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Evaluation of Ventilation Requirements and Energy Consumption 
1n Existing ~ew York City School Buildings 

Stanley T. Liu, Charles M. Hunt, and Frank J. Powell 
Center for building Technology 

lnstitute fcr Applj~d :echnology 
Natio~al Bureau of Standards 

Washington, D.C. 20234 

1. Introduction 

tlumeroul' articles lnd detailed research stu<- _es-L-l..1 .. J/* indicate that the nation con­
tinues t;) face increasing demands for fuel and elt:ctrical energy which in tu=n impose great 
pra~sules on available supplies. This situation, :oupl~d with air and thelmal pollution 
problems of the nation, caused leaders to declare "hat ~onservation of energy resources is 
of paramount importance in govern~ent and industry_ 

Energy used in buildings for s?a~e hp.ating and coo~ing, lighti~~, hot water heating, and 
mechanical ventilation constitutes a large portion (32 percent) of .'ner~y consumption in the 
United States, as was recently do~u=~nted by a Stanford Research In3titute reporcll. It is 
estj.mated that .1t least 10 to 20 vel" :ent, and maybe as high us 40 t~ SO percent.!! of energy 
..ISP': in buildings could be saved in t-le desie,n and <.onstruction or new buildings by a compre­
hClllive thermal analysis in the design c-f the building envelcpe, by a tJlore careful evaluation 
of -:resh air ventilatic.n requirements hnd lighting requirements, alld ':Jy the utilization of 
(,fficient energy conversion equipment. 

Public school buildings, as a group, constitu~e a significant portion ;)f the public build­
ing~ in the cities of the United States. The Cent~r fnr Building Technology of the National 
Bureau of Standards, under the sponsorship of the National Science Foundation, and with the 
collaboration ;)f the Board of Education of New York City, undertook a study in 1974 on the 
pattern of energy consucption, anc the effect of ventilation or .1 cla~sroom environment, in 
a tY9ical urban public school. TIle purpose was to obtain detailed inforzation on the energy 
usage of school buildings in order to develop guidelines for energy conservation in the design 
and construction of future energy-efficient school building~. This report presents the results 
of this study. 

Work done at ~~S on this project ~onsisted of two parts. The first part involved (1) an 
analysis leading to the selection or a typical existing school 1n New York City to be used as 
a norm for comparison with a fut~re new energy-conserving school, and (2) .4 detailed ~omputer 
thermal analysis of the selected school using the ~BS program called NBSL~f to dete~~ne the 
breakdQ~~ of its energy usage with respect to 1i~hting, heating, ventilation, and equipment 
operation. in order to identify the importance of the major areaa 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 consUDrjltion dat.1 from May 1970 through April 1973, 
of 19 schoels 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 t~9 
principal investigator, Richard Stein and Associates, to obtain a typical school schedule and 
operating data for various mechani<.~l equipment. These data were then used as input to the 
NBS computer program for the thermal analysis. 

The sec~~d part of this report gives the results of a one-week ven:11ation tRSt conducted 
in a typical urban classroom in ~ew York City to determine the effect of reduced _entilatior. 
on the interior enviror~ent. including the concentrations of carbon dioxide and oxygen, the 
change in dry-bulb temperature, the variation of relativ~ humidity, and the activity snd re­
sponse of the students. These re&ults 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 ~he proje~t will be discuased in the following sections. 

See references at end of text. 
1 



Table 1. Descr1ption of the 19 Schuols included 1n the Energy Consumptton Survey 

Ratio of 
Cla~sroom 

(;r088 FlOOk" Window to 

School Year "reu Type oC U.U No. of Classroolll Ext~rlor He~ting System 

tlo. Type> Location CODlpleled 1,300 ft:! Cons t ruc C 1 on I\: ~ Stories Ceiling lIeights lJall Area lne 

