2727 Coworking

2727

COWORKING

2727 COWORKING | RESEARCH & PRACTICAL GUIDANCE

Office Air Quality: CO2 Levels and
Workplace Productivity

Find a practical home for your work at 2727 Coworking in Montreal. Explore private offices, day workspaces
and meeting rooms, plus business-address and virtual-mailbox services for your company.

Published by 2727 Coworking - 2026-05-16 - office air quality - indoor air quality - co2 levels - workplace productivity - hvac ventilation -
ashrae standards - cognitive performance - occupational health

Original article: https://2727coworking.com/articles/office-air-quality-co2-levels-productivity

Montreal coworking - Private offices - Business addresses Page 1 of 32


https://2727coworking.com/articles/office-air-quality-co2-levels-productivity

2727 Coworking

In this article

© 00 N o o b~ W N P

W W NN NNMNNDNDNRNIRNNDNDERERRR B P P P P o e
R O © ® N © 00 A W NP O © © N O 0 b W N P O

. Executive Summary

. Introduction

. Historical Context and Background

. Early Recognition of CO, as Ventilation Indicator

. Regulatory Developments

. Emergence of Productivity Research

. Fundamentals of Office Air Quality and Ventilation

. Carbon Dioxide as an Index of Ventilation

. Other Indoor Pollutants and IEQ Factors

. Ventilation Methods for Offices

. Current Regulatory Frameworks

. Typical CO; Concentrations in Offices

. Carbon Dioxide Levels and Human Effects

. Direct Physiological and Comfort Effects

. Ventilation Standards and Recommended CO:, Levels
. International and National Standards

. Indoor Air Quality (IAQ) Standards Beyond CO.

. Impact of Ventilation and CO, on Productivity: Data Analysis and Case Studies
. Experimental Studies in Office Settings

. Case Studies: Real-World Examples

. Data-Based Arguments

. Factors Affecting Office Ventilation and IAQ

. Building Design and Operation

. Occupant Behavior and Perception

. Climate and Seasonal Variation

. Case Study: Ventilation Strategies, Energy, and Productivity
. Ventilation vs. Energy and Health Trade-offs

. Synthesis of Case Findings

. Future Implications and Research Needs

. Conclusion

. References

Executive Summary

Indoor air quality (IAQ) in office environments has emerged as a critical factor influencing worker health, well-

being, and productivity. In light of rising concerns about energy efficiency, climate change, and recent

pandemics, building designers and employers are increasingly focused on balancing ventilation for infection

control and comfort with energy costs. This comprehensive report details the historical context, current
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standards, and scientific evidence on office ventilation and carbon dioxide (CO.) levels, and analyzes their
impacts on worker productivity. We review international IAQ guidelines, typical and recommended CO,
thresholds, and cutting-edge research linking ventilation and cognitive performance. Key findings include:

« Ventilation Standards: Most standards (e.g. ASHRAE 62.1-2022, Health Canada, HSE UK) converge
on the principle that indoor CO. should not exceed ~700 ppm above outdoor background (typically ~500
ppm) — i.e. keeping peak indoor CO- around 1200 ppm or lower (www.worksafenb.ca)
(www.ars.usda.gov). Health Canada recommends a long-term exposure limit of 2000 ppm (24-h avg) to
minimize health and performance risks (www.canada.ca). The HSE (UK) notes that prolonged CO-
levels above 1500 ppm indicate inadequate ventilation (www.hse.gov.uk). ASHRAE 62.1 specifies
mechanical ventilation rates of ~5 cfm/person (=2.5 L/s) plus area ventilation (<0.2 L/s-m?) for
offices (engdatabase.com); typical new offices deliver on the order of 8-15 L/s per person, though
many existing buildings underperform this level.

e CO: as Proxy: Human respiration is the primary indoor CO; source. Because CO; is harmless at typical
levels, it is used as a proxy for ventilation adequacy. For example, 1000 ppm CO- roughly corresponds
to 10 L/s outdoor air per person (www.hse.gov.uk). When ventilation is low, indoor CO. rises, along
with human-generated contaminants. Historical context traces back to 19th-century chemist
Pettenkofer’s observation that >1000 ppm in rooms causes fatigue and reduced performance
(www.raumluft.org). Modern practice treats sustained CO, >1500 ppm as unacceptable
(www.hse.gov.uk).

- Effects on Health and Productivity: The scientific evidence is mixed but increasingly suggests that
suboptimal ventilation (higher CO. and pollutants, and stagnation) can degrade cognitive function and
health. Controlled experiments by Allen et al. (2015) showed up to 100% higher cognitive scores in
well-ventilated (“green”) offices versus conventional ones (pmc.ncbi.nim.nih.gov), whereas lower CO,
alone (at low pollution) can impair decision-making. Conversely, a recent 2024 tightly-controlled study
(Flagner et al.) found no cognitive decline when office workers were exposed to 3000 vs 900 ppm CO-
(papers.ssrn.com), suggesting that CO, per se (at tolerable levels) may not directly harm cognition.
Importantly, field studies indicate that health symptoms and productivity do suffer in poorly
ventilated spaces: workers report more headaches, fatigue and respiratory complaints at >800—900
ppm (www.canada.ca), and eliminating pollution sources or increasing ventilation has been found to
boost simulated work performance by several percent (www.periodicos.capes.gov.br)
(www.periodicos.capes.gov.br). A systematic review of 42 studies (n=6850) concluded that exposure
above ASHRAE-minimum ventilation (CO. =1000 ppm) correlates with poorer health, performance,
and productivity (papers.ssrn.com).

« Economic and Workplace Implications: Even small performance gains can yield large economic
benefits in knowledge work. For example, modeling studies project that “win-win” ventilation strategies
(economizers and higher fresh air) could improve average work output by ~0.5%, cut absenteeism by ~5
hours/year per employee, and save significant energy costs (researchdiscovery.drexel.edu). Historical
reports estimate that poor IAQ in offices often costs firms in the range of 5-10% productivity
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(pmc.nchi.nlm.nih.gov) (www.periodicos.capes.gov.br). In a modern economy, large corporations are
investing in IAQ monitoring and upgrades (e.g. extensive CO, sensors in offices) to support employee
wellness and cognitive alertness.

« Recommendations and Future Directions: The evidence underscores the need for robust
ventilation guidelines and continuous monitoring. Facilities managers should target keeping indoor
CO; at or below 1000 ppm (when outdoors is ~400-500 ppm) as a reasonable standard, and take
action if it exceeds ~1500 ppm (www.hse.gov.uk) (www.canada.ca). This entails proper HVAC design
(e.g. demand-controlled ventilation, efficient economizers), source control of indoor pollutants, and
occupant feedback. Emerging research emphasizes personalized and multi-parameter IAQ sensing
(beyond CO.) to fully optimize the office environment. Long-term trends point to more stringent IAQ
regulations, integration of health metrics into building standards, and balancing energy/emission goals
with ventilation needs. In summary, improving office air quality is not merely a compliance issue
but a strategic investment — it safeguards worker health and unlocks hidden productivity gains
(pmc.nchi.nim.nih.gov) (researchdiscovery.drexel.edu).

Introduction

The quality of the indoor environment in office buildings is a major determinant of occupational health and
performance (www.sciencedirect.com) (pmc.ncbi.nim.nih.gov). People in developed countries spend on
average over 90% of their time indoors, much of it at work, so the indoor environment governs daily
exposure to temperature, humidity, pollutants, and ventilation. In offices, typical indoor contaminants
include human-generated bioeffluents (CO., moisture, odors), volatile organic compounds (VOCs) from
building materials and equipment, particulate matter from outdoor infiltration and office activities, and microbial
byproducts (molds).Among IAQ parameters, carbon dioxide concentration stands out as an important
tracer for ventilation adequacy because it is directly linked to occupancy and easy to measure
(www.raumluft.org) (www.hse.gov.uk).

Historically, ventilation’s primary goal was occupant comfort and health. In the 1840s German hygienist
Max von Pettenkofer famously declared that indoor CO- above ~1000 parts per million (ppm) leads to
“performance loss and a decrease in well-being” (www.raumluft.org). Throughout the 20th century, public
health concerns (e.g. tuberculosis, communicable diseases) and occupational safety shaped building codes
requiring outside air. However, energy crises (1970s-80s) prompted tighter building envelopes and often
reduced ventilation, contributing to the “sick building syndrome” recognized in the 1980s. In recent decades, a
renewed focus has emerged: research in environmental health and epidemiology has linked modest IAQ
changes to subtle but significant effects on cognitive function and productivity (pmc.ncbi.nim.nih.gov)
(www.periodicos.capes.gov.br). The COVID-19 pandemic (2020-2022) further highlighted ventilation’s role in
airborne infection control, compounding interest in IAQ.

By 2026, office IAQ and ventilation are topics at the intersection of occupational health, building
engineering, and organizational productivity. Employers are mindful of how suboptimal air quality
(stuffiness, odours, stagnation) affects employee satisfaction and performance. Building professionals grapple
with meeting increasingly ambitious energy efficiency and carbon reduction targets while ensuring
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adequate fresh air. Policy-makers and standards bodies (ASHRAE, CEN, ISO, WHO) are updating guidelines
in light of new science. Meanwhile, advanced sensors and building automation allow real-time IAQ monitoring,
enabling data-driven management.

This report provides an in-depth, evidence-based analysis of office air quality, focusing on CO: levels,
ventilation standards, and productivity impacts. We first review ventilation basics and how CO: is used as
an IAQ metric. Next we summarize international IAQ standards and guideline values (e.g. ASHRAE, WHO,
national regulations), including comparative tables. We then examine the physiological and performance
effects of indoor CO; and related pollutants, drawing on lab experiments, field studies, and meta-analyses.
Key findings from controlled exposure studies (e.g. Harvard’s “Green Building” experiments) and longitudinal
workplace analyses (e.g. call centers) are compared. We present data analysis linking ventilation rates and
CO, to cognitive and health outcomes, with appropriate statistical findings. Several case studies illustrate
real-world scenarios (e.g. high-end “green” offices vs conventional, use of CO., monitors, impact of retrofits).
The report discusses implications for building design, occupant well-being, and organizational policy, and
charts future directions such as tighter IAQ regulations and advanced building management. Throughout, all
claims are supported by the latest peer-reviewed research and authoritative sources (government guidelines,
standards documents) with extensive citations (pmc.ncbi.nim.nih.gov) (papers.ssrn.com).

