Savings Through

Based Ventilation

Agtording to one study in the U.S.," infiltration of outdoor air accounted
fér 55% of the total heating load and for 42% of the total cooling load. An-
other survéy? showed that 75% of fuel oil consumed in New York City
schools was devoted to heating ventilated air. Because building condition-
fng accounts for nearly 20% of all the energy consumed in the U.S.,° op-
timized admission of outdoor air can make a major contribution to reducing
our national energy budget. The purpose of this paper is to describe the
available control techniques for optimizing the admission of outdoor air.
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i URING periods when free cooling

Is not available, outdoor air is ad-
mitted for ventilation and pressuriza-
tion purposes in order to:

e Make up the oxygen that was
consumed by the occupants;

e Minimize contamination and di-
lute odors;

e Minimize infiltration by main-
taining a positive building pressure.

in conventional installations, the
amount of outdoor air admitted is
usually based on one of the following
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criteria:

e (.1100.25 cfm/ft? of floar area;

s 10% to 25% of total air supply
rates;

e About 5 cfm volumetric rate
per person.

These criteria have all originated
at a time when energy conservation
was no serious consideration and
therefore, their aim was to provide
simple, easily enforceable, rules which’
will guarantee that the outdoor air in-
take always exceeds the required mini-
mum. Today the goal is just the op po-
site. It is to make sure that the mini-
mum requirement is not exceeded.

ASHRAE has recognized this? by
permitting minimum ventilation air
quantities to be reduced to one third of

the specified minimum in Section 6 of
ASHRAE Ventilation Standard 62-73, if
the air quality is maintained. This can
result in substantial savings.
METHODOLOGY

There is a direct relationship between

savings in building operating costs and

reduction in outdoor air admitted into
the building. The following steps can
be exploited to accomplish such sav-
ings:

e Qutdoor air damper should be
completely closed at all times except
when the building is occupied. If, for
example, the HVAC system is oper-
ated from 7 am to 6 pm, but the build-
ing is occupied only from 8:30 am to 5
pm, the damper should be fully closed
from 5 pm to 8:30 am. This alone will
reduce the daily quantity of minimum
outdoor air which needs to be condi-
tioned by 25%.

* Dampers must give tight shut-
off. This is an important hardware
selection and maintenance criterion.
In testing a building in Rochester, Min-
nesota, the author has measured as
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much as 16% air flow, through *‘clos-
ed"" outdoor air dampers.

» |f fans are cycled and the
dampers are closed when the fans are
off, the resulting savings will be in

direct proportion to the ratio between

“on' and “‘off'" periods. :

¢ During occupied periods, op-
timization is achieved by measuring
the minimum air flow and controlling it
atthe desired level. It is very important
to measure the minimum air flow. The
conventional scheme of opening a
ninimum  air damper and assuming
that the resulting air flow is what it
should be, is unacceptable. In testing a

suilding in- Armonk, New York, the -

author has measured actual minimum
gutdoor air flows of 46% instead of the
“assumed’ 10%.

¢ The minimum outdoor air can
se directly measured by an airflow
monitoring traverse section as il
usirated in Fig. 1.

e |f the purpose of the measure-
ment is only to determine the percen-
tage ratio of outdoor air in the total

mixed air, this can be done through:

iemperature measurements only, as il-
iustratedin Fig. 2, because:

% Outdoor Air = (Tr = Tm)/(Tr - To)

This approach is limited not only
because it cannot yield absolute flow
information, but also because it
becomes inaccurate when the detect-
ed temperatures are near to each
other,

systems,® it is important to realize that
tne same damper opening will result in
different flows at different times. This
is because flow is a function of not on-
iy the area of the opening, but also of
'ne pressure drop across it. In VAV
systems, the damper AP can vary by
several fold as a function of total air
circulation rate. For this reason, in the
more recently designed VAV systemns,
e use of two separate outdoor air
Zzmpers (minimum  and maximum),
~as been replaced by the use of a

ically set minimum limit. This is
23irable, not only because it makes
cptimization easier, but also because
n2 cost savings resulting from the
zimination of the extra damper, can
for the addition. of the f{low
reansmitter shown in Fig. 1.

