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The ASHRAE Research Strategic Plan centers on the concept of sustainability. The world has finite
resources, so it is essential to effectively utilize those resources to accomplish the mission of ASHRAE,
which is to advance the arts and sciences of heating, ventilation, air conditioning and refrigeration
(HVAC&R) and related human factors to serve the evolving needs of the public. Sustainability is the
concept of maximizing the effectiveness of resource use while minimizing the impact of that use on the
environment. In terms of the thrust of ASHRAE activities, measures that reduce energy use should addi-
tionally minimize the negative impacts of carbon and other emissions, ozone depletion, noise, and
other detrimental effects. ASHRAE’s Research Plan resulted from this consideration and is based on five
broad, far reaching research opportunity themes:

• Energy and Resources
• Indoor Environmental Quality
• Tools and Applications
• Equipment, Components and Materials
• Education and Outreach

Who is ASHRAE?
ASHRAE, founded in 1894, is an international organization of 55,000 persons. It is the world’s foremost
technical society in the fields of HVAC&R. Through its meetings, research, standards writing, publishing
and continuing education, the Society helps keep indoor environments comfortable and productive,
deliver healthy food to consumers and preserve the outdoor environment.

ASHRAE’s Research Vision
ASHRAE will conduct timely research to remain the foremost, authoritative and responsive interna-
tional source of technical and educational information, standards and guides on the interaction between
people and the indoor and outdoor environment through the operation of HVAC&R systems in buildings
and other applications.

Development of the Plan
The plan was developed collaboratively over a three-year period by ASHRAE’s Research Advisory
Panel, which was chaired by John Mitchell. Input was provided by ASHRAE chapter members, techni-
cal committee (TC) members, research fund contributors and representatives from HVAC&R-related
organizations throughout the process via workshops, forums, e-mails and letters. The plan provides
outcome-based goals so that rather than specifying the exact type of research to be conducted, projects
are solicited to meet broad performance goals. Implementation of the plan will be through ASHRAE’s
TCs as they develop specific research topics that support the plan’s goals. The Research Administration
Committee in turn will evaluate and prioritize these topics against the plan so the topics that best
address these goals are funded first. The plan will be updated every five years following the same broad
input collection process so that it remains pertinent in a rapidly changing HVAC&R research environment.

Navigating the Plan
Specific goals for each of these research opportunity themes were developed. These goals are outcome-
based, which means that rather than specifying the type of research that should be conducted, the outcomes
in terms of performance are specified. This approach will provide flexibility and encourage innovation
in research. Many of the goals are measurable, meaning that progress toward reaching the goals can be
determined to assess the success of the research. Each of the research opportunity themes has under it
a number of topical areas and example projects that could be undertaken to meet the goals. These lists
are neither exclusive nor all-inclusive. The topics listed are intended to provide examples of research
that might be undertaken to meet the goals.

Overview and Vision



• Provide guidance on techniques to achieve 30, 50 and 70%
reduction of building energy usage based upon the energy
codes in place at the turn of the millennium. The goals are to
move 30% toward net zero-energy use buildings by 2008,
50% by 2012 and 70% by 2015. (Net zero-energy use build-
ings consume equal or less energy than they produce on an
annual basis.)

• Produce by 2015 new residential and light commercial build-
ings that have 70% less energy use than buildings built at the
turn of the millennium according to ASHRAE Standard 90.2,
Energy-Efficient Design of Low-Rise Residential Buildings.

• Develop economically viable applications of renewable
energy that produce 25% reductions in conventional energy
use by 2015.

• Develop systems and components that reduce energy use in
supermarkets by 30% by 2015.

Energy and Resources

Energy and Resource Efficiency
• Develop guides for energy efficiency by building and system type
• Generate baseline data and ratings that quantify the perfor-

mance of existing buildings and systems
• Develop methods for resource conservation and recycling of

building components
• Determine the environmental impact of buildings and

their materials
• Determine the cost of energy resources: buildings, systems,

transportation, power generation and distribution

Integrated Design for High Performance Buildings and Systems
• Develop energy, health and comfort rating systems (analysis

tools and simulation, lifecycle analysis, sensors, understanding
of health issues, quantification of comfort in micro-climates)

• Advance integrated design principles and processes
• Optimize application of ASHRAE Standards 90.1, 62.1 and 55
• Integrate normal and extraordinary building controls with

smoke/fire alarm systems
• Design controls for serviceability (fault detection and diag-

nosis, self correction, auto-call for maintenance)
• Develop performance metrics and rating systems for buildings,

systems and components
• Develop optimized system design and simulation tools for

conventional and innovative systems
• Develop methods for whole building design that include,

for example automatic fault detection and diagnostics, self-
continuous commissioning, extraordinary incident response,
integration of lighting and recycled materials

• Optimize and make consistent ASHRAE Standards 90.1,
Energy Standard for Buildings Except Low-Rise Residential
Buildings, 62.1, Ventilation for Acceptable Indoor Air Quality,
and 55, Thermal Environmental Conditions for Human Occu-
pancy, to achieve measured and verified high system energy
efficiency with high indoor environmental quality (IEQ) for
indoor built environments.

