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Context
Building America Partnership for Improved Residential Construction

Hot‐Humid Climate Zone Existing Homes Research
Take the Retrofit Challenge! www.ba‐pirc.org/retrofit



Context

• 2009 – BA‐PIRC expanded to include existing homes
• 2010 – Building America sets goal for existing homes 

– Identify current best practices for 15% savings by 2011
– Identify paths for 30% savings by 2013

• How can we apply systems engineering to existing homes?
• Can we develop standardized guidance for existing homes?
• Challenges

– Existing homes are not standardized
– Renovation industry very competitive ‐ $500 might lose a job
– No one is doing energy focused home improvement in Florida
– Where can we find partners?



Context
Sarasota County with HUD funding.

Purchase and renovate foreclosed homes.
Sell in affordable housing sector. 

Tell us what to do. 
Give us “the list”.

Let’s figure out 
together. 



Technical Approach – Field Study

4. BA‐PIRC – Post‐retrofit Audit & Analysis

HERS Index Score 
Improvement

HERS Index Score 
Improvement

Projected Annual 
Energy Use & Cost 

Savings

Projected Annual 
Energy Use & Cost 

Savings

Projected First Year 
Cash Flow with 
Actual Costs

Projected First Year 
Cash Flow with 
Actual Costs

3. Partner ‐ Finalizes Scope of Work & 
Conducts Renovation

2. Pre‐retrofit Audit & Analysis
Recommendations for 30% Improvement

1. Develop scope of work for 
each house prior to purchase. 

Multi‐faceted decision 
making process. 
Priorities, cost, 

availability, market 
expectations, etc.



Technical Approach – Field Study
70 house field study resulted in detailed best practices.

Partner map

Partnerships Map: http://goo.gl/5KnTau



Technical Approach – Field Study
70 homes of 1950’s – 2000’s vintage.
HERS Index range from 95 to 184.

1990’s ~115 2000’s ~110

1970’s ~1351960’s ~150 1980’s ~125



Technical Approach – Field Study
46 out of 70 Renovations achieved 

30%+ HERS Index score improvement – HOW?



Technical Approach – Field Study
How? Trend in Average HERS Index and Vintage.



Technical Approach – Field Study
Diverse as‐found conditions. No one‐size‐fits all package. 
However, a similar treatment produced similar end results.

Typical
New 
Florida
Homes



Technical Approach – Field Study
46 deep retrofits ‐ 4 categories of improvements



Technical Approach – Field Study
This is “how” the deep retrofits were achieved. 

Same strategies also included in non‐deep retrofits!

13 Key Efficiency Strategies 
in Order of Prevalence

Deep 
Retrofits 
(n = 46)

Non-Deep 
Retrofits 
(n = 24)

All 
Houses
(n = 70)

1. Higher HVAC efficiency at replacement 96% 71% 87%
2. Additional ceiling insulation 93% 63% 83%
3. Whole-house air sealing (Reduced ACH50) 92% 77% 88%
4. Air distribution system sealing (reduced Qn,out) 86% 68% 80%
5. Lower solar heat gain coefficient (SHGC) window 
windows 6. at replacement or applied film 80% 46% 67%

7. ENERGY STAR® refrigerator at replacement 76% 71% 74%
8. Slightly higher efficiency water heater at 
replacement (electric EF=0.92) 70% 38% 59%

9. 30% more fluorescent fixtures/bulbs at replacement 52% 42% 49%
10. Programmable thermostat at replacement 48% 42% 46%
11. R-6 ducts at replacement 39% 13% 30%
12. Higher reflectivity exterior wall color at 
replacement 30% 8% 23%

13. Higher reflectivity roof shingles at replacement 30% 13% 24%
14. Higher efficiency ceiling fan(s) at replacement 15% 13% 14%



Technical Approach – Field Study
More replacements = higher cost‐effective improvement.