II. S. !lrooklyn 1q~9 404 10 1 -0" 0.37 Ftn-Tub" St eam 

I. S. Brookl:"n 1963 188 10'-0" 0.52 Fin-Tub\! SteaDl 

3 H. S. Bronx 1969 371 1 8'-9" 0.50 Fin-Tube Steam 

4 II. s. liu(:ens 1960 246 

11. S. Queens 1955 311 10'-8" 0.39 Fin-TI,be Steam 

6 It .. s. Quet,.'~ns 1965 254 9'--0" 0.58 "·1u-lut.~ Steam 

11. S. B:·onx 1959 288 6 11'-0" 0.52 Fin-lube Steam 

8 I. S. fironx 1970 176 

9 II. s. Queens 1966 284 3 9'-0" 0.29 FIn-Tube Steam 

10 I. S. Brook1r n 1970 169 3 10'-0" 0.41 Fin-Tube Steum 

\U II II. s. Hanhattan 1958 251 5 11'-6" 0.25 FIn-Tube Steeam 

12 H. S. Brooklyn 1958 300 3 8'_0" 0.56 to'in-Tube Steam 

13 H. s. Queens 1964 254 9 1 -3" 0.50 Fin-Tube Stc:am 

14 I. S. 8rooklyn 1968 164 10'-4" 0.05 Fin-Tube Steam 

15 I. s. Manhatlan 1958 175 

16 H. S. Broo!<.lyn 1969 282 4 11'_)1t 0.49 fio-Tube Ste"m 

17 H. S. Brooklyn 1964 248 8'-5" 0.42 ."hl-lube Stewn 

18 I. S. Brooklyn 1906 163 

19 I. s. ME:.nhactan 1966 170 B'-O'l o. Hot Water 

2 -2 2 
II. f,. - lIi~" School 1 ft - 9.29 x 10 m 

I. S. - Inte,,,,,,diate School f[ - 3.048 x 10-
1 

m 

•• 4" t..1ce brick, 2" airspace I 6 1t concrt!te block 
in. - 2.54 cm 

lIaU Type 1: 
lIall Type 2: 411 fBC~ brick, 2" airspace, 4" concrete block 
lIal1 Type 3: 4" face brick, 6" concrete block 
UaU Type 4: 101/2" IJlds"nry, 2" d.lrspoce t )" pJsHter 
lIaU Type S: 4" glass bloc~ 
Uall Type 6: 10 1/2" masonry 



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

Groa. Floo"C Monthly Electricity Consumptior. in l:1Ih Per 1,000 ft 2 Floor Area 
School Area 

'Yearly 

No. 1,0011 ft 2 2 3 4 5 6 8 9 10 11 12 Total 

1 404 326 332 384 316 362 317 181" 189· 26~' 333' 318 306 3,633 

2 188 379 378 403 )38 JB6 333 232 214 269 328 )54 349 :,963 

3 371 U6 406 460 340 363 323 178 214 311 355 543 4,307 

4 21.6 443 434 503 351! 1.66 443" 37" 195" 258 320 421 434 4,312 

5 311 453 420 487 380 496 386 149 101 309 447 4~5 429 4,512 

6 254 461 444 448 517 504 375 104 110 298 1.26 474 463 4,624 

1 288 424 458 529 440 474 385 iJ~ 117· 332* 442 457 482 4,615 

8 176 432 430 476 399 411 455 236 2',3 317 403 43!t 431 4,745 

9 284 487 479 555 444 5)9 431" 150· 155 365 466 472 487 5,u30 

10 169 667**/426· 389 518 440 454 372 366* 3~4* 266* 398 433 639*'/419" 5,286/4,825 

VI 
11 251 551 54C 603 492 581 451 261 207 360 521 53!, 558 5,659 

12 300 530 552 641 484 625 524 141 168 368 532 572 55~ 5,692 

13 254 561 540 601 464 570 458 346 373 40) 511 535 554 5,~16 

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 ~57 588 580 6,420 

16 282 617 576 660" 540" 664 567 393 199 495 583 605 603 6,702 

17 248 815 729 815 734 i63 685 356 384 574 768 802 766 8,201 

18 163 809 784 825 801 780 676 549 633 627 681 765 764 8,722 

19 170 1,280 1,129 1,251 1,7.40 1,306 1,381 1,273 1,296 1,261 1,271 1,212 1,233 15,142 

* 2-y •• r averase 1 kllh/l,OOO (t2 - 38,150 J/m2 

1 ft 2 - .093 m2 .. 
Extra 1arae during the opening year operation 
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Sc:uJol No. 

