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Pollutant Concentration

Context

Outdoor source

Indoor source

Ventilation Rate

Other Important Factors:

Indoor pollutant source strengths
Outdoor air pollutant concentrations
Filtration systems

QUESTION:
What is the
appropriate
minimum
ventilation
rate (MVR)?



Minimum Ventilation Rate (MVR) Standards

ASHRAE Standard 62.1
¢ MVR = A X (# people) + B x (floor

area)

o For offices, MVR = 8.5 L/s per person at default

occupancy

o At very high density, MVR approaches 2.5 L/s-

person

California Title 24

¢ MVR = larger of 7.1 L/s per person
and C x (floor area)

o For offices at default occupancy MVR =7 L/s

per person

o At high density MVR =7 L/s-p

MVRs in current
standards are
traceable to decades
old chamber studies
of MVR needed to
maintain 80%
satisfaction with
perceived air quality
when people are the
only source of
pollutants



Research Questions

Chronic Health Effects Acute Effects Energy Standards

How do VRs affect How can VR

: . How do VRs affect:
risks of chronic standards take

 Acute health
health effects? toms ? a.dvaTl'fage of
symptoms How do VRs scientific data?

: . : affect: o
Satisfaction with Prescriptive

How do VRs affect air quality? 5 versus
indoor Bl St performance

. Absence rates? standards?
concentrations? Peak

Respiratory electricity Should
infections? demands? standards
allow MVR to

What are the key Work and school vary with

pollutants? performance? weather?

VR = outdoor air ventilation rate




Key Indoor Pollutants in Offices & Schools
Considering Chronic Health Risks and Odors, and Effects of VRs

Existing Concentration Data on Concentrations

chl)l\l;éagrtsnear Models and Empirical Data
guidelines for Are indoor Risk Analysis
health or odor?*  concentrations Somas s
¢ Particles hlghly a_lffected by : : .
o ~20types of ventilation rate? chronic risks
VOCs Yes ¢ Formaldehyde
¢ Several VOCs ¢ Acetaldehyde
No
_ \ & Tetrachloroethene
¢ Particles
e SVOCs ¢ m,p xylene

¢ Napthalene

*varies with building type ¢ elc.



Percent of Buildings with Concentrations Exceeding
Most Stringent Guidelines at Different Ventilation
Rates (VRs)*

Formaldehyde
100% -
90% -
80% -
70% -
60% 7 Acetaldehyde
50% - -

40% -

% Bldgs >RfC

0, J
30% 90% +---- mCurrentVR

20% -

10% - --

0% -

Office School Retail Grocery

% Bldgs >RfC

Office School Retail Grocery

*related to chronic health effects



Percent of Buildings with PM2.5 Exceeding the
12 ug m3 Ambient Standard at Different Ventilation
Rates (VRs) and Filter Efficiencies

. mCurrentVR ... T

- mVR/2
nVRx2

"~ mMERV 8

. WMERY 13 cooreeeeeeeeeees

Office School Retail Grocery

KEY FINDINGS

Small effect of VR
and larger effect of
filter efficiency

Higher PM in
Grocery Stores,
Probably from
Cooking



Cancer Risk (per million)

How Ventilation Rates (VRs) Affects Lifetime
Cancer Health Risks from VOCs

DAL e

KEY FINDINGS
180 1. m Office ®Schoot |
Risks are moderate,
. and smaller than
150 - mRetall B GroCery - [
from VOC exposures
in homes
120 oo T B
Doubling VRs does
e e | [ [ | [ not much reduce
risks; halving VR has
60 | i [ R LRl T a larger effect
oM PR B PE B 'R B IR B B For VOCs, cancer
risks of
0. formaldehyde
OEHHA IRIS OEHHA IRIS OEHHA IRIS dominate
Curent VR VR /2 VR x2



Total Health Burden in Disability Adjusted
Life Years (DALYs) at Existing Ventilation

Rates
100,000 3
KEY FINDINGS
10,000 E
Risks from
g = particles
=S 1,000 - .
%'; : dominate, but are
s little affected by
£5 100 VR
= :

For VOCs, cancer
risks of
formaldehyde
dominate

10 -

Office School Retalil Grocery

EPM 25 ®m VOCs (cancer) = VOCs (non-cancer)



Relationship of Ventilation Rates in Offices with
Building Related (SBS) Health Symptoms

