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1 Welcome to our course “Every Breath
:‘(Ennovative Air Quality Design”.

Every Breath You Take:
Innovative Air Quality Design
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1 This course has been registered with te

An American Institute of Architects L
(AIA) Continuing Education Program ;

__________________________

Credit(s) earned upon completion of this course will be reported to AIA CES for AlA
members. Certificates of Completion for both AIA members and non-AlA members
are available upon request.

This course is registered with AIA CES for continuing professional education. Assuch,
it does not include content that may be deemed or construed to be an approval or
endorsement by the AIA of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

You must complete the quiz upon completion of this course with an 80% or higher to
receive credit.
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1 Upon completion of this course, the |
:
|
I

| |
Objectives e e
1+ Discuss the LEED v4 Indoor
; Eviomereiily(EQ) category and common;
rindoor air quality issues that affect the |

1 health of building occupants. |

Ie Describe how photocatalytic coatings

Upon completion of this course, the design professional will be able to: ! denrotect the. health and. corafor of

e Discuss the LEED v4 Indoor Environmental Quality (EQ) category and common indoor air
quality issues that affect the health of building occupants.

e Describe how FN® NANO photocatalytic coatings can help protect the health and comfort
of building occupants.

e Review how FN® NANO Titanium dioxide (TiO2) helps eliminate VOCs, allergies, odors,
mold, bacteria, and viruses in buildings indoors and outdoors.

e Explain how Ti02 photocatalytic coatings can clean interior and exterior building surfaces
and help combat air pollution.
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1 According to the United Nations, air

1 bsthe most important environmental
I risk in the world and causes one in

I nine deaths. Air pollution kills more

1 II ' 1than six million people every year. Air
- g = | | 1 Pollution causes strokes, chronic
, I[ o T Pt y = i :respiratory disease, and lung cancer,
LA - - P .- = E = e ol 3 ol 1as well as one quarter of deaths from
) - e — ; e TRUWWENR hoart attack. Air pollutionis also _____
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1According to the Environmental

] ]
Indoor Air Quality Problems e e
190% of their time indoors and many
1spend most of their working hours in an
1 0ffice environment. Studies by the EPA
« show that indoor environments

' sometimes can have levels of
\ at are actually higher than

* Americans spend 90% of their time indoors

e EPA studies indicate indoor environments can have
higher level of pollution than outdoor environment

e Poor indoor air quality may cost the U.S. several
billion dollars annually
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. The sun is a star in the middle of our
S ahweilt is a sphere of hot plasma that is

| the most crucial source of energy for
:Iife on earth. Plants need sunlight to
1grow. Animals need plants for food and
1the oxygen they produce. Without heat
:from the sun, the Earth would freeze.
1 Without the sun, there would be no
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1
= = = = 1 Sunlight is said to be the best disinfectant.
Sunlight is the best disinfectant ey
1in sunlight constituting about 10% of
1the total light output of the Sun.
1 Ultraviolet radiation in sunlight works
1as a natural disinfectant and is used

iregularly to disinfect drinking water in
icountries such as India, Kenya,
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1 Photocatalysis can be defined as the

| | | |
1 @dimof a chemical reaction by light. The
Photocatalysis and Building Materials e
1help self-clean objects such as glass
thas been known for decades.
1Research on the benefits of

:photocatalysis started in Japan in the
11960s. By the 1990’s research had

é ORGANICS Gj\ AIR OXYGEN wshifted into the area of environmental _ _

(SMOKE, MICROBES, VAPOUR, ETC)
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= = = = | Titanium dioxide is the main ingredient
Titanium dioxide e il

1 advantage of this self-cleaning

| photocatalytic process. Titanium

1dioxide is a naturally

1occurring oxide of titanium.

