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Wouldn't It Be Nice 
If Everythin In Tuur School 

Used 35 o ess Energy? 

The amount of energy that runs through some 

schools can seem out of control. Which wreaks havoc 

on the operating costs of the school-or any commer

cial or institutional facility, for that matter. 

To get better control of energy use, more schools 

and businesses are turning to high efficiency water 

source heat pumps from Trane. Co-developed by Trane 

and the Electric Power Research Institute, they're 353 

more efficient than comparable competitive units. And 

that's according to statistics from the Air-Conditioning 

and Refrigeration Institute (ARI). 

The result is a heating and cooling system that 

drastically reduces energy and operating costs.'In fact, 

the Trane high efficiency water source heat pump 
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• TRIJ..N 
Creating The Right Atmosphere® 

www.trane.com 

yields the lowest possible life cycle cost of any water 

source heat pump system you can get. And because 

many utilities offer rebates for installing these high 

efficiency systems, paybacks can be as little as a 

few months, or even less. 
High efficiency water source heat pumps. Anoth~~ 

way Trane helps you channe1'energy toward.producti 

uses. For a free brochure, circle the number below 

on your reader service card. CAll!<:fiean Standard Inc. 1991 
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Taking a New Look 
At School Ventilation 

Maine school shows how ever-improving building-envelope 
construction and changes in building loads makes 

''fresh-air" cooling increasingly attractive 

By ANTHONY J. LISA JR., P.E. 
Lisa & Whitney Engineers 
Portland, Maine 

0 ver the past 20 years, class
i-oom loads have shifted from 
heating and cooling to predom

inantly cooling. This· shift is, in 
large part, because of improved 
building envelopes that have effec
tively reduced heat loss within 
the buildings. · 

As illustrated in the following case 
study, the general effect of thls trend 
has been to: 
• Reduce ventilation fuel require-

Ventilation fuel requirements for school 
buildings have decreased dramatically 
since 1975, particularly for return
air systems. 

ments by approximately one half. 
• Double the amount of "fresh
air" cooling needed to prevent over
heating. 
• Increase ventilation fuel require
ments of 100 percent outside air sys
tems relative to return-air systems. 
• Change the relative efficiencies 
and effectiveness of many typical 
school ventilation systems. 

The 24-classroom school used in 
the study is a single-story building in 
Bangor, Maine. Key energy-use data 
are summarized in Table 1. The case 
study compares the building with a 
hypothetical building from 1975 with 
identical parameters except that the 
1975 building has heat-transfer coef
ficients of 0.09 Btu per hour per 
square foot per degree Fahrenheit 
for the roof, 0.30 for for walls and 1.13 
for windows. 

Today's reduced ventilation 
Ventilation loads normally are cal

culated using the following formula: 
Q = 1.085 x CFM x (T2-Tl) 

where: 
Q=ventilation load (Btu per hour). 
CFM=outside air (cubic feet per 

minute). 
T2=room temperature (degrees 

Fahrenheit). 
Tl=outside air temperature. 
l.085=constant conversion factor 

for standard air. 
On the surface, this formula 

appears to be independent of build
ing construction, and it is, as long as 
the building is in a heating mode. 
However, once th.e classroom switch
es to a cooling mode, T2 must be 
reduced to overcome the net heat 

gain within the room. As insulation 
levels have increased, net beat gains 
have become larger. This, in turn, has 
lowered supply-air temperature and 
reduced ventilation-fuel use. 

Figure 1 shows the theoretical 
maximum amount offuel required for 
the Maine school with a T2 of 70°F, as 
well as requirements using a 100 per
cent outside-air system and a return 
system. Without taking net heat 
gains into account, the theoretical · · 
maximum amount of fuel required 
using the above formula is 4,100 gal
lons per year. However, taking into 
account the net heat gains for a sys
tem providing six air changes per 
hour, fuel requirements in the 
modern-day building drop to 1,864 
gallons per year. 

In order to gain this magnitude of 
savings, net cooling loads must be 
prevalent throughout the entire 
school year. In this particular exam
ple, a typical classroom requires cool
ing dw·ing an average January day, 
even with the lights off and the 
shades drawn. 

