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It was used back in the 1930s and '40s to reduce
7+& 635&! % 2° O&!' 6/ &6 , 11

NIOSH established guidelines for controlling
Q8#&5%8/ 26, 61

Upper room GUV is the most tried, tested, and
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Upper Classes, UNIRRADIATED ROOMS

Wells, Wells, and Wilder. 1941. The environmental control of epidemic contagion.
Swarthmore public schools
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Environmental Control for Tuberculosis:
Basic Upper-Room Ultraviolet
Germicidal Irradiation Guidelines
for Healthcare Settings
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Lack of Awareness Lack of Resilience Lack of Trust
Largely Unadopted Resistance to Poor Communication of
Technology Complexity & Calculation Solution Effectiveness
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We Followed the Flow Chart QZQUGHTPROGRESS
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Streamline Guidance h Commissioning
Flowchart

The proposed commissioning design flowchart (see
Figure 1, Draft November 2022) maps the entire
commissioning process from needs assessment to
Implementation to build the project brief.

The Commissioning process is embedded inthe
GPC 37 Guideline(ANSI/ASHRAE/IES 202 and
90.1) which states,

w$200, 66, ydalityl-focused prdcessfor
&1+!'1%$,1( 7+& &/, 9&5<

that focuses upon verifying and documenting that a
projectis

w3/ ! 1dedigiad, installed, tested, operated
and maintainedtomeet O&4 8, 5&0&1 76Kk >‘
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Following the Flow Chart LIGHT PROGRESS
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About Lake Hills Church Facilities QZQLIGHTPROGRESS
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A community of 2,500 people of all ages and an
average weekly attendance of 1,200 people.

Main Office ~2,000 ft 2for administrative use.

Warehouse ~3,000 ft 2 for storage and
ministry operations

Student Building ~2,000 ft 2 used for youth
ages 13-18

Kids Building ~19,000 ft 2dedicated to
children ages 3-12 with individual class
rooms and large gathering areas.

Worship Center ~ 18,000 ft 2with 1,200
seats, nurseries for kids age 0-2, aswell as
stage and production space.

Confidential



Initial Analysis
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We analyzed the building environments with their

pastor and facility manager to evaluate the
following factors:

Purpose, Size, Ventilation, Ceiling Construction,

Layout, Furniture and Fixtures, EXxisting electrical
appliances.
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All the Dbuildings have modern HVAC with

contingencies for drastically increasing airflow in
times of dense occupation.

The HVAC is well maintained and managed giving
confidence that a meaningful amount of air mixing
IS occurring as a matter of standard practice.

10



About Lake Hills Church Facilities QZQLIGHTPROGRESS
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Kids Building ~19,000 ft 2 dedicated to
children ages 3-12 with individual class
rooms and large gathering areas.

Worship Center ~ 18,000 ft 2with 1,200
seats, nurseries for kids age 0-2, aswell as
stage and production space.

11
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Risk Assessment & Room Selection
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Ruling out large environments that were not
regularly populated or had plenty of fresh air
ventilation, we identified 5 potential areas
for application in the Kids Building and
Worship Center based on room usage,
characteristics and primary occupants:

1: Adult Worship Center
2: 3 Nurseries

3: Club K12 Room

4: 345 Room

5: Kids Worship

The budget priority reduced us to 3 areas
mitigating risk for the oldest and youngest in
the community:

1: Adult Worship Center
2: 3 Nurseries
3: Club K12 Room

Confidential
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Area 1. Worship Center

Duration of Occupancy 1 day a week / 3 hours a week

Density of Room Occupants 1,200 seat capacity
Activity type Sunday Service Singing/ Talking)

Epidemiological characteristics General Population

Space Characteristics

Sizes (+ ceilingheights) [ [ _v HeighX\5;20 [[Vv 72 ]
Volume ~185,000 Cubic Feet
Shape Sector
Windows and Doors No windows, 2 doors
@ :; Any Obstructions Lighthing fixtures , various audio

y//m 1 appliances hanging

é" = | | Ventilation System Air Conditioning
Location of Diffusers (see illustration)

Potential Air Current 8-17 ACH 13



Lake Hills Church Evaluation

Confidential

QS / S) LIGHT PROGRESS

Area 1: Worship Center
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Facility Evaluation
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Area 2: Nursery (3 identical rooms)

Risk Characteristics

Duration of Occupancy 1 day a week / 5 hours a week
Density of Room Occupants 10 people (2 adults, 8 children)
Activity type Caringand playing, breast feeding,

diaper changing.

