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Abstract 

Title:  Multi-facet Retrofit Approach to Improve Energy Efficiency of Existing 

Class of Single-Family Residential Buildings in Florida.  

Author: Kwame Baffour Ohene Amoah 

Advisor: Troy V. Nguyen, Ph. D.  

There are many approaches to incorporate energy efficiency measures (EEMs) into 

building through retrofit projects. Single-family buildings are an essential target for 

energy improvements because of their energy-saving potential and considerable 

market share. This study evaluates energy savings and cost-effectiveness of 

individual retrofit options. It proposes energy efficiency measures for an existing 

class of single-family homes constructed between the years of 1950 and 1970. The 

study uses a baseline building located in Melbourne, FL, as a case study. A survey 

via clustering data mining was conducted on Florida Single-Family Residential 

(SFR) buildings (1950 – 1970) to establish patterns of construction, nature of the 

building envelope, and heating, ventilation, and air-conditioning (HVAC) systems. 

A whole building retrofit improvement package, incorporating both passive and 

active measures, were proposed and evaluated using an Autodesk Revit model. The 
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study describes a Modeled five-step methodology to identify EEMs, define the 

baseline model, validate the model with an actual building, estimate the cost of the 

EEMs, and evaluate the effectiveness of the EEMs. The Revit model supported the 

energy simulation analysis and investigation of the energy performance of the 

individual EEMs and the further evaluation of the selected combination of the EEMs 

as a retrofit packaged. This study also includes an evaluation of Solar PV installation 

option as an additional measure with detailed energy consumption with different 

choices of solar system size, generation levels, and retrofit cost breakdown. The 

research results provide building researchers and industry stakeholders with a better 

understanding of how to effectively carry out a building retrofit to promote energy 

efficiency and cost-effectiveness for single-family buildings. 

Keywords: Energy Efficiency; Energy Simulation; Energy End Use, Hot-Humid 

Climate, Single-Family Building; and Building Retrofits. 

.  
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Definitions 

BEM Building Energy Model 

BIPV Building-Integrated Photovoltaics 

CFLs Compact Fluorescent Lamp 

COP Coefficient of Performance 

DER Deep Energy Retrofit 

DOE U.S. Department of Energy 

EEMs Energy Efficiency Measures 

EPS Expanded Polystyrene 

FSEC Florida Solar Energy Center 

GBS Breen Building Studio 

gbXML Green building Extensive Markup Language 

HERS Home Energy Rating System 

HSPF Heating Seasonal Performance Factor  

HVAC Heating Ventilation, and Air Conditioning  

IECC International Energy Conservation Code 

kWh Kilowatt hour 

LED Light-emitting Diode 

MEP Mechanical Electrical and Plumbing 

NZE Net-Zero Energy 

PV Photovoltaics 

SEER Seasonal Energy Efficiency Ratio 

SFR Single-Family Residential 

SHGC Solar Heat Gain Coefficient 

SIPs Structural Insulated Panel 

WWR Window-To-Wall Ratio 
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Chapter 1        

Introduction 

1.1 Background 

In 2017, about 39% (or about 38 quadrillion British thermal units) of total U.S. 

energy was consumed by the residential and commercial sectors [1]. The residential 

sector accounts for 22% of energy consumption in the United States, including 

energy use to generate and transmit electricity. About 80% of residential energy use 

is consumed in single-family, 15%   in the multi-family buildings, and 5% in mobile 

homes. These different building types, along with variation in size, structure, climate, 

and vintage, contribute to the diversity in energy use across the United States [2]. 

Based on the American Housing Survey by the U.S Census Bureau [3], more than 

60% of the U.S. housing inventory is over 30 years old and energy inefficient. 

Therefore, it is important to target the existing buildings for energy-efficiency 

improvements as a key to significantly reduce the adverse impacts of buildings on 

the environment and the economy [4]. Houses built since 1999 tend to use the same 

to slightly less energy than houses built before 1950 [5]. An emphasis on energy 

efficiency was not a priority for houses built before the 1970s. Wall and attic 

insulation R-values were just half of today’s standard, and windows were uninsulated 

single pane. The concept of carefully sealing the envelope of the houses from air 
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leakage was also not a typical construction practice. The problems associated with 

these older buildings were termite damage, mold and mildew damage, and cracks in 

foundations, rusted galvanized steel water supply pipes, and roof damage.      

An energy retrofit is the physical or operational change in a building, its energy-

consuming equipment, or its occupants’ behavior. Various energy retrofit measures 

can improve building energy efficiency at different levels [6]. Among the Building 

retrofit methods include both passive and active technologies. These two approaches, 

passive and active measures, could be adopted to achieve desired levels of energy 

efficiency. Passive measures shave off unnecessary excess energy consumption. 

Active measures, on the other hand, provide the needed flexibility to reduce the 

electricity consumption through continuous monitoring and management of energy 

usage. Ref. [7] estimated the impact of passive versus active approaches on energy 

savings in buildings using EnergyPlus simulation. The authors concluded that 

priority should be given to passive building design strategies. According to their 

findings, the effectiveness of active strategies regarding the reduction of the total 

final energy varies significantly between the original design and the re-design. The 

ultimate energy saving rate by application of dynamic window blinds on the original 

design was 6.57%, while the energy-saving by use of dynamic blinds on the re-

designed building was only 2.03% [7]. Ref. [8] evaluated different passive air 

conditioning strategies to establish their influence on indoor comfort conditions. The 
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study examined a theoretical single-family residential unit model to develop 

guidelines for the pre-selection of the most suitable passive solutions. The results of 

the survey indicated that passive air conditioning strategies analyzed reduced both 

energy demand and indoor temperatures. Thus, increasing energy efficiency and 

improving indoor comfort [8]. 

Regardless of the numerous sources and entities providing advice on how to retrofit 

a building, the study of this essential subject matter affecting the decision making 

remains limited. The selection process of a retrofitting strategy is a trade-off between 

the capital investment (the investment required to implement that retrofitting 

strategy) and the benefits derived from energy retrofitting [9]. These energy 

retrofitting benefits can be economical (reducing operating cost), environmental 

(reducing carbon air emissions), or social (enhancing occupants’ comfort and health) 

[10].  

1.2 Research Objectives  

The objective of this research is to identify ways to improve the energy efficiency of 

single-family residential homes through investigation of building envelope 

technologies, HVAC systems, and renewable energy technology measures. The 

overall goal is to capture state-of-the-art energy-efficient measures (EEMs) for 

potential reduction of energy cost in retrofitting a single-family building for Florida 

climate zones. The study attempts to answer the following questions:  
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1. What the building retrofit technologies are available for older single-family 

buildings, where and how can they be used?   

2. What characterizes the critical decision variables that will 

motivate/encourages owners in retrofitting their houses?  

3. How much energy would be saved by incorporating these retrofit 

technologies without escalating the construction, operation, and maintenance 

cost? 

