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4BCM QBCN? J;J?L >?GI| HMNsensbrXBWSIRPAS CObbged idriphotd-Aduustid ? Q
spectroscopy (PAS)technology, is compatible with the sensor requirementdefined by the WELL Building
Standard-band the LEED rating systerfhe evidence presenteds based onconceptual and experimental
data. The documentalso provides a detailed analysis of the contribution of the sensor to the implementation of
the WELLand LEEDeatures

Contribution to WELL:

WELL category Pl\él)?n)f[.s
AIR Precondition | AO3%Ventilation design X
AIR Optimization | AO6Enhanced ventilation design 2
AIR Optimization | AO8¥Air quality monitoring and awareness 2
MATERIALS Precondition | XODkMaterial restrictions -
MATERIALS Optimization | XO5%Enhanced material restrictions

Total potential points

Contribution to LEED:

LEEDcategory PI\(A)%);

Energy and Atmosphere Prerequisite | Fundamental commissioning angerification -

Energy and Atmosphere Credit Enhanced commissioning 6

Energy and Atmosphere Prerequisite | Minimum energy performance -

Energy and Atmosphere Credit Optimize energy performance 18

Material and Resources Credit PBT source reduction 2

Indoor Environmental Quality Credit Enhanced indoor air quality strategies 2

Total max. points 28
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On January 12023 more than 45,000 WELL projects were registered around the wotié. WELL Building

3 N; H>(WELbiklarating system that focuses exclusively on the goal of making a positive impact on the
comfort, health andwellbeingof occupants of buildings and their interiorfd]. The rapid adoption of WELL is
not only explained by theappealing advantageshat green buildings offer to a generation that spends 90
percentof its time indoos. It is also justified by theconomic advantagesnd attractivereturns on invesiment,
suchasincreasel property value, booséd productivity in the workplace, reduced health costs, redudenergy
costs, etc.

LEED (Leadership in Energy and Environmental Design) is the world's most widely used green building rating
system in theworld [2], with about 180,000 registered projexsbn March 1, 202[B]. Available for virtually all
building types, LEED certification provides a framework for healthy, highly efficient, and-saging green
buildings, which offer environmental, social and gemnance benefits. LEED certification is a globally
recognized symbol of sustainability achievement and leadership

The purpose of this document is to demonstrateow InfineonA ®Q sensor XENSRPAS CORan contributeto
the features defined byWELLand LEED Because XENSHWPAS CO2 has been developed to serve higlume
air quality monitoring and ventilation applications, it is an optimablution to enable the costeffective
implementation of WELland LEEDeatures.

This studyisthe result of a closecollaboration with Habitech, the leading national Italian center for green
building, renewable energy and innovatiarHabitech is amccredited WELL performandesting organization
and LEED proven providerhis paperaddresses the following aspects:

1 Suitability of PASechnology to sensé€CQ, asconfirmed by thelnternational Well Building Institute
(alternative adherencepath granted)

1 Evidence that XENSRPAS CO2 is compatibieith WELLand LEEDequirements for sensorsThis is
backed up byperformance datcollected bythe independent labDekra Testing and Certification
GmbH

1 Analysis of the WELdAnd LEEDeatures to whichXENSIMPPAS CORontributes, and mapping of those
features to the sensor characterisisc

This document target®engineersand project manage's developing air quality sensors and HVAC systeW&LL
and LEEprofessionals angmore generally greenbuilding enthusiasts

1.2 /| P?2LPC?Q | @ NB? 7%L, " OCF>CHA 3N; H>

121 4 BA ? XGICF XC@AL ? H="?

WELL is a performanel@ased system for measuring, certifying and monitoring features that impact human
health andwellbeing. WELL is managed and administered thye International WELL Building Institute (IWBI), a
public benefit corporation whose mission i® improve humanhealth and wellbeing through the built
environment[2].