Epidemiological characteristics Newborn to 2-year old children

Space Characteristics

Sizes (+ ceilingheights) [ "k¢v kbv ; [ kbv ; ck
Volume ~2,500 Cubic Feet

Shape Rectangular

Windows and Doors No opening windows, 1 door

Any Obstructions No, counter ceiling.

Airflow Patterns Evaluation
Ventilation System AC
Location of Diffusers (see draw)

Potential Air Current 8-17 ACH

15
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Area 3: K12 Room

Risk Characteristics

Duration of Occupancy 1 day a week / 3 hours a week
Density of Room Occupants Full capacity 100 people
Activity type Singing/ Talking / Play Activities)

Epidemiological characteristics Children

Space Characteristics

Sizes (+ ceilingheights) Ncv o, M v o [ VkTwv
Volume ~27,800 Cubic Feet

Shape Square

Windows and Doors No windows, 2 doors

Lighthing fixtures , various audio

Any Obstructions . i
appliances hanging

Airflow Patterns Evaluation

Ventilation System Air Conditioning

Location of Diffusers (see draw)

Confidential Potential Air Current 8-17 ACH 16
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Room Variance:

Wattage Recommendation: Eachdevice has it's own shape of
footprint and a wattage per square foot guidline does not account

fOl‘ rooms Of a” ShapeS R“x ( Ventilation (Total, OA etc & airflow patterns (
. nn;}\ Temparature. BH. C02. & CFD

Safety & Effflcacy : '._-..rE::::'}\\‘} Mo s ¥

needed or ,.-f’f H“‘\ Evaluate further -
Safety and Efficacy are not linear, they are designed together. * ‘ .‘,.,‘ flow :‘H ! “”"*‘”P““‘;;; ,L
And manufacturers guidance can be incomplete . / NO AN

d R HH nad [ N L
Accountablility

Rermine if spaces
mg upment miligaton straleges 'II.I-CI'I .:n.

. . ey ege are physically
How will installers and manufacturers share responsibility for oot toruvec | HH’";ij;“,;;:;cg;ﬁn{gj:;;;“;';f >
Safety and Efficacy? polementation | TE3 N e »
. . \\"'\-\_H\ -"_'_-"-'
Economics: N
- adequate
Solution Design, Fixture Selection and Placement, as well as
. . . . . . =] F B
Drafting by Mftr guidance & installer design is a heavy lift before M Design Review
economics are established. Makes for a complex sale. leulate UV-C254
dose in walls

. . based on Mitb Sele within Budget

Airflow : . . :

How should we consider appropriate assessment off airflow ?
When and where are smoke tests actually feasible and
appropriate?

Confidential 17
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Application Design
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applicable EPA CARB. 1ES, 1IEC. CGE. IS0, and |- = = = = e draft layout Performange
UL standards ke using CAD UV Testing
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Duration of occupancy
Dengily of room QLCupants

Risk Characteristic Data Documentation

Activity type and movement within the space
E pidemiclogical characteristics of occupanis/basketball players

microbe of condern

3 Faflure is an option

-

poor airflow patterns

1 H &= or z- valoe < TB, adjust dosing by the
ratio of k- of - value of T8 [ k- or -

2 Generation rate is > oo hour

4 lncreade UV-C dode o compentate for

l

Cammissioning
Reports
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Area 1: Worship Center
13 Devices (UV-FLOW 4/18P-CL)

E
4
+
!
!