No. of Day Studec.ts 

School Hours 

Weekdays 

Week Nights 

Weekends 

~pace Occupied 

Weekdays 

We.k Night. 

Weekends 

Lighting 

Weekdays 

Ileek Nighte 

Weekends 

Thermost8t 

Classrooms 

t.,;Y1lllltlliium 

AudltorlWll 

Cafeteria 

BoUer Schedule: 

Heating Season 

Other Seasons 

Boller Scht:.t!u'lt 

Weekd"ya 

Week Nights 

Ueekends 

1,720 

8:30 a .... - 3:00 p ... . 

6:00 p .... - 10:00 p ... . 

Saturday. 9:00 8.1D. -

12.00 noon 

All 

GYM8sium, Auditorium 

GYl:lnas!um. Auditorium 

All 

Corridor, C)'lllllasium. 
AudltoriWll. 

Cacridor. GymnasiulD. 
Auditorium 

72 of 

70 of 

70 of 

70 of 

80ilers 

lkltler 

7:00 a .... - 2:30 p .... 

6:00 p.m. - 8:00 p.m. 

SaturdolY, 8:00 •. ~. -
10:00 a .... 

'titbJt:. 4 Operation Scheduleti of t.he ~ Schoolu Visited 

6 

4 ,COO 

7:00 8.JQ. - S:OO p.m. 

7:00 p.m. - 9:;0 p.m. 

Saturday. 10:00 a .... 
S :00 p.m. 

All 

Gymnasium: 30 Cl1l61j­
rooms 

GymnasIum 

All, 20% Auditor11JlJl 

Corridor. GymnaB".:.um. 
30 C1assrootnB 

Gymnasium 

73 OF 

70 OF 

70 OF 

70 °t' 

BoUers 

BoHer 

6;00 Ii.m. - l:O{. ,J .J. 

7 :00 p .... - 9 :00 p.m. 

Saturday. 9:00 a.m. -
2:00 p .... 

-

10 

1,500 

8:30 a.m. - 3:00 p .... 

7:00 p .... - lC;OO p.m., 
3/1100k 

Saturday. 9:00 B.lD. -
12:fil noon 

All 

Gymnasium, 15% Claati­
r(lOlll8 

Gymnasium 

All, 25% Auditorium 

Corridor. Gymnasium, 
15% Classrooms 

Carr 1dor. GymnasiuOl 

72 OF 

70 OF 

70 OF 

70 OF 

2 to 1 Boilete. 

1 BoLler 

1 ,on ~.m. - 2 :3J p ... . 

6:00 p.m. - 9:00 p ... . 

Saturday. 1:00 S.iD. -

10:00 a .... 

17 

4,Ot)0 

7;.)0 ... VI. - ~: )0 ~.m. 

b:OO p .... - 10:00 p.lA. 

10:00 8.ID. - 3:00 p.m. 

All 

Gymnasium, 12 Class­
rooms 

Cymnaalum 

All 

Corrld':":l~ r,~-1llllh.91W1l. 

12 Classrooms 

Gyrrn801uOl 

72 OF 

70 OF 

iJ -Y 

1\1 ., 

to 3 Bollers 

1 Boi let" 

S:OO a.m. - 6:(\0 p ... . 

6:00 p.m. - 9:00 p ... . 

9:00 4.m. - 2:00 p ... . 

19 

1,5(10 

8:)0 8.11. - 3:00 p .... 

6:00 p.m. 10:00 p.m.~ 
J/II'ok 

10:00 a.lA. - S:OO p.m. 

All 

2nd Floor (2S%) 

Gymnasium 

All 

Corrlc!or. Cafeteria. 
Cymnaliium. Cla&srooDlS 

Corridor I GymnasIum 

72 OF 

70 OF 

10 OF 

70 0p 

l!ui tera 

bllllers 

1 :00 1l.Q!,. - 3:00 r.m. 
.:00 p .... - 9:00 p.m. 

11.1l0 8.1D. - 5:00 r.m. 



10. School ~o. 19 ",as che only school visHed Chat had air-condHioning. The 
school ~as a windowless school wtt~ a higher chan usual lighcing level 
(5.5 wan/ftZ (59.2 W/m2) cla,o;sroot:: floor area) lna a longer than usual 
school schedule (open 7 days/week, 52 weeks/year for 'Joth ceaching and com­
:nunity activities). nle boilers supplied steam :or space ;leating during 
the winter and for the absorption chillers dur~ng cooling season. The win­
dowless design and tne operating schedule probably caused the high energy 
c"nsul:lption rate for this school. 