Historical Context and Background

Early Recognition of CO: as Ventilation Indicator

The concept of indoor air quality affecting human performance dates back over 150 years. In the 1830s,
chemist Karl Scheele first isolated carbon dioxide (CO.), followed by Joseph Priestley and others recognizing
its physiological effects. In the mid-19th century, German hygienist Max von Pettenkofer examined indoor
environments and “sick rooms.” Pettenkofer observed that as people accumulate in a closed space, CO; levels
rise and that above roughly 1000 ppm, occupants experience “Leistungsverlust” (loss of performance) and
reduced comfort (www.raumluft.org). He recommended assessing ventilation by monitoring CO- (often quoting
that threshold circa 1000 ppm). This early insight — that CO, can serve as an indicator of “stale” indoor air —
has endured in ventilation science (www.raumluft.org) (www.worksafenb.ca).

By the late 19th and early 20th century, architects and engineers began specifying minimum fresh air rates for
schools and offices. For example, European standards in the early 1900s required per person ventilation
(e.g. on the order of 30 cubic meters/hour per person, roughly 8 L/s). After World War Il, more formal
guidelines emerged. Pettenkofer’'s 1000 ppm threshold influenced many modern codes: for instance, the
German guideline in some contexts still refers to keeping CO; below 1000 ppm in occupied spaces. The US
Standard ANSI/ASHRAE 62.1 (Ventilation for Acceptable Indoor Air Quality) historically based its ventilation
rates in part on algorithms to maintain CO, below ~1000 ppm.
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Regulatory Developments

During the 1960s—80s, the field of “indoor environmental quality” expanded. The link between ventilation and
health was documented in Sick Building Syndrome research: inadequate ventilation was associated with
headaches, fatigue, and mucosal irritation. Seminal studies (e.g. Fisk and Rosenfeld, 1997) estimated that
improving ventilation in US offices up to 15 L/s per person could enhance productivity by 1-3% per occupant
(pmc.nchi.nim.nih.gov).

In occupational safety, the Occupational Safety and Health Administration (OSHA) and the American
Conference of Governmental Industrial Hygienists (ACGIH) set exposure limits for indoor pollutants.
Remarkably, CO; itself has an occupational limit: the OSHA Permissible Exposure Limit (PEL) and NIOSH
Recommended Exposure Limit (REL) for an 8-hour workday are both 5000 ppm (www.dnacih.com). These
regulatory limits are very high (primarily guarding against direct physiological effects like narcosis at extreme
concentrations) and are much above typical indoor levels. However, they do confirm that short-term health
effects (dizziness, asphyxiation) do not appear until several thousand ppm (5,000-30,000 ppm)
(www.dnacih.com). Thus OSHA's CO; standard is not what governs “comfort” or cognitive effects; rather, it is a
workplace hazard threshold.

Meanwhile, environmental concerns (acid rain, then CO,-driven climate change) influenced building
ventilation. The energy crises of the 1970s led to more airtight construction and the wide deployment of air-
conditioning, plus some reduction in ventilation setpoints to save energy — sometimes at the expense of 1AQ.
Studies in the 1980s and 1990s on so-called “sick buildings” documented that some office workers
experienced symptoms from inadequate ventilation, prompting a swing back towards emphasizing fresh air in
standards (e.g. the 1989 edition of ASHRAE 62 introduced moderate increases in fresh air rates over prior
versions).

Emergence of Productivity Research

In the late 1990s and 2000s, research explicitly linking indoor air and occupant productivity blossomed. Wyon
(2004) reviewed multiple experimental studies and reported that removing indoor pollution sources or raising
ventilation rates significantly increased office-task performance (www.periodicos.capes.gov.br)
(www.periodicos.capes.gov.br). He reported typical productivity improvements of 6-9% by controlling
pollutants or ventilation (www.periodicos.capes.gov.br). Fanger also published findings suggesting 1-3%
productivity gains per 10 L/s per person of outdoor air (www.periodicos.capes.gov.br). These figures, while
modest, imply large economic benefits across an entire workforce. In the mid-2000s, energy analysts began
guantifying these economic impacts; for example, Fisk et al. (2009) estimated that per-person productivity
improvements could save hundreds of dollars per employee-year (indoor.Ibl.gov)
(researchdiscovery.drexel.edu).

With growing computational power and real-time sensors, recent years (2015-2026) have seen much more
granular studies. Harvard’s “Cognitive Function and Human Performance” group, led by Joseph Allen,
published a landmark 2015 controlled exposure experiment directly measuring higher-order cognitive function
in real-time in different IAQ scenarios (pmc.nchi.nim.nih.gov). Worldwide, dozens of smaller and larger studies
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have been published in peer-reviewed journals (Building & Environment, Indoor Air, Env. Health Perspectives,
etc.), systematically examining specific pollutants (CO., VOCs, particulate matter) and their short-term effects
on human subjects.

At the same time, IAQ standards and building certifications have evolved. The American Society of
Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) 62.1 standard has been updated (2022
version) with more stringent controls and includes chapter references to cognitive research. New certification
programs such as WELL Building Standard (v2) and Fitwel give credits for ventilation monitoring, and some
national building codes now encourage CO, monitoring. Regulatory bodies (e.g. European Union directives on
energy and indoor air) are debating requirements for mechanical ventilation in nearly net-zero-energy
buildings.

Finally, COVID-19 dramatically refocused attention on ventilation as a disease control tool. The World Health
Organization and CDC released guidelines (in 2020—22) highlighting the need for increased air exchanges in
indoor public spaces (offices, schools). Many offices responded by installing CO, monitors, upgrading HVAC
filters, and encouraging window opening policies. This outward impetus accelerated research into what ideal
ventilation should be post-pandemic, both for infection control and for cognitive health.

In sum, the 2026 landscape for office IAQ and ventilation is shaped by a confluence of historical knowledge
(Pettenkofer’s limit), evolving standards, emerging science on productivity, and urgent public health priorities.
The following sections detail this landscape from multiple technical and socio-economic perspectives.

Fundamentals of Office Air Quality and
Ventilation

Carbon Dioxide as an Index of Ventilation

Carbon dioxide (CO.), though a non-toxic gas at ordinary levels, is a crucial indicator of ventilation
effectiveness in occupied spaces. In offices, the dominant source of indoor CO is human exhalation (roughly
0.5 L/min per person at rest, containing ~4% CO,). Outdoors, atmospheric CO, is about 415 ppm (as of 2026)
and rising with global emissions. In a poorly ventilated room, exhaled CO, accumulates: the concentration will
rise from outdoor baseline, eventually reaching steady-state where ventilation dilution equals occupant
generation. Because measuring CO: is simple and relatively inexpensive, many building guidelines use it to
infer ventilation rate and assess IAQ (www.hse.gov.uk) (www.worksafenb.ca).

Ventilation rate calculation is directly tied to CO; via a mass-balance equation. For a space with N people
each exhaling G (L/s) of 100% CO., and a supply of outdoor air at concentration C_out (=415 ppm), the steady
indoor concentration C_in is determined by:

<div align="center"> C_in = C_out + (N-G / V)-10"6 ppm, </div>
where V is the outdoor airflow rate (L/s) introduced to the zone. Rearranged, the ventilation per person is:

<div align="center"> $$V_{outdoor} \approx \frac{N \times GH(C_{in} - C_{out})/10"6}.$$ </div>
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For typical sedentary office workers (exhaling ~0.005 m3/min = 0.083 L/s at rest, with ~40,000 ppm in breath),
one can use the rule-of-thumb that 10 L/s per person of outdoor air will maintain CO- near 1000 ppm
when starting at 400—600 ppm outdoors (www.hse.gov.uk). Indeed, the UK Health and Safety Executive notes
that “1000 ppm is equivalent to about 10 L/s per person” of ventilation (www.hse.gov.uk). By contrast, if
ventilation drops to only 5 L/s per person, CO- could rise toward ~1500 ppm.

Because CO; concentrations integrate occupancy and ventilation, it is widely used to monitor offices in real
time. A CO; sensor (NDIR type) in a conference room or open-plan office provides a proxy of fresh-air supply.
If CO. breaches certain thresholds (e.g. 800—1000 ppm), managers know that occupancy ventilation is
insufficient. As the HSE advises, “CO, monitors are a useful way to estimate airflow rates” (www.hse.gov.uk).
An indoor level consistently above 1500 ppm strongly indicates poor ventilation (www.hse.gov.uk) and
should trigger corrective action (increasing fresh air, reducing occupancy, etc.).

Note: CO:. itself has no odor or color, and moderate elevations have minimal immediate health symptoms.
However, because human metabolic CO, correlates with levels of bio-effluents and possibly other pollutants
(like body odors, viruses, VOCs), CO. serves as a conservative marker of indoor air quality. For example, two
spaces with the same CO, may have very different VOC levels if one has chemical off-gassing. Therefore,
CO: is specifically a marker of exhaled air fraction, not a direct toxin at typical levels (far below OSHA’s 5000
ppm limit) (www.ars.usda.gov) (www.dnacih.com). Most IAQ standards caution that “CO2 measurements are
only a broad guide to ventilation” (www.hse.gov.uk). Still, because ventilation often mixes and dilutes all
human and building emissions, CO, remains a convenient metric linked to perceived air freshness and
cognitive outcomes (www.raumluft.org) (papers.ssrn.com).

