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Learning Objectives

1. Understand about energy retrofit decision metrics for multiple buildings 
2. Elaborate how differences in weather can have a significant affect on energy retrofit 

decisions 
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Introduction

• Conventional building energy modeling (BEM):
• 1 building 
• Multiple energy retrofits (retrofits)  
• 1 weather history

• Objective: Show what retrofit performs best for a calibrated model and constant weather

• 2 disruptions require expansion beyond conventional BEM
           Q1: Do differences in historic weather or projected future weather change how well 

retrofits perform?
           Q2: Do changes to BEM change how well retrofits perform?
• New institutional BEM analyses:

• Multiple buildings
• Multiple energy retrofits
• Multiple weather histories: Uncertainty of future extreme weather events and historical weather 

• The new approach makes deciding what to do more difficult
• Metrics to aid decision processes are needed

 



Disruption 1: Climate Change
• Future weather will not be the same as historic weather (IPCC, 2021)

IPCC, 2021 – used in accordance with IPCC copyright statement https://www.ipcc.ch/copyright/



Disruption 2: Institutional Energy Modeling
• The future of BEM will include cross comparisons between many 

buildings 

Institutional planners need to be able 
to synthesize energy retrofit plans 
across 100-1000’s of buildings on 
budgets that can only implement the 
most effective measures

Uncertainty in energy savings is needed
Finding the most effective retrofits is like looking for a 
needle in a haystack from the institutional perspective



Institutional Transformation (IX) software using 120 BEM indicated the FY11 25% performance goal would not be 

met and that only 19% energy savings could be achieved without intrusive operational measures 

Goal 3.9% 7.8% 12.1% 16.4% 20.7% 25%

Actual 3.7% 6.2% 9.2%* IX Max 
potential 
= 19%* Through first two quarters of FY 14

7.3%

1st Site-wide energy retrofit analyses (2014)

2017 IX report with general description at: https://doi.org/10.2172/1367500



5 years later…



New Energy Assessment 
Process
Goals:

1. Establish a culture of energy modeling that 
cyclically improves and maintains a BEM 
fleet

2. Include:
a. Self-consistency and uncertainty 

analyses of retrofit decisions
b. Post-retrofit verification of energy 

savings
3. Create new metrics that quantify the 

relative accuracy of site-wide sequences of 
retrofit decisions for different future 
weather scenarios







Weather inputs and characteristics

Multi-scenario extreme weather simulator (MEWS) version 0.0.1
 inputs: https://github.com/sandialabs/MEWS CDD = Cooling Degree Days, HDD = Heating Degree Days



Outputs

Example with 97 NM BEM and 2 energy retrofits – insulate roof and External Finish Insulation System (EFIS) 

Baseline year



Energy Metric Conclusions

1st 60 of 130 decisions



Preview of Step 1 
completion

Uncertainty bounds reflect 
weather differences 

Most effective measures: 

1. Lighting 
     2. Fan operations 
     3. Boilers
     4. Supply air temperature reset



Total site-wide potential

 These numbers are the maximum 
potential 
 Cannot add all energy retrofits without 

changes in thermal behavior
 The same total potential (~19%) 

here as in 2013-2014 first 
assessment

 Changes to the BEM have not 
made significant differences.

 Real site potential depends on 
whether each energy retrofit is 
implementable

 This is the maximum potential for 
incremental changes that do not 
include CUB plant type savings or 
major changes to operations.

 Weather Electricity (%) Gas (%) Total (%)
2017 10.37 8.67 19.04
2018 9.49 10.65 20.14
2019 9.09 9.58 18.67
2020 8.80 9.92 18.72
TMY3 11.71 9.61 21.33
R0 8.64 9.52 18.16
R1 9.34 10.71 20.05
R2 8.69 10.12 18.81

Mean 9.52 9.85 19.37
Std 1.05 0.67 1.05



Conclusions
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