The information gathered during the visH to che school,; was used as input to the NBS­
~eveloped building ther=al load deter=ination program in order co obtain a detailed energy 
consll:np:ion panern of a cypical existing school. The computer analysis is :lescribed in che 
following section. 

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

3.1 Calculation of Indoor Space Conditions by Bu~lding Thermal Simulation 

Numerous papers have been published and calculation manuals ~repared on the subject of 
heating/cooling load determination. Very few of the co:nputerizcd models, however, have the 
capability of handling fluctuations in inJoor air temperature as in the case of the schools 
studied in this report where the boilers are act'..tally shut down during nonoccupied periods of 
time and the indoor temperature is allowed to drift below the set value 0: the thermostat. 

The heat transfer calculations for room temperature prediction ~re similar to the heat­
ing/cooling load calculations. The former, however, are somewhat more complex than the latter 
because they require exact heat transfer calculations for heat conduction through exterior 
surface and infiltration heat exchange. The ~ational Eureau of Standards, over the last sev­
eral years, has developed a computer program which computes the room heatj~6/cooling load re­
quirement, as well as the temperature fluctuation of a room not heated or air-conditioned, 
wh~n the building is subjected to hour-by-hovr randomly fluctuating outdoor climatic condi­
tions. The program is called "NBSLD" and consists of various subroucines for calculatl.ng heat 
gains and losses, which are similar to those recommended by the ASHRAE Task Group on Energy 
RequirementsL/. One cal~r extension or che prosram beyond che recommended ASHRAE Task Group 
algorithms is a routine called ~~PK, which solves for t~e hour-by-hour heating/cooling load 
reqvirements or temperature ',ariations, taking into account the tra,1sient heat conduction and 
ther=al 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 referencef, (5] and (8]. 

3.2 Construction Oats and Operation Sc~edules of the Selected School 

In order to aid in the design of new energy conserving schools and to investigate the 
application of the ~~S computer program ~SLD to school design, one of the schools visited 
during the field trip was selected for a detailed ana.l,ysis of its energy consumption pattern 
with re~pect to its requireoents 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 energy consumption can be identified, snd ne.; <':esigns can be 
devised and applied to minimize or reduce the energy requirements 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 "~1BSLD" is a thermal energy analysis program and the space heating requirement of a 
ruilding is intimutely associated with the building shell design and ventilation requirement, 
emphasis was placed on selecting a school which has an average fuel-oil consumption. 

The No. 6 school selected for the analysis is a high school facility having an overall 
floor area of 254,000 sq. ft. (23,600 m2) and is located in Queens, New York. The facility 
is composed of 3 buildings: s 3-story claseroom and administration building, s gymnaSium, 

13 
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vhich had the sace electricity ~onsumption). With the school officially closed frem Dece~ber 24 
to January 1 for the Christmas recess, the December consumption sh'luld be much lover than for 
January if tha school vas in f"ct closed entirely during the recee!'. AlgO, the "ciledule for 
lighting usee in the computation vas, at b~st, an estimate of the actual usage pac':ern vhich 
vas subjected to mu.;h greater variations than space heating or 'lrntilation equipmtl:ot opera­
tions, sinc~ those operation schedules vere controlled by a sing:e person, the custodian, 
vhile the lighting svitches ',ere accessible to a large number of oeople. 

Table 6 gives a breakdcvn of monthly energy usage for ventilation, heat loss through 
glass, heat loss ~~e to air infiltration and conduction throug~ 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 is seen fr~m the tvo tables tha: 
during the heating season ;November - February), 76 percent of the heat~ng energy vas used to 
heat ventilation fres~ air. The fraction of energy for classroom ventila~ion vas the largest 
('7 percent), followed by gymnasium (26 percent), auditorium (14 percent), and cafeteria (8.5 
percent). These data shoved that a significant reduction of heating eneq:y could be obtained 
by reducing the rate of f-:esh air int,ake. 