I Titanium dioxide has a wide range of

1 gEssincluding paint, sunscreen, food




Titanium dioxide nanoparticles

* Titanium dioxide nanoparticles have diameter less
than 100 nm

e Titanium dioxide and its photocatalyticsterilizing
properties also make it useful as an additive in
construction materials

e Titanium dioxide can be considered a "legacy”
nanomaterial
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! |
1 The most effective building materials wh
1 iiipproperties use Titanium dioxide |
1 nanoparticles, also called ultrafine |
ititanium dioxide. These are particles of |
ititanium dioxide with diameters less |
1than 100 nm. Ultrafine Titanium dioxide |
lis used in sunscreens due to its ability |

1o block UV radiation while remaining
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- - 1In this diagram we can see a surface tel
Photocatalysis Coatings Process oen vesed ih o hoocataic

1titanium dioxide nanoparticle coating.

1 For example, this surface could be an
1exterior wall panel on a 50 story
1building in New York City. When the
Iwall panel is exposed to sunlight, the
.coated surface is activated. Titanium

;\/Photo-catalyst reactor

Source of light

Coatings Treated Surface
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Comparison - efficiency of photocatalytic pri

|tedymust have at least 10 percent

FIN® efficiency — almost as high as a pure photocaisimey not wery many produts

icurrently on the market meets this

For truly effective air cleaning function

0] e ettiinininineistetleteilsteilstsilstsielstsielsiseistsslsiselstsetstsaisissisissisteaisissisissistssistlsistsststtststlsistlststlstslstseisiselstsilstsetetseistsslstsislstselstselstsetstselstsetstsststetstetstete ¥ -1 1 1o /-1 (o W = N W N =1 o R e o ¥} j__n is the most
P T TEORETICAL MAXIMUM | efficient coating you can fi
Ir purific’ i

90 A eaten jglobal market reagg

80
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Qualification parameter for
environmental air depollution
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Effects of weathering photocatalytic perforngs s e

1dweathering, the photocatalytic

\ performance of two-year-old samples
1taken from a noise barrier located
1along one of the busiest thoroughfares
1in Prague. It was demonstrated that the
Icommercial photocatalytic coating

1 Protectam FN2 maintains high
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| The benefits of photocatalytic coatings
| gbacked up by extensive research. In

| August of 2007, the Lawrence Berkeley
| National Laboratory released a report

1 for the California Energy Commission.

| Researchers investigated the potential
:for passive cleaning of outdoor air

1using photocatalytic titanium dioxide
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| For the Lawrence Berkley Lab report,

1 da@yof photocatalytic materials was

| summarized and tabulated in terms of

| catalytic activity. Each square meter of

1high-performance photocatalytic

| material, exposed to outdoor sunlight,

Ican remove nitrogen oxides from about
1 1200 cubic meters of air per day. The
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1
° ° ° ° ILEED, or Leadership in Energy and
LEED v4 Building Design + Construction  EmDosign, is the most widely use
ygreen building rating system in the
1world. Available for virtually all building,
1community and home project types,
|LEED provides a framework to create
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H s 'The Indoor Environmental Quality (EQ)
I ndOOr E nVI rOn m enta I Qu a I Ity ( EQ) Catego ry :gin LEED v4 rewards decisions made
1 by project teams about indoor air
1quality and thermal, visual, and
1acoustic comfort. Green buildings with

' 1good indoor environmental quality
’ e sy protect the health and comfort of

1building occupants. High-quality indoor

| . ¥ :,-._R,é@p\_/ito_nm_ent_s_alsp_epban_ce ________
Buildings with good EQ: g | I

X % qéf"
Y

|

* Protect building occupants
e Enhances productivity

e Decreases absenteeism

* Increases building’s value

e Reduces liability
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H : 'The EQ category combines traditional
Indoor Environmental Quality (EQ) Category o a5 ventiation and memal
1 control, with emerging design
1 strategies, including a holistic,
1emissions-based approach (the Low-
1 Emitting Materials credit), source
:cont_rpl and monitoring for user-

_contaminants (the

i 5
ndoor. Air

— e e e




Low-Emitting Materials Credit

Credit Intent:

“To reduce concentrations of chemical contaminants
that can damage air quality, human health, productivity,
and the environment.”