WELL is grounded in a body of medical research that explores the connection between the buildings where
people spend usually more than 90 percent of their time, and the impact on health and wellness. The WELL
"OCF>CHA 3N; H>; L>H Pi@efaviauildiigsand &FatzationsRofFdeliveCnibre thoughifud
and intentional spaces that enhance humarealth and wellbeing.
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WELL v2 includes a set of strateghesacked by the latest scientific researckthat aim at improving human
health through desgn interventions operational protocols policies, and fostering a culture of health and
wellbeing. Built upon the pioneering foundation of the first version of the WELL Building Stand4WELL v1),
WELL v2 draws expertise from a diverse community of MiEers, practitioners, public health professionals

and building scientists around the world. Projects pursuing WELL certification are evaluated on the points
earned in several categories. Based on the number of points obtained, a project receives ohe foutr WELL
rating levels: Bronze (40 points), Silver (50 points), Gold (60 points) or Platinum (80 points). WELL v2 can be
used for owneroccupied buildings or as WELL Core,,ithe project owner rents/leases most of the space to
one or more tenants.

1.2.2 4?7H =1 H=?JNM

4B? 7%,, "OCF>CHA 3N; H>; L>H ?MN; <FCMB?M NB? J?L @I L!
to occupant health andvellbeingin the built environment Air, Water, Nourishment Light, Movement Thermal
Comfort, Sound Materials Mind, Community.

1.2.3 2?7=?LNC@C=; NCI H

WEL Lcertification is valid for three years and WELtdtings are valid for one year, at which point projects must
undergo recertification or renewal to maintain their certified or rated status. During this process, théegtas
re-evaluated to verify that it continues to perform as designed. The requirements for retesting performance
verified features depend on the extent of alterations mattethe project since initial certification.

124 7%,J? L@ L GF MNMN

4B? 7%,, " OCF>CHA 3 Nbabsed systemtand@Wry WELL Praje@tlislvesifietti thrBugh on
site testing of building performance. Performanaerification entails a site visit by a performance testing agent
who conducts performance tests, follwed by aperformancereview by a Green Business Certification Inc.
(GBCI) WELeviewer to determine whether a feature has been achieved. The performance testing agent will
ensure that the data collected during performandesting accurately represents thenvironmental and design
conditions in the project at that time. For purposes of certification, performance testing must take place after
construction is complete and after the project has successfully pasdedumentationreview.

1.3 | P?2LPC?2%Y0$ln@ 6 bHnAar

LEED Leadership in Energy and Environmental Desigertification is a globally recognized symbol of
sustainability achievement and leadershifp]. LEED ratingystem provides a framework for healthy, efficient,
carbon and costsaving green buildings.

, %%$ CM ; Bl FCMNC= MSMN?G NB; N > 2MHAN MCGJFS @I =0
rather it looks at the big picture factoring iall of the critical elements that work together to create the best

building possible. In fact, 35% of the credits in LEED are related to climate change, 20% of the credits directly
impact human health, 15% of the credits impact water resources, 10% ofctieglits affect biodiversity, 10% of

the credits relate to the green economy, 5% of the credits impact community and 5% of the credits impact

natural resources. In LEED v4.1, a majority of the LEED credits are related to operational and embodied carbon.
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To achieve LEED certification, a project earns points by adhering to prerequisites and credits that address
carbon, energy, water, waste, transportation, materials, health and indoor environmental quality. Projects go
through a verification and review proas by GBCI and are awarded points that correspond to a level of LEED
certification: Certified (4049 points), Silver (589 points), Gold (609 points) and Platinum (80+ points).

Platinum Gold Silver Certified

LEED was developed to address all buildinggs/where.The reference guides covéine following situations:
1 LEED BD+Building Design and Construction New Construction and Major Renovation
1 LEED ID+@nterior Design and Construction

1 LEED O+MBuilding Operations and Maintenance

1 LEED NBNeighborhood Development

1 LEED HOMES

1 LEED Cities

1.4 O; LNH?LMBCJM

To run this study|nfineonhas partnered with recognized institutions whose credibilignd expertises well
established in thandustry:

I Habitech was commissionetb performamultilevel analysisin orderto map the features othe XENSIMu
PAS CO2 senstw the requirementsdefined by WELL

1 Dekra Test and Certification GmbMas commissionedo test the XENSINPAS CO2 sensor apdovide
an independent assessment of ifgerformance

141 (; <CNH>=B??HLLIJAL; G

E h a b i te C h Mapping Your Green Products .