Table 7 shows that ehe fraction of heating energy used to compensate for heat loss d~e 
to fenestration vas 2.5 to :.9 percent, and for heat loss through the "o1.id \Jares of the ')uild­
ing shell and infiltration, vas 17 to 19 ;crcent, vith a combined total of about :1 perce~t. 
However, this relatively small fraction does not mean that there is no nee~ to imprc~e the 
d~sign of the building shell. The large q~',antiey of heating :mergy used co heat up the out­
door fresh air for ventjlation purpose overshadows the building skin loes. If the fresh air 
intake i::; reduced s::'gnidcantly--for eXP::Iple, by a factdr of 2--t!1e per::ent building skin loss 
vill oecome larger. Th'a heat 'OBS through vindov glass ;Jas the differe.lce between the heat 
loss by conduction and heat ga1n due to solar radiatton. This less rep~esents only 2.5 to 
2.9 percent of the total ')Itt:ding 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 bu!lding is large (33 percent, see Table 5), the a~unts of glass in the 
other two buildings are small and the ~verall ratio of glass to exposed surfaces, including 
roof anc ground floor, amounts to only 7 percent of the total building shell ares. 

Tables 6 and 7 also give the monthly electrical energy consumption for lighting and equip­
ment operation. It is 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 ussge by a large &uount. The power 
requirement for vent::'lation fans will be reduced if the ventilation rate for classrooms and 
the air supply rate to the other spaces are reduced. 

4. Ventilation Test 

4.1 Objective of the Test 

Aa described in t,e previous section, fresh air ventilation comprises the major heating 
energy consumption for the existing schools. Any reduction in th~ ventilation rate vill 
therefore contribute s:Lgnific:lntly 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 illtensity 
of body odors which may be disagreeable and distracting, in a densely occupied fipace; and 
(3) to prov1de air movement in the classroom for the ;.'po~es of minimizing the temperature 
gradient and local pockets of high carbon dioxide or nrlor concentration. 

Chapter 4 of the 1974 Applicat1on'J Volume of the ASHRAE Guide and Data 8001<2/ states th;;,t, 
with tegard 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 10-3 m3/9) of outdoor air 
per student is required to liuit the C02 concentration to 0.6 perc!nt by volume. These values 
are applicable to a room vith from 110 to 457 ft 3 (3.12 to 12.98 m~) of airspace per student. 
I" r~c same reference, the requirement for odor-free air (not necessarily outdoc~ air) varies 
from 29 cfm (13.6 x 10-3 m3/s) per student at 100 ft 3 (2.84 m3) of airspace per student to 
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Table 7 Types of Energy Usage as Fractions of Totsl Calculsted Energy Consumption in School No- 6 

Month 

9 10 11 12 1 2 3 4 5 6 

(1) Ventilation EnerBY U .• al" ~Heating) 

Classroom Ventilation/Total Heating .125 .225 .276 .272 .275 .272 .274 .237 .194 .068 
Gymnasiam Ventilation/Total Heating .170 .273 .263 .268 .259 .264 .269 .237 .248 .078 
Cafeteria Ventilation/Total Heating .0,,0 .033 .058 .070 .085 .080 .060 .063 .020 .000 
Auditorium Ventilation/Total lIeating .105 .173 .166 .142 .141 .139 .155 .180 .170 .012 

IV (2) Comfonents of lIeatins Enersr Usase -,J 

Total Ventilation/Total Heating .400 .704 .763 .752 .760 .755 .75P- .717 .632 .158 
Glass Loss/Total Heating .010 .021 .029 .028 .024 .022 .021) .016 .012 .000 
Walls, Infiltration Loss/Totsl Hesting .(169 .122 .141 .174 .185 .186 .173 .148 .113 .019 
Hot Water/Totsl Heating .521 .153 .067 .046 .031 .037 .049 .119 .243 .823 

(3) CO~Eonents of Electrical Euers~ Ussse 

Lighting/Total Electrical .800 .800 .800 .799 .800 .799 .799 .800 .800 .B9 
Fana/rotal Electrical .193 .194 .193 .194 .194 .194 .194 .194 .194 .194 
M1scellane~us Equipment/Total Electrical .007 .007 .007 .007 .007 .007 .007 .C()7 .007 .007 

