THE IMPACT OF GREEN BUILDINGS ON

COGNITIVE FUNCTION

2 United = HARVARD
Technologies  TH.CHAN

SYRACUSE UNIVERSITY
SCHOOL OF PUBLIC HEALTH e SYRACUSECOe IMJPSTATE

IIIIIIIIIIIIIIII



THE IMPACT OF GREEN BUILDINGS ON

COGNITIVE FUNCTION

TEAM

AN

Joseph Allen Piers MacNaughton Usha Satish Suresh Santanam John Spengler

2 United = HARVARD
Technologies  TH.CHAN

SYRACUSE UNIVERSITY
SCHOOL OF PUBLIC HEALTH e SYRACUSECOe IMJPSTATE

EEEEEEEEEEEEEEEE



WHY ARE WE IGNORING THE
7N (O Ly




’ THE IMPACT OF GREEN BUILDINGS ON

COGNITIVE FUNCTION HTHECOGFXSTUDY

A

WE SPEND

OUTDOORS

Allen JG, MacNaughton P, Satish U, Santanam S, Vallarino J, Spengler JD. 2015.
Associations of Cognitive Function Scores with Carbon Dioxide, Ventilation, and Volatile
Organic Compound Exposures in Office Workers: A Controlled Exposure Study of Green and
Conventional Office Environments. Environ Health Perspect DOI: 10.1289/ehp.1510037

1. US EPARegion 1.(2013). Questions About Your Community: Indoor Air. Retrieved from http://www.epa.gov/region1/communities/indoorair.html
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OPERATING
COSTS

Just 10% of a building’s
operating costs are
attributed to ENERGY,
MAINTENANCE,
MORTGAGE/RENT,
among others.’

SALAMES
& BENEFITS

90% of the costs
associated with a
building come from
the people inside the
building - SALARIES
AND BENEFITS.

2. Center for the Built En |r t Un|ver alifornia Berkeley 007% The Impac ({Pen ilation on Producti t‘:?j trieved from vyttp A/ che.berk du re ear h/brlefs ventilation.htm
3. Terrapin Bright Green LLC. (20 2) c%n%'mlcs g?g % ues 'é’t’??e}éz’ chnuhr p WWV\fI% nEQr acer'&eléotr'l\;ﬁteré \tl:%(rjn vc\)/r;:?}:ﬂ f‘?’uﬁ’i’oaﬁ‘éﬁ% {fﬂ?#%gtr:n S |tt! [ﬁ; filla tlrgrrapm -Bright-Green-2012e_1.pdf
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SICK BUILDING SYNDROME

BUILDING-RELATED PROBLEM
TIGHT BUILDINGS ILLNESS BUILDINGS
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CURRENT
REPORTS Curr Envir Health Rpt @mmm
R DOI 10.1007/540572-015-0063-y

GLOBAL ENVIRONMENTAL HEALTH AND SUSTAINABILITY (JM SAMET, SECTION EDITOR)

Green Buildings and Health

* Joseph G. Allen' + Piers MacNaughton ' + Jose Guillermo Cedeno Laurent'
Skye S. Flanigan' + Erika Sita Eitland' - John D. Spengler'

© The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract Green building design is becoming broadly  cupants of those buildings. A limitation of much of the re-
adopted. with one green building standard reporting over 3.5 search to date is the reliance on indirect, lagging and subjec-
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HEALTH PERFORMANCE INDICATORS #THECOGFXSTUDY
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Allen J, MacNaughton P, Cedeno Laurent J, Flanigan S, Eitland E, Spengler J. O Objective S Subjective
Green Buildings and Health. Current Environmental Health Reports. 2015.
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LAGGING LEADING
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Allen J, MacNaughton P, Cedeno Laurent J, Flanigan S, Eitland E, Spengler J. O Objective S Subjective
Green Buildings and Health. Current Environmental Health Reports. 2015.
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OBJECTIVE:

To simulate IEQ conditions found in Green
and Conventional buildings and evaluate
the impacts on an objective measure of
human performance — cognitive function.
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The Total Indoor Environmental Quality Lab is housed at

oTO Syracuse Center of Excellence. The lab was used to
2' TE T b simulate conditions observed in different office environments.

@ Multivariable test for building types:
Conventional Green Enhanced Green _H

ie., Typical Office  Low VOC H'fg”?vigﬁugf.’g 1

@ Single-variable test for carbon dioxide:

Low CO, Moderate CO, High CO,

Allen JG, MacNaughton P, Satish U, Santanam S, Vallarino J, Spengler JD. 2015. Associations of Cognitive Function Scores with Carbon Dioxide, Ventilation, and Volatile Organic Compound Exposures in Office Workers: A Controlled Exposure Study of Green and
Conventional Office Environments. Environ Health Perspect DOI: 10.1289/ehp.1510037
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DAY | 2 3 4 5 &6

CO, (ppm) 550 950 1400 950 950 550
Ventlation 40 40 40 20 20 40

(cfm/person)
VOCs (pug/m3) 50 50 50 50 550 50
CONDITION MEDIUM CO, | HIGH CO, CONVENTIONAL ~ GREEN+
co, VENTILATION VOC VOC
VENTILATION
CO

2

(‘ O
N

Measured but held constant: temperature, RH, PM, ., noise, illuminance, irradiance, NO,, O, and metals
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ELEMENTS OF PRODUCTIVITY #THECOGFXSTUDY