IL DISTRETTO ENERGIA AMBIENTE greenma p

Habitech

Habitechykthe Energy and Environment District promoted by the Autonomous Province of Trento and
recognized by the Italian Ministry of University and Reseaigs the leading nationaltalian center for green
building, renewable energy and innovatioiabitechhas operatedsince 2006n these areas and strives for a
market transformation toward sustainable solutions.
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Habitechis a nonprofit organization and a network of motean 140 members which represents botrivate
and public sectors: it is not only the point of reference for all of its members when it comes to R&D, innovation
and sustainable practices, but it has also become a beacon for many other industries in Italy and afgpad

In 2007 Habitech promoter and founder of the Green Building Council Italia Association, introduced the LEED
certification system in Italy. Since themjabitechhas becomeone of the European leaders in sustainable
construction, consulting with an innovative package of services for all LEED certification pathdpoasting

the largest market share in Italy.

Habitechis an accreditedWELLperformance testing organization and aLEED proven provider[7].
Greenmap

Greenmagpis the programdevelopedby Habitechtailored for the industry. Greenmapfosters sustainability as

strategic levé N | CHHI P; NCIH ; H> >?2P?2FI JG?HN ; H> MOJJILNM N
mission. This involves the supply chain that contributes to the realization of products to increase awareness of
resources, people and business culturel.supports organizations in pursuing their strategic patto adopting
sustainable criteria and practices as guiding principles.

Theproduct feature mapping analysis conducted bysreenmapon XENSIMPAS CO®asaimed at ewaluating

the contribution ofthe sensotoNB? & @CH; F JL I >0O=N A&, ile@he §rBepbuidiayJDlLring =B ;
the mapping, the reference standards were examined in detail in order to determine the creditsaturesto

which the sensor cawcontribute.

Thegreen buildingapproachinvolves the whole building, not just the individual producs. However, the
selectedcomponents play a fundamental role in the sustainability and certification goal of the building itself.
All the products involvedn a project can therefore contribute to credits as long as themnform with credits
requirements.

With this analysis, we airto create= 1 H@QC>?H=? <; =E?> <S MIFC> ?PC>?H=7?
PAS CO2 in the context of WELL.
1.4.2 $?EL; 47?2 MNCHA ;; H> #?2LNC@C=; NCI H ' G«<

Dekraoffers a broad service portfolio with qualified and independent expert services ranging from vehicle
inspection and expert appraisals to claims services, industrial and building inspections, safety consultandy,
testing and certification of products ath systems, as well as training courses and temporary wi@&lk

Dekra Testing and Certification GmbH is an independent and unbiased service progftlaing services
regarding product tests and product certification for gas detectddy.
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XENSIMPAS CO2 is a true €€ensor based on the photacoustic
spectroscopy (PAS) principle. énablesreal-time measuremens of the
air quality of indoor environmentsand theimplementation of energy
efficient strategiesto maintain a healthy environment inside buildings.

This sensor integrates in a small forfactor module: a PAS transducer (detector, infrared source and optical

filter); a microcontroller for signal processing analgorithms; and a MOSFET chip to drive the infrared source.
The integrated microcontroller runs ppm calculations as well as advanced compensation and configuration
algorithms.

The sensor uses a MEMS acoustic detector. The exceptional sensitivity @icihisstic detector coupled with the

integrated PCB design reduces space requirements by more thanp@&tent compared to commercially

available real C@sensors. Therefore, the XENSIFAS CO2 sensor outperforms staiéthe-art NDIR sensors in
terms of sie and cost, without compromising on performance.

