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Abstract 

Building codes are basics of the legal framework for building construction, building energy efficiency and building 

operation. Through stipulated standards of performance, safety and environmental impact, these regulations 

determine the shape of HVAC (Heating, Ventilation, and Air Conditioning) systems. With their impact on climate 

change and race to achieve energy efficiency, codes are increasingly occupying more and more space in HVAC 

system design and cost estimating. In this paper, we engage with how these key building codes (International Building 

Code (IBC), International Energy Conservation Code (IECC) and ASHRAE standards) influence HVAC system 

development. The challenge for contractors and engineers trying to comply with and satisfy these codes, as part of 

the paper, is in balancing energy efficiency with safety and costs. Additionally, the paper offers insight on the long 

term cost savings associated with compliance in operational savings and system longevity and benefit for enabling 

technological advancement of HVAC as regulations drive it. Besides that, the paper also discusses future 

development, including introducing smart HVAC systems, renewable energy technologies, and resilience strategies 

for responding to climate change, to confirm that the building code adopts efficient, sustainable, and resilient HVAC 

systems. 
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Introduction 

Over the past decades, the awareness on environmental sustainability, energy efficiency and occupant health and 

safety have led to tremendous shifts within the construction and building management industry. The evolution of 

these codes shapes the central part of a regulatory framework (building codes) that is meant to govern the design, 

installation and use of many of the systems including HVAC. In both cases, these codes are critical to the overall 

shape of the building and how well it performs in meeting modern safety, health and environmental standards. 

IAQ, thermal comfort and energy performance are the domain of HVAC systems which are subject to strict codes 

and regulations. With buildings getting more complex, and with the expectation for energy efficiency and 

sustainability continues to expand, the complexity and the cost implications of HVAC systems increase hand in hand. 

Contractors and engineers face a challenge to design systems to meet building code requirements as they evolve 

while reducing costs, ensuring safety and delivering energy efficiency. The focus of this paper is on the multi facet 

impact of building codes on HVAC system design, cost estimation, and long term benefits, with regard to IBC, IECC, 
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ASHRAE standards and local building codes. The paper will also discuss future trends in HVAC system design 

including smart technologies integration with renewable sources of energy as well as higher emphasis on resilience 

to mitigate the effects of climate change.

 

Building Codes and Their Influence on HVAC Systems 

Building codes legal documents are the guidelines of building, renovation and operation of buildings. The codes 

scope encompasses structural integrity to energy effeciency and IAQ. The International Building Code (IBC), the 

International Energy Conservation Code (IECC), ASHRAE standards and related local region specific codes all have 

a significant impact on HVAC systems.  

 

Figure 1: Major elements and compliance options for building energy codes, including HVAC, lighting, and building 

envelope. Compliance can be achieved through prescriptive requirements, system performance, or energy budgeting. 

International Building Code (IBC) 

One set of model codes, the International Building Code (IBC) is developed by the International Code Council (ICC) 

to regulate the safety of occupants of a building and their general welfare. Articles include structural stability, fire 

safety, access, and numerous specific articles on HVAC systems. To prevent fire to spread through ventilations 

systems, the IBC requires fire and smoke dampers to be installed in HVAC ducts. Building HVAC systems with fire 

protection systems must have a strict performance and design and installation of such systems are time consuming 

[1]. Additionally, the IBC mandates that HVAC also meet ventilation and air circulation standards to achieve 

adequate IAQ in a manner that buildings are safe and warm for inhabitants to live in. 

Additionally, the IBC controls the environmental performance of buildings and is intended to ensure energy efficient 

systems which meet specified performance criteria. This has impacts as to which HVAC systems to choose and 
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design as the designers must be sure they are meeting these standards to receive building permit and avoid incurring 

the costly delays or fines. 

International Energy Conservation Code (IECC) 

The IECC also plays a big role in making the choices of the HVAC system design. The IECC is meant to reduce 

energy consumption in residences and buildings by setting minimum efficiency for HVAC systems. The IECC 

requires use of high efficiency equipment meeting some minimum efficiency rating, such as the Seasonal Energy 

Efficiency Ratio (SEER) for cooling systems or Annual Fuel Utilization Efficiency (AFUE) for heating systems [2]. 

The equipment with these regulations encourage the equipment to lower the wasting from energy and lower the 

operation cost of the system through its life. 