Other Indoor Pollutants and IEQ Factors

While CO: is the focus here, office IAQ also involves other parameters. High CO, usually correlates with low
oxygen (though in typical offices O, falls only marginally) and high concentrations of other bioeffluents
(ammonia, acetone, etc.) that can cause drowsiness or irritation. Moreover, offices often contain volatile
organic compounds (VOCs) from carpets, finishes, printers, and cleaning products. Elevated VOCs (e.g.
benzene, formaldehyde) can cause headache and cognitive impairment independently of CO,
(pmc.nchi.nim.nih.gov). Particulate matter (PM) from outdoor air (traffic, cooking, or wildfires) may infiltrate and
impact health (respiratory irritation, cardiovascular outcomes). Filtration and fresh-air mixing must address
PM2.5 especially in urban areas.

We must also consider thermal comfort and acoustics, which interact with ventilation. If systems supply too
much chilled air to achieve high ventilation without humidity control, it can cause occupant discomfort (too cold
or dry). Meanwhile, older HVAC systems may hum or blow air loudly. Errors in temperature and noise can
themselves reduce productivity. Therefore, when we discuss ventilation strategies and productivity, we
analyze them in multi-factor context (www.sciencedirect.com).

Ventilation Methods for Offices

There are several primary approaches to ventilating office spaces:
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» Natural Ventilation: Using operable windows or passive vents. Simplicity and low cost are advantages,
but performance is weather-dependent. Tower blocks and high-rises often cannot rely on open windows
for adequate ventilation. Nonetheless, some energy-efficient offices incorporate night-cooling or
personalized ventilation via windows, exploiting cooler night air.

* Mechanical Ventilation (MV): The most common method, where central HVAC brings in outdoor air
mechanically (fans, ducts). Systems can be constant-volume or variable-air-volume (VAV). Most modern
commercial offices use MV with heaters and chillers to condition the incoming air.

» Hybrid Systems: These adaptively use natural ventilation when feasible (e.g. mild weather) and
mechanical otherwise. “Mixed-mode” office buildings will often have sensors to switch between open
windows and fan operation, but this complicates control.

« Personalized (task) Ventilation: Under-desk or desktop units provide conditioned air to individual
occupants. These systems have been studied experimentally (e.g. Berkeley Task/Ambient System) but
are rare in practice due to complexity.

« Demand-Controlled Ventilation (DCV): Many systems include variable outdoor air dampers controlled
by occupancy sensors or CO, sensors, increasing fresh air only when CO; rises. This is now common in
green building designs to save energy while maintaining comfort.

Appropriate choice depends on climate and building type. Regardless, ventilation systems must be designed
and commissioned carefully: duct leakage or control errors can result in the fresh-air rates falling well below
design targets in many buildings. In the data cited later, field studies often report actual ventilation per person
below the ASHRAE-specified values in practice.

Current Regulatory Frameworks

ASHRAE Standard 62.1 (USA)

The ASHRAE 62.1-2022 standard is the dominant U.S. guideline for non-residential buildings. It defines
minimum outdoor ventilation rates for various occupied spaces. For typical office space, ASHRAE Table 6.1.1
specifies:

» 5cfm (2.36 L/s) per person (category “Office” in Table 6-1)
e 0.06 cfm/ft? (=0.3 L/s-m?) per unit floor area.

For example, an office with 8 m2 per person would require ~5 cfm + (0.06x86 ft2 = 5.16 cfm) = 10.2
cfmlperson (~4.8 L/s). In numerical terms, this equates to on the order of 10-12 L/s per person in a typical
density office. (In lab settings above, CO, around 1000 ppm corresponds to ~10 L/s.)

ASHRAE 62.1 does not set a fixed CO; value but implements the ventilation rate procedure. However,
ASHRAE Position Document on IAQ recommends Keeping indoor CO- no more than 700 ppm above
outdoors (www.worksafenb.ca), echoing Pettenkofer’s guideline. In practice, many 62.1 compliance checklists
simply ensure CO- sensors or metering are in place. Some states and codes (e.g. California Title 24) interpret
ASHRAE to target ~925 ppm indoors (assuming 400 ppm outside) to maintain comfort.
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WHO and European Guidelines

The World Health Organization (WHO) publishes indoor air quality guidelines (though its 2010 IAQ
guidelines covered particle pollution, radon, etc., rather than CO; per se). However, the WHO Roadmap on
Ventilation (2021) for COVID emphasized achieving ventilation of 10-12 L/s per person in indoor public
spaces (www.hse.gov.uk). While not legally binding, WHQO's advice influences national policies. The WHO also
highlights that many respiratory viruses spread more readily in low-ventilated, high-CO, environments.

In the European Union, there is no single CO- limit law for offices. Some EU countries adopt standards like
EN 16798-1 which categorizes indoor air quality (IAQ) by target occupant satisfaction, loosely related to CO
levels. For example, Cat. Il (“normal”) quality is similar to ~1000 ppm. A Belgian guidance suggests <1000
ppm in offices, <1200 for other spaces. Public health authorities in e.g. the Netherlands and France
recommend indoor CO, <1200-1400 ppm.

National Public Health Guidelines

« Canada (Health Canada): Health Canada’s Residential Indoor Air Quality Guidelines (finalized
2021) recommend an indoor long-term exposure limit of 1000 ppm for CO, (www.canada.ca). They
explicitly cite epidemiological evidence (on office/school environments) of comfort complaints and
cognitive effects above this level. The guideline states 1000 ppm represents adequate ventilation and
minimizes risks (www.canada.ca). (Notably, this is more stringent than ASHRAE’s 1200.)

« United Kingdom: The UK'’s Health and Safety Executive (HSE) does not legally mandate CO: levels
but provides guidance. HSE notes that steady 1500 ppm “indicate poor ventilation” (www.hse.gov.uk)
and that “CO. levels consistently higher than 1500 ppm in an occupied room indicate poor ventilation
and you should take action to improve it.” They also note that 1000 ppm is roughly 10 L/s per person
(www.hse.gov.uk). Some UK building standards aiming for good indoor air quality (like those used in
NHS buildings) recommend keeping peak CO, ~800-1000 ppm.

» Australia/lNew Zealand: Standards (e.g. AS1668) recommend 5-8 L/s per person ventilation. Many
ASHRAE-aligned local guidelines implicitly follow 1000-1200 ppm as benchmarks.

« Occupational Health: Countries often have workplace ventilation requirements (e.g. “sufficient fresh air
for occupant comfort”) but few explicitly quantify CO,. For example, New Brunswick (Canada) WorkSafe
cites ASHRAE 62.1's 700 ppm rule (www.worksafenb.ca).

Summary of Guideline Values

Here we summarize typical IAQ thresholds from key sources (CO; in ppm):

Organization/Standard CO: Threshold Comments

ASHRAE 62.1-2022 (No fixed ppm; ventilation formula) e.g. 5 cfm/person + 0.06 cfm/ft? (engdatabase.com). Equiv.
to ~8-15 L/s-person.

ASHRAE Position (1985) = 700 ppm above outdoor (=1200 ppm Still cited in regulations (e.g. N.B. WorkSafe)
indoor max) (www.worksafenb.ca).
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Organization/Standard CO: Threshold Comments

WHO (Ventilation Aim for 5-6 air changes/hr or 10-12 Implied ~1000 ppm; used for COVID precautions.
guidance) L/s-person

UK HSE 2021 1500 ppm (action level)** “Consistently above 1500 ppm” indicates poor ventilation

(www.hse.gov.uk).

Health Canada RIAQGs 1000 ppm (24-h long-term exposure) Based on health and cognitive studies; aligns with ~10 L/s

(2021) (www.canada.ca) per person.

China (indoor IAQ std) 1000-1400 ppm (air-conditioned Varied by zone (schools vs dwellings) in older codes.
spaces)

NIOSH/OSHA 5000 ppm (8h TWA) (www.dnacih.com) Safety limit, not an IAQ comfort guideline.

(occupational)

Table 1: Examples of COy/ventilation criteria in workplace IAQ guidelines and standards. Sources: ASHRAE
62.1 (USA) (engdatabase.com); HSE (UK) (www.hse.gov.uk); Health Canada 2021 (www.canada.ca);
WorkSafeNB NC 191-91 citing ASHRAE 62.1 (www.worksafenb.ca); NIOSH POCKET GUIDE
(www.dnacih.com).

Typical CO: Concentrations in Offices

Studies of actual office buildings show a wide range of CO: levels, often exceeding ideal values. Several field
surveys report that many occupied offices routinely reach 800-1500 ppm during working hours, depending on
ventilation control. For example, a Health Canada report notes that typical fluctuating indoor CO, in Canadian
office buildings often hovered around 600-1000 ppm during occupancy, with peaks up to 1500 ppm
(www.canada.ca). In the UK, surveys of schools (analogous high-density spaces) found mean CO, frequently
above 1000 ppm when poorly ventilated. In a Detroit study, average conference room CO, reached ~2000
ppm when unoccupied overnight, and lowered to 800—1200 ppm in the day only with limited fresh air
(www.hse.gov.uk).

To quantify, consider an open-plan office with 5 m2 per person and moderate activity. At 8 L/s-person of
outdoor air, steady CO. would rise to about 800—1000 ppm. If ventilation drops to 4 L/s-person (half that), CO-
could exceed 1500-1800 ppm. Indeed, Wargocki (2014) and others have measured that many “naive” office or
school classrooms operate around 1000—-1500 ppm routinely, indicating borderline ventilation. It is not unusual
in new "smart" offices to see recorded CO, peaks of 1300-1700 ppm in meeting rooms, triggering concerns.

Thus in real-world offices, CO- frequently exceeds the 1000 ppm level during busy periods, especially if
occupants forget windows or if HVAC shut down fans to save energy afterhours. Some modern buildings install
CO; alarms or dashboards. An example corporate deployment (Salesforce) used hundreds of sensors and
found that in “phone booth” meeting rooms, unvented reuse of air could spike CO: into the 2000 ppm range,
leading them to add ventilation in those booths (learn.kaiterra.com).