Comparing ventilation systems 
Improved building envelopes have 

lowered the efficiency of 100 percent 
outside air systems relative to 
return-air systems. These 100 per
cent outside-air systems, by -detini~ 
tion, provide minimal airflow to com
ply with ventilation codes. These 
minimal rates require lower supply 
temperatures to compensate for 
excessive heat gains . 

For example, in March, the net 
heat gain in the Bangor school 
requires a supply-air temperature of 
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Heat must be added because design limits room supply to 55° F 

49.5°F. Because conventional design 
limits room supply to 55°F, heat must 
be added, even though the lost cool
ing will be detrimental in maintain
ing room temperature. 

With a return system supplying 
six air changes per hour, the neces
sary supply temperature is 59.8°F, 
well above the low limit. The reduc
tion in fuel consumption in this 
instance is 27 percent. Over the 
course of a school year, the return 
system in the modern building uses 
325 gallons less than the 100 percent 
outside-air system. 

As shown in Figure 1, the relative 
efficiency differences have become 
more pronounced with building
envelope improvements. In fact, any 
system paTameter that increases 
the ratio between heat gain and heat 
loss will widen the gap in fuel use 
between the two systems. Obviously, 
specific results will vary based on 
local conditions . 

Heat recovery 
The reduction in ventilation-fuel 

requirements has brought an accom
panying decrease in the effective
ness of heat-recovery systems for 
schools like the one studied. It is not 
that there is any less heat in the 
exhaust stream, but rather there is 
less need to recover heat. 

In the case study, efficiencies of 40 
percent through 100 percent were 

used in comparing central station 
systems with and without heat 
recovery. The air-handling sys
tems are constant volume supply
ing 17,200 cubic feet per minute 
(cfm) with 50 percent outside air. 

Table 2 shows net savings of both 
fuel and electricity for the several 
heat-recovery-system efficiencies. 
Even with high efficiencies, simple 

JI 

payback periods would be unrea
sonably long. 

Variable air volwne 
Envelope improvement.s have 

reduced savings associated with 
v~riable air volume in many school 
applications. First, as mentioned, 
higher airflow rates are now 
required to satisfy larger net heat 

Modern-construction school buildings often 1·equire cooling 
even in the dead of winter. In the study, a typical classroom 
requires cooling du1ing an average January day, even with the 
lights off and the shades drawn. 
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Cast Resin 
Transformer 

all around you. Like our electronic ballasts, trusted across the U.S. and around the 

globe to deliver superior performance at competitive prices. As part of the 

Magnetic 
Fluorescent 

Ballast 

$71 billion LG Group, we create a vast range of products, recognized worldwide 

for their unrivaled features and reliability, from AC Drives and Magnetic 

Contactors to Ground Fault Circuit Interrupters and Cast Resin Transformers. And everything 

we make is backed by extensive R&D, rapid service and our steadfast 

commitment to your satisfaction. To see how our world class technology 

can work for you, reach us toll-free at 1-888-544-7872, call (201) 816-2000 or fax (201) 816-2343. 

For information circle 233 

8 LG Industrial Systems 
Global Reach. Individual Solutions. 

-Programmable 
Logic Controller 

(i 
AC Drive 
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Circuit Interrupter 
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Envelope improvements in school buildings since the mid 1970s 
have significantly changed the dynamics of school ventilation 

gains. It might be added that mini
mum airflow rates are limited to 
classroom ventilation needs. 

In this case study, for example, the 
total airflow is six air changes per 
hour, with half of that needed for 
ventilation. Second, at minimum 
flows, the system functions as a 100 
percent outside-air unit with the 
penalties described earlier. 

These factors diminish the relative 
cost-effectiveness of this approach. 
Table 3 lists annual savings for a 
variable-air-volume system versus 
constant volume at four through 
eight air changes per hour. Once 
again, simple payback periods for the 
case study were not acceptable. 

Hydronic heat-pwnp system 
Heat-pump systems are afflicted 

by some of the inefficiencies as
sociated with systems discussed 
earlier. First, there is the penalty of 
having to heat outside air to some 
predetermined setpoint. For 100 
percent outside-air units it is the 
low-limit setting. For heat pumps 
it is the minimum entering-air 
temperature. 