• Develop integrated, best practice design methods that will
allow energy consumption, life cycle cost and environmental
impact to be minimized, and that will allow system life span
and IEQ to be maximized.

• Develop evaluation methods that allow reductions in energy,
cost and emission as well as improvements in comfort, health
and productivity to be quantitatively measured.

• Establish benchmark data on energy use in industrial refrigeration.

Goals

Possible Research Projects

Building and System Operation
• Continue development of standards and measurement

techniques for performance
• Develop optimized, reliable, and practical control and

diagnostic techniques
• Develop peak load management: operations, design and

controls methods
• Optimize commissioning and operation

Environmental Impact
• Generate sustainable design concepts to support innovative

design guides
• Transform the ASHRAE GreenGuide into multiple guides for

specific applications
• Evaluate use of low environmental impact materials and

construction techniques
• Advance the application of natural refrigerants
• Assess the environmental impact and sustainability of

engineering activities within and linked to ASHRAE

Renewable Energy Applications for Buildings
• Develop integrated solar/renewable heating and

cooling technologies
• Provide performance data, risk information and design guides

for renewable energy techniques
• Overcome barriers to the widespread implementation of

ground source heat pumps
• Address distributed energy system and utility interconnection

regulation issues
• Develop daylighting system design guides
• Develop designs for net zero energy buildings



• Make improvements in occupant health and comfort that can
yield a 20% increase in productivity by 2015.

• Provide an optimal indoor environment for buildings,
vehicles and facilities with respect to comfort, productivity,
health and safety.

• Provide better understanding of how contagious viruses, such
as SARS, influenza, tuberculosis, hemorrhagic fevers and

Indoor Environmental Quality

Possible Research Projects

Goals

Comfort, Health, Productivity
• Quantify IEQ for buildings by developing baseline data,

determining acceptable levels and improving measurements
for comfort, health and productivity

• Characterize non-human environments
• Determine the effects of extraordinary incidents on buildings,

facilities and mass transit vehicles
• Develop methods to control airborne viruses through trans-

mission, exposure minimization and remediation
• Determine the cost of providing a comfortable, healthy and

productive environment
• Develop quantitative relationships among variables impacting

comfort, health and productivity
• Develop a “knowledge base” of measurable effects on IEQ

from the comfort, health and productivity variables (showing
different building types)

• Establish criteria for determining integrated effects of light,
IEQ, noise, thermal occupant comfort-odors and well-being
on productivity

• Establish criteria for determining integrated occupant clinical
health and disease on health

• Identify acceptable comfort and health baselines for new
and existing residential, commercial, institutional and
industrial buildings

other respiratory diseases, are transmitted in an indoor envi-
ronment and develop remediation techniques and equipment
to minimize exposure.

• Develop self-diagnostic inspection methods for HVAC&R
systems that minimize negative impacts on comfort, health
and productivity.

Moisture and Mold
• Develop improved methods for moisture management

in buildings
• Develop more energy efficient and environmentally accept-

able methods for dehumidification
• Develop measurement tools to detect moisture and mold

accumulation or levels of concentration in building envelopes

Ventilation System Design
• Develop design methods for mixed (natural and mechanical)

mode ventilation
• Develop design tools, especially for natural ventilation
• Improve filtration and air treatment technologies for particu-

lates and smoke
• Develop methods to evaluate building envelope infiltration,

internal building air leakage and pressure distribution

Innovative and Alternative Ventilation Strategies
• Improve displacement ventilation
• Improve underfloor air distribution
• Improve disinfection and filtration methods
• Evaluate demand controlled ventilation strategies



• Develop more effective tools that will improve the productivity
of the design process by 25% by 2015.

• Develop dual path standards where paths are prescriptive
based and performance based.

• Develop methods allowing designers to accurately and confi-
dently model a building in virtual reality in no more than
one week by 2010.

• Develop a measurement-based rating system to establish the
environmental performance of a building and its system.

Tools and Applications

Goals

Possible Research Projects

Design Tools
• Develop design tools for improving the energy efficiency of

HVAC&R systems
• Develop design tools for improving IEQ in buildings
• Develop simplified tools to evaluate HVAC&R system options
• Improve and simplify design and simulation tools for

HVAC&R systems
• Integrate the design, construction, operation and

maintenance processes
• Improve interdisciplinary coordination and communication

during design
• Develop visualization tools for HVAC&R industry that enable

architects and engineers to work together more effectively
• Develop designs for extraordinary incidents
• Develop prescriptive/performance based design standards
• Develop a multifaceted tool to evaluate all of a building’s

energy and environmental impact parameters
• Develop design tools to address emerging industry trends and

new building techniques

Performance Evaluation Tools
• Develop energy use and performance metrics evaluation tools

for HVAC&R systems
• Assess the performance benefits of system and

component improvements
• Develop multi-disciplinary performance tools
• Develop methods to evaluate the environmental footprint

of a building
• Develop microprocessor-based tools/devices to measure sys-

tem and equipment energy use
• Determine diversity factors for internally loaded buildings
• Develop self contained wireless sensors for

performance evaluation
• Develop onsite tools to compare performance to design

• Develop self-calibrating and inexpensive sensor systems
that allow measurement of control variables, comfort, health
and productivity.

