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Current research

Indoor air quality (IAQ) strategy
In recent guidance
Limitations of IAQ evaluation
studies to date

Common reasons ventilation
strategies can fail

The role of building finishing
materials on indoor air quality
Materials selection strategies
and low-emission options

Architype UEA | Image credit: Architype



Ongoing research

Total performance of Passivhaus school buildings in a
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Indoor air quality strate_gles

Source control first

G ¢ Kdptrol of
emissionsof non-human
pollutantsshallbe the
primary strategy for =
maintaining acceptable BSI Standards Publication
indoor air qualityp €
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Energy performance of buildings —

innc.e. these are Indoor environmental quality
identified they can be
el | m | n ated / Part 1: Indoor environmental input parameters for the design

and assessment of energy performance of buildings
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ventilationg




Indoor air quality strategies

Ventilation rates for

IAQ

Ventilation rates for
occupants

+

Ventilation rates for
indoor source of
pollution
(materials,
furnishing,
activities)

ANSI/ASHRAE Standard 62.1-2016
(Supersedes ANSI/ASHRAE Standard 62.1-2013)
Includes ANSI/ASHRAE addenda listed in Appendix K

Ventilation
for Acceptable
Indoor Air Quality

See Appendix K for approval dates by the ASHRAE Standards Committee, the ASHRAE Board of Directors, and the Amer-
ican National Standards Institute.

This Standard is under continuous maintenance by a Standing Standard Project Committee (SSPC) for which the Standards
Committee has established a d d program for regular publication of addenda or revisions, including procedures for
timely, documented, consensus action on requests for change to any part of the Standard. The change submittal form,
instructions, and deadlines may be obtained in electronic form from the ASHRAE website (www.ashrae.org) or in paper
form from the Senior Manager of Standards. The latest edition of an ASHRAE Standard may be purchased from the
ASHRAE website (www.ashrae.org) or from ASHRAE Customer Service, 1791 Tullie Circle, NE, Atlanta, GA 30329-2305.
E-mail: orders@ashrae.org. Fax: 678-539-2129. Teleph 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for
orders in US and Canada). For reprint permission, go to www.ashrae. org/permissions.

© 2016 ASHRAE ISSN 1041-2336
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Indoor air quality strategies

o _ Wilkinson Passivhaus Primary School, Architype “Dennis Gilbert Hilo|d#raphy
Ventilation requirements for Y/

occupants in mechanically ventilated ,
anl

classrooms
Outdoor air supply rate per person ; ‘1 I

Min daily average > 5 I/s p..p
Achievable > 8 I/s p.p.

Building Bulletin 101
Ventilation of School Buildings

BB 101 (EFA, 2006)

Max daily average 1500 ppm
Max daily 5000 ppm
Achievable 1000 ppm

Reviewed CO, limits for
classrooms (DfE, 2016)
Max daily average (occupied)

Regulations
1000 ppm Standards
Max for 20 consecutive minutes Design Guidance
1500 ppm

Max annual high percentile
(new buildings):
Outside + 800 ppm (= ~1200 ppm)

Version 1.4 — 5™ July 2006



Post occupancy evaluation to date - limitations
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Post occupancy evaluation to date limitations
Indoor air quality | Winter CO,
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Post occupancy evaluation to date limitations
Indoor air quality | Winter CO,
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Post occupancy evaluation to date limitations
Indoor air quality | Winter CO,

CO» 5500

concentration

(Ppm) 5000 Tl 7
4500 —
4000 —

— Oak Meadow 3500
1st generation
PH /2011 3000 —

Willows

pre-PH / 2011 2800~

—— Conventional 2000 —
1500

1970s \
Occupied hours
9:00 - 16:00

1000 —

—_ Mexlimit (BB101)

500 =4

| ‘ll
; Ql 'kwﬁ\

(BB1O1) O TTTTTITTIT I I I T T T T T e T T T T I T I I T T T I I AT T T I T T T I T T T I T T T e T T T T T T T T T T T I T I T T T T T T T T T T T TTTTTTTT

Monday Tuesday Wednesday Thursday Friday
1st - 5th December 2014



Post occupancy evaluation to date limitations
Indoor air quality | Winter CO,
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concentration
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Post occupancy evaluation to date limitations
Thermal comfort | Summer

Air 30 —
Temperature 29 |
(°C) og |
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Post occupancy evaluation to date limitations
Thermal comfort | Summer

Air 30 —
Temperature 29 |
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Post occupancy evaluation to date limitations
Thermal comfort | Summer

Air
Temperature
(°C)
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Post occupancy evaluation to date limitations
Thermal comfort | Summer
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Why any ventilation strategy can falil

A
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Fine-tuning & maintenance leading to

incorrect operation of systems (services

and controls)
Changing requirements and user
preferences

Insufficient or no training/guidance (e.g.

new facilities manager or tenant)
Limited user understanding of
strategies

Controls and BMS interface design:
lack of transparency or too complex
Occupant loss of sense of control and
delayed reporting of faults / poor
operation of services

No access to technical support

Extract from building user guide for Passivhaus Primary Schools | Architype




Building materials as sources of VOCs

A wide and varying range of VOCs emitted from different building products.