4. What are the most appropriate methods which comply with Florida building 

and international energy conservation codes to incorporate into a critical 

technical decision in undertaking energy-efficient residential retrofits?  

5. What is the optimal strategy to determine the payback period for the initial 

capital investment made into retrofitting projects? 

6. What is the appropriate method of investigation into case studies of single-

family retrofit projects to gain in-depth experience with current approaches 

being adopted to facilitate the understanding of the practical context for 

decision-making?  

1.3 Motivation 

The motivation of this dissertation was the result of the study conducted by the 

American Housing Survey in 2013. According to the U.S Census Bureau, American 

Housing Survey [3], more than 60% of the U.S. housing inventory is over thirty (30) 
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years old and is energy inefficient compared to performance standards established in 

the current Florida Building Code and the International Energy Conservation Code 

(IECC). 

1.4 Contributions of the Dissertation  

With a significant identification of real data regarding older Single-Family 

Residential buildings and extensive energy simulation analysis of the case study 

building, a better understanding of improving energy-efficiency for single-family 

residential homes has been the achieved. Building owners and other key industry 

stakeholders – who are the primary beneficiaries of this study can select the best 

practices in terms of retrofit technologies/methods that meet their performance 

requirements as well as cost-effective budgets.  

1.5 Dissertation Outline  

The focus of the study has been to develop a practical approach to improve energy-

efficiency and reduce the energy consumption of existing Single-Family buildings. 

The organization of the dissertation is as follows:  

Chapter 1 elaborates on the introductory material consisting of background and 

research objectives. The motivation and contributions of this study are also described 

in this chapter.  
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Chapter 2 provides the literature review related to the state-of-the-art energy-

efficiency technologies in Florida and hot-humid humid climates.  

Chapter 3 presents different case studies of energy-efficient single-family building 

retrofits in the state of Florida. 

Chapter 4 introduces the methodology of this study, which includes energy audit, 

end-use estimate, and analysis of heating and cooling load sources. 

Chapter 5 discusses energy efficiency measures, which include retrofit technologies    

for single-family residential buildings.     

Chapter 6 presents energy modeling, simulation analysis, and code compliance for 

energy modeling procedures. Critical energy simulation scenarios and the energy 

end-use results for each retrofit scenario are provided.  

Chapter 7 offers economic analysis (cost-benefit-analysis) providing the 

comparison between each retrofit scenarios.   

Chapter 8 concludes the dissertation with recommendations and future work     

direction of   energy-efficiency retrofits.          

 

.          
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Chapter 2 

Literature Review  

2.1 Background  

This chapter describes the contributions made in the field of study, particularly up-

to-date studies and state-of-the-art technologies/ innovations supporting the 

decision-making tools to enhance building energy performance. The literature review 

focuses on three key areas; single-family building retrofitting techniques, energy 

modeling, and economic analysis. 

2.2 Building Energy Retrofits in Hot-Humid/Florida Climate 

Building researchers and industry professionals have made significant efforts 

towards the development and application of various retrofit technologies and 

decision support tools to enhance building energy performance. This section relates 

to the study conducted in terms of energy efficiency retrofits, energy 

modeling/analysis, and economic analysis. 

Ref. [11] conducted a study in central Florida to examine the efficiency of retrofit 

opportunities, typical renovation practices, and pathways for achieving U.S. 

Department of Energy (DOE) goals of energy-efficient existing homes for the region. 

The authors conducted renovation activities on 70 foreclosed homes built from the 
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1960s through the 2000s.The average improvement for the 70-house dataset was a 

34% decrease in the Home Energy Rating System (HERS) index. Annual average 

projected energy cost savings were 25%. Ref. [12] evaluated the thermal 

performance of a dwelling located in a humid climate. The authors assessed several 

retrofitting solutions for the building envelope to determine the most efficient 

solution for the building and the climate zone. The results indicated that the 

implemented strategy contributed to the reduction of the overheating problem of the 

building and maintained comfortable indoor conditions adding to the improvement 

of occupant well-being. Ref. [13] evaluated the alternative mechanisms that could 

expedite energy retrofits for U.S. housing. The paper considered the bottlenecks that 

hamper energy-saving investment in the residential sector. The paper concluded that 

the informational imperfection relating to energy-savings investments is enough 

reason to deter the investments for both demand and supply. Ref. [14] demonstrated 

the application of energy simulation as an effective tool for specifying cost-effective 

residential packages that will reduce energy consumption by 30%. The authors used 

single-family homes in the hot-humid climate in the southern USA to demonstrate 

the application. The study found that replacing lights with CFLs, installing low-flow 

water fixtures, providing programmable thermostats, applying window films, and 

reducing standby power loss were constantly cost-effective. The study recommended 

that if all EEMs proposed were implemented together, the energy use would reduce 
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from 20 to 25% with a simple payback period of fewer than two years. The study 

also highlighted the value that computer simulation models could have on the 

development of energy efficiency packages and cost-effectiveness in relation to 

homeowner's location and housing type. Retrofitting existing buildings offers 

significant opportunities for reducing global energy consumption and greenhouse gas 

emissions [15]. Ref. [15] evaluated a systematic approach to proper selection and 

identification of the best retrofit options for existing buildings. The authors suggested 

a whole building retrofit with comprehensive energy simulation, economic analysis, 

and risk assessment as an effective approach to identify the best retrofit solutions. 

The authors further recommended more research and investigation to facilitate 

energy and cost-effective building retrofits. Ref. [16] investigated different energy-

efficient retrofitting strategies, including insulation for both walls and roof, 

upgrading to LED lights, and improving the air tightness. The study concluded that, 

when combining the best strategy from each category, the annual energy 

consumption can be reduced as much as 42.5%. Ref. [17] carried out a 

comprehensive review of barriers to retrofitting guidelines and progress. The authors 

categorized barriers to energy retrofitting as regulatory, economic, knowledge, or 

social. The study found, existing research, had shown the importance of conducting 

a risk assessment in building a retrofitting process. None of the currently available 

retrofit guidelines includes a risk assessment. Also, some guidelines have no 
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recommendation for post-occupancy evaluation of installed retrofit measures. Ref. 

[18] introduced energy savings and the cost of conservation measures in U.S. 

multifamily buildings based on the analysis of measured data of over 25,000 

dwelling units. The majority of the processes can be applied to single-family homes. 

Median energy savings were 1450 kWh/unit in electric-heated buildings and 14 

MBtu/unit in fuel-heated buildings. The results show that the retrofit costs of 

($370/unit) for fuel-heated buildings were much lower than that of electric-heated 

buildings ($1600/unit). The payback periods for fuel-heated buildings and electric-

heated buildings were six years and 20–25 years, respectively. Deep Energy Retrofit 

(DER) performance in the U.S. has been assessed in 116 homes in the United States 

[19], using actual and simulated data gathered from the available domestic literature. 