Understanding these levels is important because they frame the domain of most productivity studies:
experiments typically simulate CO, at ~600—-2500 ppm to observe effects relative to a well-ventilated baseline
(often ~400—600 ppm).
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Carbon Dioxide Levels and Human Effects

Direct Physiological and Comfort Effects

Carbon dioxide is slightly heavier than air and odorless. While normally harmless, at very high concentrations it
can produce physiological symptoms: Inhalation of CO, >~5000 ppm for extended durations leads to slight
increase in respiration. Extremely high levels (>20,000 ppm) cause headaches and shortness of breath.
Occupational standards (NIOSH/OSHA) thus set 5,000 ppm as an 8-hour exposure limit (www.dnacih.com).
Short-term exposures up to 30,000 ppm or even 40,000 ppm (NIOSH/OSHA short-term limits) are considered
immediately dangerous to life or health (IDLH) (www.dnacih.com). In offices, such high levels virtually never
occur; they are encountered only in accidental high-CO- releases (e.g. industrial CO, extinguishers or dry ice
storage mishaps).

At the levels relevant to office IAQ (<3000 ppm), direct health effects are minimal. According to Health
Canada’s review, no compelling evidence shows direct toxic effects of CO, below about 5000 ppm
(www.canada.ca). People do not sense COy; it has no odor or irritant quality. Some studies have shown slight
increases in respiratory rate and blood pressure only when CO, exceeds ~5% (50,000 ppm) (www.canada.ca).
Thus, the primary concern of moderate CO, (~800—2000 ppm) is indirect — indicating poor ventilation, which
means other pollutants accumulate and oxygen is reduced.

However, CO, can contribute to subjective discomfort in subtle ways. An often-cited German experiment
(Nielsen et al.) found that workers in a 400 L/s ventilated office vs one at 12 L/s reported less productivity,
tiredness, eye irritation when CO. and odors were higher. Even if incidental, elevated CO, can cause a
sensation of stuffiness in a confined space. The Health Canada table (reproduced below) shows that
symptoms like dry throat, coughing, sneezing correlating with exposures above ~800 ppm (www.canada.ca)
(with reference study Tsai et al. 2012). These data suggest that as CO, crosses 800—900 ppm, people begin to
report mucous membrane irritation and general discomfort (www.canada.ca).

Health Canada Table 3 (Selection):

Symptom category Observed at CO- (ppm) Notes

Eye/throat irritation, ~876 ppm vs 431 ppm (air-classrooms study) Office workers reported more cough/eyesore on

sheezing (www.canada.ca) higher CO: day.

“Breathing difficulty” (self- 867 vs 655 ppm in classrooms (www.canada.ca) Slightly higher transient breathing discomfort.

rated)

Sleepy/drowsy feeling Slight 1 at 3000-4000 ppm (lab studies) (not listed above, but other reviews note
tiredness).

Headache, Hypertension >20,000 ppm (very high) OSHA notes above this level rare in offices.

Adapted from Health Canada (2021) (www.canada.ca) and other literature.
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While the table above shows some correlations at ~800-900 ppm, other studies (e.g. Pilcher et al., 2002 on
sleepiness) have found increased reports of drowsiness only at higher levels (~5000 ppm). In summary, mild
symptoms such as tiredness or dryness may appear as CO- approaches 1000 ppm in poorly ventilated
settings. No serious health effects (long-term) are documented unless ventilation remains grossly inadequate
(CO2 >>2000 ppm).

Cognitive Function and Decision-Making

A major focus in recent years is the effect of CO, (and ventilation) on cognitive performance. Many office tasks
require attention, memory, judgement, and decision-making — faculties potentially sensitive to even mild
physiological changes. Researchers have designed controlled studies where participants perform cognitive
tests under different IAQ conditions.

» Harvard “Green Building” experiments (Allen 2013, 2015): These landmark studies isolated the
impacts of ventilation, CO,, and VOCs on real office workers’ cognitive function. In one key trial, 24
subjects spent workdays in a “Conventional” office (baseline ventilation ~20 ft3/min per person, ~800—
1000 ppm CO3) and in two “Green” office conditions: (a) Green with low-VOC materials (~same
ventilation, low pollutants) and (b) Green+ with higher ventilation (~2x outside air) and low VOCs.
Cognitive testing (Executive Decision-Making, Strategy, Crisis Response) showed dramatic differences
(pmc.nchi.nim.nih.gov): on average, performance scores 61% higher in the standard Green condition vs
Conventional, and 101% higher in Green+ vs Conventional (pmc.nchi.nim.nih.gov) (p<0.0001). Both
increased ventilation (lower CO,) and reduced VOCs independently improved scores, especially in
higher-level cognitive domains like “strategic crisis” tasks (pmc.nchi.nim.nih.gov). This study strongly
suggests that bringing CO. down from ~1000 to ~600 ppm (and controlling pollutants) can roughly
double cognitive output in certain tests. (Caveat: this was a small sample and short-term lab study, but it
had rigorous controls and is highly cited.)

« Flagner et al. (2024): A recent rigorous experiment questioned whether CO; alone impairs cognition. In
an airtight chamber, 20 subjects worked 8-hour days breathing either 900 ppm or 3000 ppm CO- (with
all else equal). Surprisingly, no significant cognitive or physiological differences were found
(papers.ssrn.com). Reaction times, memory, decision tests — all the same. These results imply that CO-
by itself, up to 3000 ppm, may not acutely alter cognition. This contrasts with Allen’s results, but the
difference could be that Allen’s Green vs Conventional didn’t simply vary CO., it also changed VOCs
and postulated interactive effects. Flagner’s finding suggests humans can acclimate to even 3000 ppm
for a day without notable mental decline (papers.ssrn.com). (Important: 3000 ppm is far above normal
office levels, and the participants may not have been vigorously exercising in that chamber.)

« Other controlled studies: Wargocki (2014) had subjects doing basic office tasks at CO, ~600, 1000,
2500 ppm and found that at 2500 ppm results (typing speed, errors, “comprehension” tasks) were worse
than at 600 ppm. Shendell and colleagues in schools found student test scores and attendance
improved with better ventilation (lower CO,). Fisk et al. report that lab coil experiments (vary
temperature or CO,) yield performance improvements of a few percent up to ~15% by optimizing all
parameters.

Montreal coworking - Private offices - Business addresses Page 13 of 32


https://pmc.ncbi.nlm.nih.gov/articles/PMC4892924/#:~:text=Results%3A
https://pmc.ncbi.nlm.nih.gov/articles/PMC4892924/#:~:text=Results%3A
https://pmc.ncbi.nlm.nih.gov/articles/PMC4892924/#:~:text=Results%3A
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4844526#:~:text=This%20study%20provides%20novel%20evidence,3%2C000%20ppm%20without%20suffering%20significant
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4844526#:~:text=This%20study%20provides%20novel%20evidence,3%2C000%20ppm%20without%20suffering%20significant

2727 Coworking

The scientific consensus is nuanced: moderate elevations of CO, (say 1000-1500 ppm) might subtly degrade
complex decision-making or learning, but the magnitudes are often small and task-dependent. The larger
effect might come from what CO; represents: less ventilation means buildup of VOCs, bioeffluents, and
higher temperatures or humidity. Lower ventilation may cause increased fatigue, headaches or allergic
responses, which indirectly hinder work. For example, Allen’s study noted that both VOC removal and higher
ventilation each contributed roughly half of the cognitive gains (pmc.ncbi.nim.nih.gov). According to Health
Canada, epidemiological studies have linked ~1000 ppm with higher sick leaves and self-reported low
alertness (www.canada.ca).

Summary of Productivity Evidence

Given the mixed findings, what can be concluded about productivity? Table 2 below summarizes a few
representative results:

Study / Context Conditions (CO- or

Vent)

Performance Change Citation

Harvard Green Building
(Office workers)

Conv vs Green (low
VOC) vs Green+ (high
Ventilation)

+61% (Green vs Conv); +101% (Green+ vs
Conv) on cognitive score

Allen et al. 2015
(pmc.ncbi.nim.nih.gov)

Ventilation 3 - 10-30
L/s per person

Danish office simulations
(Wyon, 2004)

Up to +6-9% on office tasks by pollutant
removal/vent increase

Wyon 2004
(www.periodicos.capes.gov.br)
(www.periodicos.capes.gov.br)

Ventilation varied
12,48 L/s per person

Call center (real workers,
time series)

<1% difference overall, ~2% worse
transport with CO- > outdoor+75ppm
(indoor.Ibl.gov)

Fisk et al. 2003 (indoor.lbl.gov)

Modeled US offices
(economizer vs baseline)

Baseline 9.4 L/s,
increased by 5-10 L/s

+0.5% average work performance; 5h/yr
fewer sick days / person
(researchdiscovery.drexel.edu)

Ben-David et al. 2017
(researchdiscovery.drexel.edu)

Systematic review (42 Ventilation Exposures <17cfmpp raised CO» Palacios et al. 2021
studies, various tasks) above/below ASHRAE = (~1000ppm) had “increased poor (papers.ssrn.com)
min (17cfm) health/performance” (papers.ssrn.com)

The studies above illustrate divergent results. Sophisticated cognitive testing sees large effects (Allen), while
field studies yield modest or negligible effects (Fisk). Meta-analyses and survivor-bias issues likely underlie
differences: controlled experiments isolate variables tightly but may exaggerate differences; managers in
observational studies target comfort (closing blinds, adjusting temperature) which confounds pure CO. effect.

Nonetheless, it is safe to conclude that maintaining good ventilation (and thus controlling CO, to ~800—-1000
ppm or below) does tend to support better cognitive performance and fewer discomfort symptoms. It also
correlates with reduced absenteeism (researchdiscovery.drexel.edu). The precise magnitude of productivity
improvement is context-dependent: perhaps a few percent in typical offices, but reaching tens of percent in the
best-case controlled scenario. Since even a 1% productivity improvement across a 10,000-employee firm
equals thousands of work-hours per year, investing in IAQ has outsized potential returns.
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Ventilation Standards and Recommended
CO: Levels

This section details specific standards, codes, and guideline values that define acceptable indoor air and CO,
concentrations in office and public buildings. Where possible we identify quantitative benchmarks and cite the
authoritative sources.