:Presenter |
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1 I
1 Photocatalytic coatings can contribute b
1Bthe Low-Emitting Materials creditin |
LEED v4. The intent of the credit is “To !
ireduce concentrations of chemical

1contaminants that can damage air

I
:
I
1quality, human health, productivity, and |
I
I
I
I

:the environment.” The Low-Emitting
1 Materials credit applies to:

Credit Applies To:

New Construction
Core and Shell
Schools

Retail

Data Centers
Hospitality
Healthcare
Warehouses
Distribution Centers

e s ¢
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Low-Emitting Materials Credit

TABLE 1. Thresholds of compliance with emissions and content standards for 7 categories of materials

Category

Threshold

Emissions and content requirements

: Presenter
12019-08-01 20:55:50
1

1
1 This credit includes requirements for
1 muidnafi;as well as project teams. It
| covers volatile organic compound

OC content of materials, as well as
sting methods by which indoor
:V emissions are determined.

1 Different materials must meet different

Interior paints and coatings applied
on site

At least 90%, by volume, for
emissions; 100% for VOC
content

+ General Emissions Evaluation for paints and coatings applied

to walls, floors, and ceilings
* VOC content requirements for wet applied products

'requirements to be considered

Interior adhesives and sealants
applied on site (including flooring
adhesive)

At least 90%, by volume, for
emissions; 100% for VOC
content

« General Emissions Evaluation
« VOC content requirements for wet applied products

Flooring

100%

General Emissions Evaluation

Composite wood

100% not covered by other
categories

Composite Wood Evaluation

Ceilings, walls, thermal, and
acoustic insulation

100%

+ General Emissions Evaluation

+ Healthcare, Schools only
Additional insulation requirements

Furniture (include in calculations if
part of scope of work)

At least 90%, by cost

Furniture Evaluation

Healthcare and Schools Projects
only: Exterior applied products

At least 90%, by volume

Exterior Applied Products

N e ¢

! (VOC) emissions into indoor air and the.
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H H H H ' Photocatalytic coatings can contribute b
LOW' E m Ittl ng M ate rl a IS Cred It 'BLEED credit by meeting the Inherently |
; non-emitting sources requirements.
| Products that are inherently non-

I
I
I
1emitting sources of VOCs (stone, |
| ceramic, powder-coated metals, glass, |
I
I
I
|

'concrete, etc.) are considered fully
- 1compliant without any VOC emissions

o) CDIPH

Calitornia Department ol

Ti4* PublicHealth

02 0%
titanium dioxide
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1
1In addition to meeting the general

LOW' E m itti ng M ate ria I S Cred it 1 @BresbVOC emissions, on-site wet-

1applied products must not contain
1excessive levels of VOCs, for the
1thealth of the installers and other trades
1workers who are exposed to these
:products. To demonstrate compliance,
1a product or layer must meet the

/

YR
CALIFORNIA

AIR RESOURCES BOARD
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I. ° ° ° I d ° 1 The photocatalytic coatings have also =
ow-Emitting Materials Credit | meros of tosts Inoluding the IS0
116000-10, ISO 16000-11 methods,
1which are a part of the CDPH
1standard method. ISO 16000-10:2006
1 specifies a general laboratory test
:method for determination of the area
1specific emission rate of volatile
' organic_compounds (VOCs)_from newly

Photocatalytic Coatings Passed:

* |SO 16000-10

* |SO 16000-11
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1
- - f 4 g m iLabels warning that a product contains

California’s Proposition 65 Label aihat may cause cancer, it cefcts

1or reproductive harm are now required
1on many household items sold in
1 California. California’s Proposition 65,
1also called the Safe Drinking Water
:and Toxic Enforcement Act, was
enacted in 1986. It is intended to help




California’s Proposition 65 Label

Prop. 65 Warning for California Residents

WARNING: This product may contain
chemicals known to the State of
California to cause cancer, birth defects,
or other reproductive harm.
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1
1 Photocatalytic coatings are in compliance
hCalifornia Proposition 65
irequirements. The highly breathable
1and vapor permeable coatings offer
1“no significant risk”, The law defines
1“no significant risk” as a level of

at wo ause no more
ancer in 100,000
lifetime.