The IECC also includes the integration of passive design strategies, which reduce the overall energy loads inside 

buildings in addition to equipment efficiency. This considers all of building envelope insulation, window glazing, 

and natural ventilation that all affect HVAC system sizing and design. This is just an example of the how a building 

can save on its HVAC cost: if it is better insulated you would need a smaller HVAC system and for poorly insulated 

building, you would need a larger HVAC system to keep people comfortable. Compliance with the IECC is key to 

obtaining energy savings, reducing greenhouse gas emissions and reducing utility costs in today's energy conscious 

society.. 

ASHRAE Standards 

ASHRAE (American Society of Heating Refrigerating (and Air Conditioning) Engineers) standards have been widely 

accepted as the standard by which HVAC systems are developed and delivered. ASHRAE 62.1 and ASHRAE 90.1 

are two of the most current ASHRAE Standards. ASHRAE 90.1 requires minimum energy efficiency of HVAC 

systems in commercial buildings by minimization of energy consumed while maintaining thermal comfort [3]. This 

provides strong incentive to use high efficiency equipment, advanced control systems and energy recovery devices 

(heat exchangers for example), that salvages useful energy from between air streams to reduce the loading on the 

system (air conditioning or heating). 

In contrast, ASHRAE 62.1 is related to internal condition, providing minimum ventilation rates and airflow criteria, 

which are building type specific. This standard [4] provides for the provision of additional ventilation to dilute indoor 

pollutants and provide fresh air to meet occupant health and comfort. Mechanical ventilation systems and air filtration 

devices frequently offer a means to satisfy ASHRAE 62.1 requirements while increasing complexity and cost to 

HVAC installations.

 

Impact of Building Codes on HVAC Design and Cost Estimation 

HVAC systems are affected by building codes throughout both design and cost estimation. With these codes 

becoming more stringent, not only in terms of energy efficiency, but IAQ requirements as well, HVAC designers 

must incorporate advanced technologies and materials that meet or exceed the designed codes. The cost for 

equipment, installation and compliance tends to invariably be higher than average in the initial instances but can be 

worth it in the long term operationally as well as extending the system’s lifespan. 
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Energy Efficiency Requirements and System Design 

We need to reduce energy consumption and counter climate change, and that's exactly why energy efficiency is a 

central theme of modern building codes. HVAC systems in the US are required, according to the IECC, ASHRAE 

90.1, and local energy codes, to meet a certain level of energy performance which often requires the use of high 

efficiency equipment and systems [2][3]. As an example, such as a need in HVAC systems to feature variable speed 

drives (VSDs), energy recovery ventilators (ERVs), or more advanced control systems in order to reduce energy use 

and lower operating costs. These technologies use real time demand to allow HVAC systems to change their output, 

lowering utility bills and keeping energy waste at bay. 

Another pattern of the impact of energy efficiency requirements on the HVAC design is adoption of Variable 

Refrigerant Flow (VRF) systems. As VRF systems are extremely efficient with temperature controls, it’s able to 

precisely control the temperature in each zone, limiting energy usage in areas where there is no one, making it highly 

energy efficient. Particularly well suited for buildings with variable occupancy patterns (for example, offices and 

hotels) with changing heating and cooling needs during the day [6]. 

High efficiency systems are usually more expensive to install but have substantial long term savings in energy usage. 

In 2021, a study found that energy efficient HVAC buildings saved up to 25 percent more energy than buildings with 

standard HVAC systems and reduced operating costs significantly during the life span of the system [11]. 

Sustainability and Green Building Certifications 

More and more the building design is conceived in a sustainable way, and many building codes includes directives 

to use environmentally friendly materials and technologies in building design. HVAC systems have to do more with 

the overall sustainability profile of the building than simply adding to the energy efficiency standards dictating them. 

For example, buildings trying to meet the requirements for a LEED (Leadership in Energy and Environmental 

Design) certification have mandated rules for the energy efficiency, water conservation and IAQ that affect interior 

configurations and hence HVAC system design [7]. 

ACUV system typically includes renewable energy technologies such as solar thermal heating, geothermal heat 

pumps and photovoltaic (PV) panels which lower building dependency on fossil fuels and reduce greenhouse gas 

(GHG) emissions. There are many upside to these systems: They are extremely efficient, and if they use energy 

consumed, they can be extremely cost effective with the ability to exploit government and utility incentives to take 

advantage of renewable energy. However, despite their widespread use, the installation of renewable energy systems 

at first has an initial cost that is prohibitive [15], especially for smaller projects with scarce budgetary allocation. 