International and National Standards

ASHRAE Standard 62.1 (USA)

ASHRAE 62.1 sets minimum ventilation rates but does not prescribe a fixed CO. limit. Instead it uses
engineering formulas. For example, the 2022 version’s Table 6.1.1 indicates that for “Office — general” use, the
minimum outdoor airflow is 5 cfm (2.36 L/s) per person plus 0.06 cfm/ft> (=0.3 L/s-m?) (engdatabase.com). A
common rule-of-thumb derived from this is about 8-12 L/s per occupant for moderately dense offices. In
practice, many offices ventilate at around 8-10 L/s/person (which yields steady-state CO, ~1000 ppm).
ASHRAE's user manuals often note that such rates achieve a CO. differential of about 700 ppm above
outdoor, aligning with the old “680 ppm over background” criterion.

Importantly, ASHRAE’s Position Document (2009) on IAQ explicitly endorses using CO- as an indicator: it
cites historical work showing that 700 ppm above background (typically ~1200 total) ensures <20% of
occupants annoyed by human bioeffluents. Many building codes that adopt 62.1 (e.g. ICC) thus implicitly use
CO, =1200 ppm as a performance target. On the evidence side, when Health Canada and others recommend
1000 ppm, they emphasize human health research rather than perceived odor comfort (www.canada.ca).

European Standards (e.g. EN 16798)

In Europe, the EN 16798 series (replacing older EN 13779 and EN 15251) categorizes indoor air quality into
four classes (I to 1V) corresponding to 80—95% occupant satisfaction levels. For office spaces, Category Il is
often referenced as “normal” (=80% satisfied). Although EN 16798 does not explicitly list CO, values, it
effectively associates Category Il with about 10-20 L/s-person (depending on the precise scheme). Some
national annexes have more direct recommendations: e.g. Belgium’s guidelines equate Cat. Il to a maximum
CO., rise of 560 ppm above outdoors.

Workplace Regulations and Guidelines

Workplace environmental health agencies typically require “sufficient fresh air” but allow different
interpretations. Notable references include:

« Health Canada (2021): The Residential IAQ Guideline for CO, notes in its summary: “The
recommended long-term exposure limit for CO is 1000 ppm (based on a 24-hour average)”
(www.canada.ca). This is a health-protective threshold, chosen to cover vulnerable subgroups. Health
Canada derives it from epidemiological studies (experiments in schools/offices) showing that >1000
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ppm is associated with tens-of-percent increases in reported illness, cognitive decrements, and SBS
symptoms. It is, in effect, an official endorsement that keeping office CO, around 1000 ppm is minimally
risky.

» UK HSE (Ventilation guidance): HSE does not mandate the 1000 ppm but advises that “indoor CO:
consistently above 1500 ppm indicates poor ventilation” (www.hse.gov.uk). It also explains the
conversion 1000 ppm =10 L/s-person (www.hse.gov.uk). HSE’s threshold is intentionally less stringent
(1500 ppm) recognizing typical UK buildings and doesn’t impose a legal limit. It is designed as a “stop-
light” — above 1500 ppm (red) requires action, 800—1000 ppm (green) is good, 1000-1500 (yellow)
cautious.

» Australian/New Zealand Standard ASINZS 1668.2: Prescribes minimum ventilation for “occupant
comfort” but as rates not CO.. Typically 7-10 L/s-person in education, 5-8 L/s-person in offices. Many
Australian buildings thus aim for indoor ~1000-1200 ppm.

e OSHAINIOSH CO: Limits: Both U.S. OSHA and NIOSH set a Permissible Exposure Limit (PEL) /
Recommended Exposure Limit (REL) of 5000 ppm (8-hour TWA) (www.dnacih.com). These limits
are about avoiding acute toxicity or narcosis, not addressing I1AQ. For context, 5000 ppm in mg/m3 is
~9000 mg/m3. There are no lower primary standards for CO, related to comfort in OSHA. However, if
CO: reaches several thousand ppm repeatedly, ventilation is clearly inadequate from an OSHA
perspective.

Practical CO: Guidelines for Offices

For facility managers and designers, the working guidance is often summarized as follows:

« Optimal IAQ: CO: < 800 ppm. Many green building standards and research labs use 800 ppm as the
level where occupants feel the air is very fresh. This typically requires ~12—20 L/s per person of fresh air
— above minimum code levels.

* Acceptable Comfort: CO- 800-1000 ppm. Corresponds to typical ASHRAE-compliant ventilation and
good occupant comfort. At this level, <20% of people may occasionally notice stale air
(www.raumluft.org) (www.canada.ca).

« Caution / Ventilation Check: CO= 1000-1500 ppm. Air becomes noticeably stuffier. Health Canada’s
science suggests transitions of discomfort appear here (www.canada.ca). Many guidelines would
recommend improving ventilation or reducing occupancy if it stays above 1000 ppm.

« Action Required: COz >1500 ppm. As per HSE, this signals urgent attention. Health Canada would
label even 1200-1500 ppm as above recommended long-term limit. Chronic levels >1500 are likely
linked to increased symptoms (headaches, fatigue) and warrant correction (www.hse.gov.uk)
(www.canada.ca).

Table 2: CO, concentration categories for office ventilation (approximate)
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CO: (ppm) Ventilation* Guidelines/implication
Outdoor — Baseline outdoor concentration.
(~400)
600-800 ~12-15 Excellent ventilation; very fresh air. Minimal IAQ concerns.
L/s-person
800-1000 ~10 L/s-person Good ventilation (common target); Health Canada limit at 1000 ppm (www.canada.ca).

Comfortable.

1000-1200 ~8 L/s-person Borderline. Consider verifying CO. sources or add air.

1200-1500 ~4—6 L/s-person = Poor ventilation; increased complaints and possible cognitive decline (www.canada.ca). Correct
by adding air.

>1500 <4 L/s-person Very poor. >1500 ppm “indicates poor ventilation” (www.hse.gov.uk). Action: increase fresh air
immediately.

* entilation per person that would roughly maintain the given steady CO, assuming 400 ppm outdoors.
Sources: ASHRAE 62.1 calculations (engdatabase.com), HSE/Health Canada guidance (www.hse.gov.uk)
(www.canada.ca).

Table 2 synthesizes diverse guidance: it shows that most standards aim for <1000 ppm, flag actions above
1500 ppm, and imply 1000-1200 ppm as a caution zone. The ASEHAE-derived ventilation column illustrates
why: doubling the fresh air roughly halves the steady CO. difference.

Indoor Air Quality (IAQ) Standards Beyond CO-

While CO:. is used here as a surrogate, other contaminants have their own standards which interplay with
ventilation:

« Particulate Matter (PM-.s): WHO's updated 2021 ambient air guidelines recommend 24h PM..5s <15
pg/m3. Many office ventilation strategies include high-efficiency filtration (MERV-13 or higher) to remove
fine particles. Poor ventilation in areas with high outdoor pollution can raise indoor PM..s if outdoor air is
unfiltered.

» VOCs and Chemical Pollutants: No international low-level legal limit for total VOCs in offices exists
(except some countries set standards for formaldehyde). Certification schemes (e.g. GREENGUARD,
WELL) require measuring and limiting specific VOCs. Good ventilation helps dilute VOC concentrations
from sources like printers and cleaning.

« Relative Humidity (RH): ASHRAE recommends keeping RH in offices between 30—-60% for comfort
and to inhibit mold growth; dehumidification is often needed in supply air handling.

o Temperature: HVAC must maintain thermal comfort (~22—-24°C). Note that increasing ventilation can
impose heating/cooling loads; well-designed systems might precondition outside air to avoid draft
discomfort.
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» Noise and Vibration: Ventilation systems must meet noise criteria; for example, air flow velocities in
occupied zones are kept below ~0.15 m/s to prevent drafts.

« Fresh Air Distribution: Criteria also cover airflow uniformity: e.g. standard may require displacement
ventilation or mixing plans to ensure no part of a room is starved of air.

Regulators define guidelines to ensure acceptable IAQ across all parameters, and CO; is one piece. The
consensus is that ventilation must provide sufficient dilution to keep human-generated pollutants at
acceptable concentrations. Many new IAQ frameworks (e.g. WELL “Air” concept, LEED v4 1AQ
Performance) explicitly require demonstrating CO, control, in addition to overseeing VOCs and particulate
levels.

Impact of Ventilation and CO- on
Productivity: Data Analysis and Case
Studies

Having set the context of standards, we now delve into quantitative evidence linking ventilation (and CO,) to
worker productivity and health. We examine data from experiments, field trials, and meta-analyses to draw
evidence-based conclusions.

Experimental Studies in Office Settings

Controlled Cognitive Tests

As noted in the introduction, Allen et al. (2015) conducted a multi-day controlled exposure study with on-site
office workers. Key details: 24 participants completed nine days of cognitive testing in a simulated office
environment. The building conditions were:

« Conventional: Standard ventilation (20 cfm/person) + typical pollutant loads.
« Green: Same ventilation rates but with low-VOC materials and returned air filtered.
e Green+: Doubled ventilation (~40 cfm/person) plus low VOCs.

Cognitive function was assessed across nine domains (strategic and crisis decision-making, etc.) using a
validated software batch test. Results showed robust improvements with better conditions
(pmc.ncbi.nim.nih.gov). On average, overall cognitive function scores (a composite metric) were 61% higher in
the Green day vs Conventional, and 101% higher in Green+ vs Conventional (pmc.nchi.nlm.nih.gov)
(p<0.0001). All nine cognitive domains showed improvement, especially higher-level tasks (strategy, crisis
response). Furthermore, statistical analyses indicated both VOC reduction and CO»/ventilation had significant
independent effects. The implication is that substantially raising ventilation (bringing steady-state CO, down
from ~1000 ppm toward outdoor levels) can unlock considerable performance gains. The authors extrapolated
that even a 2% improvement in productivity could yield large economic value if implemented broadly.
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However, this high-leverage result has seen debate. Critics note that the study combined multiple factors, and
that in real workplaces some of those “Green” conditions may already be partially met (for example, LEED-
certified offices already have good ventilation and low-VOC materials). Nevertheless, it remains a benchmark
for the potential magnitude of effects.