151 OLCH=CJF? 1 @ | J?L; NCI H

The PAS principle works as shownRigure 1 Pulses of light from an infrared source pass through an optical filter
tuned specifically tothe CQ <Ml LI NCI H ©4.2P k. The KGhBlecudeks inside the measurement
chamber absab the filtered light, causing the molecules teibrate and generate a pressure wave with each
pulse. This is called the photacoustic effect. The highly sensitive MEMS acoustic detector detects the pressure
change generated by Gnolecules within the sasor cavity, and the microcontroller converts the output into a
CQ concentration reading. In order to achieve a ppm readitigat is as accurate as possible, the acoustic
detector is optimized for lowfrequency operation, and the absorption chamber is acstically isolated from
external noise

PAS P r| n C| p Ie Accoustic detector
optimized for low
frequency operation
>
v
A=4.2pum
Absorption chamber
accoustically isolated AVASN | NN\N ’
from external noise U U2 .-.-.
AVASN | NN\ x
N\ N\N
I I | [
Infrared Optical
light source filter T
Port for gas
diffusion

Figurel 8 %. 3)6H 0! 3 #/Ff JLCH=CJF? | @ | J?L; NCIH
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In the context of this paper, there are two relevant use cases where $8@sors can make an impact on air
quality: air quality monitoring dashboards and demand control ventilation (DCV).

1521 ' CL KO; FCNS GI HCNI LCHA >; MB<I ; L>

A dashboard is defined in this paper as a system providing information to the building occupants abo@@e
concentration inside the room. This is a passive system that does not lead to an actuation. Typically, such a
system informs the occupants that it is time to ventilate the room in order to remove excess iGOexample by
opening a window.

Multiple implementation and integration strategies exist for suddn air quality monitoring dashboard function:
for example, as a standalone modu]&0], into a wallmounted sensor box11], into a smart lamp[12], etc.

As a pilot project to protect its employees against the risk of COY80Oransmission, between 2020 and 2022
Infineon deployed in its headquarters more than 100 £3@nsor units sing XENSNPAS CO2 in meeting rooms
[13]. Realtime CQ concentrations were pushed to the cloud and available for individual rooms via an app or
centralized on a dashboardHigure 3.

Iphone app
(for dedicated rooms)
Room 1
Room 2
Central dashboard for monitoring
Room 3 = =
_— /N------HHH
fal
Choose a day: [1001/200 (<]
o Laptop/ e
wifi smartphone ] .
Room 4 ‘
|
7d476.web app/sensors htm! -

Figure 2  Air quality monitoring pilot project deployed at Infineon headquarters [12]

1522 $?2G; H> =1 HNLI F P?HNCF; NCI H

DCV is a strategy that aims at ventilating a room only when €@centration exceeds a defined threshold. This
approach is well established and defined in existing standards (e.g., ASHRAFEL&) or in enfaced legislation
(e.g., California Building Code TitR4[15]).

In a DCV system, the room ventilation is directly controlled by the sensors manigothe CQconcentration
(Figure 3. DCV has multiple advantages compared to conventional tiebeduled ventilation strategies:
optimal air quality is maintainednside the room independently from occupancy, energy costs are significantly
reduced, etc.
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Figure 3  Simplified block diagram of an indoor unit as part of a residential aircon system
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2.1 F'EFN?LH BNCIPZHNB @0 LBINHBMCHA N?=BHI FI AS

The technical requirements for G@ensors are described ithe WELL Performance Verification Guidebddl6].

While WELL recognizes NDIR as statéhe-art technology for C@sensing, it also opens the door to alternative
technologies and encourages aiternative adherencepath (AAP) for other sesor types. The AAP shall include
evidence indicatingthat the alternative sensor technology provides performance that is similaior exceeds
approved sensor technologies.

ThreeAAP(corresponding respectively to feature A0O3, A06 and A0B8)jhe PAS techology have been
submitted and accepted by the International Well Building InstitufgVBIJ17]. The decision of IWBI in favor of
PAS technologyas been motivated by the followingrguments:

1. The PAS technology has been well established in the scientific commdaityto [22] for decades PAS
sensors are a credible alternative to NDIR, as tpeyvide comparable performance while being smaller
and more robust[23], [24]. Major sensor suppliers are now proposing PAS sensors to meet the most
stringent requirements for indoor air quality monitoring25], [26].

2. The specification of the XENFWPAS CO2 is compatible with WELL technical requirements, as further
discussed irSection2.2

3. Compliance withthe WELL technical requirements has been verified Infineon during product
characterization It has beervalidated by the independent organizatio®ekra Test and Certification
GmbH(seebelow Figure 5).