Statistical Analyses of 8 Studies with 43 data Points
1.4

RP = exp [(- 0.0541901 + 0.0008939 x)* x + 0.452511]

&
2 & 1.2 5 weighted by sqrt sample size
g' ~ 95% Confidence band
£ 0 1.0-

O
N - 65%
g ‘q_; 0.8 - increase
E E 0.6 _Juttem—
Qo ™ Standard:
m 1

0.4 L . .
0 10 20 30 40

Ventilation Rate L/s per person

Data Slopes: APrevalence/AVR Fit Equation to Slope vs. Integrate to obtain
and Midpoint VR VR data Prevalencevs. VR §




Ventilation and Short Term Sick Leave in Offices

% Change = [1 — 0.66AVR1D] x 100%

Short term sick
2.0 ‘ leave rate = 2%
1.6 days (4.8 days/yr) at

1.5 peryear 12 L/s per person

1.0 CA —supported

study performed
by LBNL did not
find a relationship,
but VRs were high

0.5

0.0
12L/s 24 L/s per person

24ctm 48 cfm per person

Source: 40 building study of Milton et al. (2000) Indoor Air Journal



Reductions in lliness Absence in CA Classrooms
With Increased VR (160 classrooms, 2 years)

Results of Multivariate Analyses,

per 1 L/s-person Increase

Implications

Estimated n 3
District reduction 95% CL  (classroom X .\Q\.\.\‘
@ 2.5
% days) 3 I I
2
- Q
South 12t 2003 13363 g7
Coast 14,664 < ~° Current  Title 24
Bay 15 4.9, 2.0 5,252 - § 1 Average  Minimum
Area 6,106 £ 05
c\fr:ltra' 1.0 -3620 2'07251; ; = 0
ey ’ 0 5 10 15 20
, 28,396 - 2
Al -1.6 2.9,-04 S0 Ventilation Rate L/s per person

*statistically significant

Two additional

classroom studies also

show that absence
increases with
decreased VR

If Average VR in CA is Increased to Current Standard

* $6.2 million annual energy cost increase (rough est.)
* S$33 million increased revenue to school districts

* S$80 million reduced care giver costs
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Higher VRs Improve Office Work Performance

Regression Analysis of 10 Studies

1.04
: Minimum ventilation rate
| . o
E 103 - | often in building codes for nfﬁm? e
O / .
o |
E 1.02 -
o
E 1.01 -
]
> 1004 ,[°
'-E ! " -~ - = = reference = 7.5 Lis per person
T 0.99 - g ——— reference = 10 Lis per person
o - s : - = raference t= 15 Lis per person
0.98 —— . !
5 15 25 35 45

Ventilation Rate (L/s per person)

Regression Analyses 10 studies, 24 points, Seppanen et al. 2006



Increased Ventilation (VRs) Rates in US Schools Improves
Performance on Academic Achievement Tests

54 U.S. 5th Grade Classrooms

6 : : :
Pass Rates in Academic Achievement Tests
Oh) 5 Increase with Outdoor Air Ventilation Rate
Q.
<
— 4
ad
g S
o g3
v 5
8 e
o 2
-
c
- 1
X
0

* for < 8.7 L/s per student Math Reading

/" CEC and USGBC-

Supported Study

e 160 CA Classrooms

* Higher scores
associated with
higher ventilation
rates

* Many classrooms
had VRs far less
that specified in
T24

Source:
Haverinen-Shaughnessy et al. Indoor Air,
2011. 21(2): 121-131

k Paper pending /
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Effect of VRs on Decision Making

Two Controlled
Exposure Studies

Exemplary

95th percentile

Superior S1 Results

@ 8.5 L/s/person

S1: Vary VR per
person in low-
pollution space

M 2.6 L/s/person

75th percentile § ¢ ¢ 9 ¢ 1 r

SRl

floor area, with [

constant high VR N
per person RS s s s s s s ——

Developing+{ -

Sth percentile

Dysfunctional

Basic
Activity
Applied
Activity
Focused
Activity

Task
Orientation
Initiative
Information
Management
Breadth of
Approach
Strategy

Results:
» Lower VR per person, lower VR per floor area independently and
statistically-significantly decreased most metrics of decision making

performance .