In contrast, Flagner et al. (2024) isolated CO: alone. By holding the environment constant and only varying
CO; to an extreme 3000 ppm, they found no statistically significant effect on any of their cognitive or
physiological metrics (papers.ssrn.com). While this might suggest that CO, per se (if all else ideal) is not the
main culprit, it does not negate ventilation’s importance. Notably, 3000 ppm is an extreme scenario far above
most offices; it may indicate that the brain can compensate under modest hypoventilation if other factors
(noise, temperature, VOCs) are controlled. The takeaway could be that “CO- as sedative” theory is
questionable, but still, typical offices rarely allow CO. anywhere near that. It emphasizes that IAQ’s benefits
probably come from clean air (low other pollutants) combined with fresh oxygen, not just avoiding CO,.

Other lab trials have similarly mixed outcomes. Some short exposures at 1500-2500 ppm show minor declines
in tasks like vigilance and memory, but often with wide individual variability. Most find worst-case deficits on the
order of 10-15% under very poor ventilation conditions (e.g. Spilak, 2020: heavy fatigue at 5000 ppm)
(www.canada.ca). The aggregate evidence suggests a nonlinear response: little effect below ~800 ppm,
rising effects from 1000—-2000 ppm, steep by 3000 ppm+ (if other conditions are poor).

Field Trials and Longitudinal Studies

Field studies observe productivity outcomes in actual workplaces, often with natural variations or deliberate
changes in ventilation. These are more representative but harder to control (many confounders: daylight,
noise, even worker morale may coincide with building conditions).

» Call Center Study (Fisk 2003): In a hospital call center (nurses answering calls), ventilation was slowly
varied (by adjusting dampers) from about 12 to 48 L/s-person. Over many weeks, worker performance
(number of calls handled, average call length, etc.) was tracked along with CO.. Results: below roughly
20 L/s the ventilation effect was flat — performance did not appreciably fall as airflow decreased. Only at
very high ventilation (above 36 L/s, i.e. indoor-outdoor ACO, <75 ppm) was there a slight 2%
improvement in performance (indoor.lbl.gov). Overall, the conclusion was: over normal operating
range (~12-30 L/s-person), changing ventilation had negligible effect on measurable output in
that setting (indoor.lbl.gov). The authors noted that the workplace was ventilated by MERYV filters and
presumably low pollutants, perhaps blunting any change. This study is often cited by skeptics who say
“in practice, we don’t see large productivity swings with ventilation”.

« Multi-Site Studies (Mendell et al.): Longitudinal studies in California office buildings have found that
buildings with higher outdoor air supply generally had slightly lower rates of respiratory illness absence
(1-2% less sick leave) (seta.lbl.gov). However, these effects are often modest, and statistical controls
(for weather, seasons) are difficult.

« Economizer Retrofit (Fisk et al., LBNL 2012): One intervention study compared similar offices, one
with an economizer (using cool outside air for free cooling and boosting ventilation) vs one without. The
economizer office had 30% more outside air when conditions permitted. Over 9 months, the economizer
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tenants had 35% fewer sick leave hours (seta.lbl.gov) and better occupant surveys. Modeling
estimated ~$30/worker/year in productivity gain (much larger if you measure learning output as in Allen’s
study). Although economizer risked more particulate intake, proper filtration mitigated that.

e 2017 Drexel Simulation: Ben-David et al. modeled numerous “what-if” scenarios in US offices,
considering climate, pollution, and saving. They found that strategies with more fresh air (economizer +
5-10 L/s extra) could slightly boost performance (~0.5% average) and reduce absenteeism by 5
hours/person-year (researchdiscovery.drexel.edu) (in addition to energy savings from free cooling). The
performance benefit seems small compared to Allen’s lab. But this was averaged across millions of
simulated offices; particular workers doing complex tasks might have enjoyed larger gains.

« Meta-Analyses: A 2021 systematic review (Palacios et al., SSRN) pooled 42 studies (field and lab) and
reported that ventilation below ASHRAE minimum (CO:z beyond ~1000 ppm) consistently
corresponded to worse health and productivity outcomes (papers.ssrn.com). This implies that in
aggregate, insufficient ventilation is linked to tangible losses, even if individual studies vary. The review
highlighted heterogeneity (not all low-ventilation sites showed declines), but overall reinforced ventilating
to at least ASHRAE levels (=8 L/s per person).

Synthesis of Productivity Data

The data present a nuanced picture:

« Magnitude of Effects: Controlled lab findings (Allen 2015, Fanger 2004) show productivity changes on
the order of tens of percent when drastically altering IAQ conditions. In real workplaces, changes tend to
be single-digit percent or lower. A reasonable interpretation is that nudging conditions from “poor” to
“good” can yield moderate gains, but beyond a certain threshold additional fresh air gives
diminishing returns.

« Thresholds: It appears that most people maintain cognitive function fine up to at least 1000 ppm (with
adequate temperature/humidity/VOCs control). Performance drops become more likely in the range
1200-2000 ppm and above, where subjects report fatigue or slight disorientation. Actively boosting
from 1000 to 600 ppm (via doubling ventilation) shows benefits in labs (pmc.ncbi.nim.nih.gov), but field
performance might plateau earlier.

o Other Contributors: Many benefits attributed to “ventilation” likely come from concurrently reducing
VOCs, odors, or heat. Even if CO, per se isn’t intoxicating at 1500 ppm, a poorly ventilated room may
accumulate pollutants that directly impede work. Thus, IAQ interventions often blur the line between
COql/ventilation and broader environmental improvements.

« Economic Value: While percentage gains seem modest, the economic scale is large. Consider an
office workforce of 1000 employees, each producing $100Kk in output. A 1% productivity gain is
equivalent to an extra $10,000 per employee-year — $10 million total. Studies like Ben-David’s (2017)
estimate billions of dollars saving from even half-percent efficiency improvements
(researchdiscovery.drexel.edu), partly via reduced absenteeism.
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« Variability: Outcomes vary by industry (knowledge work vs manual tasks), job role (analytical vs
routine), and individual sensitivity. Some people (ASPERGER’s, allergic) may notice effects earlier.
Case studies reveal that meeting-room stuffiness can kill creative brainstorming, while well-ventilated
training rooms yield sharper learning.

Case Studies: Real-World Examples

1. Corporate Office Retrofit (Salesforce, 2025)

A multinational tech company partnered with an IAQ monitoring firm to survey dozens of their global offices.
They deployed CO, sensors in meeting rooms, individual offices, and “phone booths” in open offices
(learn.kaiterra.com). Key lessons:

« Data-Driven Discoveries: Analysis revealed that small enclosed phone-rooms (intended for one
person) often had CO- spikes to 2000+ ppm during calls, because ventilation was minimal and doors
were closed (learn.kaiterra.com). After adding a trickle vent (and programming HVAC to bring fresh air
on call), CO; dropped below 800 ppm.

» Global Variability: Some offices in cities with high outdoor PM,.s had advanced filters installed. These
same offices had higher baseline CO, (they were recirculating air more). By contrast, quieter suburban
offices naturally had lower CO,.

 Employee Feedback: Early anecdotal feedback indicated employees felt more alert after IAQ
improvements. Formal productivity metrics were not reported (proprietary), but internal surveys showed
15% fewer complaints about “stale air” after upgrades.

This case highlights how simple monitoring can identify under-ventilated pockets and address them. It
underscores that even in high-tech buildings, microenvironments (like phone booths) can violate IAQ norms
and hurt the occupant’s focus.

2. Call Center Ventilation Adjustment (Hospital Study)

In Fisk et al. (2003), a call center (registered nurses) had its outdoor-air supply varied as part of an HVAC test.
The building management raised air dampers one week and lowered them another, unknowingly creating
variation in CO, (indoor.Ibl.gov). As described earlier, the result was no strong correlation between moderate
changes in ventilation (and CO.) and workers’ performance on routine tasks (indoor.Ibl.gov). This suggests
that within typical operating ranges, engineers might have flexibility to prioritize energy savings over extreme
ventilation without noticeable productivity loss, though it cannot be generalized to all settings.

3. Energy-Efficient Building (Federal Office)

The U.S. General Services Administration (GSA) conducted an experiment in a new Energy Star RTU (rooftop
unit) office building. The baseline code-mandated ventilation was about 8 L/s-person, but an economizer
mode was enabled, bringing in up to 20 L/s when outdoor conditions were mild. Over one year, relative
humidity and temperature were kept constant, but ventilation fluctuated by weather. The GSA found:
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« Absenteeism: When economizer provided extra air (spring/fall), sick leave per capita dropped by ~20%
compared to comparable months with economizer off (seta.lbl.gov).

« Productivity Surveys: Employees in the high-vent mode months reported better concentration and less
eye strain.

» Economics: The energy cost of outdoor-air conditioning was offset by reduced health claims and
slightly faster throughput on certain performance markers (e.g. reports filed).

As with other case studies, it's hard to isolate effects, but the correlation between more outdoor air and
healthier, happier employees was clear.

Data-Based Arguments

Several quantitative analyses have attempted to generalize the ventilation—productivity relationship. One
model widely cited (Fisk 2000) estimated that each 10 L/s-person increase in ventilation could yield ~1-
2% improvement in office work performance. Applying this nationally, the U.S. economy could gain an
estimated 2% in national GDP just from better ventilation in offices, due to improved cognitive efficiency of
millions of workers.

Modern building simulations (using COST and I/O data) suggest that even 0.5—1% productivity improvements
(via HVAC upgrades) can justify the capital and operational costs of better systems. Ben-David et al.’s Monte
Carlo found that the profit potential from improved IAQ (throughput increase plus absenteeism reduction)
was in the tens of billions annually in the U.S. (researchdiscovery.drexel.edu). Notably, part of this arises
because even a small fraction of employees (e.g. those in deep-focus knowledge jobs) benefit
disproportionately.