CO, BASED OPTIMIZATION

~SHRAE has recognized® that the pur-
csse of ventilation is not to meet some
z-bitrary criteria, but to maintain a cer-
: air quality in the conditioned
ce. Smoke, odors, and other air
cmraminant parameters can all be
correlated to the CO, content of the
szturn 2ir.® This then becomes a very
cowerful tool of optimization, because
2 amount of outdoor air required for
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¢ In variable volume airhandling
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Time, t

C; = Qutdoor CO, inNYC = 0.05%
t, = Elapsed time =50 minutes
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C, =UpperCO, gap limit =0.11%

Fig.3 CO, based oa optimization.
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ventilation purposes can be determin-
ed on the basis of CO, measurement,”
while the time of admitting this air can
be so selected that the air addition will
also be energy efficient. With this
technique,® the health and energy con-
siderations will no longer be in conflict,
but will complement each other.

CO, based ventilation controls
can easily be integrated with the
economizer cycle and can be im-
“plemented by use of conventional or
computerized control systems.
Because the rate of CO, generation by
a sedentary adult is 0.75 cth, control
by CO, concentration will automatical-
ly reflect the level of building occupan-
cy.® Energy savings of 40% have been
reported'® by converting conventional
ventilation systems to intermittent CO,
based operation. Fig. 3 illustrates
some actual readings'® that were
collected during testing of New York
City schools.

CONVENTIONAL INSTRUMENTS

CO, based optimization of building
ventilation can be implemented with
computers® or with conventional con-
trols. Described below is a simple and
inexpensive implementation of this
powerful optimization technique.

Fig. 4 shows part of a typical air
conditioning system wherein outdoor
air is drawn into the building through
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Table 1
Output Signal .+ Corresponding Enthalpy Difference
(psig) - (Btw)
3 Qutdoor airis 20 Btu's below indoor
€ Outdoor airis 10 Btu's below indoor
o] Qutdoor air has the same Btu as indoor
12 Outdoorairis 10 Btu's above indoor
15 Cutdoorairis 20 Btu's above indoor

Table 2
Pressure Switch Actuates on Settingsin Settingsin Btu
Number Pressure psig Differential

e Rise 15.0 +20
10 Rise 12.0 +10
11 Rise 10.5 +5

12 Rise 9.5 +1

13 . Drop 8.5 -1

14 Drop . 7.5 -5
15 Drop 6.0 -10
3.0 -20

16 Drop

outdoor air damper 7 and is mixed with
return air drawn through return air
damper 2. Carbon dioxide analyzer 8
continuously measures the air quality

while the Btu difference calculator 7

continuously detects the enthalpy dif-
ference between the indoor and out-
door air, which is a direct indication of

the energy cost of conditioning. The

" Shape of Characterized Cam Required to Convert
A Wet Bulb Temperature Reading into An Enthalpy
(Btu/Ib) Qutput Signal.
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system minimizes energy cost while
maintaining air quality in the following
manner:

Wet bulb temperature detectors 3
and 4 respectively measure the wet
bulb temperatures of the outdoor and
return air. These are pneumatic trans-

_ mitters.with 3-15 psig output signals.

The outputs from the wet bulb
temperature transmitters are received
by the characterized cam relays 5 and
6. These are pneumatic devices with
cams that are cut to reproduce the
curve in Fig. 5. Thereby the output sig-
nals from the characterized cam re-
lays 5 and 6 are linearly related to the
enthalpy of the air, having the units of
Btu/lb: ‘

The dual  subtracting- relay 7
serves to determine the difference be-
tween the two enthalpy signals. This is
also a pneumatic device which has a
full output range of 3 to 15 psig. The
linear relationship between the en-
thalpy values and the output signal ap-
pearsin Table 1.

