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Introduction
 

As a leading company in commercial real estate and investment, CBRE is acutely aware of the challenges faced by both investors and occupiers when 

transitioning to new office environments and how those challenges impact asset value. Firsthand experiences mirror those of our customers, providing 

us with a unique perspective on the complexities of office environments. This understanding drives our commitment to

developing effective solutions that address the concerns of our clients.

In our exploration of indoor air quality within commercial buildings, we have identified several key issues that warrant attention. First, there is a pressing 

need for greater transparency regarding particulate matter pollution and its implications for human health and productivity. Additionally, the global 

pandemic has heightened awareness of infection transmission risks, prompting a reevaluation of health and safety protocols in

office settings. Finally, newly renovated spaces often present challenges related to odors and chemical emissions resulting from construction activities.

In the pursuit of a healthier and more sustainable environment, CBRE recognized the potential of their recent offices relocation as an opportunity to 

explore the challenges of air quality management. In May 2023, CBRE’s China headquarters moved from the Park Place office building to the newly 

renovated JC Plaza office building, along Nanjing West Road. Central to this move was a focus on air quality and wellness, which emerged as a primary 

concern in the workplace strategy and operation of the new workspace.

To address these pressing issues, CBRE Shanghai collaborated with AtmosAir to enhance air quality and GAMS monitoring to implement advanced air 

quality monitoring systems for this relocation project.

This white paper aims to present the strategies for enhancing air quality and creating a green space and cleaner environment. Drawing insights from 

this project and how other facilities can achieve similar results.

+
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Executive Summary

With the importance of sustainability continuing to gain prominence in the real estate industry, around half of landlords and investors require design 

&amp; build change with green and wellness strategies. Global fund managers have more dedicated resources for ESG, with over 80% responsible for 

fostering corporate change to promote and align with their company’s sustainability goals and accountabilities.

Wellness programs are becoming increasingly popular in the workplace, as companies recognize the importance of employee well-being and its impact 

on productivity and success, more than half of global companies plan to invest in green space and wellness

to promote productivity.

Taking CBRE China offices green space as a practical example the aim is to

•	 Clearly communicate the green space management purpose, goals, and objectives of your wellness program to executives 

and decision-makers

•	 Highlight the potential positive impact on employee health, well-being, and productivity

•	 Showcase the various activities and initiatives included in the program, such as fitness challenges, mindfulness workshops, 

and nutritional guidance

•	 Demonstrate the potential return on investment by outlining the cost savings related to reduced healthcare expenses and 

increased employee engagement

•	 Persuasively present the wellness program as a strategic initiative that aligns with the company&#39;s values and goals

•	 Easily customize the template to fit your unique program and company branding

This project to ensure both the cleaning and measurement of the indoor air quality closely aligns with the above targets.  A clean air program with 

monitoring and displays such as this can easily be communicated to both employees, management and investors.
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Approach & Protocol

Monitoring

In partnership with AtmosAir and GAMS, CBRE China Headquarters has undertaken a comprehensive initiative to explore innovative solutions and 

establish a robust data protocol for analyzing the impacts of various decision-making processes. This collaboration focused on the measurement and 

implementation of air quality enhancements and a targeted filtration strategy. An air quality monitoring protocol was developed to effectively showcase 

the accomplishments of the air quality strategy, ensuring transparency and accountability in the evaluation of outcomes.  This strategy aimed to place 

monitors in a way that would reflect the air most people were breathing most of the time as well as reflect the air quality in different types of spaces.  

For example, the locations monitors were placed on the 17th floor were: the Library, 2 open workplaces, the pantry and a meeting room.  The monitors 

used were the Kaiterra Mini, a certified monitor that measures particulate matter (PM), total volatile organic compounds (TVOC,) carbon dioxide (CO2), 

temperature and humidity.

Example of monitor layout on 17th floor:
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Approach & Protocol

Monitor:
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Air Treatment

CBRE China Headquarters aimed to meet two primary air quality goals: achieving the WELL Standard for indoor air quality and ensuring minimal 

renovation odors while reassuring staff of the clean air. In China, there is heightened concern about harmful gases in newly renovated spaces, often 

stemming from materials like furniture, glues, and carpets, which can emit formaldehyde, benzene, and other toxic substances. Despite using safe 

materials, CBRE acknowledged that employees might still worry about air quality in a new office.