Vary CO,, other —s0%ie
factors constant

Direct Effects of CO, on Decision Making

Impact of CO, On Human Decision Making Performance

Superior
—95 %ile

Very Good

Controlled rssie
Exposure Studies

Average

Marginal
—25 %ile

Dysfunctional

3 € e s -

o = £ =)
z| 22 3Tz 2 2 g2 RS | =% =
Q= 5 2 23 3 ® S ET 5 0 ]
2 o 5 S 2 = B £z £ 8 = 2 L =
] 2z 3% x g £ 5o 8= o g s g
=< - < ,*_‘95' = €35 £5 & < o &

© 600 ppm CO2 © 1000 ppm CO2 ® 2500 ppm CO2

Error bars reflect variability among subjects, within-subject changes are highly statistically significant

Higher CO,, with all other factors constant, was associated with
statistically significant degradation in decision making

Moderate effects at 1000 ppm vs. 600 ppm
Large effects at 2500 ppm vs. 600 ppm
So far, only assessed effects with 3.5 h exposure periods
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Modeled Annual Economic Impacts of
Different Minimum VRs (MVRs) in US Offices
(S US Billions)

$10.1B $28 B $24.2B
$0.09B $0.26 B $0.2B
$2.9B $9.4B $8.6 B
-$0.04 B -50.13 B $0.22 B
-$0.28 B*
S$13B $37.5B $33B

*annual maintenance costs similar in magnitude to annualized capital cost



How Minimum VRs Affect HVAC Energy
in California Offices

6000 - 6000 -
E 22% E = S
= M\Q \'Q, o ol R - 0 Q\:%: f-. Fans
3 5000 - of | WFans 25000 TR FTHTTER
2 % | N 27T NRRRRRR
= E ﬁ i E 4000 S e o s o
24000 TEEE % RS Pumps 2 ] Pumps
5 NN g
‘3000 - ) o 3000 - )
o Air c Air
- Conditionin Conditioning
32000 - ° 52000 -
2 'Heating o 'Heating
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g 1000 - & Electricity g 1000 - & Electricity
1] 1
L] (1] [orl () (L :
§ gl Heating Gas § Heating Gas
xI 0 T T T T T T 1 I 0 T T T T T T 1
O o~ =2 =2 2 N :‘T}D n =] = =2 a N
£2g888¢8 £288888
TTRRRER XXX
Percent Title-24 ventilation rate Percent Title-24 ventilation rate
Buildings with Economizers Buildings without Economizers
All Climates and Building Sizes All Climates and Building Sizes

From Modeling of Full US Commercial Buildings Stock: Mechanical Ventilation
Increases Total Building Energy Use by 6.5% (Benne et al. 2009 NREL/ TP-550-41955)



1.

2.

Proposed Process for Improving Standards
for Minimum Ventilation Rates

Specify the use of more energy efficient and effective options to
control IAQ when proven and practical

o Don't try to control particles with ventilation, use filters

Select thresholds for acceptable worsening in adverse outcomes
(e.g., health symptoms) as MVRs are decreased from high value

o Current outcomes: chronic health effects, acute symptoms, poor perceived
air quality, reduced performance

Use scientific data (such as shown) to estimate MVRs needed to
meet each threshold, estimate associated costs

Select highest MVR or, if judged too costly, perform a cost-benefit
analysis and apply risk management process

Decisions made by committee of stakeholders, but with technical
support from experts
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Evaluation of ASHRAE 62.1 Indoor Air Quality
Procedure (IAQP)
IAQP Process

1. Identify contaminants of concern (could ignore most risky contaminants)

2. Select concentration limits for contaminants (from any cognizant authority)

3. Model (requires emissions data) or measure indoor pollutant levels as a
function of ventilation rate and select ventilation rate that maintains
concentrations of contaminants of concern below limits

4. After building is occupied, assess subjective acceptability of IAQ, increase VR
as needed to meet acceptability target (up to user to select methods, criteria)

PROs
4 Provides an incentive for development and deployment of technologies and
practices that save energy and improve IAQ

CONs

4 Many practitioners consider IAQP impractical

¢ Details up to the user who may not have sufficient expertise

¢ Misuse possible

4 Sources of contaminants may change after IAQP is implemented
¢ Risky to reduce HVAC equipment capacity during design

o Requires post-design subjective assessment and if goal not met, equipment could be undersized



Title 24 and IAQP Vent. Rates in
Furniture, Apparel & Big Box Stores*

(WY
o

00

6

4

2
ol |‘| ||. |‘| i || || ||. Ii. |||

F1 F2 F3 F4 F5 Al A2 A3 A4 BBl

H Title 24 ® IAQP HCHO CA EPA
® IAQP HCHO NIOSH IAQP Excluding HCHO

Ventilation Rate (h1)