©
c
3
o]
2}
L
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2]
—
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@]

Console/sound

Stage

20
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Application Design (/DLIGHT PrROGRESS
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Area 3. K12 room
Option 1: 2 Devices (UV-FLOW 4/18P-CL)
Option 2: 4 Devices (UV-FLOW 16-WL)

Option 1 Option 2

@t

wv

= - (,; Y i ‘ii!f 0w ;@“I,«}‘}

Confidential 21



Application Design (/DLIGHT PrROGRESS
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Area 3: K12 room
Option 1: 2 Devices (UV-FLOW 4/18P-CL)

Option 1

14’(4,26) 21°(6,40) 14°(4,26)

© N7 - 1 1
22.5
(6,85)
‘ & & '(13,7m) B s & By ’"AM‘
& # 225’ V"'V Y
12.6 D )
(3,8m) Gom) b «M"""i’:} i ﬁ’/}lﬁ J‘
f 49°(14,9m) f 49°(14,9m)
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Area 2: Nursery (3 identical rooms) 16.8'
1 Device (UV-FLOW 8WL)

16.8" ﬂ 14.9'

Confidential 23
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PO 2.1 m - Iradianza Orizzentale

Beyond producing CAD Drawings,

we modelled/calculated dosage 1 e
1300 — j 03 03 03 03 03 03 02 02 02
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and product performance iR TEEEEEE Y
11.00—; 4 06 07 07 07 07 06 05 04 04
. . - 4 09 09 09 09 09 08 07 05 05
woo—4 d4 13 08 11 12 12 11 08 07 04
using goniospectrophotometr 14 Se bl B
8.00— 5 15[T8]19 26 27 22[18Jo9 06
. . 4 ds 9 32 4.1 44 33 1.1 06
soo— o8 20 22 39 B3 74 52 12 07
l.e lies) 10 selecC e 1 & 21 25 47 1230 00 28 14 08
- b | 700—4 e 23 26 51 12 a1 15 08
5 ds 22 27 S1 122N¢7 79 14 08
soo—3 o6 21 24 44 92 114 75 07
pProaucts ana pliacement. 18 TRt R R
5.00— os 32 38 40 29 07
E o4 14[18]19 24 25 20 06
4.00— of4 14 14 14 168[17]14 05
= 3 13 10 11 11 12 10 05
3p0—5 o4 05 09 09 08 08 08 05
_ 4 06 07 07 06 06 06 03
200— 3 05 05 06 05 05 05 02
4 dq2 04 04 04 05 04 04 02
1.00—3 2 03 03 03 04 03 03 02
4 [ 03 03 03 03 03 02 02
ooo—3 [
MR A A AR AR AP R AR AT AR R
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Application Design (/DLIGHT PrROGRESS
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Area 1: Worship Center
Too visually disruptive when people are inside the dark.
Ceiling is not easily accessible for maintenance.

Alternative viable solution to add GUV to the HVAC
system serving the Worship Center

Confidential 25
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Final Area Selection:

2: 3 Nurseries
3: Club K12 Room

Confidential 26
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Learnings:

From Design to Installation there R
IS also consideration for a variety
of customer -centric iIssues:

Over budget

o . Select within budget
Usability and Maintenance. appropriate
. . . ) fixtures and v
Integration with other behaviors, o] | drafethe
practices, or protocols. | 4 pgersino L S
. . . X manufacturer’s
Aesthetic considerations. B s
> Select A 4
appropriate Installation and
> fixtures and Final Acceptance or
draft layout Performance
using CAD LV Testing
CX-3

Confidential 27



Rl
B Design Review |
Calculape LASC254
dose inwalts
{based on Mib Select
dosing) APPrOPriate
foocterzl |- T T T T F futures and
I ‘ s z s I ’ draly the
I N S L L I O N & ‘I'- : E!R foture Lyyout
----------- o Ly baded on
______________ f R G l\.___..,
: i manufaciurer’s
: : = = guidance
1 ! d
I I '
I i 1
_____________ .."'________________rl"_ ._.l:"\._
J ! X > Silict
Eull Device Pedormance Data Documentation I ] IPPIOPriate
Documentation in accordancs with A S S, fixtures and -
applicable EPA CARE. 1ES, 1IEC, CIE. IS0, and | = = == T w e d draft layout
UL standands T e bl using CAD UV
;
1
w k4
Footnotes