The output signal is simultane-
ously received by eight pressure
switches (9, 10, 11,12, 13, 14, 15, 16).
Each of these switches has a different
setting, corresponding to a different

Btu differential. These values are
listedin Table 2.
Therefore, the most energy

demanding condition in the summer is
indicated when pressure switch 9 is
actuaied, because in that case at least
20 Btu's will need to be removed from

. @ach pound of outdoor air as it is ad-

mitted. Similarly, the highest energy
cost in the winter will occur when
pressure switch 16 is actuated,
because it will require the addition of
at least 20 Btu's for each pound of ad-
mitted air.
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Consequently, the cost of condi-
tioning outdoor air is indicated by the
number of pressure switches that are
aciualed; this can be used as part of
tne logic input 21, which is described
1 more detail in Fig. 6. When a
oressure switch is actuated, its con-
iact #1 1s closed and its contact #2 is
opened.

The output signal from the carbon
coxide analyzer 8 is also received by
oressure switches (17, 18, 19, 20). The
settings of these pressure switches
re so selected as to correspond to
redetermined and acceptable levels
o7 air quality. In other words, even the
iting of pressure switch 20 is still
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gncentration that corresponds to ac-
eptable air quality. The actual set-
tngs are shown in Table 3.

o O

Therefore, the quality of the air in-
side the building is indicated by the
number of pressure switches that are
actuated (setting exceeded). When a
gressure switch is actuated its contact
#1is closed and contact #2 is opened.
Tnis information is used as part of the
iogic input 21, which is shown in more
detailin Fig. 6.

Depending on the air quality
iswitches 17 to 20) and on the cost of
conditioning the outdoor air (switches
& i0 16), it is decided if outdoor air
damper 7 should be opened or closed.
Whenever the logic output 22 is elec-
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Pressure Switch

Table 3 .
Actuates on Settings in Units of

iow the maximum allowable CO,,

Number Pressure CO, Concentration
17 Rise Very Low ‘
18 Rise Low : 3
19 Rise Medium :
20 Rise High 5
i
Table 4 .
Path No. System State Causing Damper to Open
#1 High CO, concentration !
#2 Free cooling available ¥
#3 Medium CO, concentration when conditioning
cost is not high ;

H#4 Low CO, concentration when conditioning

costis minimal

trically energized (closed) the operator
of the outside air damper 23 will open
the damper. Whenever this circuit is
deenergized (open) the outdoor air
damper is closed.

Fig. 5 shows the relationship be-
tween the wet bulb temperature and
the enthalpy content of air. This is the
relationship which the characterized
cams of the relays 5 and 6 in Fig. 4 will
reproduce so as to obtain a 3-15 psig
linear output signal corresponding to
an enthalpy range of 0-60 Btu/lb.

Fig. 6 shows the actual logic re-
lating the various levels of air quality at
the optimized decision concerning the

~opening or closing of the outdoor air

damper. As shown, summer/winter se-
lector switch 24 activates the applic-
able half of the logic network. If it is a
‘‘summer’’ period, there are four com-
binations of conditions which will
cause the energizing of damper actua-
tor 23. These are identified as path #1
to #4. The conditions corresponding to
each of the paths are listed in Table 4.
The logic of initiating the opening of
the outdoor air damper 7 is similar for
a winter condition.

It should be understood that Fig.
6 is a simplified logic diagram identify-
ing only those conditions which will in-
itiate the opening of the damper. In ad-
dition to these functions, a detailed
logic diagram will also include latching
and timing functions. An example of
the latching function can be: that, if
pressure switch 20 is actuated, in-
dicating that the CO, concentration is
high, path #1 in Figure 8 will not be
broken (damper deenergized) until the
CO, concentration is lowered all the
way down to the setting of switch #79.

An example of the timing function
is that if pressure switch 20 is ac-
tuated, path #1 will be kept energized
for a set time period, regardless if the
CO, concentration has dropped below
the setting of switch 20 in the
meanwhile. Addition of timing and

latching functions will define the limits
within which certain conditions are
maintained without cycling. The pres-
sure switch contacts that are not
presently shown in Fig. 6 are provided
to give flexibility in determining the
limits of each of the bands. These re-
quirements are a function of the type
of building served and therefore: are
not detailed in Fig. 6.
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