The results indicated that annual energy costs were reduced by $1,283±$804 from a 

pre-retrofit average of $2,738±$1,065 to $1,588±$561 post-retrofit. These results 

provide estimates of the potentials of deep energy retrofits to address energy use in 

existing homes. Building Energy Optimization Tools (BEopt) has been used 

extensively in the U.S. Department of Energy's Building America program to direct 

research, assess emerging technologies, evaluate innovative prototype buildings, and 

estimate energy savings potential [20]. According to Ref. [21], BEopt software is 

designed to find optimal building designs along the path to Zero Net Energy [21], 

the software provides either a user-defined base-case building or a climate-specific 
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Building America Benchmark building automatically generated by BEopt and the 

user can also review and modify detailed information on all available options in a 

linked options library spreadsheet. Simulations of building energy use can give 

insights into how energy efficiency retrofits and operational changes can influence a 

building's total and temporal energy use [22]. Ref. [22] determined model accuracy 

by considering 54 homes in Austin, TX, that are part of a smart grid demonstration 

project. Ref. [23] investigated retrofit tools both in the public domain as well as in 

the private sector to better understand the diverse approaches currently in use to 

evaluate retrofit methods, measures, interoperability, target audiences, as well as 

interface types and accessibility. Ref. [24] used the EnergyPlus simulation tool to 

benchmark the energy performance of 400 residential buildings from which three 

types of buildings were classified. The EnergyPlus models produced the energy use 

intensity (EUI) per year for these buildings, with values ranging from approximately 

64.2 to 47.8 kWh/m². 

The selection of retrofit measures involves a tradeoff between capital investment and 

the benefits that can be achieved due to the implementation of the retrofit measures 

[25]. An economic analysis that facilitates the comparison among alternative retrofit 

measures can indicate whether the retrofit alternatives are energy-efficient and cost-

effective. Ref. [26] proposed a decision-making framework that calculates the 

economic benefits of energy retrofitting in terms of reduction of life-cycle cost for a 
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specific building during its service life and determines the optimum retrofitting 

budget that minimizes the total life-cycle cost of the building during its service life. 

The framework also allows for the selection of optimum energy retrofitting strategies 

(among available energy retrofitting measures) to maximize the homeowner's 

economic benefits during the service life of the building. According to the Whole 

Building Design Guide (WBDG) Cost-Effective Committee (2016) [27], an 

economic analysis was performed for six formulated refurbishment scenarios to 

determine which of the scenarios will demonstrate optimal performance both in 

energy and cost-efficiency. A variety of economic analysis methods were used to 

evaluate the economic viability of building retrofit measures. Some of them, such as 

net present value (NPV), internal rate of return (IRR), overall rate of return (ORR), 

benefit-cost ratio (BCR), discounted payback period (DPP), and simple payback 

period (SPP), can be used to assess the economic feasibility of a single retrofit 

measure. Alternatively, the life cycle cost method, the levelized cost of energy, and 

other advanced analysis methods can be used to evaluate the cost-effectiveness of 

multiple retrofit alternatives [27, 28]. All sectors of the energy community need 

guidelines for making economically efficient energy-related decisions [29]. Beyond 

social responsibility, more and more data are making it clear that it makes economic 

sense for landlords to retrofit their buildings and make them sustainable and energy-

efficient [30]. A dynamic investment analysis utilizing the discounted cash flow 
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(DCF) method was conducted for a series of energy-efficient retrofit packages that 

were applied to a specific model building [31]. The investigation provided a rational 

basis for decisions by house owners. Ref. [32] proposed an approach to enhance data 

interoperability to allow for seamless integration of design and energy analysis 

processes. The authors used Autodesk Revit software to design a BIM-Based 

architectural model as a case study. The study found that a suitable combination of 

design, energy modeling, and data exchange interface tools will help improve the 

project cost and schedule overruns.  The rapid growth in solar markets in Florida is 

driving up expectations for U.S. solar installations. Wood Mackenzie Power & Renewables 

are now forecasting more than 13 gigawatts of capacity additions in 2019[59]. Florida has 

driven the five-year boost due to ambitious solar growth plans at utilities, including NextEra 

Energy's Florida Power & Light and Duke Energy Florida. In May 2019, Florida Power & 

Light announced the construction of 10 new solar plants totaling more than 700 megawatts. 

This move makes the economics of solar in the Sunshine State look increasingly favorable 

against gas-fired generation [60].      

The literature, as described above, portrays the very diverse nature of energy retrofit 

and also the influences of numerous uncertainty factors. A favorable prediction of 

the uncertainty factors regarding the choice and combination of the proposed EEMs 

is vital to help select the best retrofit option to maximize the building energy 

efficiency during its whole service life.  
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Most utility providers, for example, Florida Power & Light Company (FPL), offer 

home energy audits with the incentive of very minimal or at no cost. The incentives 

are to help customers and to identify particular areas where energy efficiency 

improvements are necessary. In most Florida homes, the highest return on energy 

efficiency investments comes from adding or improving attic insulation, installing 

low-cost weatherization measures, and upgrading the air conditioning system.  

Energy efficiency incentives in Florida generally fall into one of six categories: 

structural, mechanical, appliances, lighting, alternative/renewable energy, and load 

management. Table 2.1 briefly outlines the typical incentives that apply to specific 

energy efficiency upgrades in Florida.  

Table 2. 1. Building categories and features targeted by energy incentive programs 

Category Feature Typical Incentive  
 

Structural 

Attic Insulation 

Windows 

Reflective Roof 

Weatherization 

Utility Rebate Programs 

Manufacturer Rebates 

 

Mechanical 

Duct Sealing 

HVAC Service 

HVAC Replacement 

Utility Rebate Programs 

Manufacturer Rebates 

 

Appliances 

Water Heater 

Refrigerator 

Washer 

Dryer 

Loan Programs 

Manufacturer Rebates  

 

Lighting 

Compact Fluorescent Lamps 

(CFLs) 

Light Emitting Diodes (LEDs) 

Utility and Manufacturer 

Giveaways 

 

Alternative/Renewable Energy 

Solar Water Heating 

Solar Photovoltaic Panels 

Federal Tax Credit 

Utility Rebates 

Loan Programs 

 

Load Management 

Voluntary (Customer-Driven) 

Direct Load Control (Utility-

Driven) 

On-Site Generation 

Tiered Rate Structure 

Seasonal or Time-of-Use 

Rates 

Utility Credit or Rebate  
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However, there is one significant incentive to consider first, before considering 

others, and that is the energy audit [33]. Florida Power and Light (FPL) offers rebates 

to residential customers who implement specific energy efficiency improvements in 

eligible buildings.  

In addition to the discounts, FPL also provides a variety of other programs to help 

customers save energy and money. These programs include On Call, which allows 

the utility company to turn off equipment during peak times in exchange for monthly 

credit, and BuildSmart, a certification program for energy-efficient new homes. FPL 

also offers customers an online Home Energy Survey to help determine further cost-

savings measures they can adopt to lower their energy bills [34].   