To evaluate indoor air quality (IAQ), CBRE first assessed the filtration level of the building’s HVAC system, as the primary source of external air 

contamination would be the HVAC’s intake. The building’s HVAC system, featuring two large Air Handling Units (AHUs) per floor with a combined airflow 

of over 60,000 cubic meters per hour (CMH), was leveraged to ensure clean air distribution. This approach provided several advantages over standalone 

air purifiers, including more efficient air distribution, centralized control, and reduced maintenance. For a similar amount of airflow with standalone air 

purifiers, the space would have required over 100 units running at maximum airflow.

An inspection confirmed that the HVAC system, equipped with G4 pre-filters and F7 primary filters, could significantly reduce particulate matter (PM) by 

over 75% compared to outdoor levels. While the building filters were sufficient for moderate filtration, the CBRE China Headquarters project still needed 

to enhance their air treatment to address VOCs from renovation as well as optimize their air for infection risk reduction.

CBRE installed three AtmosAir dielectric barrier discharge bipolar ionization (DBD BPI) units per AHU. Similarly to the filtration strategy, these units take 

advantage of the substantial airflow of the base HVAC system to evenly treat a significant volume of the air. These units ionize passing oxygen and 

disperse this active agent through the HVAC system, ensuring comprehensive air and surface treatment. This continuous treatment breaks down VOCs 

at their source and prevents microbial growth. DBD ionization, a natural phenomenon found at higher elevations, is replicated by AtmosAir, bringing 

the benefits of high-altitude ion levels to city buildings. The ionization systems, by making particles both larger and giving them a charge, enhance the 

filtration efficiency when those particles flow into the HVAC system. DBD ionization has been shown to reduce infection risk by eliminating pathogens 

actively in the space.



Approach & Protocol

System Design: DBD Ionization units in red.  G4+F7 filter bank in blue:
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Examining the data

PM2.5

PM2.5 refers to particulate matter with a diameter of 2.5 micrometers or smaller, originating from sources like vehicle emissions, industrial processes, 

and natural events. Due to their small size, these particles can penetrate deep into the lungs and enter the bloodstream.

Exposure to PM2.5 is linked to various health issues, including respiratory problems, cardiovascular diseases, lung cancer, and premature death. It 

can also worsen existing health conditions and affect children’s development. Reducing PM2.5 levels is essential for safeguarding public health and 

improving air quality.

Most sources of particulate matter (PM) are found outdoors, so the main way to remove PM in buildings is through the HVAC system. Filtration occurs 

when air is brought in from outside and when air is recycled inside. Therefore, when looking at PM data, it’s important to consider the hours when 

the building is open and the HVAC system is running, and to compare the PM levels inside to those outside. Although the monitors track both PM10 

and PM2.5, this paper will focus on PM2.5. The key measurements are the PM2.5 levels during operating hours to assess people’s exposure and the 

reduction factor to show how effectively the system is working.

Chart 1. PM2.5 for 17F from 31/07/2023 to 06/08/2023

Since CBRE China Headquarters began occupancy, an evaluation of PM2.5 levels during working hours has shown that the average concentration 

in the office space consistently remains well below the World Health Organization (WHO) standard of 15 micrograms per cubic meter exposure 

over 24 hours. This indicates a strong performance in maintaining indoor air quality.  The first chart above indicates the pm2.5 levels along with 

operational hours in white and evening and weekend non-operating hours in gray.  During non-operating hours, the indoor levels converge towards 

outdoor levels.  However once the HVAC system is turned on, these indoor levels drop substantially.  The second chart above shows the reduction 

factor compared to outdoor levels.  Since outdoor PM is typically the primary source of indoor PM, understanding the reduction factor is a useful 

tool for evaluating the performance of an air purification strategy.  As can be seen, this reduction factor generally exceeds 80-90%. 

White paper created and released by CBRE® in partnership with AtmosAir®



Examining the data

Carbon Dioxide (CO2)

CO2 is a prevalent atmospheric component that serves as a significant indicator of occupant density, activity levels, and ventilation intake. In typical 

office environments, CO2 is often misunderstood as a harmful direct contaminant. However, the levels of CO2 usually found in these spaces are 

not directly harmful to health. Instead, CO2 serves as an indicator of bioeffluents released by people. These bioeffluents can influence occupant 

comfort and productivity. This perspective is supported by the latest position paper from ASHRAE (American Society of Heating, Refrigerating, and 

Air Conditioning Engineers), which states: “Indoor CO2 concentrations do not provide an overall indication of Indoor Air Quality (IAQ), but they can be a 

useful tool in IAQ assessments if users understand the limitations in these applications.”  ASHRAE CO2 Position

When building operators mistakenly view CO2 as a harmful pollutant, they often bring in too much outside air. This outside air usually needs to be 

treated, heated or cooled, and filtered, which increases energy consumption. Additionally, outdoor air can be polluted, so bringing in too much of it can 

raise levels of indoor particles, ozone, and other contaminants.

