research and development in physies,
mathematics, and chemistry. It is published in two
sections, available separately:
® Physics and Chemistry (Seéction A)

Papers of interest primarily to scientists working in
these tields. This section covers a broad range of physi-
eal and chemical reseurch, with major emphasis on
staundards of physical measurement, fundamental con-
stants, and properties of matter, Issued six tinu s a year,
Annual subscription: Domestie, 317.00; Foreign, 321.25.
e Mathematical Sciences (Section B)

Studies and. compilations designed mainly fur-the math-
ematician and theoretical physicigt. Topics in mathemat-
fca! statisties: theory of experimient “desigh, numerical
analysis, theoretical physics and chemistry, logical de-
stun and programming of computers and cemputer sys-
tems, Nhort numerical tables. Issued quarterly. Annual
subseription: Domestic, 30.00; Forelgn, 311..15.

DIMENSIONS/NBS (formerly Technical News Bulle-
tin)=This mounthly mugazine is published to -inform
seientists, enwineers, ‘businessmen, industry, teachers,
students, -and- consumers of the latest Jadvances in
seience and technoluy, with primary emphisis un the
work at NBS. The -muayrazine higblights and reviews
suel, issues.as energyresearch, fire protection, building
technology,  metric. conversion; pollution abatement,
health and safety, and consumer product performance,
In addition, it reports the results of Bureau programs
in- measurement standdards and technigues, properties of
matter and matarials, engineering standards and sérv-
ices, instrumentation, and automatic data- processing.

Annyal subseription:Domestic, 31254 Foreiwn, 315,65,

NONPERIODICALS

Monographs—2Najor contributions'to the technical liter-
ature .on various subjeets related to the Bureau 5 scien-
tifie and: téchnical activities,

Handbooks«-Recommended:: codes of enuineermz and
industrial practice (including safety codes)developed
in. cooperation ‘with interested. industries, professional
organizations, and regulatory bodies.

Special Publications-——Inelude proceedinizs of conferences
sponsored by NRS, NBS apnual® reports, and other
special publicativng appropriate- to “this  grouping such
as wall charts, pocket curds, and bibliographies.
Applied Mathematics Series<Mathematical tables; man-
ualg, and studies of special interest to physicists, engi-
neers, chemists, = bivlogists, mathematicians,  com-
puter programnmers, and others:engiged in- seientific
and technicyl work:

National Standard’ Reference Data: Series—Provides

yuantitative data‘on the physical and cheéniical proper-
ties of materials, compiled from the world's literature
and critically evaluated. Developed under a world-wide
program covrdinated by NBS. Program under authority
uf Nativnal Standard Data Act (Fublic Law 00-398).

NOTE: At present the principal publicatien outlet for
these data is the Journal of Physical and Chemical
Reference Data (JPCRD) published quarterly for NBS
by the American Chemical Society (AUCS) and the Amer-
ican Institute of Physics t AIP). Subscriptions, reprints,
and :upplements available from ACS, 1155 Sixteenth
St. NLWL Wash, DL €L 20058,

Building Science Series—Disseminates technical infor-
mation develuped st the Bureau on bhuilding materials,
compounents, systems, and whole structures. The series
prerents re.earch results, test meihods, and perform-
ance criteria related to the structural and environmental
functions and the durability and safety characteristics
of buildi=g elements and systems.

Technicus. Notes—Studies or reports which are complete
in themselves hut restrictive in their treatment of a
subject. Analogous to monographs but not so compre-
hensive in scope or definitive in treatment of the sub-
ject aren. Often serve as-a vehicle for final reports of
work performed at NBS under the sponsorship of other
wovernment agencies.

Voluntary Product Standards——Developed under proce-
dures published by the Department of Commerce in Part
10, Title 13, of the Code of Federal Rewulations. The
purpose of the standards is to establish nationally ree-
ognized requirements for products, and to provide all
concerned interests with a basis for common under-
standing of the characteristics of the products. NBS
administers this program as a supplement to the activi-
ties of the private sector standardizing organizations.”
(‘onsumer Information. Series—Practical information,
based on NBS-research and. experience, covering areas
of interest-to the consumer. Easily tnderstandable lang-
uage and illustrations provide useful background knowi-
edize for shopping in toduy's technological marketplace.

Order above NBS publications from: Superintindent
of Doeuwments, Government Privting Office, Washington,
D.C. 20502,

Order following "N BS nublications—NBSIR's and FIPS
from- the National Technical [nformation Services
Spregfield; Va, 22161,

Federal Information Processing Standards Publications
(FIPS PUBS)—Publicaticrs in this series collectively
constitute 'the Federal Information Precessing Stand-
ardsiRegister. Register serves as the official source of
information in the ¥ederal Government regarding stand-
ards issued by NBS pursuant to the Federal Property
and Administrative Services Act of 1949 as amended,
Public Law 89-308 (79 Stat. 1127), and as implemented
by Executive Order 11717 (38.FR 12315, dated May 11,
1973) and Part 6 of Title 15.CFR (Code of Federal
Regulations).

NBS Interagency Reports (NBSIR)—A special seriesof
interim or final réports on work performed by NBS for
outside sponsors  (both government and non-govern-
ment). In general, initial distribution is handled by the
sporsor; public-distribution is by the National Techni-
eal Information Services (Springfield, Va. 22161) in
paper:copy or microfiche form.

BIBLIOGRAPHIC SUBSCRIPTION SERVICES

The following current-awareness and literature.survey

bibliographies are issued periodically by the Bureau:

Cryogenic Data Center Current Awareness Service, A
literature survey issued biweekly. Annual subscrip-
tion: Domestic, $20.00; Foreign, $25.00.

Liquified Natural Gas. A literature survey issued quar-
~ly. Annual subscription: $20.00.

Superconducting Devices and Materials. A literature
survey issued quarterly. Annual subscription: $20.00.
Send subscription orders and remittances for the pre-
ceding Libliographic services to National Bureau of
Standards, Cryogwranic Nata Cantar (275.02) Roulder.

“Coloradoe 80302,