Normal everyday tasks require processing of
different types of information

= Receiving information
= Analyzing information
= Utilization of information in a relevant context
= Ability to relate this information to experience

= Ability to retain this information for future

©2015 Neuron Ninja LLC



COGNITIVE DOMAINS #THECOGFXSTUDY

Domains Definitions

1) Basic Activity Level Overall activity
2) Applied Activity Level Activity directed towards overarching goals

3) Focused Activity Level  Activity directed towards task at hand

4) Task Orientation Focus on concurrent task demands

5) Crisis Response Critical thinking under crisis

6) Information Seeking Openness to, and search for, information
7) Information Usage Ability to utilize information effectively

8) Breadth of approach Multi-dimensional thinking

9) Strategy Optimally prioritized and sequenced plans and actions

©2015 Neuron Ninja LLC
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ENVIRONMENTAL PERCEPTION AND HEALTH BEFORE . ~
AND AFTER RELOCATION TO A GREEN BUILDING #THECOGFXSTUDY

Statistical Methods

IEQ Condition ------ovvvnnnn. > Cognitive Function

y; = By + B,*Green+(1) + B;*Mid-CO, + B,*High-CO, + B;*Green + Bs*Green+(2) + b+ e;
Where:

Vi= normalized cognitive score on cognitive domain y for subject i on day j
i=1,...,24 subjects

j=1,...,6 days

B,= fixed intercept

B,= fixed effect of Green+(1) condition vs. Conventional condition

B5= fixed effect of Mid-CO, condition vs. Conventional condition

B,= fixed effect of High-CO, condition vs. Conventional condition

B:= fixed effect of Green condition vs. Conventional condition

B.= fixed effect of Green+(2) condition vs. Conventional condition

b,;= random effect of intercept for subject i
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A

Impact of Environmental Conditions
on Cognitive Function

Cognitive Domain: Estimate (p-value)

Basic Activity Applied Focused Task Crisis Information  Information  Breadth of
Condition o o . . . Strategy Average
Level Activity Level Activity Level Orientation Response Seeking Usage Approach
1.35 1.39 1.44 1.14 2.35 1.10 3.94 1.43 3.77 1.99
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001)
1.20 1.08 1.68 1.05 2.05 1.11 2.61 1.29 3.17 1.69
Moderate CO,
(<0.0001) (0.23) (<0.0001) (0.0009) (<0.0001) (0.61) (<0.0001) (0.0013) (<0.0001) (<0.0001)
0.91 0.88 0.85 1.00 1.33 1.08 1.01 0.98 0.83 0.99
High CO,
(0.015) (0.081) (0.087) (0.76) (0.14) (0.35) (<0.0001) (0.78) (0.36) (0.78)
1.14 1.04 1.51 1.03 1.97 1.09 2.72 1.21 2.83 1.61
(0.0003) (0.51) (<0.0001) (0.065) (<0.0001) (0.45) (<0.0001) (0.018) (<0.0001) (<0.0001)
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.37 1.33 1.52 1.15 2.27 1.11 4.04 1.50 3.98 2.03
(<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001) (<0.0001)
R? 0.34 0.17 0.33 0.03 0.28 0.06 0.69 0.27 0.79 0.81

" Reference
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Strengths

= Case-cross over design which eliminates the concern of
confounding due to between-subject variability because
each person acts as their own control

= Repeat 1%t and last day as control

= No Monday or Friday effect

= Participants blinded

= Full work day exposure

= Simulated ‘typical’ office environment

= Variables were selected to represent conditions that are
not uncommon

= Complete characterization of IEQ factors that could be
confounders
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= Significantly better cognitive function in green buildings
compared to conventional buildings

= CO, and VOCs cause significant independent cognitive
deficits at levels found in conventional buildings

= Increasing supply of outdoor air in green buildings lowers
exposure to CO,, VOCs and other pollutants, and was
associated with better cognitive function
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Implications

= The vast majority of U.S. office workforce spends time in
these environments that were outperformed by Green
building conditions

= Applicable to other environments (schools, airplanes, air
traffic control, military)

" Green buildings impact health on 2 scales
* Individual (in green buildings)
e Population (reduction in energy use)

" @Green building design with enhanced ventilation requires
adopting energy efficient systems
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7 U.S. CITIES SELECTED

IN VARIOUS CLIMATE ZONES
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Baltimore, MD
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Albuquerque, NM

Austin, TX
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IN ALL CLII\/IATE ZONES INVESTIGATED

Conventional Office Environments. Environ Health Perspect DOI: 10.1289/ehp.1510037
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A

IN ALL CLIMATE ZONES INVESTIGATED

Allen JG, MacNaughton P, Satish U, Santanam S, Vallarino J, Spengler JD. 2015. Associations of Cognitive Function Scores with Carbon Dioxide, Ventilation, and Volatile Organic Compound Exposures in Office Workers: A Controlled Exposure Study of Green and
Conventional Office Environments. Environ Health Perspect DOI: 10.1289/ehp.1510037
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Allen JG, MacNaughton P, Satish U, Santanam S, Vallarino J, Spengler JD. 2015. Associations of Cognitive Function Scores with Carbon Dioxide, Ventilation, and Volatile Organic Compound Exposures in Office Workers: A Controlled Exposure Study of Green and
Conventional Office Environments. Environ Health Perspect DOI: 10.1289/ehp.1510037
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