











temperature scale, i.c., only at very low, or very high outsjde air temperatures. Consequently, for the majority: of
operating hours, the Standard will ha\(c no effect op,energy;use. I I )

This study focused on the greatest impacts due to increased minimum outside air, ventilation'rates. Specifi-
cally, results were t.alt,ululi.d as increases from the lowest current recommended ventilation rate of 2.5 L/s.person (5
cfm/person). A less coqservauvc evaluation would take current design practices, roughly 5 L/s.person (10
cfm/person), as the Basm for evaluaung changes. In this case, our results would suggest even smaller increases in
both first and annual energy operating costs. 4

There are other reasons, not addressed-in this study, why minimum outside air ventilation rates may have little
effect on building energy costs. A primary-one is: that, either by design of‘by thé limitations'of outdide air damper
performance, many buildings are incapable. of reducing outside air ventilation: rates to the levelstcalled for by the
Standard. A recent study by Persily and G[Qt [1985] indicates that the measured performance of large office build-
ings frequentiy exceeds the levels called for by either the existing or the proposed Standard. The study did not,
however, examine whethcr the measurcd minimum ventilation rates wege.the same as those designed.

A related problcm with' meas.unng the costs of increased outside air ventilation rates:in real buildings is the
signal-to-noise problem, whtch‘suggests that other aspects of building operation will mask or otherwise obscure the
impact of increased ventilation rates.. A notable and uncontrollable influence is weather- induced fluctuations in
energy use and costs, whtch can easily overwhelm the impact of increased minimum ventilation rates:

Similarly, we have made generous assumptions regarding the incredsed first ¢ost of compliance. Tt is possible
that the combination of the building industry’s traditional practice of bvetsizing designs for safety and the availabil-
1ty of HVAC eqmp{nent in a;limited number of finite sizes (which.often results in even greater oversizing) may
mean no increase in.first cost. Thus, there is also a question as to whether:the first cost of compliance w1ll result in
measurable increases in ﬁﬂst cost.

All simulation-based analyses must, of course, be evaluated accordmg to hdw well their results match reality.
A simulation-based analysis requires a detailed description of:a single building and a: specific mode of operation.
To make our results as representative as possible, we have chosen a-prototypical large office building and simulated
its performance in many locations with a well-documented and extensively validated simulation program.
Nevertheless, recent work demonstrates that real buildings rarely perform as: simulated, which, often, is to say that
real buildings are rarely operated by the assumptions used in the simulation [Piette 1986].

On the other hand, simulations provide a controlled environment in which changes in ventilation rates can be
studied in a consistent manner that cannot be duplicated easily in the re@l world. Hence, in recognition of these lim-
itations and advantages of simulations, our analyses have focused on relative changes rather than on absolute values,
which depend on specific building conditions. We maintain that relative changes from simulations yield important
insights into the magnitude of the impacts of ventilation standards on the building industry.
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We have performed a simulation-based .analysis of the increases in enerfy ‘use, energy costd, central plant equip-
ment capacities, and HVAC first costs that result from compliance with différent minimum outside air ventilation
rate design standards. The analysis relied on parametrically increasing minimaum outside air ventildtion ‘rates for a
prototypical large office building in 10 U.S. and three Canadian locations... The:low end of the current standard, 2.5
L/s.person (5 cfm/person) was the basis for comparison of ventilation-rates up to the proposed level of 10
LJs. person (20 cfm/person). Bconon‘ucs were evaluated with actual and current utility rate tariffs and with generous
HVAC equipment cost assumptlons o

The results indicate, for the prototype and climates examined, that with increased ventilation rates:

o !Central plant capacities may increase =upﬂto 20% for chillers and up to around 10% for boilers in the most..,
severe heating and cooling climates.

e  Annual energy use for heating may increase up to 8%. Annual energy use for coeling may increase up to
P 14% Annual auxiliary HVAC energy use is largely unaffected with a maximum increase of less 'than
2%."