In this context, CO2 data can be very useful in understanding occupancy patterns as well as how buildings can be optimized for both air quality and 

energy use.

Chart 2. CO2 for 17F open space from 21/08/2023 to 27/08/2023

The CO2 measurements shown in this chart follow a common pattern found in most offices. In the morning, CO2 levels rise sharply as people 

arrive. At lunchtime, there is a slight drop or stabilization in CO2 levels because many occupants leave the work area. After lunch, CO2 levels 

continue to rise until the end of the workday. When people go home, the CO2 levels start to decrease.

The data also suggests that more employees may be working from home or are out of the office on Friday. This is indicated by the lower peak 

CO2 levels on that day compared to the previous four days.  Over the weekend it appears nobody came to the office on Saturday but Sunday did 

have some occupants.

The average CO2 levels, even at their highest point, are well below 700 ppm. In places like Singapore, the acceptable limit is set at background 

CO2 plus 700 ppm, which is about 1,120 ppm. This CO2 data shows that the building can reduce the amount of outside air it brings in. Doing so 

would help CO2 levels align more closely with accepted standards.

By reducing outside air, the building would need less chilled water for cooling and dehumidification, and the HVAC filters would not get dirty as 

quickly, leading to fewer changes. Overall, this change would lower operating costs, save energy and reduce carbon emissions.
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Examining the data

Chart 3. CO2 for 17F meeting room from 20/11/2023 to 26/11/2023

The pattern of CO2 levels in the meeting room is more irregular and varies from day to day. While the spikes in CO2 do not exceed 1,000 ppm, 

they are higher than the levels found in the open office. This variation is due to a higher density of people during a meeting than in the open space.

When a meeting starts, CO2 levels rise quickly because there are many people in the room. After the meeting ends, CO2 levels drop quickly, which 

suggests that the meeting rooms have good ventilation and return to ambient office levels after meetings.

Total Volatile Organic Compounds (TVOC)

TVOC is a number representing a host of chemical compounds creating irritation or serious health issues, usually introduced by building materials 

during renovation/construction. They are very long-lived pollutants when introduced into a space.

One challenge in monitoring TVOC is that the sensors detect a wide range of chemicals. To reduce false positives, we can look at only the 99th 

percentile of the data. If a peak occurs for a very short time, we can assume that the sensor was not triggered by the longer term, more harmful VOCs.

Chart 4. TVOC for 17F library from 16/10/2023 to 22/10/2023

This chart shows the TVOC data for the library and the average for the entire floor. During working hours, there are often brief spikes in TVOC 

levels. This is expected because items like disinfectants, hand sanitizers, whiteboard markers, food, and hair care products can cause these 

temporary increases. The HVAC and DBD BPI systems quickly bring the levels back down.

On weekends and in the evenings, TVOC readings are very low, suggesting that the renovation materials are not generating much TVOC. If the 

renovation materials were the main source of TVOC, we would expect to see higher levels when the HVAC system is not running.
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Insights & Conclusions 

China Indoor Air Quality White Paper 2019 indicated that more than 74% of indoor air is not qualified to standards within 1-year after fit out.  Offices 

perform the worst, then schools and finally residential spaces. Ensuring good indoor air quality with good practices in managing PM2.5 & CO2 and 

measuring TVOC and formaldehyde is increasingly important for building owners and occupants.  While COVID contributed significantly to heightened 

awareness, other factors contributing to IAQ awareness include sporadic and temporary events such as wildfires and seasonal crop residue burning.  

The expanding prevalence and reduced costs of monitoring technologies has also made it much easier to be aware of the air quality indoors.  

A recent survey by Honeywell2 of 2,500 office workers in 5 different countries that:

•	 A strong majority of respondents (93%) say they have higher expectations for IAQ in their workplace than they did three years ago.  

This includes concerns around TVOC and formaldehyde which are key indicators that they must know before they are willing to 

move into a new office.

•	 Forty-three percent of respondents feel extremely or very worried about their workplace’s IAQ and a near-unanimous 97% believe 

good IAQ contributes positively to their productivity.

•	 One in five surveyed employees (21%) say they would look for another job if their employer didn’t adopt measures to maintain a 

healthy indoor environment. Communication, transparency and verification of IAQ are critical for employee satisfaction.

Healthy, and happy employees that stay in their job have real economic benefits.  The Financial Case for High Performance Buildings 

by Stok3 conservatively estimates a 2.83% increase in annual profit even if buildings increase retention by a mere 5% via providing an 

attractive and healthy environment.