2. 3 Chapter Summary 

This chapter provides a comprehensive literature survey which covers the current 

work in the field. Different   retrofit application and techniques applicable to single-

family residential buildings have been reviewed in this chapter to capture the various 

retrofit technologies supported by efficient decision support tools. The literature 

encompasses three (3) areas, retrofit techniques, energy modeling, and economic 

decision analysis. The references have been cited appropriately throughout the study 

reinforce the selection of energy efficiency measures and decision supports tools. 
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Chapter 3 

Single-Family Residential Building Retrofit Case 

Studies  

3.1 Overview  

This chapter examines different cases of energy-efficiency retrofit for single-family 

residential buildings completed in Florida. The examples presented here range from 

simple infiltration and ventilation retrofit to whole-building energy retrofit.        

3.2 Applying Best Practices to Florida Local Government     

Retrofit Program - Central   Florida 

This retrofit project is a Building America Case Study Whole House Solutions for 

existing houses. DOE’s research team provided analysis and recommendations to 

eight affordable housing entities conducting comprehensive renovations in 70 

distressed, foreclosed homes in central Florida. Partners achieved a mutually agreed-

upon goal of 30% improvement in the Home Energy Rating System (HERS) Index 

score in 46 of the upgrades. In this two-phased project, best practices for deep energy 

retrofits were identified and implemented across communities [35]. The building 

incorporated the strategies and technologies presented in Table 3.1. 
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Table 3. 1.Data for whole-house solution for existing homes 

Housing Type Performance Data  City of Melbourne 

Package 

of Improvements  
Construction: Retrofit 

Type: Single-family detached; 

distressed, foreclosed housing 

Partners: 

 Brevard County Housing 

and Human Services 

Department, City of Ft 

Myers, City of 

Melbourne, City of Palm 

Bay Housing and 

Neighborhood 

Development Services, 

Sarasota Office of 

Housing and Community 

Development, Volusia 

County Community 

Assistance Size:  

 792 ft2 –2,408 ft2 (avg 

1,365)  

Location: Central Florida 

Climate Zone: Hot-humid 

(Phase 1, Deep Retrofit 

Averages) HERS Index 

Scores:  

 Pre-retrofit =129;  

 Post-retrofit = 83  

 HERS Index 

Improvement: 41% 

(unrelated to pre/post 

HERS Index averages)  

 Projected annual energy 

cost savings: $612 

(31%) 

 Estimated cost premium 

for efficiency package: 

$3,854 

 Estimated annual 

mortgage increase: $169  

 Estimated annual cash 

flow: $169 

Description: 

 Runtime mechanical 

ventilation 15 SEER; 

8.5 HSPF, 2.5-ton 

ENERGY STAR heat 

pump  

 Interior air handler 

closets, sealed central 

return plenums, passive 

return air pathways, 

duct sealing average 4 

cfm per 100 ft2 of 

conditioned space 

(Qn,out = 0.04)  

 ENERGY STAR 

refrigerator  

 Fluorescent lighting 

(combination of fixture 

and bulb replacement) 

Envelope: 

 R-38 ceiling insulation 

 ENERGY STAR 

double pane, low-E 

vinyl frame windows 

(U = 0.23; SHGC = 

0.20)  

 Whole house air 

tightness: ACH50 = 7 

 

3.3 Lessons Learned 

The lessons learned from this retrofit project include: 

 The project provides recommendations for varying energy-related 

conditions. Deep retrofits are most likely when slightly higher performance 

specifications are selected for replacements at time of wear-out and combined 
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with low-to-moderate cost non-replacement efficiency enhancements such as 

ceiling insulation.  

 Develop clear, standardized boiler plate language for each master 

specification to improve implementation consistency of bid documents and 

communicate expectations to contractors, subcontractors, and other program 

stakeholders.  

 Program developers and contractors often have conflicting understanding of 

code requirements. Rather than referencing code sections, include the 

relevant specifications in the bid documents. Codes have different 

requirements for existing homes than in new construction.  

 Involve staff, code officials, and key contractors in program development to 

identify and resolve roadblocks before they occur in the field.  

 Prototype key program elements that require changes in typical construction 

procedures before requiring them to gain first-hand experience and develop 

examples of successful implementation.  

 Include quality assurance protocols that address performance metrics (e.g. 

whole house air tightness) that fall outside of customary contractor 

responsibilities. 
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3.4 Deep Energy Retrofit – Central Florida Prototype -

North Port, Florida 

The Florida Solar Energy Center (FSEC), a research institute of the University of 

Central Florida, leads the Building America Industrialized Housing Partnership 

(BAIHP) funded by the U.S. Department of Energy (U.S. DOE). BAIHP formed a 

partnership with government and non-profit entities in Sarasota, Florida, which 

purchase, renovate, and resell foreclosed homes with funding from HUD’s 

Neighborhood Stabilization Program (NSP). The houses usually need extensive 

general repair (roofs, windows, etc.), and HUD encourages recipients to incorporate 

energy efficiency improvements. 

The Sarasota NSP set a goal of achieving a Home Energy Rating System (HERS) 

Index of 70 – roughly equivalent to 20-25% more efficient than Florida’s Energy 

Code for new construction. The HERS Index gauges whole-house energy efficiency. 

In the 30 existing homes audited by BAIHP, the pre-renovation HERS Index ranges 

from 94 to 184. Dropping the HERS Index to 70 in these homes would constitute 

21% - 54% energy savings. In achieve this significant improvement, a package of 

alterations (Table 3.2) was selected to address the four major components of energy 

use: heating and cooling (roughly 40% of typical annual energy use), water heating 

(~20%), refrigerator/range/dryer (~20%), and lighting/plug-loads (~20%). [36]. This 

is the first Sarasota NSP home to meet the HERS Index 70 goal is a 1995 three-
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bedroom home with 1217 square feet of living space in North Port, Florida. The 

house already had some energy features, such as tinted windows and a new high 

efficiency (SEER 15) heat pump. The pre-renovation HERS Index was 100, with an 

estimated annual energy cost of $1521. The post-retrofit HERS Index is 66, with an 

estimated yearly energy cost of $972 – an annual savings of $549 or $36%. The total 

cost of the improvement package is approximately $3,800. This cost equates to a 

seven-year simple payback at the current utility rate ($0.13/kWh) [37].   