Rata Documentation

Iy

apants

swemient within the space

racteratics of oocupants/basketball players

1 k- or z- value < TB, adjust dosing by the

ratio of k- or z- value of T8 / k- or 2-
microbe of conoem

2 Generation rate is > oo howr

3 Faflure i an oplion

4 Ingrease UV-C dose 1o compensate for

poor airflow patterns

LIGHT PROGRESS

|
Orveer budpet

within budges

Design

Documentation

Installation and
Final Acceptance or
Performance
Testing
X3

|
Y

Commissioning
Reports

Training [ Handoeer

Operation,
Maintenange, and
Periodic Risk
Asiesimient
Cx-5

vl Byaes FBssiaanssnt stlom

Annual review of risk.
Continud implementation
of UR UV-C




Installation ( / ) LIGHT PROGRESS

Confidential

Learnings:

Teach the building to GUV Experts
OR teach GUV to the building
experts.

Installer training on safety &

Intended use of the devices. Read
the manual!

Share precise installation
Instructions.

Provide project intent, design
constraints, and exact desired
positioning.

E23& <28 %W21v7 %, 6$29&5 3+<6,
realities change the economics.

Confidential 29
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ACCEPTANCE &
TESTING
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Performance Testing
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LIGHT PROGRESS

Clearly documented testing methodologies:

PROGRESS

Anghiari, 281062023

GUIDELINE FOR SAFE MEASUREMENT AND COMMISSIONING
OF UPPER-ROOM GUV DEVICES

Check List [ ol design installation direct light
devices,
1. REQUIRED FOR THE
Ckt [ Op. | Activity Description Hates
o1 |PPE

ZS}L\GHTF‘ROZR‘ESQ

[="3 | Op. | Activity Description Notes

1 | Check that the enviranment correspands with the project design
drawings

02 | Check that the wall-mounted units are installed af the right height
as mentioned in the project design

03 | Be sure devices have been operating for af least 100 h before | 1115 needed to have &
measurement stable UV source.
| 03bis | Tum on the UV-C device and wait 20 minutes before performing | Itis needed to have &
the measurement stable value.
04| All windaws and doors shall be closed during measurements. Suniight can sgnifi-
cantly aner the meas-
urement

T5 | Cieck for the presence of Glher people in the envronment wha
are not adequately protected.

Protective helmet equipped with a facemask

Tong-siesved shir

Ciosed shoss.

Tong pants

Pratectian Gloves

02 | Measuring instruments and acoessones

06 | Ciean the sensor lens 1 fhe sensor lens 15 found to have dust or
ather substances

U7 | Foxthe FOV cone to the probe and secure the probe in the meas-
uring stand

|08 | Fix the UVC probe on the measuring stand at 2.1 m.

03 | Turn on the UVG measuring instrument and set it fo measure "Hg
lamps at 254 nm "

UV measuing insirument wilh sullable probe We recommend:
GIGAHERTZ X1-5 -
probe UV-3726-5

Adjustable measuring stand ta place the UVC probe at 2.1 mt. {7
feet) height

Fiekd of View (FOV] Cone 80 1o be fixed on the probe
03 | Miscellaneous Accessones ‘ ‘

Tape measure min. length 2.5 M. (8.2 feet)

Penci vith eraser
04 | Projects. ‘ ‘

Floor plans of the room with the Iocation of the nstalled devices
(position and height)

2. PREPARATIONS FOR CARRYING OUT THE MEASUREMENT

Technical Report

Q " -y @
. o =

~

Technical Report

° ' @
t [ -]

Confidential

LIGHT PRO

3. CARRYING OUT THE MEASUREMENT

Op. | Activity Description

9

With the probe positioned at the height of 2.1 mt. (7
feet) mave around the entire surface of the room with
the probe oriented in the direction of the UV-C de-
viceis], and search for the masimum detectable inten-
sity (see Fig, 8.1).

In case you have paints with higher values, note them
in the plan

G2 | Wah the probe posiioned a1 he helght of 2.1 mi. (7
faet) move around the entire surface of the room
the probe oriented in the direction the ceiling and side
wialls, and_search for the maximum detectable nten-
sity.

In case you have points with higher values, note them
in the plan.