2.2 3?7HMI L =B; L; =N?LCMNC= L?KOCL?G?HN ;

Table 1summarizesthe keyrequirementsfor CQ sensors derived fsm the WELL Performance Verification
Guidebook

Table 1 WELL technical requirementsfor CQ sensors
Parameter Unit Sensor Type Range Accuracy Resolution
L Non-dispersive + 50 ppmt5 % at 400
Carbondioxide (CQ) ppm infrared 400to -5000ppm 0 2000 ppm 1 ppm

The following paragraphs discuss treompatibility of XENSIMPASCO2with those requirements.

22.1 3?7HMI L NSJ?

PAS is a suitable alternative technology to NDIR (see discussion abo¥\gn

2.2.2 SHCN

As per itddatasheet[27], XENSIMPAS CO2 delivers a digitak@surement result in ppm. This ompatible
with WELL.
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2.2.3 2, HA?

As per its datasheet{ENSIMPAS CO2 operating concentration range is specitis@ to 32,000 ppmThe
specifiedsensorrange istherefore compatiblewith WELL

224 ' ==0L; =S

As per its datasheet{ENSIMPAS CO2 accuracy is specifeesi/-30ppm +/-3% under the following conditions:
rH=30%,p = 1013Pa Tamp = 25°Cand tsamping= 1Measurement/min, CQ from 400 to 500@pm.

The specifiedsensoraccuracy is thereforeompatible with WELL.

2.2.5 2?MlI FONCI H

As per its datasheeilXENSIMPAS CO2 operating concentration range is specified to 1 ppm. The specified
sensorresolution istherefore compatible with WELL.

2.2.6 3; GJFCHA L; N?

The WELL Performance Verification Guidebookregui NB; N G?; MOL ? G& Htbrvls MoB ; F F
larger than 1 hour for radon and not larger than 15 minutes for other paramefef§s per its datasheethie
sampling rate of XENSHPAS CO2 is programmable from 1 measurement/5 s up to 1 measuremaumt/The
default sampling rate of the sensor afteesetis 1 measurement/6@[28].

The specified sensosamplingrate is therefore compatible with WELL.

2.2.7 2?=LECCHN?LP; F

The WELL Performandgerification' OC>? < | | E L 2 ge@s0rk Mddsurbhd@gir jualiy;parameters are
recalibrated or replaced annuallgn

XENSIMPAS CO2 has been developed to operate for 10 yderqer its datasheet, the sensspecifies an
annual drift of maxmum 1% /year, withautomatic baselineoffset correction (ABOC)function activated. Based
on this, the sensor will meet WELL accuracy targets for at least three ydanseration without the needfor
recalibration. This iscompatible with WELL.
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2.2.8 30GG: LS

XENSIMPAS CO2 is compatibleith the requirementslisted in the in the WELL Performance Verification
Guidebook(Table 2.

Table 2 Compatibility of XENSIV PAS CCQéharacteristics with WELLperformance requirements
Parameter WELL requirement XENSINWPAS CO2 Compatibility
Sensortype NDIR PAS Yes(AAP
Unit ppm ppm Yes
Range 400to 5000ppm 0Oto 32,000 ppm Yes
Accuracy +/-50ppm +/-5% +/-30ppm +/-3% Yes
[400to 2000ppm] [400to 5000ppm]

Resolution 1 ppm lppm Yes
Sampling rate Less thanl meas/hr 1 meas/min. or more Yes
Recalibration interval 1 every year 1 every 3 years Yes
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During production, XENSIMPAS COgensors are individually calibrated and testezhd-of-line under exposure
to CQ. This ensures that every sensor produced by Isfin is compliantwith the datasheet.The typical sensor
response to a C{&roncentration change is depicted iRigure 4
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Figure4  Typical XENSIVYUPPAS CO2ensor response toCQ concentration changes (VDD12 = 1%/, VDD
3.3=3.3V, Tamp = 25°C, P = 1013 hPa and #d = 30%

It can be seen fronfrigure 4that compliance withWELL requirments with respect to range and accuracy is
achieved

2312 ! ONI Gs; MC-H@@M?INL ? =NCI H

Because of the high sensitivity required to measure low gas concentrations, virtually all gas sensors are subject
to drift during lifetime. Therefore, C&sensorstypically have a sekcalibration mechanism to correct foit.