Table 3. 2. Sarasota HERS index 70 - improvement package 

Energy Efficiency and Indoor Air Quality  Water Efficiency  

 Reduced duct leakage  

 Drywall repair (reduces infiltration)  

 R-38 attic insulation   

 ENERGY STAR® shingles (new roof 

was needed)  

 Mechanical system servicing   

 Programmable thermostat installation   

 ENERGY STAR® appliances   

 Heat pump water heater installation   

 Compact fluorescent bulbs in 100% of 

lighting fixtures  

 Ducted bathroom fans   

 Ducted and dampered, passive outside air 

ventilation system 

 Low-flow faucets and fixtures  

 High efficiency, 1.28 gallons/flush 

toilet  

 No garbage disposal  

 ENERGY STAR® dishwasher  

 No permanent irrigation system  

 First NSP to achieve Florida 

Water StarSM Gold 

3.5 Lessons Learned 

Among the lessons learned included in this project are listed below: 

 Prioritize documentation of the market performance of DER homes, namely 

increased property valuation and loan performance.  
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 Focus on documentation of the non-energy benefits of DERs, with at least as 

much effort and rigor as current energy assessments. These NEBs are 

considered the real drivers of home retrofit decision-making.  

 Report actual usage data, as well as simulated data wherever possible, so that 

an assessment of modeling predictions is possible across larger sets of DER 

homes are possible.  

 Develop improved guidance as to when, where, and under what 

circumstances fuel switching is appropriate. Furthermore, research is need 37 

to better document the frequency, magnitude, and exact causes of electricity 

increases in DER homes.  

 Validate through case studies and simulation the purported benefits, risks, 

and overall effectiveness of phased retrofits. Key issues include the 

avoidance of re-work and suboptimal investments, as well as the impacts of 

an extended retrofit timeline on total energy and emissions reductions over 

the life of the home. In particular, might emissions reductions be pushed 

beyond some important tipping point by being delayed?  

 Development and demonstration of pre-planned retrofit packages that are 

tailored to particular climates and housing types.  

 Development of guidance suitable for contractors to use when already 

performing home renovations or equipment replacement. 
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3.6 DOE Challenge Home Case Study - Ellenton, FL   

Volunteers with the Manatee County Habitat for Humanity broke ground on the 18-

home community in 2010. All of the homes meet the requirements of ENERGY 

STAR for Homes Version 3. Three of the houses are certified LEED Platinum 

through the U.S. Green Building Council’s LEED for Homes program (more would 

likely have been certified but were not registered due to costs). Halfway through the 

project, the affiliate heard about the DOE’s Challenge Home program and sign to 

participate. The team build the next home, a three-bedroom, two-bath, 1,143 ft² 

duplex, to Challenge Home criteria. The house is the first DOE Challenge Home in 

Manatee County [38]. Table 3.3 shows the featured development, which includes 

project and performance data. 

Table 3. 3.Featured home development data 

Project Data Performance Data: 

 Name: Hope Landing Lot 2 

 Location: Ellenton, FL  

 Layout: Duplex, 3 bedrooms, 2 baths, 

1 floor  

 Conditioned Space: 1,143 ft2  

 Completion: Nov. 2012  

 Climate Zone: 2A 

 HERS Index without solar PV: 53  

 HERS Index with solar PV: 23  

 Projected annual energy cost savings 

(compared to a similar home built to 

Florida code minimum): without PV 

$520, with PV $947  

 Projected annual utility costs: without 

PV $783, with PV $356  

 PV production revenue: $427  

 Cost over builder’s standard: with PV 

$17,000; without PV $11,926; 

without PV or solar water heating 

$7,774  

 Annual energy savings: without PV 

14.8 MMBtu, with PV 26.9 MMBtu 
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3.7 Lessons Learned 

The under listed lessons were gathered from this project: 

 Uninsulated concrete block walls require removal of all interior wallboard to 

seal numerous holes and add continuous foil-faced rigid insulation (see 

photo on first page). 

 An unvented attic was implemented to air seal the whole house, bring the 

ducts and air handler inside the thermal envelope, and add insulation to the 

attic. An unvented attic was the best solution because of numerous large air 

pathways from the existing vented attic to the house. Perimeter ceiling 

drywall was removed and replaced after spraying the attic with open-cell 

foam (see photos). 

 All measures listed on the left sidebar were required to achieve 50% energy 

savings. The biggest contributors were the two measures in bullets above and 

the new heat pump and windows. All were installed to work as an integrated 

system solution to provide a comfortable, affordable energy efficient home.  

 Water management details are a critical part of energy retrofits in hot-humid 

climates. For this project, all windows were sealed and properly flashed, and 

a new white shingle roof was installed over an impermeable underlayment 

for added protection from rain- and solar driven moisture in this hurricane-

prone climate. 
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3.8 DOE Challenge Home Case Study 2 - Winter Park, FL 

This is the Wilson Residence in Winter Park, Florida, produces more energy than it 

uses, with construction costs of one-third less than originally proposed. Completed 

in May 2012, this is a 4,305ft² custom home (with four bedrooms and baths). Without 

solar power, the home scores a HERS 57, which is well below the HERS 100 for a 

standard home built to code compliance. With its photovoltaic system, the home 

produces better than zero-net-energy performance, with a score of HERS -7. This 

score translates into no electric utility bills and even $123 annually in the 

homeowner’s pocket from the utility. The home also meets the requirements of 

LEED for Homes, the Florida Green Building Coalition, Florida Water Star Gold, 

and other programs. As specified in the Challenge Home requirements, the envelope 

was designed to meet all ENERGY STAR Version 3 requirements and 2012 

International Energy conservation code [39]. The building has the following key 

features: 

 Walls: autoclaved aerated concrete blocks (8-inches = R-8) with AAC- 

approved breathable plasters and paints for finishes 

 Roof: light-colored standing-seam metal roof over-engineered roof trusses 

with R-20 spray foam under the roof deck for a conditioned attic 

 Foundation: slab on grade 
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 Windows: ENERGY STAR qualified low-E, double-pane, vinyl-framed 

windows, U=0.27, SHGC=0.24 

 Air Sealing: 1.77 ACH50; 1,297 cfm50 

 Ventilation: duct with an electronically controlled damper regulated by a 

thermostat to bring in fresh air (positive-pressure supply ventilation) 

 Heating/Cooling: 1st-floor ducted heat pump (SEER-18, HSPF 9.5); master 

bedroom ductless mini-split heat pump (SEER 16, HSPF 10); 2nd-floor heat 

pump (SEER 16.5, HSPF 9) 

 Ducts: within the conditioned attic 

 Air Handler: within the conditioned attic 

 Water Heating: two tankless propane-fired water heaters 

 Lighting: LED bulbs in IC-rated recessed cans 

 Solar: 13.4-kW PV system 

 Water Conservation: 7,000-gallon rainwater cistern plumbed to toilets, 

aquarium, and backyard garden; drought-tolerant landscaping 
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All of the 962ft² porch roofs are comprised of solar panels with a 13.4-kW solar array 

system. The 69 panels don’t sit on top of the roof; they are the roof. The completely 

watertight structure allows about 15% of natural light to filter through the panels, 

lighting the space below. The panels are dual surface, meaning they can produce 

power from any sunlight reflected up onto their lower surface for up to 30% greater 

than rated power production. All wiring is hidden within the canopy’s aluminum 

support beams.  

