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Summary 

Building energy use in North America accounts for approximately 40 % of carbon dioxide 
emissions. With increasing evidence of the impacts of climate change, there is a need to 
improve the energy and environmental performance of buildings. Yet the causal factors of 
building performance are still not well understood. Hence improvements are sporadic. The 
paper attempts to analyse building performance factors to identify where greatest impact 
may be possible for energy performance improvements. It argues for a holistic approach 
combining energy retrofit programs with management, operational and performance 
monitoring approaches. 
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1 Introduction 

1.1 Performance Factors 

Most of the current energy and environmental discussion focuses on building energy 
performance. This is no surprise as energy use is not only a climate change factor but also 
a significant expense. While other performance issues such as water, waste and a productive 
indoor environment are gaining interest, it is the energy aspect that tends to get the most 
attention. Most energy performance improvement programs are focused on building 
retrofits. Incentives are given for installing energy efficient technologies: lighting, high 
efficiency heating and cooling systems etc. Yet there is no conclusive evidence that the 
technology measures alone necessarily lead to improved performance.  

Building performance can be influenced by a number of factors.  
▪ Age of the building 
▪ Size of the building 
▪ Efficiency features of the buildings 
▪ Management 

▪ Operation 
▪ Monitoring  
▪ On-going Commissioning  

▪ Occupants engagement 

An analysis of the BOMA BESt in Canada – one of the largest data bases of existing 
building energy and environmental performance data – shows that energy efficiency 
features do make a difference. However, it appears that energy efficiency features alone, 
do not necessarily guarantee better energy performance. Of equal importance to reduced 
energy consumption are energy management and operation best practices.  

  1   



CESB13 Prague 
Decision-support tools and assessment methods 

2 The Influence of Factors on Energy Performance  

2.1 Age and Size of Buildings 

The analysis of 455 office buildings in the BOMA BESt program 2012 shows that the 
cohort of newer buildings constructed after 1990 have, overall, a better performance in 
terms of energy use intensity and carbon emissions over those constructed prior to 1960. 
Taken across the public and private sectors, energy intensity averages 31.2 ekWh/ ft2/yr for 
older buildings constructed prior to 1960, compared with 30.7 ekWh/ft2/yr for those 
buildings built between 1960–1989, and 30.2 ekWh/ft2/yr for those built in 1990 or later. 

 
Fig. 1 Average Energy Intensity by Sector and Age of Office Buildings 

Interestingly, older buildings in the public sector seem to be performing comparatively 
better than newer buildings (Fig. 1). One possible explanation for this could be that older 
buildings, while having less energy efficient envelopes and systems, tend to have less 
associated plug loads than newer buildings. Conversely, with more and more personal 
electronics including computers, cell phones and increasingly data centres, the newer 
buildings, particularly those in the private sector, have increasingly greater plug load which 
would counter the performance gains achieved by more efficient building technology. 

There appears to be some correlation between energy use intensity and building size 
(Fig. 2). Lower energy use intensities are found in smaller and mid-size buildings under 
250,000 ft2. This may be due to the fact that smaller and mid-size buildings, which have 
simpler systems, experience a significant impact from common energy efficiency upgrades 
such as a lighting retrofit. On the other hand, medium-to-large buildings, with their more 
complex systems, require a wider range of integrated, and sometimes capital-intensive, 
solutions to achieve greater energy use reduction.  

 
Fig. 2 Average Energy Intensity by Size (Office Buildings) 
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2.2 Energy Performance and the Energy Efficient Features 

One would expect that the more energy efficiency features there are, the better the energy 
performance. In BOMA BESt, the presence of energy efficient features is represented by 
the Energy Features score. The higher the score, the more energy efficient features. 
However, there appears no clear relationship between the energy performance and the 
presence of energy efficient features as represented by a BOMA BESt score for all of the 
buildings in the study (Fig. 3).  
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Fig. 3 Average Energy Intensity by Size (Office Buildings) 

This supports the finding of an Energy Star Portfolio Manager study “Building Performance 
Defined” which comments that buildings which have similar equipment often perform quite 
differently. This finding, says the study, “…challenges a longstanding misconception that 
building efficiency can be defined by the presence of efficient equipment.” 

While energy-efficient equipment can significantly contribute to whole-building 
performance, this is a double-edged sword, for energy efficient equipment that is not being 
properly operated can often be a primary source of energy inefficiency” [1].  

Other studies quoted by the US Environmental Protection Agency support this 
assertion. In a Lawrence Berkeley National Labs study of 60 buildings, researchers found 
that 50 % of the buildings had control problems, 40% had HVAC equipment problems, and 
25 % had EMS, economizers, and/or VSDs that were not functioning properly [2]. Another 
ESource study estimates economizers’ failure rates of 50% and higher, with the resultant 
energy waste far exceeding the achievable energy savings from properly working 
equipment [3].  

2.3 Energy Performance and the Energy Management 

BOMA BESt also evaluates Best Management and Operation Practices by attributing an 
Energy Management Score. The objective is to encourage best management and 
operational procedures involving energy policy, frequent energy audits, energy monitoring, 
staff training, as well as regular and preventive maintenance. When examining the 
relationship between the Energy Use Intensity and Management Scores by size there does 
appear to be a better correlation between better energy performance and higher 
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management scores particularly for mid-size buildings (100,000–500,000 SF) (Fig. 4). This 
would indicate that size of a building is a more significant factor in energy performance. 

 
Fig. 4 Average Energy Intensity and Management Score by Size (100,000-500,000 ft2) 

3 Conclusions 

Because of still relative scarcity of comparative holistic data on factors affecting building 
energy performance, the current study has to be viewed in a context of the growing interest 
in this type of enquiry. However the following observations can be noted: 

▪ Energy efficient features are not the only critical element for good energy 
performance. Best management practices and operational procedures are just as, if 
not more important.  

▪ It appears that building size rather than age may be a more critical consideration for 
overall energy performance improvements of office building stock. The combined 
application of energy efficient features and best management and operational 
procedures to reduce energy use appears to be most effective in mid-size buildings 
(100,000–500,000 SF).  

Therefore, in addition to making recommendations for retrofit of energy efficient features, 
energy planning should also address management, operational and on-going commissioning 
issues. 
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