In order to correctslow drifts caused by aging during operation, tbdENSIMPAS CORupportsthe ABOC
function [29]. This seHcalibration mechanismaims at correcting weekly théminimal) offset errors resulting
from aging. Ths ensuresthe accuracyratings of the sensoliare maintained overits lifetime.

Infineon has verified the furtionality of the ABOC function by conducting extensiled and fieldtests.Figure 5
showsthe effectiveness of ABO@easuredon multiple sensorswhich wereoperated over several week3he
sensors were exposed to a regular indoor office environment and their output was Idggetinuouslyalong
with a high accuracy reference sensand compared to WELL accuracy targets. Discontinuities in the sensor
response occur eery week This corresponds to theensorautonomouslyevaluating its offset error and
readjusting its responseaccordingly.
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With the use of ABOBENSIMPAS COmheets therequirementsof WELL with respect to recalibration interval.
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Figure 5  Verification of the ABOGself-calibration function of XENSIVAPAS CO2

2.3.2 MI?LCCRP HR>F SCIEH ; ; N

The performance oKENSIMPAS COBRas been verified by independent labekraTesting and Certification
GmbHand the results compiled in a measureme[80]. Three Sensor2Gevaluation kitswere used for the test
(Figure .

Figure6 8 %. 3) 6 HU 0! 3 # évaluatBr Ktivhbunted inl test chamber and used for the
performance tests
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The response of the sensor (linearity test) has been tested at a relative humidit@%f &1d an ambient
temperature of 25°C. The sensor was exposed to a mixture of synthetic air apdMd@se concentration varied
from 0 to 2000 ppmit shall be highlighted that the setup introduces an uncertainty of2% on the set CO
concentration, whid should be added on top of the sensor native accuracy error.

Figure7 shows the accuracy of thdevice under testQUT) versus the WELL accuracy targets. It is therefore
confirmed that the sensor fulfills the accuracy targets given by the WEBddformance\erification Guidebook

Performance Test - Linearity ° ie'ﬂsori
ensor
rH=30%, T = 25°C, P = 995hPa )
250 Sensor 3
200 -_— L?n‘?t +50ppm +5% +2%
p— e Limit -50ppm -5% -2%
s [ a==—T
100 e ===
E 50
2
- 0
2
£ 50 - ) <
100 | TS = e
-150 T ——
-200 =<
-250
0 400 800 1200 1600 2000 2400
CO2 Concentration (ppm)

Figure 7  Results of the linearity tests performed by Dekra

2.4 #1 H=FOMCI H | HHGCNBG,J,, NICBCHW®IN S

Based on the evidence presented in this sectid¥AR datasheet compatibility,experimental validation),it can
be safely concluded that XEN$YPAS CO2 is compatibleith WELL requirements for G@ensors.

2.5 $CM=OMMCIH I H <EOH>CNE&EI HM?L; NCHA

The WELL performance guide does not formally specify the operating conditions for the performance tests. This
givessensor supplierdreedomto define those conditions, in particular when specifying accuracy.

However, WELL defines indirectly bodary conditions for humidity and temperature through the thermal
comfort features TO1lthermal performance) and TOh(midity control).

Afteracareful review of those features, the following relevant operating range can be given as a guideline
1 Ambienttemperature from 17°C to 32°C
1 Relative humidity from 30% to 60%.

TheXENSIMPAS CO2 operating range fully covers those two conditions
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Contrarily to WELL, LEED does not directly defiaguirements for C@sensors, in terms of accuracy,

infineon

measurement range, etc. Therefore, the compatibility of a given,@8ensor to LEED requirements is subject

to interpretation.

However, strategy 9 of featurdEnhanced indoor air quality stratagsaspecifies that an alarm shall be issued if
the sensed C@concentration exceeds the setpoint by more than 10%also explicitly refesto ASHRAE 62.1
2016, Appendix D fdhe setpoint definition.

