
Advanced Building Science 

• Energy Estimating 
– General considerations 
– Component modeling and loads 
– System modeling 

• Degree-day methods (primarily heating) 
• Bin method (heating & cooling) 

 
• Readings 

– HF Chapter 19.1 to 19.8 
– HF Chapter 19.15 to 19.33 
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Energy Estimating 

Key Components of Mathematical Modeling 
– Input variables 

• controlled  
• uncontrolled 

– System structure and parameters/properties 
• physical description of the system 

– Outputs 
• Response or dependent variable  
• Reaction of the system 
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Energy Estimating 

• Forward (or classical) Approach 
– starts with physical parameters 
– use sound engineering principles 
– predict the response 
– ideal for preliminary design 

 
• Inverse (or data-driven) Approach 

– starts with empirical behavior and known inputs and 
outputs 

– uses statistical analysis to describe the system or 
determine key parameters/properties 

– ideal for existing systems 
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Analysis Methods 
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Source: ASHRAE 
Handbook 
Fundamentals 2013 
Chapter 19.4 



General Considerations 

Levels of Calculation Sophistication 
– single-method measures 
– simplified multiple-measures 
– detailed simulation methods 
 
 

Note:  Because systems that consume energy in buildings are 
nonlinear, dynamic, and very complex, few methods other than 
computer modeling are available for  accurately calculating energy 
consumption. 
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General Considerations 

Selecting a Program 
– Complexity of input procedures 
– Quality of user’s manual 
– Availability of support system 
– Quality of output 
– Availability of weather data 
– Auxiliary capabilities 
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General Considerations 

• Always use manual calculations to develop an 
understanding of the system and to verify inputs 
and outputs 
– Review computer documentation to determine 

procedures used 
– Compare results with manual calculations and/or 

measured data 
– Conduct sample tests to confirm results 

 
• Understanding the outputs 

– Absolute consumption 
– Change in consumption 
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General Considerations 

Choosing an Analysis Method 
– Relative accuracy 
– Sensitivity to desired options 
– Versatility or range 
– Speed and cost 
– Reproducibility 
– Ease of use 

 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

University of Minnesota – Bioproducts & Biosystems Engineering  
© 2016 Regents of the University of Minnesota. All Rights Reserved 

8 



Energy Estimating 

Component Modeling & Loads (mostly commercial) 
– Space loads 

• heat balance method or weighing factor method 
• both are based on conduction transfer functions; principle 

difference is methods used for internal heat transfers 

– Secondary system components 
• energy to operate fans & pumps 
• duct & pipe gains or losses  

– Primary system components 
• usually in big buildings (i.e. chillers, boilers, cooling towers, etc.) 
• need to consider part-load conditions 
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Inputs & Outputs for Simulation 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

University of Minnesota – Bioproducts & Biosystems Engineering  
© 2016 Regents of the University of Minnesota. All Rights Reserved 

10 

Source: ASHRAE Handbook 
Fundamentals 2013 Chapter 19.1 



Overall System Modeling 

 
 

 
 
 
 
 

 
Steady-State vs. Dynamic 
Steady-state can work if indoor temperature is steady, internal 
gains are constant, and heating/cooling use and efficiency is fairly 
consistent.    
 
Source: ASHRAE Handbook Fundamentals 2013  Chapter 19.16 
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Fig. 10 



Degree-Day Methods 

• Simplest method for energy analysis 
• Appropriate when loads are dominated by indoor-

outdoor temperature difference and the building use 
and equipment efficiency are reasonably constant 
– heating degree-days have been successful for residential  
– cooling degree-days hasn’t work as well, because cooling is 

generally dominated by solar and internal gains 

• Reliability increases with longer periods of operation 
– generally will give good results over a full heating season 
– as the time period shortens there are more chances that a factor 

not directly accounted for will deviate from its long-term average 
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Degree-Day Data from Monthly Averages 

Can convert monthly average temperature data to 
degree-days using Equation 38 in Chapter 14. 
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Source: ASHRAE Handbook Fundamentals 2009 Chapter 19.20 



Balance Point Temperature 

Definition:  The outdoor temperature at which (for a 
specified indoor temperature), the total heat loss (to 
outdoors) is equal to all space heat gains from solar, 
lights, people, equipment, etc. 
 
