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For the development of the building model database, preliminary
simulation studies for a medium office building have been
conducted to wunderstand the various factors and their
interactions affecting outdoor contaminant entry, including

~building configuration and airtightness, system design anc

operation, and weather conditions.
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The pertlnent bmldmg factors for this simulation include: n I E I .

A

1) Air-Handler Unit (AHU) Operation — Defines the amount of outdoor air (OA) entering
the building through mechanical means.

2) Air-Handler Unit (AHU) Filtration — Defines the level of particulate filtration installed
in the mechanical systems.

3) Envelope Tightness —A “leakier” envelope will allow more contaminant entry via
infiltration, while a “tighter” envelope will allow less infiltration entry.

In order to understand all of the results of this case
study, approximately 800 simulation scenarios will need to be

Recent research and surveys have shown the negative impacts
of outdoor pollutants on indoor air quality (IAQ), partlcularly
ozone and fine particles. Building design and op
strategies can help reduce these impacts but many questions

alyzed. However, the resL of simplv altering AHU operating

procedures vyields interesting results. For all three

remain about the factors affecting their entry rates. The ability 50 ¢ 4) Envelope Penetration Factor — Defines the percentage of contamination that is lost cases, penetration and duct deposition seem to play relatively no
t ratel indoor . isted with tdoor | = upon passing through the building envelope based on crack characteristics. role in ntamination hile d ition and filtration ol mor
° accu.a <y assess.| 00 expo§u c aSSOCI? © \.NI. ou (?O e 9 339 M.E. - g 5) Weather Conditions - Outdoor temperature, wind speed, and wind direction all (_)e. In-contamina K.).’ whii€ ep.05|. 10 _ d litration p aY O €
contaminant entry is therefore important in building design I 4 building infiltration rate and the associated contaminant entry. distinct roles. Additionally, a building is most to contamination
standards and practice, as well as the regulation of ambient air $e & m| o g e 1 @ = 1 1 [f| 6) Particle Deposition - Defines the mass of contaminant that deposits on indoor r‘ vulnerable when operating in a mode where there is 100 %
S - - o - o— : surfaces based on particle size deposition surtace area. . ey e . .
pollutants. ; > 2 i OA, since it is introducing such a large amount of contaminated
_ﬁlﬁ_ : - . . ° . . ° . o . . .
B BTN ik I i! | Factorial simulation of these factors allows one to draw outdoor air into the building. Alternatively, a building operating
5 !l "t _-..'II__- ll. ) = s i
) ) il oo . «#l  conclusions about the synergistic effects that these factors may with the AHU shut off encounters the lowest levels of
F k T | have on one another. Since AHU operation (either on or off) are contamination. It will still be contaminated because the AHU no
m : . ° . . . °
ramewor " A real world model must be | directly related to the values of some variables, two sets of - longer pressurizes the building and may allow higher levels of
The end result of this work could be a user-friendly tool that il idealized and put into a PN |  factorial simulations have been designed, with their values contamination through infiltration.
£ .
quickly and easily evaluates levels of building contamination and | S'mtulat'ﬂon.e:fm&.Zhel_flosr g x x [ ) 11 tabulated below. e ing . o5 N ’ d )
. <y - . . ans to theri are idealizations & & T4 “ 1 %1 !
outputs a metric to aid in decision-making. The tool would rely 1 e bﬁ“ding o f a [ Table 2. Pertinent Characteristics when AHU is On € information presented from this case study would suggest that
| _ | | 5 | - : . . .
on three main components: i | Idealizations are based on both  § oo [ 5 i Low |Base| High |Variable Description Source or Assumptions 1 the InfralcsjtrLJ.Ctulre for 2 ;O(,ZI OZt?IS nature We.reblto :XIS(’[j, Ia.n er,ld
. . . . assumbption and literature. - - 12 | 100 [% Air handler operation OA percentage [Typical operating range user wou simply nee O etine one variabie t10 elineate
* Simulation =neine wrapped in a GUI I I i .-:.' 25 103 1 rato Micronenvelope penetration factor Llu, 2001 o between more severe and less severe cases of contamination ot
e Database of buildii ng models to popl ulate e |” ne - 000 & - - 6 11 [MERV |AHS supply-side filter efficiency Industry standard r ) 4 . ) | o b . -
o = 2 5 8 |cm2/m2 |[Envelope leakage (@ 4 Pa) Emmerich, 2005 - Further case studies Inten to expliore wnicC variaples are
Weather, contamination and pertinent bU”dmg factors " The figure above shows the idealized model of a medium office 7.5E-5 [3.0E-4]4.0E-4|m/s Micron deposition velocity (fan on) |[Howard-Reed etal., 2003 | ~ pertinent to evaluate contamination levels, which variables are
2.0E-5 |6.0E-5|3.0E-4|m/s Micron deposition velocity (fan off) |Howard-Reed et al., 2003 " o . . . . ! o .
l bUI'dlng InCONTAM’ the multizone alrf!ow and contaminant 2.0E-5 [2.0E-4|2.0E-4ratio Equivalent duct/filter efficiency Sippola, 2002 F'—ﬁ MISSING from COnSIderlng, and if one variable can be utilized in
1 transport simulation -engine used. f.or this stud.y .(Walton and Table 3. Pertinent Characteristics when AHU is Off ;.j'i isolation to deliver similar results to the ones shown here. B -
i 4 Dols, 2005). The physical characteristics of the building are based Low | Base | High [Variable Description Source or Assumptions I = -] da I ] H I
on reference buildings defined by Deru et al.,, a collection of 0 | - % Air handler operation OA percentage [Typical setting :
.= b Idl h | h h . | h . L f h 0.5 0.9 1 Jratio Micron envelope penetration factor |Liu, 2001 Ir u I a
: uildlings that compiles the physical characteristics of more than > | 5 | 8 lom2/m2 [Envelope leakage (@ 4 Pa) Emmerich. 2005 - S
1 60% of the U.S. commercial bu||d|ng stock Covering 16 types and 2.0E-5 [6.0E-5|3.0E-4|m/s Micron deposition velocity (fan off) |Howard-Reed et al., 2003 '_ s Ou rces
2.0E-5 [2.0E-4|2.0E-4|ratio Equivalent duct/filter efficiency Sippola, 2002