° Annual energy operating costs wnll increase by. less than 5%. ~
e HVAC first costs may increase by, at most, $3. 6/m (30. 35/ft )5
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TABLE 1

Summary of Office Building Characteristics

TABLE 2

Summary of Climatic Conditions

Size
Shape

Coxi;sh'uction
Glazing
Operation

Thermostat Settings
‘|'Internal Loads

HVAC Air-side

Heating Plant

Cooling Plant

55,530 m2 (597,500 ft2)

38 floors, 2 basement levels, flattened
hexagon in cros 5 section, approxb
mately 1,670 m“~/floor (18,000 ft

Steel frame, limestone cladding
25% of wall area

8am - 6pm weekdays, with some
evening work, 30% occupancy on
Sawrday, closed Sundays and Holi-
days

24.4°C (76°F) Cooling
22.2°C (72°F) Heating (night and
weekend selback 12.8°C (55°F)

258 Wiy 2 (2.4 W/g) lighting
7.7 Wlm (0.8 W/ft“) equipment

2 VAV systems zoned separately for
perimeter (w/terminal reheat) and core
(no reheat), dry bulb economizer set at
21.1°C (70°F)

2 Gas-fired hot water generators (eff.
=75%)

2 Hermetic centrifugal chillers

w/cooling tower (chiller COP =4.3) ™"

T Heating == :.. Cooling
Weather  Degree-Days’ Degree-Days
City Tape i o (°F) °C - (°P
Atianta WYEC? 16758  (3016.5) 8772 (1579.0)
Boston WYEC 31636 (5694.5) 4:F (723.0)
Chicago WYEC 34244 (6164.0) 543.9 (979.0)
Dallas . WYEC 13203 (2376.5) 1412.8 (2543.0)
Miami WYEC 126.1 - (227.0) 22250 (4005.0)
Minneapolis WYEC 44836 (8070.5) 416.9 (750.5)
New York WYE 27450 4941.0) 5744 '(1034.0)
San Francisco ™Y 1808.9 (3256.0) 39.7 (71.5)
San Diego ™Y 714.2 (1285.5) - 365.0 (657.0)
Washingion WYEC 23533 (4236.0) =~ 7917 .. (1425.0)
Montreal WYEC 45800 (8244.0) 192.2 (346.0)
Vancouver WYEC 31853 {5733.5) 183 (33:0)
Winnipeg WYEC 60411 (16875_.0) 1361 (450)

Note 1: calculated to base 183‘C (65°F)

Note 2. Weather Year for Energy Calculation

Note 3: Typical Metereological Year




TABLE 3a

U.S. Utility Rate Schedules

City/Utility* Schedule Type
Atlanta
Georgia Power Co. PL-6 Declining block
2 - nb‘demand charge
Atlanta Gas Co. N-2 Declining block
Boston e Ty
Boston Edison Co. : T-2 Time of use
Boston Gas Co. ¥ ey No.3 Declining block
Chicago
Commonwealth Edison Co. 6L Time of use
Peoples Gas No. 2 Flat rate
Dallas
Texas Utilities Electric Co. G Declining block
w/demand charge
Lone Star Gas Co. No. 951 Declining block
Miami R
Florida Power and Light Co. GSLDT-2  Time of use
Peoples Gas System GSLV Flat rate
Minneapolis .
Northern States Power Co. ..Gen. TOD Time of use
Northemn States Power Co. C&I Svc. Time of use
New York i
Consolidated Edison Co. No.9 : Time of use
Consolidated Edison Co. No.2 * ° Declining block
San Diego \
San Diego Gas and Electric Co. ** AO-TOU  Time of use
San Diego Gas and Electric Co.  GN-1 Flat rate
San Francisco ! 3l o ; -
Pacific Gas and Electric Co. E-20 Time of use
Pacific Gas and Electric Co. G-50 Declining block
w/demand charge
Washington
Potomac Electric Power Co. DC-GT Time of use
Washington Gas Light Co. Sch.2 Flat rate

TABLE 3b _

¥Canadian Utility Rate ‘Schedules’

City/Utility* ‘ Tgpc
Montreal e
| Hydro-Quebec = Declining block
Gaz Metroplitain Declining block
| Vancouver Vs ‘
BC Hydro and Power Auth. Declining block
w/demand charge
BC Hydro and Power Auth. Declining block’
Winnipeg J
Winnipeg Hydro Declining block -
w/demand charge
ICG Utilities Declining block .

* For each city, the electric utility is listed first,
followed by the gas utility.