Another important aspect of sustainable HVAC design is their incorporation of passive design strategies. Natural 

ventilation, daylighting and thermal mass reduce the overall energy needed by the building; therefore, the required 

and more efficient HVAC systems can be designed and smaller. However, as sustainability goals are increasingly 

built upon these strategies in building codes, the need to integrate such strategies to advance sustainability has 

intensified for HVAC designers to work closely with architects and engineers in order to optimize system 

performance and minimize energy consumption. 

Indoor Air Quality (IAQ) and Ventilation Standards 

In modern building design, indoor air quality is a key factor as it has been significantly proven by recent health issues 

like the COVID 19 pandemic's spread of airborne pathogens by the importance of natural ventilation and air filtration. 
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Minimum ventilation rates and filtration requirements in building codes like ASHRAE 62.1 and local IAQ 

regulations are established to provide for indoor air that is safe and comfortable for occupants [4]. 

HVAC systems today can play a crucial role in some midrise office buildings that have health concerns, such as rapid 

expirations on carbon dioxide (CO2), volatile organic compound or particulate matter, and can meet IAQ standards 

only if equipped with mechanical ventilation systems that supply fresh air and this remove CO2, VOCs, and 

particulates. These systems are high efficiency particulate air (HEPA) filtered, equipped with UV-C disinfection units 

and to improve air quality they remove harmful particles and kill airborne pathogens. Nevertheless, the higher airflow 

and filtration needs require more energy due to the extra work the HVAC has to perform moving and filtering air. 

Complying with IAQ standards, however, can be expensive, especially if the ventilation system is large and for 

commercial building. A 2022 study shows that installing the advanced air filtration systems and mechanical 

ventilation units on HVAC installations can cost 10–15 percent more than average – depending on the scale of the 

project [12]. Nevertheless, these costs are usually negated by the health benefits related to improved IAQ, such as 

decreased absenteeism, improved productivity, and reduced cost for healthcare of building occupants. 

 

 
Figure 1: Key facts about indoor air quality, highlighting the significance of IAQ and the role of properly maintained 

HVAC systems in reducing airborne particles and improving public health. 

 
 

 

Long-Term Benefits of Building Code Compliance 

Compliance with building codes often leads to greater up front costs for HVAC systems, but the benefits are realized 

over the longer life of the equipment. Investing in energy efficient, sustainable and code compliant HVAC systems, 

building owners can achieve significant operational savings, occupant comfort and add value to properties. 
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Operational Cost Savings and System Longevity 

Lower utility bills are a consequence of living with energy efficient HVAC systems through the entire life of the 

system. Energy savings of 15–25% are achievable with buildings with high efficiency systems, that depend upon the 

building type and climate zone [10]. And for large commercial buildings with high energy demands like hospitals, 

office complexes and data centers, that is a big chunk of money. 

But, energy savings aside, code compliant HVAC systems frequently have longer lifespans because they tend to use 

advanced materials and technologies that reduce wear and tear on the system. For instance, variable speed drives 

(VSDs) could enable HVAC systems to run at lower speeds when demand is low, reducing mechanical stress on key 

parts, such as compressors and fans, and extending their service life. Therefore, this reduces maintenance costs and 

prevents costly system replacements without detracting from the return on investment (ROI) in energy efficient 

HVAC systems [6]. 

Health and Comfort Benefits 

IAQ and ventilation rate building codes, such as ASHRAE 62.1, are part of the process toward healthier, more 

comfortable environments. Better ventilation helps eliminate indoor pollutants which can cause hay fever, headaches 

and other health problems. Good IAQ is maintained by HVAC systems to provide a more pleasing and productive 

work environment for building occupants. 

Health problems caused by bad air can cause workers to be absent from their jobs, while an improved IAQ can mean 

employees are more productive and less absent as a result. This can be good for a company’s bottom line in that 

healthier employees typically work more productively and don’t use as many sick days. High IAQ is also strongly 

considered as a premium feature for residential and commercial buildings, which make buildings with code compliant 

HVAC more desirable to buyers and tenants [12]. 

Increased Property Value and Marketability 

The buildings which come up to the energy efficiency and sustainability codes are more valuable as compared to 

those, which do not. Finally the reduced operation costs make the energy efficient buildings more appealing for 

potential buyers and investors. Additionally, buildings that have good HVAC systems with high efficiency and 

building certification such as LEED are very likely to be eligible for tax incentive and rebates [9]. 