In the case study, outside air is 
preheated with loop water to 55°F. 
(Loop water is heated either by heat 
pumps in the cooling mode or by a 
boiler.) When mixing this air with 
return air, the resulting temperature 
often is above the necessary supply 
temperature, thus requiring mech
anical cooling. In the case study, 
the cooling energy needed is 8,370 
kilowatt-hours from September 
through May. Raising the entering
air temperature to 60°F increases 
the required cooling energy by 
64 percent and total operating costs 
by $600. 

Second, as in the case of heat 
recovery, fan energy increases 
because of higher static pressures 
resulting from the addition of a pre
heat coil. In the case study, heat-

pump fan energy exceeds that of a 
return system by 2,500 kilowatt
hours. If a precooling coil also is 
required, that differential increases 
to 6,500 kilowatt-hours for the school 
year. Because only loads associated 
with the traditional school year are 
being considered in this analysis, 
precooling-coil pressure drops are 
not included. 

Finally, there is an inefficiency 
unique to heat pumps. This can best 

FIGURE 3-
FUEL AND ELECTRICITY 

Operating costs for the variable-air
volume system were lowest in the study. 
A hydronic heat pump had the highest 
associated energy cost. 

be seen when all heat gains are 
gone and the system is in the 
heating-only mode. Here, as with all 
systems, .t'uel use is 4,100 gallons 
per year. Heat pumps, however, 
require as much as 10,000 kilowatt
hours per year to extract the 
required heat from the loop water. In 
the actual case study, this pe!)alty is 
reduced to 200 kilowatt-hours per 
year, and fuel use is 1,806 gallons per 
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year. As indicated in Figure 3, oper
ating costs for the hydronic heat
pump system were the highest of any 
of the systems considered. 

Swnmary 
Envelope improvements since the 

mid-1970s have significantly changed 
the dynamics of school ventilation. 
When estimating ventilation fuel 
use, the effects of all system para
meters on the traditional ventilation 
loads formula must be considered. 

These changes, in turn, have had 
an impact on both the effectiveness 
and efficiency of mechanical ventila
tion systems. Newer and more costly 
ventilation systems may not provide 
better indoor air quality or cost
effective energy savings in these 
applications. A closer look may be 
necessary in making an accurate 
evaluation of ventilation-system 
performance. D 
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LOOKING FOR MORE? The 
following articles offer related 
information and are available for 

$7 each. To order, clip or photocopy this 
box, circle desired articles and send 
with check or money order to: Consulf
ing-Specitying Engineer, Editorial 
Department, Cahners Plaza, 1350 E. 
Touhy Avenue, Des Plaines, Ill. 60018. 

• Teaching Tomorrow's Lessons 
Today, by Chuck Ross, Dec. 1995, p. 
26. An advanced computer network, 
gee-thermal heat pumps and a DDC
based energy-management system put 
this project the head of its class. 

• The ABCs of Retrofitting Schooh1, 
by Joseph Mangan, P.E., Nov. 1993, p. 
28. Deciding to retrofit an older school 
depends on existing conditions and i 
cost effective. 

Plus: See related Industry sites 
through links on Consulting· 
Specifying Engineer Online at 
http://www.csemag.com 
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· For International 
Standards ... 

Uni-Gard"' makes the difference! 
- Widest range: 20-1 OOAmp (16-125 

Amp !EC) 
- Safe, watertight connectors to 

worldwide standards 

Russe11sto1r 
Discover the difference. 
Send for Catalog IEC· 1. circle 24 7 
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For Demanding Hazardous 
Locations ... 

Russellstoll® makes the difference! 
, - Class I (C,D), Class ll(F,G), 20-

.-..., ~~ 1 OOAmp Solutions 
a._ - Safe Ground, Plugs, Receptacles & 

81 
Interlocks 

Russe11sto1r 
Discover the difference. 
Send for Catalog PR-4. 

For All Your Custom 
Requirements ... 

RussellstoJJ® makes the difference! 
- Custom solutions 1or power dlstribullon 

• - Facllity expansions/ 
'."";..>- ;::;;. renovations • Marine Shore 

- Power Centers • Moblle 

II 
Power/Test Centers 

Russe11sto1r 
Discover the difference. 
Send for Catalog PA-6. circle 
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For Your Toughest Industrial 
Applications ... 

Max-Gard® makes the difference! 
- Safety 'Gated' contacts from 

• 

30 lo 600Amps, 600 Volts 
- Waterproof with DurOrlng'" 

O·ring system 
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