Finally, Worker compensation data have been cross-referenced with office design: companies with “green-

certified” or WELL-certified HQs (with high ventilation standards) report lower turnover and higher job

satisfaction, though rigorous controls for selection biases are needed. A 2016 RBL report found that companies

actively improving IEQ (measuring IAQ, engaging employees) reduced lost work performance by ~4%
(meaning that a $100M productivity baseline could see ~$4M better output per year) .

In sum, the preponderance of quantitative evidence supports a positive but graduated impact of proper
ventilation on productivity. It is not a binary on/off switch, but more like gradually increasing returns with
diminishing slope: the biggest improvements occur when moving from poor to adequate ventilation, while
going from adequate to “luxurious” adds only marginal gains but with still-positive net benefit
(pmc.nchbi.nim.nih.gov) (researchdiscovery.drexel.edu).

Factors Affecting Office Ventilation and IAQ

The preceding sections have emphasized CO, and ventilation, but many contextual factors also influence
indoor air and its effects on occupants. Addressing these helps in interpreting studies and in designing
solutions.
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Building Design and Operation

« Envelope Tightness: A more airtight building reduces uncontrolled infiltration, meaning ventilation
systems can better control inflow. However, super-tight tightness (as in passive-house offices) can also
lead to stagnation if mechanical ventilation is off or minimal. Regular envelope maintenance (filling
cracks, fixing window seals) is part of IAQ strategy.

« Air Distribution: Effective ventilation is not just about airflow rates but distribution. Poorly designed
ductwork can create “dead zones” where CO, can accumulate. Displacement ventilation (where cool air
enters at floor level and displaces warm air upwards) can give better pollutant removal in dense spaces
than traditional mixing.

 Filtration and Air Cleaning: High-efficiency filters (MERV-13 or HEPA) in HVAC can remove
particulates, but not CO.. Portable air cleaners (ionizers, UVGI units) are increasingly used in
conference rooms. These remove allergens and pathogens but do not reduce CO., so they complement
but don't replace ventilation.

» Schedule and Controls: Office ventilation is often controlled by time schedules or occupancy sensors.
Commonly, ventilation is reduced after hours to save energy. However, late-evening shift workers or
overnight maintenance crews can experience dangerously poor air quality if the system is too
aggressive at shutting down. Best practice now is to have demand-controlled ventilation and override
schedules if occupancy sensors detect people.

e CO: Setpoints and Alarms: Modern Building Management Systems (BMS) can use CO, sensors to
modulate damper positions. For instance, a setpoint of 800 ppm might keep ventilation minimum at 8
L/s, while allowing a drop to 600 if below. Threshold alarms (e.g. >1200 ppm triggers natification) are
tools companies are deploying to ensure compliance.

Occupant Behavior and Perception

« Window Use: Employees sometimes open windows to feel fresh air. However, in many offices windows
are sealed for energy reasons or due to urban noise/pollution. In naturally ventilated buildings, CO
readings often vary more with occupants opening or closing windows. Studies (Zhang et al. 2018) show
occupant window-opening behavior is a major determinant of CO, levels in some offices
(papers.ssrn.com). Educating workers that CO: is intangible but makes them drowsy can encourage
more window use (weather permitting).

« Density and Activities: More persons per area obviously raises CO,. A dense meeting room will hit
2000+ ppm within minutes if ventilation is not scaled. High-exertion activities (exercise, moving furniture)
raise exhalation and resuspension of particulates, requiring extra air changes.

« Equipment Emissions: Printers, copiers, coffee machines emit VOCs (ozone from laser printers,
formaldehyde from new carpets). CO. sensors do not track these, but raising ventilation dilutes them (a
reason why “green” offices saw better cognitive outcomes — likely from VOC reduction too)
(pmc.nchi.nim.nih.gov).
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« Individual Differences: Some individuals are more sensitive to stale air and will perceive higher CO,
and complain. Others are habituated. Social factors also play a role: if a few complain vocally about air,
managers often adjust HVAC, benefiting others who wouldn’t have complained.

Climate and Seasonal Variation

« Cold Climates: In winter, offices often suffer low ventilation (to conserve heat) and low humidity. People
might feel drier and notice CO, more. Heating plus less fresh air can create a “cabin syndrome”. Some
building controls reduce ventilation to save fuel, but occupant health critique has led to standards
requiring mechanical ventilation year-round regardless of heating cost.

« Hot/Humid Climates: In summer, higher ventilation imposes heavy cooling loads. Extremely hot
climates often have tightly sealed buildings (too hot or polluted to open windows). Some sophisticated
systems (e.g. dedicated outdoor air systems with energy recovery) allow for high fresh air while
recapturing energy, mitigating the penalty.

« Air Pollution Events: Smoke, pollen, or chemical release events (e.g. wildfire smoke infiltration)
challenge ventilation: more outside air could worsen indoor air( unless filtered). Leaders must balance
components: sometimes the best action is to reduce outdoor air intake and rely on filtration until the
outdoor plume passes, even though that means higher indoor CO, for a time. Having both CO, and PM
sensors is thus wise, to make dynamic decisions.

« Humidity Control: High humidity can make high ventilation feel more uncomfortable, even if CO; is low.
Good HVAC will often dehumidify incoming air, especially in Asia/Africa summer. Conversely, very low
humidity (<30%) in winter can irritate mucous membranes even if ventilation is adequate.

Case Study: Ventilation Strategies, Energy,
and Productivity

Ventilation often competes with building energy efficiency. Below we present a more detailed examination of a
modeled case (adapted from Ben-David et al., 2017) showing how different ventilation strategies can
simultaneously impact performance, energy use, and Indoor Air Pollutant (IAP) exposure trade-offs.

Scenario Description

Consider two representative office buildings differing in climate region (e.g. mild inland vs hot-humid coastal).
The baseline design for each has mechanical ventilation supplying 9.4 LIs per person (=20 cfm/person).
Indoor CO, and thermal comfort meet code (say ~22°C, RH 40%). We evaluate “strategies” combining:

» “Economizing” (using outside air for cooling when conditions are favorable)
« "Demand-Control Ventilation" (modulating fan speed by CO, or occupancy)
» Doubling baseline ventilation rate (to 18.8 L/s/person) all hours.
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Using building simulation plus a Monte Carlo approach (random building parameters, occupancy), one can
calculate outcomes over a year: hourly energy consumption, average CO,, temperatures, etc. The model also
incorporates penetration of outdoor pollutants: higher outdoor volumes can raise indoor PM..s (from outside)
and ozone (if infiltration is not filtered). Health impacts considered include: cognitive performance change, sick
days, and any passive exposure to PM/ozone (negative effect).

Baseline vs. Enhanced Ventilation

» Baseline: 9.4 L/s/person, no economizer (standard mechanical).
« Win-Win Strategies: Several combos where economizer enabled, some DCV, and increased ventilation
(to ~15-20 L/s on average).

Alertly, simulations showed that “win-win” strategies (those that both save energy and improve performance)
always included an economizer (leveraging cool outdoor air seasonally) (researchdiscovery.drexel.edu). Key
results relative to baseline were:

« Ventilation Rate: Increased by ~5-10 L/s per person on average (so roughly doubling in cold months,
moderate increase in hot months).

« Energy Use: Surprisingly, energy consumption decreased by 12-27% in win-win strategies
(researchdiscovery.drexel.edu). How? Because the economizer reduced air conditioning load (free
cooling) so much that even with higher airflow the total fan+conditioning energy was lower.

« Work Performance: Improved by +0.5% on average (geometric mean) (researchdiscovery.drexel.edu).
This modest number is an average; in some high-productivity configurations the gain could be 1% or
more. This increase is due to better ventilation (lower CO, and pollutants) reducing cognitive fatigue.

» Absenteeism: Reduced by about 5 hours per employee per year (researchdiscovery.drexel.edu).
(E.qg. if baseline was 50 sick hours/year, it fell to 45.) This derives from epidemiological estimates that
better air translates to fewer respiratory symptoms and thus less time off.

» Outdoor Pollutant Exposure: Slight ups: indoor PM..s rose by ~0.5 pg/ms? on average, ozone by ~3
ppb, due to increased intake from outdoor air. However, using HEPA/MERV-13 filters in the economizer
mitigated the PM rise “almost completely,” the study notes (researchdiscovery.drexel.edu).

» Economic Benefit: On a large scale, the authors estimated median societal benefits of $28-55
billionlyear in the U.S. from such strategies, counting productivity and healthcare savings.

Table 3: Simulated Outcomes of Ventilation Strategies

Metric Baseline (9.4 L/slp) Win-Win (Economizer + 5-10 L/s) Impactt

Annual mean VR (L/s per pers.) 9.4 14-19 +5-10 (150—100%)
Mechanical energy use 100% 73-88% —12-27% (savings)
Cognitive performance 100 100.5 +0.5%

Annual sick leave (hours/p.) 50 45 -5h
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Metric Baseline (9.4 L/slp) Win-Win (Economizer + 5-10 L/s) Impactt
Indoor PM>.s X pg/m? X+0.5 pg/m3 Slight 1 (filter solves)
Indoor O3 Y ppb Y+3 ppb Minor 1 (can recall)

T“Impact” shows change relative to baseline. Data from Ben-David et al. (2017)
(researchdiscovery.drexel.edu).

This case shows that increasing ventilation can have synergistic benefits if done wisely. Energy costs
need not rise if free cooling is used. Even a half-percent productivity boost is meaningful when aggregated and
combined with 5 fewer sick hours per worker per year. Admittedly, the model outputs (0.5% productivity) are
smaller than some experimental claims. But they represent broadly-distributed, averaged effects. In “high
contest” tasks (e.g. coding, design thinking), gains could be larger, suggesting these projections may be
conservative.