Investors that provide clean indoor air and clearly communicate this feature to the market will benefit in the form of higher rents, 

occupancy and asset values.  Occupiers that seek out demonstrably clean air buildings or insist on generating clean air for themselves 

will retain talent and improve productivity.  

2 https://www.honeywell.com/us/en/press/2023/02/honeywell-survey-reveals-increased-expectations-for-healthier-workplaces
3 https://resources.stok.com/financial-case-for-high-performance-buildings
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Appendix 1: Clean Air One Pager

Actionable Measures for Clean Indoor Air

Clean indoor air can be achieved easily and affordably but the steps taken depend on the base HVAC system and the stage of construction.  The actions 

you take may depend on the stage of construction you are in or if you are in a completed and operating facility. 

The following are suggested actions depending on your building’s stage of development.  Most air quality measures such as filters and ionization can 

easily be implemented even after construction completion.

Communicate Your Air Quality Goals: Clearly define your air quality targets with your HVAC system manufacturer and general contractor to avoid 

designs that prioritize cost over quality.

Filter Selection: Install medium efficiency filters in the HVAC return duct, appropriate for the outdoor contaminant levels. Avoid black nylon or metallic 

filters in fan coils and AHUs, as they do not effectively remove harmful particles.

Air Quality Monitoring: Place real-time air quality monitors on ceilings or walls to accurately reflect the air breathed by most occupants.

Ionization Technology: Use dielectric barrier discharge bipolar ionization in the supply duct for effective removal of bacteria, viruses, odors, gasses, and 

particles. Verify performance through ion level measurements in the area.  Ask manufacturer for real world case studies and testing with data.  Most 

ionization devices are only tested in labs and are not effective in real world conditions.

Data Tracking and Review: Maintain regular data tracking through weekly reports and alerts for excess contaminants. Schedule quarterly reviews with 

your air solutions vendor to discuss improvements and interpretations of your data.

Maintenance: Regularly maintain your air quality systems based on supplier recommendations and real-time data to ensure optimal performance.
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Appendix 2: Microbial Reduction Strategies Analysis

Indoor microorganism control is an important part of any air quality strategy.  Microorganisms include bacteria, viruses and molds.  Concerns around 

the impact of HVAC on the spread of illness causing microorganisms became especially profound during the COVID-19 pandemic.  The following is a 

brief analysis on the different ways that microorganisms are controlled by the HVAC system.

Dilution and Exhaust:

Increase external air intake to dilute indoor contaminants and ultimately push them outside.  This approach can increase a facility’s energy demand due 

to the need for additional heating or cooling. This method may not uniformly remove contaminants due to variable indoor airflow patterns and could 

raise indoor humidity, enhancing conditions for mold growth.

Capture and Induct Elimination:

•	 Filters: Commonly used strategies involve utilizing very high efficiency filters in the HVAC system.  This can be costly and infeasible due to the high 

pressure drop (resistance) of the filters.  Most HVAC systems are not designed to accommodate the significant pressure drop of high efficiency 

filtration.  Moreover, while these filters may be designed to trap very small microorganisms, they can only capture from the air that flows into the 

duct.  This can render them minimally effective as infectious agents would often need to travel dozens of meters before entering in the duct and 

passing the filter.  In this time and in the process of going to the duct, they will likely pass other occupants in the space.

•	 Ultraviolet (UV) lights: relatively long periods of exposure to UV radiation are effective at eliminating microorganisms.  However, the exposure 

time within a duct at the AHU as is typical in the case of most UV installations is very limited due to air speed.  Additionally, UV is subject to 

the same limitations as filters.  It is only able to treat air that has been pulled into the HVAC system.  There is a high probability that infectious 

microorganisms emitted from an individual in space will pass other individuals before those microorganisms are pulled into the HVAC return duct.

Active Elimination: 

•	 Dielectric Barrier Discharge Bipolar Ionization (DBD BPI) & In-Room Microbial Reduction with DBD BPI:

•	 Mechanism: Dispersion of active oxygen through HVAC systems or portable devices, targeting air and surface microbes throughout occupied 

and unoccupied spaces.  This active strategy means that oxygen ions effectively intercept microorganisms between occupants, so they do not 

spread from person to person.  The saturation of the air with oxygen ions also serves as a continuous treatment preventing microbial regrowth and 

mimicking high-elevation ionization levels.  

•	 Safety Considerations: It is crucial to choose technologies that ensure human safety in the treated area. Historical use of ozone, now limited 

by regulating bodies such as UL with standard 2998 limiting ozone to 5ppb due to toxicity concerns, and UV light treatments, which require 

absence of occupants, illustrate the need for careful selection.
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