13 Key Efficiency Strategies 
in Order of Prevalence

Recommended Best Practices 
for 30%+ Improvement

1. Higher HVAC efficiency at replacement Energy Star Heat Pump
(Energy Star AC in CZ 1)

2. Additional ceiling insulation R-38
3. Whole-house air sealing (Reduced ACH50) ACH50 = 6.0
4. Air distribution system sealing (reduced Qn,out) Qn,out ≤ 0.06
5. Lower solar heat gain coefficient (SHGC) window 
windows 6. at replacement or applied film Energy Star Windows

7. ENERGY STAR® refrigerator at replacement Energy Star Refrigerator
8. Slightly higher efficiency water heater at replacement
(electric EF=0.92)

0.92+ EF Elec Water Heater
Tankless Gas Water Heater

9. 30% more fluorescent fixtures/bulbs at replacement 100% CFLs
10. Programmable thermostat at replacement Programmable thermostat
11. R-6 ducts at replacement R-6 ducts 

12. Higher reflectivity exterior wall color at replacement White exterior pain

13. Higher reflectivity roof shingles at replacement White or light shingles 
14. Higher efficiency ceiling fan(s) at replacement Energy Star Ceiling Fans



Technical Approach – Field Study
Incremental Cost of 30%+ Improvement

Figure 38. Incremental costs by percent HERS Index 
improvement for 42 deep retrofits with cost data



Technical Approach – Field Study
Best Practices for replacements, non‐replacements, & all houses.
Not “one‐size‐fits all” but “standard treatment of each element”.
(Not a substitute for audit and analysis of individual houses.)
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3.1	Heating,	Ventilation,	Cooling,	and	Air	Conditioning	(HVAC)	Distribution	
Systems		

Caution: Reference the Combustion Safety section (3.11) if a gas furnace exists or is planned.  

3.1.1	Existing	HVAC	Equipment	Not	Being	Replaced	
 Hire a heating, ventilation, and air conditioning (HVAC) contractor to evaluate, and 

service if needed, refrigerant charge, inside and outside coil condition, condensate drain 
lines, and gas furnace components including exhaust flues, combustion air supply, gas 
lines, and other major equipment components. 

 Implement all items in “All Homes Regardless of System Replacement” below. 

3.1.2	Full	or	Partial	HVAC	System	Replacement	
 Install, at minimum, an ENERGY STAR heat pump (seasonal energy efficiency ratio 

(SEER) 14.5 or greater). In south Florida, an ENERGY STAR air conditioner is 
acceptable. 

 Equipment Sizing: Perform ACCA Manual J calculations (now required for replacements 
by the Florida Energy Code). Use projected home characteristics provided by house 
supervisor. 

 Supply and Return Ducts: Seal accessible (30” clearance) ducts left in place with code-
approved sealant (required at equipment change out by Florida Energy Code), including 
the return plenum air barrier (drywall, duct board, etc). Provide air barrier if not present. 

 Air Handler (AHU) Closet at AHU Replacement: Modify AHU closets to create a 
dedicated, sealed return plenum with a correctly-sized wall or ceiling-mounted return air 
grille.  

 Duct Replacement: Install new ducts with R-value ≥ 6.  
 Implement all items in “All Homes Regardless of System Replacement” below. 
 AHU Location: When equipment and ducts are replaced, relocate AHU into conditioned 

space. 
 Perform ACCA Manual S equipment selection. 
 Perform ACCA Manual D duct sizing. 
 Produce a schematic duct design for field crew showing sizes for each component and 

conduct rough-in inspection to ensure installation meets design intent.  
 

3.1.3	All	Homes	Regardless	of	HVAC	System	Replacement	
 Duct Sealing: Hire an HVAC contractor to seal all duct connections with UL181-rated 

materials, preferably fiberglass mesh embedded mastic, including joints and edges in 
supply and return runs, return plenum, and connections to AHU. Important note: 
Contractor will revisit site to conduct additional sealing for all duct systems (new and 
existing) that do not pass the post-renovation leakage test. Maximum acceptable test 
result is six cubic feet of air per minute (cfm) per 100 square feet of conditioned area at 
the test pressure of 25 pascals (Qn,out ≤ 0.06).  