Vinyl

Rubber

Linoleum

dodecane, tridecane, tetradecane,
hexadecane, a-pinene, toluene, xylenes,
1,2,4-trimethylbenzene, 1,3,5-
triethylbenzene, 1,2,3,5-
tetramethylbenzene, some unknown
substituted benzenes, naphthalene, 2-
methylnaphthalene, butanol, octanol, 2-
ethyl-hexanol, nonanol, phenethyl,
alcohol, phenol, formaldehyde,
acetaldehyde, cyclohexanone, vinyl
acetate, butylacetate, TXIB.

hexane, 2-methylhexane, 3-
methylhexane, 2-methyl octane, 3-methyl
octane, nonane, decane, undecane,
methyl cyclohexane, 1-methyl-4-
methyethyl-cyclohexane, heptene,
indene, isododecene, 4-vinyl-1-
cyclohexene, styrene, a-methylstyrene,
benzene, toluene, ethylbenzene,
methylpropylbenzene, 1,3-diisopropyl
benzene formaldehyde, acetone,
acetophenone.

3-methylpentane, cyclopropane,
cyclohexane, 1,2 dimethyl cyclohexane,
a-pinene, 3-carene, toluene,
trimethylbenzene, xylenes, C3-C11
aldehydes (including unsaturated
aldehydes: 2-pentenal, 2-decenal and 2-
undecenal), benzaldehydes, acetone,
ethylmethylketone, C2-C8 aliphatic,
carboxylic acids, fatty acids, butylformate,
2-methyl propanoate, 2-pentylfuran.

Example flooring materials and typical associated VOCs (Yu and Crump, 1998)



Building materials as sources of VOCs

Wide differences in total VOCs or sum VOCs

emission rates
of example
flooring
materials

(ug m2h1)
----- PVC

----- linoleum
rubber

Wilke et al. (2004)

2500

2000

1500

1000

500

T —
—
— —
— —  — —

time (days)



Building materials as sources of VOCs

Persistence of emissions in buildings and different decay profiles

emission rate initial — I
(Mg m2 hT) <—>| un-steady state

solid finishing N steady state >
materials | |
steady _ | | |
state

I |

O |
T
0 25t05

time (years)

Ye et al. (2014)



Low emitting finishing palettes

low or no emission:
ceramic tiles, metal, glass

Burry Port Passivhaus Primary School, Architype | Image credit Leigh Simpson Photography




Low emitting finishing palettes

sealed diamond
ground concrete
slab

UEA Enterprise Centre, Architype | Image credit Dennis Gilbert



Low emitting flnlshlng palettes

sivhaus P”W Sch

Natural material options
for elastic flooring:

Linoleum sheet
Forbo marmoleum)

High natural & recycled
content rubber flooring



Low emitting finishing palettes

s
A

Low emitting
: \ \& cement-bonded
Sl R N | wood-wool

b ‘ acoustic ceiling

Burry Port Passivhats Primary ScRool Architype [Mimage credit Leigh'Simpson Photography \ (Troldtekt paneIS)
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Low emlttlng flnlshlng palettes

Sonaspray®fc cellulose acoustic
ceiling spray finish (M1 class)
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emitting finishing palettes

Sonaspray®fc cellulose acoustic
ceiling spray finish (M1 class)

Water based emulsion
(Natural Building Technologies)

Earthborn Eggshell
(Natural Building Technologies)



Low emitting finishing palettes
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Sonaspray®fc cellulose acoustic
ceiling spray finish (M1 class)

Water based emulsion
(Natural Building Technologies)

Earthborn Eggshell
(Natural Building Technologies)

Interior timber treatment :

Natural low-emitting Osmo
finishes
(Osmo Polyx Oil & Osmo Raw)

Eco alternative to fire retardant
by Envirograf®



Low emitting finishing palettes

Bushbury Passivhaus Primary School, Architype | Image credit Leigh Simpson

low emission
water-based
(emulsion) paints
as alternatives to
high emitting types
of paint