16 U.S. locations. Other assumptions have been tabulated below. 1) Deru, Michael, et al. "DOE Commercial Reference Building Models for Energy

. A total of six weather configu rations are used for these Simulation - Technical Report." National Renewable Energy Laboratory (2010).
Table 1. Default Medium Office Building Characteristics : : : : 2) Emmerich, Steven J., and Andrew K. Persily. "Airtightness of Commercial
.. | B o N Value Units Comments Source — simulations, based on combinations of outdoor temperature and ‘ " - y- AITtig
& Do = SEE i 1] 3 : Number of floors Deru etal,, 2010 directions. The weather profiles were based on weather from a ngs In the U.5. " The National Institute of Standards and Technology [2005).
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5) User interacts with GUI to define probab|e contamination de|ivery and pattern 18.58 m? Lobby floor area Assumed - 700 I Outdoor Origin." Environmental Science and Techno/ogy 36.2 (2002)
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7) CONTAM engine runs based on existing building model and user input 2 - Toilets per bathroom Industry standard ' 500 | = Duct De +ion California, Berkeley, 2002.
g - -~ - | Bathroomsperfloor | — — _— - B position ~ - ~~ . -~ > N
Metric is delivered to discern degree of probable contamination iso Fvrioier Toath — Jlnjusfmstanjatj s 400 alton, G.N., and W. Dols. ONTAN 4 User Guide and Program
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1) Entrained contaminant mass relative to the baseline
2) Entrained contaminant location

simulations, the figure above compares the base case to
alterations in the AHU operation modes.
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