Biological Pollutants
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1

1According to the EPA, infectious

1linesses, BBs influenza, measles and

1 chicken pox are transmitted through

1the air. Molds and mildews release

1disease-causing toxins. Children,

1elderly people and people with

Ibreathing problems, allergies, and lung
di S are i eptible to
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Photocatalytic Coatings Benefits ok ek o2

, buildings or renovating older
1structures. Photocatalytic coatings

I
I
|
|
I
I
|
|
i consider when designing healthy |
I
I
I
|
I
I
I
I
I

e O
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| | ] - 0 o . .
Photocatalytic Coatings Applications el now reviow various applctions
1can beneficial if applied to interior
iwalls, ceilings, exterior facades, and

T N E—re— —_ -1various other surfaces. Coatings are
N - ‘ | extremely efficient in helping eliminate
v Imicroorganisms on their highly
1oxidative surface. Instead of using toxic

|

=

B A4 ‘v

Hospitals
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Photocatalytic Coatings Applications
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1
1 Hospitals can be breeding grounds for
1ainfections. According to the Centers
1for Disease Control and Prevention,
1every year, an estimated 648,000
ipeople in the U.S. develop infections
'during Dita ayv. and abo

ions.
r of



Photocatalytic Coatings Applications

Reference sample BACTERIA
uv uv START END END REDUCTION ON
Microorganism Exposure Intensity concentration concentration concentration FN2SURFACE
time (min) mW/cm2 (CFU) (CFU) (CFU) (%)
0.2 ml
Bakteriofag E.Coli ®X 174 |60 min 0.05-0.1 1.00E+06 60 1.00E+06 99.9940%
(MODEL VIRUS) 60 min 0.05-0.1 1.00E+06 30 1.00E+06 99.9970%
6hours [0.05-0.1 1.00E+08 88 1.00E+08 99.9999%
6hours [0.05-0.1 1.00E+05 0 1.00E+05 100%
6hours [0.05-0.1 1.00E+08 400 1.00E+08 99.9996%
6hours [0.05-0.1 1.00E+05 15 1.00E+05 99.9850%
60 min  |0-dark 1.00E+06 1.00E+06 1.00E+06 0%
0.2 ml
Candida albicans 120 min |0.05-0.1 1.00E+06 0 1.00E+06 100%
Candida albicans 120 min |0.05-0.1 1.00E+06 0 1.00E+06 100%
0.2 ml
Pseudomonas aeruginosa |120 min |0.05-0.1 1.00E+06 0 1.00E+06 100%
Pseudomonas aeruginosa |120min |0.05-0.1 1.00E+06 0 1.00E+06 100%
0.3 ml
Enterococcusfaecalis4224{120 min |0.1-0.3 1.50E+08 767 not countable 99.99949%

Hospitals
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I
I
|
! Photocatalytic coatings have proven :
1 dtehncombating three dangerous |
- Yipathogens: |

1 Candida albicans can cause serious ad
1 peylife-threatening infections in the |
' J}_: mouth, blood and other tissues of |
' jpeople who are undergoing cancer |

chemotherapy or'radiation treatments,

S or other :

Pseudomonas
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Photocatalytic Coatings Applications iadpoontngs amder ok U

1illumination against e. coli is very
:successful. For decades, titanium
1dioxide panels have been installed in
1Japan in hospital rooms where sterile
1conditions are important. After the tiles
iwere installed, the bacterial counts

Non active Non active

Hospitals




Photocatalytic Coatings Applications

: Presenter
12019-08-01 20:55:53
1

1

1According to the Mayo Clinic, Metthvessart
1 §mureus, or MRSA infection is caused
1by a type of staph bacteria that's

| become resistant to many of the
1antibiotics used to treat ordinary staph
1infections. Most MRSA infections occur
'in people who've been in hospitals or
1other health care settings, such as
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UV ACtivation Light Here we can see an internal medical

1 mmiwvalls and ceiling have been treated
with photocatalytic coatings. Soft UV
lights are installed for cloudy days
when there is little natural sunlight.