(4) ComEonents of Heat Loss 

Glass Losa/Total Loss .129 .149 .173 .138 .114 .105 .104 .099 .099 .C26 
Walls, Infiltration Loss/Totsl Loss .811 .851 .827 .862 .886 .895 .896 .901 .901 .97', 
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Figure 15 Photograph of the Floor Exhaust Grill~ in the Test Classroom 
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Co .. constant outdoor ambient CO2 

N .. number of occupants in a room 

G • average CO2 volume rate of production/occupant 

V .. volUme of room 

Ac .. air change rat~ 

t .. time 

The assymptions for the abovd equation are: 

1. constant outdo~r ambient CO. concentration level 
'" 

2. unifo~ CO
2 

concentration throughout the room at any time 

3. air chan6e with ambient air at constant CO
2 

concentration level only 

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

A V 
G" _c_ 

N { 
Cr - Cr J .,... __ ....,....;o=-.,. _ (Co - Cro) 

1 - exp (-Act) 
(2) 

To obtain an average C02 production rate for the students in the test classroom, the test 
results of Figure 30 were used· From ~'igure 30, with Ac .. 1.3, N .. 30, Co ... 0005, Cro , . 
• 00068, Cr ... 00143 at t •• 667 hr, and V .. 7,860 ft 3 (223 m3) the value of G is computed by 
using equatton (2). The result is G • 0.44 ft 3/ht (3.46 x 10-~ m)/o) per student. This i~ 
equivalent to about 540 grams per day whic;l can be compared with 642 grams per day reported by 
Wang [12] for college students in an auditorium. In reference 9, the production rate of CO 2 
tor a standa"Cd seated adult ~:as given as 0.75 ft3/hr (5.9 x 10-6 m3/s). Assuming the produc­
tion rate of C02 for an eighth grader to be 70 percent of that for an adult, the value for G 
will be .525 ft3/h"C (4.13 x 10-6 m3/s) which is in reasonably good agreement with tha computed 
value based on test results. 

Assuming G ... 50 ft3/hr (3.93 x 10-6 m3/s) for an average eighth g"Cader, the steady-state 
concentration of C02 in the test classroom with 24 students and an outdoor ambient C02 con­
centration level of .OS porcent 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 is seen t~at the estimated and the measured results showed excellent 
agreement. Figure 35 also shows that for an air change rate of 0.25/hr, the C02 ~oncentration 
in the test room with 24 students ~Iould 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 concluded that for 
a building without any mechanical ventilation and with the windows closed, natutal air infil­
tration alone could not be relied upon to prevent the C02 concentration level from riSing 
above the maximum safety limit. 

5. Conclusions 

Under the sponsorship of the National Science Foundation, an analysis on energy consump­
tion and ventilation requirement tor an 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 w!~~ a future energy-efficient school, based on the actual electrical energy 
and fuel-oil consumptionf. of 19 existing schools, (2) a computerized ener;y 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 teat in a cl~ssroom to 
determine the effects of reduced ventilation rata on the general environment of the classroom. 
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The electrical energy and fuel-oil consumption data of the 19 echQols 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 consum~tion of the other 17 school~ varied by a factor of 
less than 2. The two atypical schools had a very high consumption rate. Omitting these two 
schools, the ariChmetic values of 5,250 kWh and 417 gallons, both p~r 1,000 ft 2 gross area 
(2.03 x 108 J and .017 m1 per m2 of gross floor area) were chosen to be the average yearly 
electrical energy and fuel-oil co~sumptions of a typical school. 

Based on the architectural drawings of the schools provided by the B03rd of Education, 
it was found that most of the schools in ~ew York City were of the cavity-wall type construc­
tion, 3 stori~~ high, single-pane glass with a window to exterior wall area ratio ranging 
from 0.1 to 0.0 for a typical classroom. Ventilation was provided for the =lassrooms by top 
exhaust fans on the roof, and space heating was provided by fin-tube radiators under window 
sills usi~g low pressure steam. Except for a few schools, ~ost schools had no space cooling 
equipment. 