INFORMATIVE APPENDIX D

RATIONALE FOR MINIMUM PHYSIOLOGICAL
REQUIREMENTS FOR RESPIRATION AIR
BASED ON CO, CONCENTRATION

Oxygen 1s necessary for metabolism of food to sustamn life.
Carbon and hydrogen in foods are oxidized to carbon dioxide
(CO,) and water (H,0), which are eliminated by the body as
waste products. Foods can be classified as carbohydrates, fats.
and proteins, and the ratio of carbon to hydrogen in each is
somewhat different. The respiratory quotient (RQ) is the vol-
umetric ratio of CO; produced to oxygen consumed. It varies
from 0.71 for a diet of 100% fat to 0.8 for a diet of 100% pro-
tein and 1.00 for a diet of 100% carbohydrates D1 A value of
RQ = 0.83 applies to a normal diet mix of fat. carbohydrate.
and protein.

The rate at which oxygen is consumed and COj is gener-
ated depends on physical activity. These relationships are
shown in Figure D-2 (see Reference D-2). The breathing rate
1s shown also. A simple mass balance equation gives the out-
door airflow rate needed to maintain the steady-state CO,
concentration below a given limat.

¥, =NIC,-C)) ©1

¥, = outdoor aurflow rate per person
V; = breathing rate

N = CO, generation rate per person

C, = CO; concentration i exhaled breath
C; = (CO; concentration in the space

C, = (O, concentration i outdoor air

For example, at an activity level of 1.2 met units (1.0 met
= 184 Bmh ﬁz). corresponding to sedentary persons. the
CO; generation rate is 0.31 L/min. Laboratory and field stud-
ies have shown that with sedentary persons aboutl3 cfm
(7.3 L/s) per person of outdoor air will dilute odors from
human bioeffluents to levels that will satisfy a substantial
majority (about 80%) of unadapted persons (visitors) to a
space D-3.D-4D-5.D-6D-7 1¢ the ventilation rate is to be held to
15 cfim (7.5 L/s) per person, the resulting steady-state CO,
concentration relative to that in the outdoor air is

C;~C,=NiV,
=0.31/(7.5 x 60 s/min)
=0.000689 L of CO; per L of air
= 700 ppm
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FIGURE D-2 Metabolic data.

Thus, mamtaining a steady-state CO; concentration 1n a
space no greater than about 700 ppm above outdoor air levels
will indicate that a substantial majority of visitors entering a
space will be satisfied with respect to human biceffluents
(bedy odor). A more detailed discussion of this relationship
between CO, concentrations and the perception of bioefflu-
ents. as well as the use of wdoor CO; to estimate building
ventilation rates, is contained in ASTM Standard D6245 0%

CO; concentrations m acceptable outdoor air typically
range from 300 to 500 ppm. High CO, concentrations in the
outdoor air can be an indicator of combustion and/or other
contaminant sources

Figure D-3 shows the outdoer airflow rate required as a
function of physical activity and steady-state room concentra-
tion. If the activity level is greater than 1 2 met, the required
ventilation must be increased to maintain the same CO; level

Also the decrease in oxygen content of the room air can be
found from Equation D-1 when oxygen concentration is substi-
tuted for carbon dioxide concentration

Co= G =NV, D-2)

ANSIASHRAE Standard 62 1-2016

Figure 8

Appendix D of ASHRAE 62:2016

Out of this, two requirenents can be reasonably derived

1 The sensor shall cover G@oncentrations comprised between 300ppm and 1200ppm.

1 The sensor accuracy shall be better than®% at 1200ppm.

8%. 3) 6K 0! 3

context of LEED
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WELL defines two categories of featur@seconditions andoptimizations. Failure to achieve precondition in
any concept will preclude the award of WEtértification. If allpreconditions are satisfied, higher levels of
certification award are possibldased on the number of fulfilledptimizations.

The subsections below describe the featurg@seconditions andoptimizations) to which XENSNPAS CO2
contributes. The results below are based on the multilevel mapping analysis performetiflyitech[31].

4.1 | P?2LPC?Q | @ NB? =1 HNLC<ONCI HM NI
Table 3 Overview of the contributions of XENSIVAUPASCO2to WELLfeatures

Max.