", Otherwise the main source of activation
for the photocatalytic process is the

: ‘ P 'z ; - !
&F . //:wirldows.__

NaNO
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- - - - 1 Photocatalytic coatings are easily
Photocatalytic Coatings Applications vl imler esion s paint. The
1 most prefered application of
1coatings on smooth surfaces is a low
1pressure spray gun. Spray will provide
1even coating and less
:material consumption on




1
, Presenter

12019-08-01 20:55:55
1
1

- - - - : Phot(_)cata_lytic cogt_ings can help
Photocatalytic Coatings Applications gmemetny o g s ot
1surfaces be protected from:
1+ UV Radiation
1+ Dirt
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1
- - - - 1In addition, photocatalytic coatings can

Photocatalytic Coatings Applications e e et

1 Airborne bacteria and toxins are
1 present in hospital odors Hospital
1odors find themselves embedded in
1bedding, curtains, and furniture. It is
Icrucial that all the bedding be odorless
1and sanitary before the next resident is

—

.r__.._.
N
,I:ﬂ
]

o kg

Hospitals
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1
- - - - 1According to the EPA, one-half of our
Photocatalytic Coatings Applications (e e o e
1linked to indoor air quality. Students
1are at greater risk because of the hours
1spent in school facilities and because
' children are often susceptible to
- pollutants. The health and comfort of
students and teachers are among the
many factors that contribute _to learning
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1
- - - - 1 The EPA notes that indoor air quality
Photocatalytic Coatings Applications cenbe prevented 1ol by
1school staff through simple,
1inexpensive measures and that the
1cost and effort needed to prevent most
— —et pE— 1air quality problems is significantly less
= x5 = pe=————= 'than the cost and effort required to
= — ; ; Loy e ‘ iresolve pro after they develop.

]
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I

1
1 The EPA explains that failure to prevent:

Photocatalytic Coatings Applications wsspand srompy 1o ndoor i qualty
1+ Increase potential for long- and short-

1enhealth problems for students and
staff.

dent
mance.

Failure To Prevent Air Quality Problems Can: aft camfart and_

e Increase potential for long- and short-term
health problems for students and staff.

e Negatively impact student attendance,
comfort, and performance.

e Reduce teacher and staff comfort and
performance.

e Accelerate deterioration and reduce
efficiency of school facilities and equipment.

Schools
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- - - - 1= Increase potential for school closings
Photocatalytic Coatings Applications FEEE R

1* Strain relationships among school

| ahiimparents, and staff.
» Create negative publicity.
| * Impact community trust.
» and Create Iia‘ility problems.
Photocatalytic coatings can provide
pirlion i address these _ _

Failure To Prevent Air Quality Problems Can:

* Increase potential for school closings or
relocation of occupants.

e Strain relationships among school
administration, parents, and staff.

e Create negative publicity.

e Impact community trust.

e Create liability problems.

Schools

»
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1
:The Centers For Disease Control and

- | [ | -
Photocatalytic Coatings Applications bestintes 48 milon peope getsick
1die from foodborne diseases each year
:in the United States. The CDC has

' ' ' n ) j projects to
’ / ' --------- g rle-nl gf_a-

CENTERS FOR DISEASE

CONTROL AND PREVENTION

& a e



: Presenter
12019-08-01 20:55:57
1

1
- - - - 1 The CDC states that the spread of

Photocatalytic Coatings Applications e

1food is an important cause of
1foodborne illness outbreaks in
irestaurants. It accounts for 89% of
1outbreaks in which food was
Icontaminated by food workers. Proper
1handwashing can reduce germs on

Restaurants / Supermarkets

aarrers @
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1
1According to the CDC, the top 5 germs

Photocatalytic Coatings Applications e e s

| United States are:

1 Norovirus

:Salmonella

1 Clostridium perfringens
1 Campylobacter

5 Germs That Cause llinesses From Food:
e Norovirus

e Salmonella

e Clostridium perfringens

e Campylobacter

e Staphylococcus aureus (Staph)

aarrers @
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1
|FRESH FLOWERS, FRUIT AND

Photocatalytic Coatings Applications sREsonger

FN NANO Photocatalytic Coatings
 Lonesadinof ethylene.