Technical Report

Q Qo
L G e =]

Sﬂ LIGHT PRO

2 {7 8y e e oer

o

Figute 8.1
Equipment Mounting Relative o Test Plane

CELNG
e

T dmarsionsi 83t plana paralel o foor

GUD * Gareral Use Disanen

Technical Report

L

31



Performance Testing

Confidential

(S / S) LIGHT PROGRESS

Components of Testing:
Room Mapping
Sensor Selection
UL Standards

Photobiological safety testing is done as
part of the UL1598 certification and in
compliance with UL 8802 (proposed) test
standard. It verifies an installation height
and angle at which the luminaire falls into
various risk groups.

To ensure that UVC sources used in UR UY
C,s4 luminaires do not generate ozone, all
UR UM C,5, designs shall be tested in
compliance with UL standard UL 2998 to
show zero ozone generation.
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16" S' 9 13 16'9"
— owiemz S HWiem2
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£ 8
@ ol |7 safety level 0.0026 pW/cm?2 0.0136 pW/cm?2 0.0083 pwW/cm?2 0.0181 pW/cm?2 0.0318 pwW/cm?2
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o | ©

9.7 BL 16.8'

o

Confidential

16.8'

14.9'

33




Performance Testing
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Safety:

Grid of measured values at 7
feet from the ground.

Accepted Threshold Limit
Value established by ACGIH
IS 6,000 microjoules per 8
hours for eye exposure and
10,000 microjoules per 8
hours for skin exposure.

Eye Exposure Limit Maths =
.2 microwatt/cm 2

7 -16 4'-16
n.d. n.d.
pW/cm? pW/ecm?
2oy 4 -5
n.d. 0.0023
uW/em? HuW/em?
A9 g -9
0.0024 0.0055
pW/cm? pW/ecm?
-76T 13 -4 =13
0.0048 0.0064
pW/cm? pW/em?
-7.67 167" -4’ —16’.9"
0.0076 0.0134
uW/em? HW/em?

@-16 4 -16
0.0026 n.d.
pW/cm? pW/em?

@-5 4-5
0.0136 n.d.
HW/em? uW/ecm?

2-9 4'-9
0.0083 0.0065
pW/cm? pW/em?

@-13 4'-13
0.0181 0.0082
pW/em? pW/em?

@-16".9" 4 —16".9”
0.0318 0.0144
HW/em? uW/em?

n.d.

pW/cm?

76" -5

n.d.

pW/em?

71 g1 _gn

n.d.

pW/cm?

0.0038
pW/cm?

76" - 16.6"

0.0061
pW/em?
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Handover LIGHT PROGRESS

Confidential

Confidential
_____ o i:rwrtlu dge ¥
. . wipet i
Design Review | : !
I
Select design Calculate IV-CI54 B
dose inwalls il
strategy for oy gl
e
identified spaces (based on Mtb select within budget | |
£X-2 dosing) appropriate l ol
foormate ) 777777777 H fintures and b |
F 1 ] drafe the L
: o finture Layout : :
————— P iy based on b
""""""""" VT I manutacturer's b
: - guidance '
] ] I
Cccupancy ] [ b
Safety | L e e I
Requirements -or : I > Select i
' i appropriate Installation and : |
Documentation in accordance with A fintures and = Final Acceptance or il
applicable EPA, CARE. 1IES, 1EC. QIE 150, and === sl w=y draft layout Performance b
UL standards e ——— M | using CAD UV Testing i
i B
; %3 3
1 -
v !
L 1
Footnotes b
Risk Characteristic Data Documentation 11 k- or 2- value < T8, adjust dosing by the T b
Duration of accupancy ratio of k- or z- value of T8 / k- or z- Cﬂrr::lmfﬂnﬁ 3
Density of room ociupants microbe of congemm ports : !
Activity type and maevement within the space 2 Generation rate is > ooy howr ' :
Epidemiological characteristics of occupants/basketball players 3 Fadlure is an option N
4 Intrease UV-C dose to compensate for -
poor airflow patterns -
I l
L
L
: : Operation & Operation,
: ' Maintenance Maintenance, and Kaoutd revten of ok Yeés
Manuals e Handove odic Ri o
: : CX-4 Teoinios d Shsiodiofiuh Continue implementation
[ s Assessment
' of UR UV-C
: 'l -5
i
L
L
1] .

/(n--. Fharsrrarictir Nars Narimany stinn




