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1 Introduction 
The thermal performance of a building depends on various building characteristics, including 
outdoor climate, building usage, HVAC equipment, occupants’ indoor climate preferences, 
etc. Due to complex interaction between these variables, describing the thermal performance 
of a building is difficult. Many metrics exist to describe single variables, such as R-value, U-
factor, airtightness (ACH50/75), Solar Heat Gain Coefficient (SHGC). However, none of 
these indicators can fully, or even realistically, solely describe the overall thermal 
performance. This paper proposes a simplified assessment that accounts for mechanisms 
relevant to the heat loss and gains through the building envelope and its impact on interior 
loads.  

2 Method 
Here, we introduce the Building Envelope Performance metric, BEP (J/m2[Btu/ft2]), which is 
defined by the overall interior heat load per building envelope area, env

totA . For annual heating 
and cooling loads, BEP  is a combination of the thermal resistance of all building envelope 
components, R  ((m2·K)/W [(°F·ft2·hr)/Btu]), and the effective cooling (c) and heating (h) 
degree hours, as seen in Eq. (1) R includes heat transfer from conduction, convection and 

radiation: 1
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where  
eCDH = Effective cooling degree hours (K·hr [°F·hr]), 
eHDH = Effective heating degree hours (K·hr [°F·hr]), 

envR   = Building envelope conductive thermal resistance, R-value   
 ((m2·K)/W [(°F·ft2·hr)/Btu]), 

airR   = Air leakage resistance ((m2·K)/W [(°F·ft2·hr)/Btu]), 

gainR   = Window solar and internal heat gains resistance ((m2·K)/W [(°F·ft2·hr)/Btu]), 
σ   = Opaque envelope solar and thermal radiation correction factor (-). 
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The proposed BEP metric of this paper has been validated against transient energy modelling 
simulation tools. The simulated building was setup as a rectangular building and with 
characteristics described in Table 1. 

Table 1. Simulation model used to validate the BEP metric. 

Length x Width x Height 20 x 15 x 4 m [65.6 x 49.2 x 13.1 ft] 
Window Area 84 m2 [275.6 ft2] 
SHGC 0.352 (-) 
R-value Wall/Roof/Window/Slab 1.013/3.509/0.391/adiabatic (m2·K)/W 
Solar absorptance Wall/Roof 0.92/0.7 
Surface heat transfer coefficient - Interior/Exterior 8/25 W/(m2·K) 
Air tightness Not validated 
 

A comparison was made for BEP  between various comprehensive simulation models. 
Figure 2 depicts simulated cooling and heating demand for 16 locations in the U.S. According 
to this result, the BEP  shows good agreement with more sophisticated simulation models. 
The main reason to the discrepancies depicted in Figure 2 for the simulated heating and 
cooling demand seems to be a result of dissimilar approaches to compute heat surface film 
coefficients. 
 

 
Figure 1. Validation between the proposed metric, EnergyPlus, R5C1, and finite element simulations. 

3 Conclusions 
This paper introduces a new building envelope thermal performance metric, BEP . The metric 
accounts for all relevant heat transfer mechanisms affecting the energy demand of a building 
due to outdoor climate and interior thermal loads; conductive heat transfer, air infiltration, 
solar heat gains affecting opaque building envelope surface temperatures and indoor heat 
loads. This paper also presents an initial validation study by comparing simulation results 
from various whole building energy simulation tools. According to the comparison, BEP  can 
predict overall energy performance similarly to existing simulation tools. The purpose and 
advantage of BEP  are that it does not require an iterative simulation procedure. Instead, the 
proposed metric relies on input data given by the geometry of the building, thermal 
characteristics and outdoor climate date. This feature allows for a quick, yet accurate, thermal 
performance assessment of a building. 
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