 Duct Airtightness Testing: Have a certified home energy rater conduct a duct airtightness 
test as outlined in the Duct Testing section (4.1). 

AHU Closet: Eliminate louvered doors that serve as returns. Eliminate metal AHU stands. Where the 
return plenum is formed by open framing and a plywood platform, install and seal an air barrier (drywall 
or duct board) to separate return from adjacent wall  
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Technical Approach – Pilot Study
City of Ft Myers and City of Melbourne use “Current Best 
Practices” to develop program‐level master specifications.

City of Ft Myers



Technical Approach – Moving Forward
Accelerate adoption of Best Practices issuing the Retrofit Challenge

www.ba‐pirc.org/retrofit

Retrofit Challenge “Pledge”



Recommended Guidance for Programs
Case studies are examples but also provide contacts.

26%50%39%



Recommended Guidance for Programs
Learn about what works in YOUR climate.

www.buildingamerica.gov or 
http://www1.eere.energy.gov/library/
The Building America Solution Center:

https://basc.pnnl.gov/resource‐guideshttps://basc.pnnl.gov/building‐components



Recommended Guidance for Programs
Replacement triggers. If “XYZ”, then we will “ABC”. 
ABC = equipment and component specifications

R‐38 Ceiling 
Insulation

Energy Star 
Refrigerator

Energy Star 
Windows

Energy Star HVAC 
Equipment



Recommended Guidance for Programs
Define standard detailing for air flow control & moisture mng’t

Post‐retrofitPre‐retrofit

Air Sealing 
Checklist

Return Air Plenums and Air Handler Closets



Recommended Guidance for Programs
Draft Official Master Specifications. 

Build Consensus among decision makers and stakeholders. 

Program
Master 

Specifications

2014

Management Local Experts

Contractors Code Enforcement Enthusiasm!



Recommended Guidance for Programs 
Integrate master specifications with bid documents, work write‐ups, 

and contractor scopes of work.

Master specifications
Software library for ready access 
and use in bid docs, work write‐
ups, and scopes of work.



Recommended Guidance for Programs 
Develop Feedback Loop that allows program staff to confirm 

performance targets have been met.



Value
Meets stakeholder need originally expressed in field study.

What should do 
for our projects? 

Check out our best 
practices and 
develop master 
specifications. 



Application in Market Place
Goal: generate activity in as many of these communities as possible
Source Primary Recipient Total Funding Secondary Recipients

HUD Home Investment 
Partnerships (HOME)* 

32 local gov’t
entities

$45.1 million Local non‐profits & 
contractors

HUD Community 
Development Block Grant 
(CDBG)**

State of Florida 24.2 million Multiple programs, 
small cities

HUD Community 
Development Block Grant 
(CDBG)**

78 Local gov’t 
entities (directly)

$105.4 million Local non‐profits & 
contractors

Florida Legislature, 
Mortgage Settlement 
Funds*

Florida Habitat for 
Humanity to~20
local affiliates

$20 million Florida HFH affiliates;
2 Retrofit Challenge 
partners

HUD Neighborhood
Stabilization Program 
Residual funding *

Local gov’t
entities

Residual $ NSP 
home sales

Local non‐profits & 
contractors

Total ~130 $194.7 million

* Renovation a primary or major funded activity. ** Renovation an allowed activity.



Pros and Cons
• Cons: 
• Not a substitute for evaluation of individual houses. 
• The generality may miss unique opportunities.
• Leaves out conditions not in field study (e.g. frame floors)

• Pros: 
• Establish consistent treatment across varying homes.
• Proven, off‐the‐shelf measures are very low risk.
• Raise awareness of air, heat, and moisture flow dynamics.
• Draws attention to potential risks and mitigation measures. 