The cottputerized energy analysis was performed on one of the 19 schools. The school had 
a configuration typical of those described above and had an energy consumption of 4,624 kWh 
snd 428 g~llons of fuel oil on a per 1,000 ft 2 gross floor area basis (1.79 x 108 J for elec­
tricity and :uel oil of .0174 m3 per m2 of gros~ floor area). USing the operating schedules 
provided by :he school custodian personnel, architectural and mechanlcal data from the blue­
prints and t.le westher data for the year 1962-63 for New York City, a thermal energy simula­
tion was performed using the NBS-developed computer program NBSLD. Tha monthly electrical 
energy and fuel-oil consumption agreed well With the actual measured anergy 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 ventilation air. It is therefore conclud~~ cnat the most effective ways of reducing energy 
consumption for any new school, and also fQr the existing schools, are to reduce the li6hting 
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
~~ired by local building codes. The el~ctrical ener3Y consumed by the ventilation fans which 
comprtsed 20 percent of the overall eleccrical energ~' consumption would be reduced as a con­
sequence of the reduction in the ventilation rate. S~nce the conduction through the windows 
and exterior surfaces snd infiltration 108S comprised 21 percent of the heating energy, im­
provements in the construction of the building shell will further reduce the overall energy 
consumption of a new Fchool. 

Ventilation tests were 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 environment of the classroom, witr .pecial emphasiS on the C02 concentrat~~n and 
02 content. It was found that under three di ~rent ventilation rates, ranging ftom 4.6 to 
1.3 air changes per hour, the temperature and relative humidity all stayed within the comfort 
range of 70 to 76 OF (21.4 to 24.8 °C) and 20 to 30 percent. No change in 02 content was 
detected, and the C02 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 was far below the safety 
limit of 0.5 per,ent established by the Occupational Safety and Health Administration (OSHA). 
Ho~ever, when the ~c~ool buildi:~g was not ventilatec by any mechanical means, the air change 
rate in the classroo. was reduced to only 0.23 per hour". It was estiwated that under this 
conditivn, the CCZ concentration level woul~ reach a steady-state level of 0.7 percent by vol­
ume, indicating that mechanical ventilation wab ~equired to reduce this value to the acc~pt­
able level of 0.5 percent or less. The estimate of 0.7 percent C02 concentration was based 
on ~tudents in the 12- to 13-year-old age group. It would be higher if the students were of 
high school age. However, the ventilation test indicat~s that reductiwn of the ventilation 
level from the present 5 air changes per hour to 1 sir change per hour would permit the C02 
concentration or the 02 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 ~aintaining safe 
and comfortable indoor conditions. A strong need exists to conduct additiunal ventilation 
tests of the type reported in the present study for the purpose of suoglying 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 - Calc ,laeion of Air Exchange Rates from Tracer Dilution ~ea~urements 

Tracer gas is distributed unifo~ly throughout the v~ntilated space, and the concentra­
tion is measured as a function of time. The rate of decrease of tracer concentratinn may be 
represented by the relationship 

where 

c " tracer concentration in the space at time t 

Co .. tracer cor,centration in the outside air entering the ventilat·~d space 

v " vol=e rate at which outside air en-:ers the space 

v " volume of the v~ntilated space 

In the case of Sf6 tracer gas Co is usually 0, and equation LA reduces to 

or 

(lA) 

(2A) 

(3A) 

where ci • initial concentration of tr3cer. If v, V, and t are in conl1seent units v/V is 
the infiltration rate in air chang~s per unit time. Thus, if ln (c/ci) is plotted against 
time, the infiltration rate is obtai-led frem the slope. 

59 



16. ABSTRACT (A 2(J().word or r"ss factua' summary of most si~ificanl infotmallon. II documettl include. " ai!/llj{/cant 
bibllogr"ahy or literature survey, mf!f1tion it here.) 

Continuation 

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

A ',entilation test was cor.:l.uctp.d O'Ter a 4-day period in a tnical classroom. It 
was found that a reduction of the air chang·e rate from the normal 4.6 changos per hour 
to 1.3 changAs per hour did not sign1ficantly Gh&nge the indoor environment 8S expressed 
in terms of temperature, relative humidity, oxygen content level. and C02 concentration 
level. However, computation indicates that, when no mechanical ventilation was pro­
vided, the C02 concentration level would exceed the 0.5 percent safety limit, indicat­
ing that natural air infiltratic~ alone will not provide adequate ventilation for the 
general health and safety of t~e students. 
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