Given the increasing importance of sustainability in the real estate transaction process, buildings that satisfy or exceed 

the minimum levels of building code requirements for energy efficiency as well as IAQ are probably likely to 

command higher prices and attract a wider spectrum of potential buyers or tenants. However, this trend is especially 

noticeable in the commercial real estate market, where companies are looking more and more for energy efficient 

buildings that reflect their corporate sustainability objectives.

 

Future Trends in HVAC System Design 

Several emerging trends are contributing to the shaping of the HVAC system design of the future: the integration of 

smart technologies, renewable energy sources and resilience strategies in response to climate change. The pace of 

refining building codes is increasing, and designers and contractors of HVAC systems must develop knowledge and 

skills to meet modern building codes and to make all system components perform at their maximum performance. 
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Smart HVAC Systems and Automation 

Smart HVAC systems, integrating sensors, automation, and data analytics, are transforming energy management in 

buildings. These systems allow real-time monitoring and adjustments based on factors such as occupancy, weather 

conditions, and energy demand. The inclusion of AI-driven technologies enhances these systems further, enabling 

predictive maintenance and dynamic energy optimization, leading to energy savings of 20-40% (14). 

The formalization of recommendations for the smart HVAC systems is starting to begin to build out in building 

codes, but especially in large commercial buildings where these factors are critical. Automatic adjustable heating and 

cooling levels can dramatically cut back energy consumption with smart HVAC systems that adjust them according 

to actual conditions. In other words, for example, sensors can tell when there is no one in a room and therefore 

automatically turn down the airflow or temperature, saving energy. 

The integration of Internet of Things (IoT) technology into smart HVAC systems is rapidly modernizing energy 

management in buildings. IoT devices, such as temperature and humidity sensors, help building managers optimize 

HVAC performance by providing real-time data on environmental conditions. These systems not only improve 

energy efficiency and ensure comfort but also allow for remote monitoring and predictive maintenance, which can 

significantly reduce operational costs. As these technologies become more prevalent, building codes are likely to 

evolve, requiring more specific guidelines regarding the use of IoT devices and automation for energy optimization 

and compliance with sustainability standards (15). 

Renewable Energy Integration 

Another key trend for shaping HVAC systems’ future is the use of renewable energy sources in the systems. 

Incorporating solar thermal systems, geothermal heat pumps and photovoltaic (PV) panels into HVAC designs is 

becoming more commonplace to reduce dependence on non renewable energy and lower greenhouse gas emissions. 

In addition, building codes are increasingly requiring or rewarding the use of renewable energy systems in certain 

types of buildings, especially those seeking green building certification, such as LEED. For instance, IECC and 

ASHRAE 90.1 include provisions for integration of renewable energy technologies in HVAC systems that encourage 

the use of solar, wind and geothermal energy to meet its heating and cooling needs.Additionally, these systems 

significantly lower energy usage, through the use of renewable energy incentives, and shield exposure to varying 

energy prices. 

 

Resilience and Climate Change Adaptation 

In recent years, with more pronounced impacts of climate change building codes are now focusing on resilience and 

demand that HVAC systems withstand extreme weather such as hurricanes, heatwaves and floods. Among resilience 

measures are the use of backup power systems, flood resistant equipment and increased insulation for protection of 

HVAC equipment in the event of extreme weather events. 

Expected in the following years, resilience is going to become an area of greater focus and emphasis under the 

building codes, especially for regions prone to climate change. To comply with these codes, and to protect people 

inside buildings during extreme weather, HVAC designers will need to incorporate climate resilient technologies and 

materials into their systems.
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Conclusion 

HVAC systems are influenced by building codes in their design, performance, and cost. With ever evolving 

regulations that focus more on energy efficiency, sustainability and resilience, HVAC designers and contractors are 

left to navigate increasingly complex code requirements. Although compliance with building codes generally 

increases initial costs, the long term benefits — such as energy savings, better IAQ, and improved occupant comfort 

— justify these expenditures. In addition, buildings that meet or exceed code requirements add to their appraised 

value and marketability and offer another set of financial incentives for compliance. 

The future of HVAC design will be influenced by how the integration of smart HVAC systems, renewable energy 

technologies, and climate resilience measures will evolve looking ahead. The HVAC professionals can stay abreast 

of the building code developments and the new technologies to develop systems which not only meet the regulatory 

milestones but also perform better and are more sustainable.
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