3.9 Lessons Learned 

The lessons from this project include: 

 Even in a very hot-humid climate such as Winter Park, Florida, the ability to 

utilize the space cooling benefit from the HPWH was found to be highly 

variable. One site, with 50% higher hot water loads than the second site, was 

expected to generate greater cooling benefit. However, higher cooling 

thermostat set points at that site and an improved thermal envelope resulted 

in about 1/3 fewer days during the summer when the air conditioner operated. 

The net effect was that the site with less HPWH operation generated greater 

cooling benefit in offsetting actual air conditioning use. 

 A key consideration for indoor HPWHs is noise. Many manufacturers have 

paid attention to this issue and deliver products that are quiet. There were no 
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homeowner concerns about noise from the two field test sites with indoor 

HPWHs. 

 Water heating savings of 59–61% are projected relative to a standard electric 

storage water heater. These savings are significant and would provide simple 

paybacks in the 6.2–8.8-year range. In California, relatively inexpensive 

natural gas and high electric rates makes competition against natural gas 

challenging. Local rates and available incentives will change the economics. 

3.10 High Performance Residential Retrofits - Florida and 

Alabama   

Department of Energy Building America team led by the Florida Solar Energy Center 

began working in 2010 with eight local government and non-profit partners. They 

aimed to find cost-effective paths for improving the energy performance of existing 

homes in the hot, humid climate. The research was designed to determine if and 

under what circumstances deep energy retrofits (HERS Index of 70 or 30-50% 

improvement) could be cost-effective. An energy audit and energy use modeling of 

the partner’s proposed renovation package was performed for 41 affordable and 

middle income foreclosed homes in Florida and Alabama. HERS Indices ranged 

from 92 to 184 with modeled energy savings ranging from 3% to 50% (average of 

26%). Table 6 indicates Post-Retrofit Projected Energy Use and Savings Results for 

ten complete renovations. The Project Profile includes the following:    
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 Project Team: Building America Industrialized Housing Project, BAIHP 

 Location: Florida and Alabama 

 Description: Single-family; detached and two half-duplex units, concrete 

masonry unit or frame construction, mostly slab-on-grade, primarily single-

story, built between 1954 and 2004, the living area between 780 ft² to 2,408 

ft². 

 Completion Date: As of June 2010, 10 renovations completed, 31 in progress 

 Estimated Annual Energy Savings: 15% to 50% savings per year 

Ten homes have been completed, including general repairs, with varying attention to 

energy efficiency. In six of the ten, the partners achieved a post-retrofit HERS Index 

of 70 and 30-50% projected energy savings based on annual energy use simulation. 

Three of the four remaining homes saw improvements between 15% and 30%. One 

house (built-in 1995) had predicted yearly savings of $495 (33%), and the HERS 

Index was improved from 99 to 67 with an associated incremental cost of $3,327. 

The last of the remaining four home (built-in 1967) had predicted annual savings of 

$873 (44%), and the HERS Index was improved from 165 to 73 with an associated 

incremental cost of $3,958. Both homes were fueled with electricity only, and the 
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energy costs for pre-retrofit and post-retrofit simulations were calculated using a 

price of $0.13/kWh [40].  

3.11 Lessons Learned 

Health and safety issues are significant factors to consider when retrofitting homes. 

For example, while completing this case study, the partners learned that typical 

insulation contractors may not be sufficiently aware of the risks involved with 

recessed lighting fixtures coming in contact with insulation. Likewise, there seems 

to be little attention to disruption of attic ventilation at the eaves. One area of 

particular concern was evident in several homes that had atmospheric combustion 

gas furnaces which needed to be replaced. Contractors who replace these worn out  

units with new atmospheric combustion units as part of an overall renovation 

involving shell air sealing may be exposing themselves and occupants to combustion 

safety risks not present in the pre-retrofit house. 

3.12 Impacts of “Right Sizing” of Fixed Capacity (SEER 

13) and Variable Capacity (SEER 22 and   21) Heat Pumps 

with Attic and Indoor Ductwork - Cocoa, Florida 

This section refers to the Building America Efficient Solutions for New and Existing 

Homes case study. The Partnership for Improved Residential Construction in 

Building America examined the performance of 2-ton and 3-ton fixed- and variable-

capacity systems and the impacts of system oversizing. Measured results found that 
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the 2-ton and 3-ton variable-capacity heat pumps each show a pattern of much higher 

cooling efficiency at low capacity. The 3-ton heat pump, for example, is 41% more 

efficient when operating at 42% of maximum capacity versus when running at 84% 

of maximum capacity. Table 3.4 indicates the features incorporated in the project 

[41].  

Table 3. 4.Featured of project development data 

Project Data         Performance Data:   

 Project Name: Draft Report: Cooling 

and Heating Season Impacts of “Right 

Sizing” of Fixed Capacity (SEER 13) 

and Variable Capacity (SEER 22 and 

21) Heat Pumps with Attic and Indoor 

Ductwork 

 Building Component: HVAC 

 Years Tested: 2010-2013 

 Applicable Climate Zone(s): IECC 

climate zones 1-4  

 Net Cost of Energy-Efficiency 

Measure (SEER 21 vs. SEER 13): 

$3,500    

 Projected Energy Savings: 3,800 

kWh/y 

 Projected Energy Cost Savings: 

$440/y  

Monitoring of energy consumption over 24 months at a highly instrumented lab 

house found that oversizing a SEER 21 variable-capacity system yielded 8.0% 

cooling energy savings and 1.5% heating energy savings. By contrast, oversizing a 

fixed-capacity SEER 13 system produced an 8.4% increase in cooling energy and a 

0.7% reduction in heating energy. 

Even more impressive results occurred during peak periods. Peak cooling demand 

declined by 15.7%, and peak heating demand declined by 10.1% when the variable-

capacity system increased in size from 2 to 3 tons. By contrast, peak cooling demand 
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increased by 1.0%, and peak heating demand increased by 11.9% when the fixed-

capacity system doubled in size from 2 to 3 tons.  

3.13 Lessons Learned 

 Oversizing of fixed-capacity SEER 13 heat pumps systems generally causes 

a significant increase in seasonal cooling and heating energy consumption 

and peak cooling and heating demand. 

 By contrast, oversizing of variable-capacity SEER 21 heat pumps systems 

generally produces substantial decreases in seasonal cooling and heating 

energy consumption and peak cooling and heating demand. 

 Oversizing of heat pumps has the additional advantage of diminishing the 

frequency of electric resistance back-up heating being activated, thus yielding 

considerable seasonal and especially peak demand heating energy reduction.  