* For each city, the electric utility s listed first,

followed by the gas:utility.
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Summary of Baseline Simulations at 2.5 1/s.person (5 cfm/person)

TABLE 4

Boiler Chiller _Heating Cooling HV‘AC Aux. Peak Energy
Capacity Capacity Energy Energy linergy. Dema.qd Cost
Wh kWh/ - kWh kWh/ W W/ 1987USS$ 1987 US.$
ki, (Bw/ & (Tows) MY (BTU/ KkWh/ (kWh/® kWh/ (f2/ 4 (n2/ YAy L ra‘-?;~-f~/
Location brm® brft®) hrm® 10000t°) m 1) m ft) m t“) w> ;. ft°) m” 3 5 R

2 5, (8 1 ; 40 '(1.3)

Atlant 459.7 40.5 369.2 2.7) 159.6 14.1) 35.6 3.3 32 . 3.0 781 (1.3) 1
Bosatflt:na 16107 53.8% 354.2 2.6) 297.1 26.2) 20.9 1.9 30.6 2.8 75.0 $70) 26.5 (2:5)
Chicago 581.8 51.3) 377.3 2.8 311.2 27.4) 24.1 2.2 33.4 3.1) 783 1.3} 19.8 (1:8)
Dallas 4105 (36.2) 4032 (3.0 1536  (13.5) 405 3.8 35.5 3.3) | 804 (7.5) 118 (1:1)
Miami 1941 (17.1) 37187 2.8 3.1 (27) 582 (54 358 (33) | 794 (71.4) 14.7 (1.4)
Minneapolis | 739.1  {65.1) 3678 2.7 3705  (32.6) 197 18) 300  (29) | 748 (6.9) 10.5 (1.0)
New York 493.1 43.4) 344.6 25 247.9 21{.{8} 24.0 (2.2? 29.§i 2.8) 751 (1.0} 25.6 (2.4)
San Francisco | 3744 33.0) 299.7 2.2) 152.8 13.5) 19.0 (1.8 29.% 2.7) 675 (6.3) 15.8 (1.5)
San Diego 2326 (20.5) 339.2 2.5) 883  (7.8) . 330 3.1 320 (30) | 124 {87) 238 (2.2)
Washington | 457.3  (40.3)  365.1 27) | 2141 (189) 293 27) 6 (29) | 777 (12) 13.1 (1.2)
treal 6145 (54.1) 4059 3.0) 3629 (32.0). i89 (1.8) 305 7 (2.8) | 760 " (7.1) 8.9 (0.8)
v::c:l:er 476 4 42.0% 301.0 %2.2) 2462  (21.7) 129 - il.2) 27.4 25) | 679 (6.3) 8.7 (0.6)
Winnipeg 7614 (67.1) 3828 (28) | 5046  (44.5) 15.4 14) 307 28) | 71728 (7.2) 1.2 (0.7)

TABLE 5

Electricity and Utility Cost Breakdown

Cooling and Aux.
HVAC Electricity Electricity Costs
as a fraction of as a fraction of
Total Electricity Total Energy Costs
(%) %)
Atlanta 40.8 93.8
Boston 343 94.3
Chicago 36.8 97.8
Dallas 434 94.5
Miami 48.8 99.3
Minneapolis 339 87.8
New York- 353 945
San Francisco 329 96.6
San Diego 39.8 97.7
Washington 38.2 - 8F7
| Montreal 333 81.9
Vancouver 29.1 88.7
Winnigeg 319 82.1
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Figure 1 Percent change in boiler capacity as a function of
increases in minimum outside air ventilation rates
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Figure 2 Percent change in chiller capacity as a function of
increases in minimum outside air ventilation rates
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Percént Change in Heating Energy
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Figure 3 Percent change in heating energy as a function of
: increases tn minimum outside air ventilation rates
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Figure 4 Percent change in cooling energy-as a function of
increases in minimum outside air ventilation rates
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Percent Increase from' 2.5 |/s per person (5 cfm/person)
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Percent change in auxiliary HVAC energy as a
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Figure 6 Percent change in peak electrical demand as a -

function of increases in minimum outside air
ventilation rates
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Percent Change in Annual Energy Costs
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Figure 7 Percent change in lotal annual energy costs as a
. function of increases in minimum outside air
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