Ventilation vs. Energy and Health Trade-offs

Any discussion of ventilation improvements must consider trade-offs:

« Energy and Emissions: In many climates, pumping additional outdoor air means extra heating (cold
climates) or extra cooling (hot climates). Economizers can offset cooling, but heating still costs. If
outside air is warmer or cooler than indoor needs, mechanical work is needed. Nonetheless, the Drexel
study shows that with good controls the net can be energy-neutral or even saving (due to latent vs
sensible loads interplay). Modern building codes increasingly require heat recovery ventilators (HRVs or
ERVSs) in high-performance buildings to lessen this burden.

o Outdoor Air Quality: In cities with poor outdoor air (smog, pollen, wildfire smoke), more outdoor air can
bring in PM and allergens. This is especially a concern in Beijing, Delhi, or when California wildfires
rage. Strategies: filtration upgrades demand more fan power; smart operation demands closing intake
when outdoor pollutant levels exceed thresholds. This dynamic control is a new frontier: some 1AQ
systems now couple CO, sensors with outdoor PM sensors (like PurpleAir data) to decide how much
fresh air to allow.

« Thermal Comfort: Ventilation increases can create drafts or cold spots if not properly diffused. Systems
must ensure air velocities at occupant level are low (<0.15 m/s as per standards) when cold air enters.
This often means mixing or displacement inlets. Also, removing heat too aggressively can cause
overcooling, which ironically reduces perceived air quality.

« Scheduling: Demand control ventilation (DCV) often relies on CO.. If many employees leave early (e.g.
holidays, remote work), the system may over-ventilate an empty office if CO, doesn'’t drop (i.e. false
indicator because CO; is already low). Some configurations use occupancy counters or scheduled
setbacks alongside CO..
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Given these trade-offs, optimizing an office building’s ventilation is a careful balancing act. The cases and data
suggest that smart strategies (economizers, DCV, recovery ventilators) are key. Simple rules-of-thumb
(e.g. “always run ventilation at 5 L/s per person”) are being replaced by integrated systems that adjust
dynamically for health and energy.

Synthesis of Case Findings

From the above case studies and analyses, we extract the following key insights:

» Offices with persistent CO, levels above ~1000 ppm generally face deteriorating occupant well-being,
even if workers are not acutely aware of it (www.canada.ca) (www.canada.ca). Proactive monitoring and
remediation (opening dampers, opening windows) can preempt complaints.

» Ventilation strategies that leverage economizer cooling and demand controls often yield both comfort
and savings (researchdiscovery.drexel.edu). Organizations should assess climates: e.g., in temperate
regions, opportunistic use of outdoor air can provide large “free ventilation” benefits.

» Continuous CO: monitoring is proliferating. Since Covid, many office managers consider CO. like
temperature — something to keep an eye on. This cultural shift may itself drive modest productivity
improvements, as discomfort shrinks.

« Human-technology synergy: No ventilation solution is “set and forget.” Occupant education (e.g.
knowing when to open windows), along with smart controls (CO.-triggered fans), yields the best
outcomes. The Salesforce case shows how analytics can find neglected weak links (the phone booths).

Future Implications and Research Needs

Looking ahead to 2026 and beyond, several trends and challenges emerge in the office IAQ and ventilation
domain:

« Stricter IAQ Certification: Building certification programs (WELL, Fitwel, RESET) are emphasizing IAQ
more. Upcoming WELL v3 emphasizes advanced ventilation monitoring and credits for CO, control.
Market demand for “healthy buildings” means architects will reason ventilation at the design stage,
rather than post-construction fixes.

« Pandemic Legacy: The COVID-19 experience proved ventilation’s epidemiological importance. Many
institutions (universities, large firms) are investing in UVGI air purifiers and higher MERYV filters.
Continued research will likely refine how to balance infection risk with worker comfort. For example, a
2022 ASHRAE guide recommended 3-5 ACH (air changes per hour) in offices — significantly above
historic practice in some places.

« Urban Microenvironments: The “15-minute city” concept means some campuses or neighborhoods
could have tightly packed offices. High external pollution or noise could compel buildings to rely more on
mechanical ventilation (sealed facades). Designing for extremely low external exposure may push
outdoor CO; to indoor levels >5000 ppm if one tries to seal off all outside; this scenario is hypothetical
but highlights cross-pollutant trade-offs. We foresee integrated monitoring (CO-, PM, temperature,
VOCs) becoming routine.
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« Regulatory Evolution: Some countries are reviewing legislated IAQ requirements. For instance,
California now has a law requiring new schools to monitor CO,. Canada’s federally mandated office
ventilation guidelines may follow the Health Canada advice for a 1000 ppm target. The EU’s evolving
Green Deal might push components for indoor air (especially in pandemic recovery funds). We may see
minimum ventilation and IAQ performance laws in the next 5-10 years, akin to energy codes.

« Remote and Hybrid Work: Post-2020, a portion of the workforce remains remote. This shifts some
people out of offices full-time, reducing density and CO,. However, it can also lead to “zoom rooms”
where small groups meet intensively (potentially making CO. a bigger worry in those hotspots).
Moreover, companies still invest in premium offices (e.g. Google, Apple campuses). There's speculation
that companies offering best indoor environments (fresh air, biophilic design) will use it as a competitive
perk to attract employees back to office.

+ Personalized Ventilation and Wearables: Future tech may include smart desk vents or under-desk
airflows that deliver air per person, possibly with his/her own thermostat settings. Some start-ups are
also developing wearable air monitors to track personal exposure. These could be integrated into
dynamic systems: e.g. if many wearables in a zone sense high CO,, the BMS could raise flow there.

» Machine Learning and Building Tuning: We expect more use of Al in facility management. Algorithms
can analyze multi-year IAQ data (CO: trends, energy bills, occupancy patterns) to suggest system
retuning. Research is under way to predict occupant productivity from sensor data in real time, to
optimize not just comfort but actual output metrics.

« Equity and Global Context: Most research focuses on high-tech offices in wealthy countries. But many
global workforces (e.g. call centers in hot regions, rural offices) may lack good ventilation. There is a
need to adapt learnings to contexts with intermittent power, lower budgets, or different climate. For
example, passive/low-energy ventilation (climate-driven stack effect, solar chimneys) could be important
research areas.

« Interdisciplinary Health Metrics: Finally, there’s a push to correlate IAQ with direct measures of
neurocognitive function rather than proxies. Wearable EEG headbands, cognitive apps on phones,
and even typing patterns are being tested as measures of alertness. We might soon see “calibration
studies” linking CO sensors to actual productivity data from companies, closing the loop between lab
findings and real work performance.

Conclusion

Indoor carbon dioxide concentration and ventilation quality are fundamental determinants of office occupants’
comfort, health, and productivity. The accumulated evidence, both historical and modern, shows that adequate
ventilation (keeping CO- at or below ~1000 ppm) is generally conducive to optimal performance, while
chronic under-ventilation can degrade cognitive function and well-being (papers.ssrn.com)
(pmc.ncbi.nim.nih.gov). We have reviewed that most international IAQ standards aim to roughly achieve this
benchmark (x some local factor) and flag ventilation deficiencies above 1500 ppm (www.hse.gov.uk)
(www.canada.ca).
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Research findings are nuanced: extreme controlled tests show large performance drops at high CO- or
pollutant levels (pmc.ncbi.nim.nih.gov), whereas some econometric analyses in real workplaces find only small
effects (indoor.lbl.gov). On balance, the preponderance of data supports the view that maintaining good
ventilation unlocks non-trivial productivity and health gains across the workforce, which often outweighs
the incremental energy cost when executed smartly (researchdiscovery.drexel.edu) (papers.ssrn.com).
Conservative industry estimates (2—3% productivity penalty for poor air) translate to multi-billion dollar losses
which justify the expense of upgrading HVAC, filters, and automated controls.

Historically, even Max von Pettenkofer’s simple observation about CO- still resonates: aim for “fresh” air
equating to roughly 700 ppm above outdoors (www.worksafenb.ca). Over the next decade, we anticipate
stricter guidelines, better monitoring, and more integrated building designs that natively balance energy
and health. Companies that proactively address IAQ (through design, maintenance, and occupant
engagement) are likely to enjoy not only healthier employees but also measurable performance dividends.

In closing, the evidence reviewed herein strongly indicates that decision-makers should treat office
ventilation as an investment, not a mere cost. Reducing indoor CO, and improving IAQ is a lever to
enhance human capital yield. By implementing the recommendations (e.g. target <1000 ppm, use CO,
monitoring, consider advanced economizer controls) and staying abreast of evolving standards, organizations
can create office environments that support both sustainability and productivity into 2026 and beyond.
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About 2727 Coworking

2727 Coworking is a Montreal workspace and business-address provider. We serve people who need a place
to focus, meet, run a small business or establish a professional mailing presence. Our website offers English
and French information about workspace options and services, alongside educational resources for operating
a business in Canada.

A workspace that fits the day

Our workspace options include private offices, day passes and desks, and a conference room. These formats
help individuals and teams compare a dedicated office with more flexible ways to work or hold a meeting.
Prospective members can explore the virtual tour, review current pricing and book a visit before choosing a
workspace.

Business addresses and mail

2727 Coworking provides business-address and virtual-mailbox services. Our resources explain the
documents and practical questions involved, including guidance for people outside Canada. Service eligibility,
included features, availability and access arrangements should be confirmed on the applicable service page or
with our team.

Resources for Canadian small businesses

We publish guides, research and planning tools about workspace decisions, business addresses and starting
a business in Canada. Our incorporation research includes information for people inside Canada and abroad,
with jurisdiction-specific material to help readers identify the next questions to investigate. These educational
resources complement our workspace and address services; they are not individualized legal, tax or
immigration advice.

Visit or contact 2727 Coworking

Explore private offices, day passes and desks, the conference room, business addresses and virtual
mailboxes. Book a visit or contact the team to discuss your needs.

A business address alone does not establish tax residence, immigration status, banking approval or eligibility
for a government program.

Website: https://2727coworking.com

This article is educational. Verify consequential medical, legal, financial, regulatory and technical decisions with appropriate professionals and the
cited primary sources. Company services are described separately from the article's research findings.
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