 The authors conclude, therefore, oversizing of variable-capacity heat pumps 

should be permitted and even encouraged since oversizing produces 

substantial energy and peak demand savings. Codes, standards, and programs 

that limit oversizing of systems should be evaluated and likely modified to 

encourage or at least permit significant (perhaps 50 to 100%) oversizing of 

variable-capacity systems. 
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3.14 Chapter Summary   

Chapter 3 illustrates the studies of six different retrofit projects, all involving single-

family residential buildings tailored-made to meet Florida climates. The variety of 

the selection of materials, systems, and integration of solar energy processes makes 

it essential to capture the critical knowledge in the selection of energy efficiency 

measures for the building retrofits. Lessons learned from these case studies suggest 

that it is important to secure all stakeholders’ support to formulate   decisions before 

the start of each retrofit project.  
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Chapter 4 

Methodology 

4.1 Overview  

This research employs an approach which includes an extensive study targeted at 

improving the energy performance of existing single-family residential buildings in 

the state of Florida and applicable to buildings in other hot-humid climate zones. The 

purpose is to establish energy efficiency measures (EEMs) capable of reducing 

building energy consumption coupled with the lowest retrofit cost. This chapter  

develops a modeled five-step framework that includes baseline model definition,   

verification of the model with an actual home, identification of the EEMs, estimate 

of the cost of the EEMs, and  evaluation of how effective those EEMs aligned with 

the objective of this study. 

 Furthermore, this chapter addresses the core aspect of the research, i.e., the 

discovery of real data regarding the older single-family residential homes in Florida. 

The subsequent sections describe the details of this data. 
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4.1.1. Define baseline model 

A static baseline model is required to predict the effectiveness of the EEMs for 

retrofit projects.  This section develops a baseline model using Autodesk Revit 

software for the case study building, which has an approximate footprint of 1,802ft². 

The model represents the physical characteristics, structural components, size, 

climate zone, and year built of the study building. Section 4.4 provides detail the 

process of the baseline building. 

4.1.2. Verify baseline model with an actual home 

The verification process is performed by incorporating characteristics/features 

identified in step 1 into the baseline model. This process determines the energy 

consumption levels and the performance of the building's structural/system 

components. The electricity consumption from the utility bill is an additional input 

to the model for energy analysis. Section 4.5 provides the relevant building energy 

audit process for this case study.  

 4.1.3. Identify EEMs 

Identification of EEMs depends mostly on the results of an energy audit conducted 

in section 4.5, and energy end-use estimate process as described in section 4.7. These 

two activities presented the real state of the case study building that led to the 

identification and selection of the EEMs.  
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4.1.4. Estimate the cost of EEMs 

The initial retrofit cost is an essential determinant for the selection of a proposed 

EEMs. The cost estimate for the EEMs is performed using industry published data 

such as RSMeans [41], manufacturers cost/user guide and vendor prices provided by 

national retail vendors, local general and subcontractors, as well as historical data 

from previous projects. 

4.1.5. Evaluate the effectiveness of EEMs 

This step deals with the simulation of the energy savings of the selected EEMs. 

Multiple simulations of EEMs performed together to predict the optimal retrofit 

option with the highest cumulative energy savings, which corresponded with the 

lowest up-front cost. Figure 4.1 shows the simplified Five-Step approach described 

above for the study. 

 

Figure 4. 1.Modeled Five-Step Approach 
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4.2 Single-Family Building Survey  

A survey of Florida Single-Family Residential (SFR) buildings constructed between 

the years 1950 and 1970 was conducted to collect data associated with the properties. 

The search established each building’s architectural style, roof profile, building 

envelope type, and HVAC system type. The study used the Clustering data mining 

technique for the search of property appraisal databases. Clustering, also called data 

segmentation, as large data groups are divided by their similarities. A total number 

of 2,621,262 residential buildings were surveyed through the property appraisal 

database across the sixty-seven counties in Florida Table 1 shows the breakdown of 

data for each county. Out of the total number surveyed, the authors selected 6,700 

homes for further analysis. Figures 4.2 - 7 provide examples of a typical exterior wall 

type, roofing material types, window types, average building footprints, HVAC 

system, and fuel types for each county. Figures 4.2, 4.3, and 4.4 indicate the most 

predominantly used building envelope types associated with each county. The 

building footprints, including conditioned and unconditioned areas, constitute an 

average size of 1,300 ft² (See Figure 4.5). Figures 4.6 and 4.7 indicate both the 

HVAC system and fuel types. Over 95% of the homeowners use electricity to power 

their homes. The authors had limited data relating to Figures 5 & 6. There was no 

information discovered on lighting systems and fixtures. Other patterns related to the 

building shape include rectangular, "L or U" shape, and or low pitch roof with 
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extended eaves. They have an attached garage and a large picture window facing the 

street. The houses are generally three (3) bedrooms on average across all counties. 

The buildings' exterior features are predominantly made of masonry concrete blocks, 

as indicated in Figure 1 for exterior walls types, drywall for interior partition, slab-

on-grade, and carpet, or vinyl for floor. Based on the age of these buildings, it is safe 

to assume that the majority of them are energy inefficient. About 80% of the windows 

are a single uninsulated pane, obvious from their visibly deteriorated nature. Some 

of the gaping holes noticed along the joints of the building envelopes make it 

reasonable to say that they are not sealed correctly from the air leakages.  

 
Figure 4. 2.Type of exterior walls   
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Table 4. 1 Single family residential (SFR) home survey from each county 

County No. of 

buildings 

County No.  of 

buildings 

County No. of 

buildings 

1.Alachua 620,858 24.Gadsden 10, 960 46.Walton 14,001 

2.Baker 98,481 25.Oskaloosa 12,000 47.Collier 12,000 

3.Bradford 117, 601 26.Hardee 15,068 48.Lee 9,299 

4.Brevard 600,381 27.St. John 15, 008 49.Sarasota 30,270 

5.Broward 211,199 28.Nassau 21,570 50.Dixie 12,440 

6.Calhoun 21, 411 29.Santa Rosa 13,001 51.Franklin 11,748 

7.Charlotte 28,288 30.Osceola 15,283 52.Columbia 11,309 

8.Citrus  79,368 31.Suwanee 13,856 53.Gilchrist 16,600 

9.Hillsborough 34,760 32.Flagler 11,721 54.Hamilton 6,720 

10.Pinellas 4,639 33.DeSoto 15,887 55.Holmes 15, 300 

11,Polk  32,183 34.Bay 14,001 56.Jackson 12,000 

12.Volusia 10,060 35.Monroe 5,001 57.Hernando 9, 782 

13.Palm Beach 41, 000 36.Orange 101,000 58.Jefferson 11,831 

14.Duval  10,000 37.Okeechobee 13,745 59.Lafayette 13,239 

15.Pasco 85,770 38.Leon 11,161 60.Levy 11,075 

16.Escambia 13,001 39.Madison 9,960 61.Taylor 11,173 

17.Wakulla 11,916 40.Gulf 14,140 62.Union 8.778 

18.Manatee 14,290 41.Liberty 12,203 63.Washington 10,820 

19.Sumter 15,275 42.Clay 11,080 64.Indian River 17,559 

20.Hendry 15,727 43.Lake 3,760 65.Marion 11,999 

21.Glades 5,002 44.Seminole  48,606 66.Martin 2,870 

22.Saint Lucie 45,589 45.Putnam 12,950 67.Highland 17,734 

23.Miami Dede 311,000 Total No. of Buildings Surveyed: 2,621,262 

 
Figure 4. 3. Type of roof materials 
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Figure 4. 4. Type of windows 

