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Objective: To substantially reduce energy consumption in commercial building systems by 
developing and demonstrating the feasibility of distributed artificial intelligence techniques for 
optimizing the control and performance of interacting building systems. 

 

Problem:   

What is the problem?  Over the last twenty years significant progress has been made in the 
integration of building control systems and building services through the development of 
standard communication protocols, such as BACnet and BACnet/IP.  Unfortunately, little or no 
progress has been made in actually making "Intelligent (Cybernetic) Buildings" intelligent or in 
optimizing the performance of building systems.  HVAC control systems are still basically 
proportional – integral (PI) or proportional-integral-derivative (PID) control at the lowest level, 
with one or two higher levels of heuristic supervisory control. Congress has established a 
national goal of achieving net-zero energy buildings (ZEB)1 and approximately 84% of the life 
cycle energy use of a building is associated with operating the building rather than the materials 
and energy used for construction.2

Why is it hard to solve? Research on real-time optimal control was carried out by Jim 
Braun, F. L. F. Pape, J. W. Mitchel, W. A. Beckman, and others in the late 1980’s and early 
1990’s with mixed results.  They showed that while optimization was possible at the research 
level, it was computationally intensive and extremely difficult to implement in real building 
systems because of the need to have information on the performance and status of all systems 
and equipment in one place and the difficulties in handling boundary conditions and the 
discontinuous systems found in buildings resulting from HVAC equipment that turns on and off, 
systems that change operating states, and systems with multiple modes of operation. 

 In order to achieve these energy reduction goals, new control 
approaches are needed to optimize the energy efficiency of integrated building systems.  

                                                 
1 Energy Independence and Security Act of 2007 
2 World Business Council EEB Report 
http://www.wbcsd.org/DocRoot/seqH6hKIxVrTRYxAhemY/EEBSummaryReportFINAL.pdf, p. 11 
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How is it solved today, and by whom? The problem is not solved today. In current building 
automation and control systems supervisory control strategies are developed from heuristics or 
past operator experience about what settings worked in the past in similar weather or other load 
conditions to maintain comfort levels without complaints. Although this approach can provide 
the basic needs of building occupants it is almost impossible to maintain high levels of energy 
efficiency as conditions change. Inefficient operations can also significantly increase 
maintenance costs. 

Why NIST? This research is consistent with the BFRL mission of anticipating and meeting 
the measurement science, standards, and technology needs of the U.S. building industry and the 
strategic priority of Measurement Science for Building Energy Technologies. The project builds 
on the core competencies of Information, Communication and Automation Technologies for 
Intelligent Integration of Building Design, Construction and Operation. BFRL also has close ties 
to building control manufactures that can speed introduction of new technology into the 
marketplace. 

Approach: 

What is the new technical idea?  The new technical idea is to adapt advances in artificial 
intelligence (AI) techniques and, in particular, intelligent agents to solve the control optimization 
problem.  Intelligent agents have been successfully implemented in a variety of applications, 
including search engines and robotic systems, and a considerable amount of information already 
exists in the AI community on different agent architectures (e.g., deliberating, reactive, and 
hybrid), agent design and implementation, and agent programming.   Intelligent agents know or 
can learn the performance and status of the systems and equipment they monitor and can 
communicate and collaborate with other agents to achieve a common goal, such as minimizing 
energy consumption and/or cost of operation, maximizing comfort, identifying and diagnosing 
problems, etc.  Intelligent agents make it possible to solve the problem of building system 
optimization in a “distributed manner” which greatly simplifies the computational methods 
required. An intelligent agent building simulation program (IBAS) will be developed and used to 
screen and evaluate prototype intelligent agents for their suitability to optimize the performance 
of building systems. Promising approaches will then be developed further and rigorously tested 
for performance with a wide range of equipment types and operational conditions. 

Why can we succeed now?  The existence of standard communication protocols for 
exchanging information, advances in the memory and processor capability of building 
automation products, the existence of related pioneering work for other applications, and 
industry demand for energy efficiency make success likely. BFRL also has close ties to building 
control manufactures that can speed introduction of new technology into the marketplace. 

What is the research plan? An exploratory testbed will be developed along with simple 
models of common HVAC equipment. This testbed will be used to screen and develop a variety 
of AI techniques for endowing agents with a set of “beliefs”, “intentions”, “goals”, and 
“negotiating and decision making skills”.  These “advanced” agents will then be used in the 
testbed to evaluate and demonstrate the benefits of “distributed optimization” in building HVAC 
applications. 
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Techniques that appear promising will then be developed more fully. The Virtual Cybernetic 
Building Testbed (VCBT) will be expanded to enable it to serve as a more realistic testbed for 
agent evaluation and testing. Partnerships with control system manufactures will be established 
to build on earlier successes by creating a new generation of HVAC controllers incorporating 
intelligent agent distributed optimization. Laboratory testing will be followed by selected field 
tests in actual buildings. 
 
In the final years, the potential to expand intelligent agents to other important applications, such 
as fault detection and diagnostics, automated commissioning, building-utility communication, 
and security/enterprise management will be explored. The final result will be a set of intelligent 
agent algorithms suitable for implementation in building control products that are well 
characterized for their performance in optimizing building system performance over a range of 
operating conditions. 
 
Recent Results:   

Survey of how Intelligent Agents have been used in other fields completed 

Several promising building HVAC optimization applications identified 

Output: An intelligent agent framework (Fleeble3) and an agent communication language 
(KWLM) were selected for developing and testing Intelligent agents 

Output: A JAVA based prototype Testbed was developed for studying the “distributed 
optimization” of building HVAC systems using Intelligent Agents.  The Testbed uses quasi-
steady-state models to simulate an HVAC system containing eight VAV Boxes, two air handling 
units, two variable speed chillers, two cooling towers, and variable speed fans and pumps. The 
agents communicate and negotiate with each other using Publish/Subscribe “channels” within 
the Fleeble3 framework. 

 
Standards and Codes:  None 