• Establish design tools to improve the installed energy effi-
ciency of HVAC&R systems and their components.

• Provide design guidance for buildings and systems to address
the past and expected change in climatic conditions.

Performance Metrics
• Develop building and system performance rating systems
• Develop tools for real time measurement of system

operating parameters
• Develop improved building and process load monitoring
• Develop repeatable building performance procedure for en-

ergy use, carbon rating and IEQ
• Develop building and system certification that recognizes

exceptional operation
• Develop methods to measure performance and verify

design ratings
• Generate a data base to verify building performance (energy

and IEQ) with reduced ventilation
• Develop means for automated collection and transfer of

building, system and component data

Operation and Maintenance
• Develop operating plans for buildings under

extraordinary incidents
• Develop tools for reliability-centered maintenance
• Develop sensors for environmental control including clean-

ing/maintenance, fault detection and diagnostics and physi-
ological parameters (health and comfort)

• Determine standard methods of predictive and preventive
maintenance procedures

New Applications for HVAC&R
• Identify appropriate nanotechnology manufacturing pro-

cesses and end-use applications
• Identify appropriate nanotechnology mechanisms for opera-

tion and control
• Explore cryosurgery applications
• Assess electronic equipment cooling and super conductivity
• Evaluate methods for natural gas and hydrogen liquefaction



• Establish techniques to improve the energy efficiency and
reliability of heating, ventilating, cooling and refrigeration
system components.

• Continue research into new alternative and natural refrigerants.
• Improve performance and reliability and minimize the envi-

ronmental impacts of working fluids and materials.
• Advance ASHRAE’s role in the safety and security of

food distribution.

Equipment, Components and Materials

Goals

Possible Research Projects

Sensors and Controls
• Develop new and wireless sensing and control technologies

for comfort, lighting and building load
• Identify and develop nanotechnology applications

for HVAC&R
• Develop specifications for properly selecting sensors and

systems based on performance, reliability and dependability

Equipment
• Improve performance (including humidity control and mold

prevention) and energy efficiency in refrigeration equipment
• Improve safety, security and integrity of refrigeration systems

with emphasis on those for food and water supplies
• Develop performance rating systems for HVAC&R equipment
• Develop guides that define best practices and best designs for

HVAC&R applications
• Develop techniques to address safety and environmental

impact of fuels and combustion equipment
• Develop techniques to improve installed heating

system efficiencies
• Develop techniques to improve installed ventilation

system efficiencies

• Develop reliable, durable and self-correcting sensor technol-
ogy for monitoring indoor environmental quality, pollutants,
energy conservation, and fault detection and diagnosis.

• Move one or more of the non-traditional technologies that
has comparable performance and cost to traditional vapor
compression systems to market readiness by 2010.

• Develop techniques that reduce the installed energy use of
HVAC&R system auxiliary equipment by 50% by 2015.

Materials
• Develop information for CO2 and other alternative and

natural refrigerants comparable to that for current,
conventional refrigerants

• Develop long-term reliability, safety and performance
property data for alternative and natural refrigerants and
secondary coolants

• Advance fundamental heat transfer research
• Develop information on the interactions between

refrigeration materials

Alternative Technologies
• Develop performance models of alternative cooling

systems and the appropriate property data needed
• Characterize performance and cost of alternative cooling

system as a function of climate
• Develop performance models of alternative heating and

ventilation systems
• Develop the materials needed for these systems (working

materials, components, optimization, design techniques)



• Make the results of ASHRAE sponsored and cooperative
research available to the technical community.

Education and Outreach

Goals

Possible Research Projects

Dissemination of ASHRAE research results
• Generate symposia that convey new results in a given

research theme
• Develop Web-based “state-of-the-art” research theme summaries
• Develop Web-based compilations of new results in a given

research theme
• Develop Web-based or hard copy materials to educate building

owners about new and current ideas in energy use
and conservation

• Develop peak load and load shifting techniques and guides
• Develop technician training modules
• Develop online interactive educational materials on ASHRAE

research results, especially for use by ASHRAE chapters

ASHRAE Outreach Activities
• Modify ASHRAE standards to appropriately meet needs of

members in developing nations

• Monitor and evaluate research by other organizations
• Disseminate appropriate research results to other organizations
• Develop materials to support a “technical peace corps” for

developing nations
• Develop materials to support new and proposed codes

and standards
• Develop on-line interactive educational materials on

ASHRAE research results aimed at other organizations

ASHRAE International Dimensions
• Monitor and evaluate research by other

international organizations
• Disseminate appropriate research results to other interna-

tional organizations
• Develop cooperative outreach and dissemination activities

with international organizations

• Ensure that ASHRAE research has an international impact.



To download the plan or for more information about ASHRAE’s research program click www.ashrae.org/research
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