  qgain  =  Ktot x (ti – tbal)     (equation 34) 

     
   or 
 
   tbal  =  ti – (qgain / Ktot)      (equation 35) 
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Source: ASHRAE Handbook 
Fundamentals 2013 
Chapter 19.16 



Auxiliary Energy = Loads – Internal Gains 
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Fig. 12 

Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.17 



Role of Balance Point in Cooling 
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Source: ASHRAE Handbook 
Fundamentals 2013, Chapter 19.17 

Fig. 11 



Balance Point Temperature and Degree-Days 

• Can use degree-days to calculate heat loss 
 

 Qhr,yr  =  Ktot x  (24 x DDh,t(bal)) 
 

• Add heating efficiency to estimate energy 
consumption 

  Qhr,yr  =  (Ktot / eff )  x  (24 x DDh,t(bal)) 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.17, Equation 39 



Seasonal Efficiency 

• To calculate part-load efficiency of equipment you 
need to adjust the steady state efficiency based on: 
– building loss coefficient 
– equipment output 
– outdoor temperature 

  
• Use equation 45 on 19.18 (HF 2013) 

 
• However, for residential equipment you can use  

– AFUE 
– HSPF 
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Heating Degree-Day Method 

Need: 
– design heat loss & design temperature difference 
– efficiency of heating system & heating value of fuel 
– heating degree days 
– correction factor  

• CF = 0.6 to 0.8 if HHD65 
• CF = 1.0 if variable base heating degree days at balance point 

temperature [see Table 6 in slide 21] 
 
  qdhl  x  HDD  x  24  x CF  
Eunits =  ------------------------------------  
      ∆Tdc  x  eff  x  HV 
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FFig.13 Fig. 13 
Source: ASHRAE Handbook Fundamentals 
2013, Chapter 19.18 



Variable Base Heating Degree Days 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.21 



Cooling Degree-Day Method 

• Could use Equation 41 on 19.17 (HF 2013), or  
 

      qdcl  x  CDD  x  24  x  CF  
EkWh  =   ------------------------------------  
        ∆Tdc  x  COP  x  3,412 

 
• But be careful 

– assumes no ventilation for cooling 
– assumes the balance-point temperature is constant, not so! 
– generally is a better practice to use cooling degree-hours, but 

that still assumes that consumption it is driven by exterior 
temperatures. 
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Bin Method (Heating and Cooling) 

• For many applications, the degree-day method simply 
doesn’t work, especially if the heat loss coefficient, the 
equipment efficiency, or balance-point temperature are not 
constant 

• But these can be approximated by evaluating different time 
periods and temperature intervals separately 
– temperature bins are usually in 5 degree increments 
– can get mean coincident wet-bulb temperatures to match each bin 

for latent calculations 
– when hour of occurrence is not critical, use Table 6, 14.11 HF 2013 
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Bin Method (Heating and Cooling) 

• 5 degree bin data for selected cities 
• Typical hours in each bin 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 19.21 



Bin Method (Heating and Cooling) 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.20 



Heat Pump Balance Point 
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Fig. 14 
Source: ASHRAE Handbook 
Fundamentals 2013, 
Chapter 19.19 



Modified Bin Method 

• Vary solar, internal gains, and CLTD values by bin 
• Use two to six bins per day  

– three is common 
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Energy Estimating Using Utility Bills 

• Data Driven (Inverse) Modeling 
– Categories of Data Driven Methods 

• Review 19.24 to 19.29 
– Applications 

• Modeling Utility Bill Data 
– statistical regression 

• Neural Network Models 
 

• Model Selection  
– Capabilities 

• See Table 6, 19.29 (HF 2013) 
– Validation and testing 
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Simple Bill Analysis 
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Fig. 18 

Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.28 



Baseline Only 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + Cooling 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + Heating w/ Change Point 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + Cooling w/ Change Point 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + 2 Heating w/ Change Point 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + 2 Cooling w/ Change Point 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Baseline + Heating + Cooling w/ 2 Change Points 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Generalized Equations for the Previous Cases 
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Table 5 

Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.24 



Comparison of Various Energy Models 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 19.39 

Table 6 



In Summary 

Questions and Discussion 
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Next Class 

• General Mechanical & Heating Systems  
– General mechanical considerations 
– Combustion 
– Residential heating equipment 
 

• Readings 
– HF Chapter 28.1 to 28.12 
– Supplemental Handout 
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