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Energy Efficiency Design Guide

Goal: Indian Health Services (IHS) reduce residential 
energy consumption by 30% compared to IECC 2021 
baseline in locations across the U.S.

Housing provided for doctors and nurses.
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Motivation

• Complex and costly to determine life-
cycle cost effective whole-home designs
– HVAC vs envelope
– Windows or slab insulation

• Lack of resources for builders/designers 
looking at whole-home efficiency designs 
for smaller residential projects

• Rural areas may lack equipment, 
materials, local knowledge so providing 
tradeoffs allows for what is available 
locally
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Research Outcomes

• Methodology to select cost-
effective packages that maximize 
option diversity

• Context for the IECC 2021 minimum, 
challenges in meeting 30% savings

• Resilience of whole home design in 
extreme weather situations
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Model Overview

Mechanical 
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solar

Windows
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• 1,400 sqft single story duplex facing North
• 2 bedrooms, 1 bathroom, and 1 car garage per unit
• Other building assumptions based on ResStock, IECC, and other home survey metrics
• Upgrade potentials are shown on the right

Housing specifications from IHS
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Approach

1) Energy efficiency design recommendations
– Goal: inform decisions to better meet the guiding principles for 

federal low-rise residential
– Driven by building energy optimization software (BEopt)

2) Rooftop PV and solar hot water
– Goal: preliminary analysis for the technical potential of site-specific 

PV and solar hot water 
– Using NREL’s SAM (PVWatts module) and BEopt

3) Building energy resiliency
– Goal: provide context into the potential for resiliency as it relates to 

the EE recommendations
– Using NREL’s ResStock Analysis Tool (OpenStudio)
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Building Energy ModelingEnergy Efficiency Package Selection Workflow
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EE Package Outputs

• Recommend five unique designs that are life-cycle cost effective and reduce site energy 
demand

• Packages chosen by:
1. Meet or come close to the lifetime costs + energy savings of the minimum point
2. Maximize the number of differences between the other packages



NREL    |    10

Energy Efficiency Packages – Sells, AZ 2B

• Package 1 is the package with the lowest annual energy costs
• Energy efficiency options not highlighted means they did not 

change from baseline
• Difference between code minimum and package 5 is simply 

HVAC system and lighting, produces a 20.5% site energy savings 
and 10.6% annual energy costs savings
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Energy Efficiency Packages – Sells, AZ 2B

• Package 1 is the package with the lowest annual energy 
costs

• Variety of energy efficiency packages shown
• More site savings for propane heating than electric heating
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Energy Efficiency Packages – Rosebud, SD 5A

• Package 1 is the package with the lowest annual energy costs, 
but package 2 has the most site energy savings

• Difference between code minimum and package 3 is simply 
HVAC system, lighting, air tightness, and insulation levels, and 
produces a 27.5% site energy savings and 27.7% annual energy 
costs savings
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Energy Efficiency Packages – Rosebud, SD 5A

• Package 1 is the package with the lowest annual energy costs, but 
package 5 has the biggest site energy savings

• Overall, less site energy savings and annual energy cost savings than 
electric heating
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Conclusions

• Guide can be used in locations across the U.S.

• Whole home energy modeling displays 

tradeoffs between different components of a 

home

• Now part of architect and engineer design 

guide that all builders and designers must 

follow
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PV, Baseline, Resilience Assumptions
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Locations, Heating Fuel, and 
Foundation Type Combinations
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Annual Snow Cover Loss Factors
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Research Outcomes

• Methodology to select cost-effective packages that maximize 
option diversity

• Snow cover in our PV models
• Context for the IECC 2021 minimum, challenges in meeting 

30% savings
• Resilience of whole home design in extreme weather 

situations
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Resilience Results – Hot Climate 24 Hour Outage

Location: Sells, AZ
Climate Zone: 2B

Conclusion
• House simulated with upgraded package stayed 

roughly 2.5°F cooler
• Similar time to get back to acceptable indoor air 

temperature
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Resilience Results – Hot Climate 5 Day Outage

Location: Sells, AZ 
Climate Zone: 2B

Conclusion
• House simulated with upgraded package stayed 

cooler over all 5 days
• House was cooler even through the next day
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Resilience Results – Cold Climate 24 Hour Outage

Location: Bemidji, MN
Climate Zone: 7A

Conclusion
• House simulated with upgraded package stayed 

warmer over whole day
• Largest temperature difference of 6°F

• House warmed up faster than baseline house
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Resilience Results – Cold Climate 5 Day Outage

Location: Bemidji, MN
Climate Zone: 7A

Conclusion
• House simulated with upgraded package stayed 

warmer over the 5 day period, an average of 8°F 
warmer

• Suggests smaller risk of hypothermia
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Overview of nearby package selection process
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