*IAQP Rates with no changes in pollutant sources and no gas phase air cleaning
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Title 24 and IAQP Vent. Rates in
Grocery Stores

Ventilation Rate (h'1)
ON L O ®

G1 G2 G3
H Title 24 mIAQP

*|AQP Rates with no changes in pollutant sources and no gas phase air cleaning 23



Title 24 and IAQP Ventilation Rates
Without Pollutant Source Control or VOC Air Cleaning

In 1 of 13 stores, IAQP VR <T24 VR, if
use CA EPA limit for formaldehyde

In 4 of 13 stores, IAQP VR <T24 VR, if
use NIOSH limit for formaldehyde

In 7 of 13 stores, IAQP VR <T24 VR, If
formaldehyde is ignhored

In all furniture and apparel stores, and
the big box store, formaldehyde was
the critical contaminant driving the
IAQP VR

In grocery stores, acetaldehyde or
octanal were the critical contaminants

Limited Opportunity for
Energy Savings Unless:

e Use high limit for

formaldehyde, or

* Reduce indoor

pollutant sources, or

* Employ air cleaning

for gaseous
pollutants
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“IAQP” Options for Title 24

2. Add 3. Add
Ventilation “Equivalent

4. Add
ASHRAE-like
Rate IAQ”
Procedure Procedure
Option 2 (EIAQP)

IAQP with
More Detailed
Prescriptions

1. No IAQP

Flexibility

Complexity

Incentive for Innovation ‘ MORE

Potential to Improve IAQ

LESS

Potential to Save Energy

Potential for IAQ Failures




2. Ventilation Rate Procedure Option 2

Allow reduced ventilation rate by X% where X~ 35% if
certain conditions are met to otherwise maintain IAQ:

Possible conditions
* High efficiency particle filtration (MERV > 12) with
specified minimum filtration air flow rates
and
* All combustion pollutant sources have vents or capture
hoods that exhaust to outdoors
and

* Application of LEED (or some other set of) source control
measures
or
* Application of specified types of air cleaning for gas phase
pollutants




3. “Equivalent IAQ” Procedure

(EIAQP)

Allows reduced ventilation rate by X (cfm) when user can
demonstrate via calculation and/or data that indoor levels
of critical indoor-generated contaminants will not be
higher than experienced with application of standard
ventilation rate procedure

* List of Critical contaminants is provided

* Maximum reduction in ventilation rate is specified

Example

Can reduce outdoor air supply by 1000 cfm, if you install an air cleaning system
that makes up for the lost pollutant removal for all critical contaminants (CCs)

Air Cleaner Flow Rate x Pollutant Removal Efficiency > 1000 cfm for all CCs



4. ASHRAE-like IAQP with More

Detailed Prescriptions

Allows reduced ventilation rate by any amount as long as:

1) indoor air concentrations of critical contaminants are
maintained below concentration limits

2) acceptability of air quality is maintained above target

Added Detailed Prescriptions

Critical contaminants

 Minimum set of critical contaminants is specified

* Concentration limits for critical contaminants are specified
Air Quality Acceptability?

* Metric of air quality acceptability is specified

* Acceptability target is specified

 Method of assessing acceptability is specified.



Take Home Messages

Control indoor particles using filters & with source control, not with ventilation

Chronic health risks of gaseous pollutants are moderate in offices, schools, and stores,
formaldehyde cancer risk dominates (control sources to extent possible)

Acute symptoms, performance, and probably absence are affected by VR, large
economic implications

Energy use increases moderately with increased minimum VR, but economizers
increase VRs and save energy

CO, appears to be more than a proxy for other pollutants (affects performance)

o Should performance be considered in VR standard setting?

Many CA classrooms, and classrooms elsewhere, have far less ventilation than
specified in standards, leading to increased absence and reduced student performance

The ASHRAE IAQP will save little energy in CA retail stores, unless one selects a high
limit for formaldehyde, or uses source control or air cleaning

We have suggested alternatives to the ASHRAE IAQP that are simpler, could stimulate
pollution source control and air cleaning and save energy

Current minimum VR standards have not explicitly accounted for related scientific
findings; we have suggested a procedure for producing more scientifically defensible
standards
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