WELL category Points

AIR Precondition | AO3%Ventilation design X

AIR Optimization | AO6Enhanced ventilation design 2

AIR Optimization | AO8Airquality monitoring andawareness 2

MATERIALS Precondition | XODkMaterial restrictions -

MATERIALS Optimization | XO5%Enhanced material restrictions 2

Total potential points 6

4.2 7%,&7?; NOIL FSMCM

421 ' T®PP HNCF? MCAH
Type ofrequirement
This requirement is g@recondition .

Summary

This WELL feature requirgsojects to bring in fresh air from the outside through mechanical and/or natural
means in order to dilute humanand productgenerated air pollutants.

Description

Part 1 of this requirement aims at ensuring good indoor air quality through the provisioad#quate
ventilation.

WELIlallowsthe freedom to selecfrom multiple options to in order to fulfill this feature. Option & relevant
for CQsensors.
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Option 4: Ventilation menitoring

One of the following carbon dioxide threshaolds is met in cccupiable spaces:

a. 900 ppm or less.

b. Not more than 500 ppm above outdoor levels.

Verified by: Sensor Data

Note:

Figure 9  WELLfeature AO3(ventilation design ), Part 1, Option 4

Mapping to XENSIYUPAS COZharacteristics

The requirements are well within the characteristics of the sensor as defined per its datasheet
1 Operating range: 0 to 32,000 ppm
1 Accuracy: +30ppm +/-3% for reading between 400 and 50ppm

422 1V I'¥HB; HEZ?HNCPF? NCIAH

Type ofrequirement
Thisrequirement is a optimization (max 2 points).
Summary

This WELL feature requirése implementation of advanced ventilation strategies that can achieve higher air
quality levels and thus benefit human health and productivity.

Description

Part 1 of this requirement aims atxpelling internally generated pollutants and improving air quality through
an increased supply of outdoor air or increased ventilation efficiency.

WELIlallowsthe freedom to selecfrom four options to in order to fulfil this feature. Optior2 andOption 4 are
relevant for C@sensors.
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Option 2: Demand control ventilation

For mechanically ventilated buildlings, the following requirements are met in at least
90% of regularly occupied spaces:

a. A demand-controlled ventilation (DCV) system regulates the outdoor air
ventilation rate to keep CO; levels less than the thresholds specified in the table

below, at the maximum intended occupancy:
Tier | Threshold Threshold Points
1 900 ppm | OR | 500 ppm above outdoor levels 1

2 750 ppm | OR | 350 ppm above outdoor levels 2

b. Carbon dioxide is measured at the return air diffusers or in the breathing zone at
least 3.3 ft away from doors, windows, air supply diffusers or occupants. At least
one sensor is used for each occupancy zone (or per air handling unit, if a single
zone is served by multiple air handling units). If the occupancy
density/pattern/usage is substantially different in two adjacent areas, each area
must be considered a separate zone.

I Verified by: Letter of Assurance — Engineer

&, Letter of Assurance -Engineer

Option 4: Ventilation monitoring

One of the following carbon dioxide thresholds is met in occupiable spaces:

a. 750 ppm or less.

b. Not more than 350 ppm above outdoor levels.

I Verified by: Sensor Data

Note: Refer to the Performance Verification Guidebook for information on sensor/testing
requirements, required testing duration and compliance calculations

Figure 10 WELLfeature AO6 enhanced ventilation design), Part 1, Options2 and 4

Mapping to XENSIYAUPAS COZharacteristics

The requirements are well within the characteristics of the sensoda$ined per its datasheet
9 Operating range: 0 to 32,000 ppm
1 Accuracy: +30ppm +/-3% for reading between 400 and 50ppm

1 Interfaces: 1C and UART, enabling communicatiaith a microcontroller which is itself connected to
the building management system.
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4.2.3 | T8, CKQO FGNHECNI L CQLAL 2 HH2>MM
Type ofrequirement
This requirement is ma optimization (max 2 points).
Summary

This WELL feature requires the ongoing measurement of contaminant data to educate and empower occupants
about theirenvironmental quality.

Description

This featureis aimedat informing and educating individuals on the air qualitf their indoor environment. It
consistsof two parts. Part 1 (1 point) requires the installation wfdoor air monitors.

Figure 11 WELLfeature AO6 @ir quality monitoring and awareness), Part 1
Note: The requirements on reporting and maintenance only applyneain@lling units.
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