‘ ’ I F \ LSl N L] H\J\J/\

Supermarkets

N N
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|FRESH FLOWERS, FRUIT AND

ETHYLENE=trigger to rotten and dye Excalentfor Supermarkaist
100 - | i
m Exposure time 30 min i i
80 - m Exposure time 45 min
xR
g
o 60 -
=
2
2
@ 40 -
-
<
]
20 -
0 - | |
59.3 177.8 296.4

Surface area of TiO2 coated plate, cm2

Supermarkets

O
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1

- - - - 1 Photocatalytic coatings can be applied
Photocatalytic Coatings Applications e e

1from air pollution, graffiti, mold, algae,

1dust, and dirt. If we look at the image of

1the building on the left, we can see this |

| structure has suffered from air pollution |

1and is stained from polluted water |

iruning from the top of the roof. |

I

i Photocatalytic coatings_were applied to

- = P A e - St ] ==

Exterior Surfaces

B




Ecological function:
Objects treated with FN® coatings work as cleaning eco-machines.

EANII\%G APR PURIFYING FACADES r\{Ew STANJ_J_ARD

" 1 m2 of FN® cleans an average of 3,000,000 m3/y of air from
photocatalytically degradable pollutants (NOx, CO, SOx, VOCs,
benz-a-pyrene and others) A,

s

il
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I
I
|
! |
- - - - 1 Photocatalytic coatings provide arimacbd
Photocatalytic Coatings Applications aganstalgae. The Hghly xidatie
1surface of the top coat is very effective

1and prevents growth of microorganisms:

1like algae and mold. If we look at these |

1images, we can see a significant |

1difference between treated and :

I

I

I

1untreated surfaces. Instead of usin
Treated Untreated Untreated Treﬁiﬁdc_gh_em_ic_alsi exterior _ _g .

Black Algae

Exterior Surfaces
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1
- - - - 1 Photocatalytic coatings can help

Photocatalytic Coatings Applications T L

1subsequently, moss and lichens on

ifences and walls for over a decade.

1 There are over 12,000 species of

1moss. Killing moss will not prevent

Iregrowth unless conditions favorable to

1their growth are changed.
Treated Untreated Untreated Tréﬂﬁﬁ“ﬂ‘_ic_c_ogt_irlt?.s_slop_mqs_s_ -

Exterior Surfaces

O
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1
1 (Note: this video will be edited to

Photocatalytic Coatings Applications s copptormton. The video wi

1 .
1play and use the captions on screen as
1a voice over) A combination of several

: roperties help protect the exterior
i1surface of a building against graffiti.
1 These properties include:

1 Hydrophilicity — The spray solvent

weocdodddnocn't allow oraffiti nanotrata _

Graffiti Protection & Removal

aarrers @
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1
- - - - 1 In addition to building surfaces, poocc
Photocatalytic Coatings Applications ey oot ooy
1 historical monuments, and artwork. The!
| coatings can protect against UV, dirt, |
1soot, tar, dust, graffiti, and other
| contaminants. In the image on the left
Iwe can see two statues. The stautue
t has been treated and the
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Before After FN NANO




FN® NANO Coatings was invented by Jan Prochazka, PhD, and holds two exclusive
patents in the USA granted in 2014 and 2015.

The multifunctional FN® Coatings are the result of nanotechnology research.

The nanoparticles do not obstruct the photocatalytic properties of the TiO2.

Therefore, FN® NANO Coatings are the most effective photocatalytic agents on the
market today. They exceed the effectiveness of competing products by up to 100times.
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1As we have seen thoughout the

C 0 n c I u S i o n 1 pesrENANANO coatings provide

1architects, specifiers, interior
1designers, and contractors a host of
1solutions to improve indoor and
1outdoor air quality, protect building

Now course participants should be able to: A

e Discuss the LEED v4 Indoor Environmental Quality (EQ) category and common
indoor air quality issues that affect the health of building occupants.

e Describe how photocatalytic coatings can help protect the health and comfort
of building occupants.

e Review how Titanium dioxide (TiO2) helps eliminate VOCs, allergies, odors,
mold, bacteria, and viruses in buildings.

e Explain how Ti02 photocatalytic coatings can clean interior and exterior
building surfaces and help combat air pollution.
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