 
Figure4. 5. Types of footprint 

 
Figure 4. 6. Types of HVAC system  
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Figure 4. 7. Types of fuel system 

4.3 Baseline Building   

A residential building located in Melbourne, Florida (28.070071, 80.525198), was 

chosen as a baseline for the study. The pictorial view of the building is shown in 

Figure 4.8. Concrete block walls, asphalt shingle roofing, single pane glazed 

windows, and wood/aluminum frame glass doors make up the predominant features 

of the building. The residence was built in 1959 with 1,802 ft² footprint, including 

both conditioned and unconditioned (garage) areas, 12,197 ft² lot size, three 

bedrooms, and two baths. This building represents the general characteristics of 

Florida single-family residences found in the previously described survey. 
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Figure 4. 8. Pictorial view of the baseline building 

Table 4.2 shows the window-to-wall ratio (WWR) of the building and the window 

types installed. WWR is an essential variable affecting energy performance. The 

building has a light color strip asphalt shingle on a wooden rafter. The energy audit 

section (4.5), outlines the detailed features of the building. 

Table 4. 2.Window-to-wall ratio 

The Building Glazing System 

Zone Orientation WWR Glass 

South 10.23% Double-pane conventional windows 

East 8.83% Single-pane conventional windows 

North 6.40% Single-pane conventional windows 

West 3.73% Single-pane conventional windows 

4.4 Baseline Model  

A baseline model must be defined appropriately in other to determine the 

effectiveness of the EEMs. Ref. [39] stated a baseline model needs to be a close 

approximation of a typical house in the geographical location of interest. The author 

developed a model based on the actual building using Autodesk Revit as shown in 

Figure 4.9 and 4.10. Using Autodesk Revit, the model was created to support the 
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energy modeling and simulation analysis process to determine the cost-effectiveness 

and efficiency of the chosen EEMs. 

 
Figure 4. 9. Figure 4. 3D View of the baseline model 

 

 
Figure 4. 10. Floor Layout of the baseline building 
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4.5 Energy Audit  

A level 1 & 2 energy audit to ASHRAE Standards was conducted to identify energy-

related opportunities for the baseline building. The author chose this level of audit as 

the first step towards developing/or proposing a long-term EEMs for the building. 

The main components observed throughout the audit process include:  

 Primary Energy Use Analysis (PEA); 

 Walk-through Survey; 

 Identification of low-cost/no-cost recommendation; and  

 Identification of capital improvements.  

The survey was administered three times within six months to obtain the actual data 

for the building. Total Annual Energy Use (kWh) per the Florida Power and Light 

(FPL) bills was 19,018 kWh for the year 2018. During the walk-through excise, we 

posed a series of questions to the owner and the other occupants. The electricity bills 

for two years (2017 and 2018) were obtained from the owner to conduct the actual 

energy usage analysis. Table 4.3 depicts the summary of monthly and annual energy 

consumption breakdown. More detailed energy audit on the equipment, lighting 

fixtures, and HVAC units was necessary to establish the point of reference for the 

energy analysis. Manufacturers' data sheets played a significant role in developing a 

credible schedule for the baseline building. There were no energy-efficient light 

fixtures. Table 4.4-4.8 presents the summarized findings of the energy audit. Tables 
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4.4, 4.5, 4.5, 4.7 and 4.8 contains the windows schedule, list of exterior doors, plug 

loads, equipment, lighting schedule, and Heating/Cooling set-points, respectively.  

Table 4. 3. Summary of utility bills for 2017 & 2018  

2017 2018 

Month Electri

c 

(kWh) 

Elect 

($) 

Water 

(Gal) 

Water 

($) 

Month Elect 

(kWh

) 

Elect 

($) 

Water 

(Gals) 

Water 

($) 

22th Jan 1261 149.16 700 27.83 23rd 

Jan 

1126 141.16 600 26.68 

20th Feb 890 117.01 830 29.23 21st 

Feb 

940 120.96 960 32.11 

19thMar 1206 136.11 800 29.00 22nd 

Mar 

1296 154.66 920 30.68 

20thApr 908 110.21 800 29.00 20th 

Apr 

1006 124.32 700 27.83 

22th May 1214 159.29 950 31.20 22nd 

May 

1308 155.92 900 30.11 

23rd Jun 1481 176.30 1100 32.89 21st 

Jun 

1304 155.54 1400 34.54 

22nd Jul 2160 193.98 900 30.50 23rd Jul 2474 287.06 900 30.10 

22nd Aug 1642 260.10 800 29.00 22nd 

Aug 

2576 289.66 800 29.00 

21st Sept 2402 201.98 650 26.32 21st 

Sept 

2192 250.54 650 26.32 

23rdOct 2768 271.27  700 27.83 22nd 

Oct 

2466 285.82 700 27.83 

20thNov 1522 191.81 820 29.64 20th 

Nov 

1318 155.58 820 29.64 

20thDec 1318 183.98 700 27.83 21st 

Dec 

1012 120.10 700 27.83 

Total 18772 2103.31 9350 350.2 Total 19018 2361.46 10050 352.67 

 
Table 4. 4.Windows 

Direction Number Glass Type Frame Type Size (in) Distance to 

Ground (in) 
East 3 Clear Wood/AL 30 x 46 36 

East 1 Clear Wood/AL 24 x 48 36 

North 1 Clear Wood/AL 24 x 48 36 

North 3 Clear Wood/AL 30 x 46 36 

South 1 Clear Wood/AL 30 x 46 36 

South 2 Clear Wood/AL 85 x 60 24 

West 1 Clear Wood/AL 30 x 46 36 
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Table 4. 5.Exterior doors 

 

 

Table 4. 6.Plug loads and equipment  

Type Location Number Wattage Hours/year 
Computer Bedrooms 3 80 4,380 

Refrigerator Kitchen 1 160 8742 

Microwave Kitchen 1 1200 125 

Dishwasher Kitchen 1 3600 730 

Oven Kitchen 1 2000 2519 

Clothes Washer/Dryers Laundry Room                      1 2400 216 

TV Living Room 1 300 1250 

Coffee Maker Dining Area 1 750 500 

 

 

Table 4. 7.Lighting 

Type Location Number Wattage Hours/year  

Recessed  Bedrooms/Living/Dining 36 75 2,190 

T2 Bath 6 15 3000 

A19 Closet 1 35 15 

A15 Closet 1 55 15 

GU24 Garage 6 13 1500 

 

 

Table 4. 8. Heating/cooling set-points in Fahrenheit 

 Split System Unit 
Season Cooling Heating 

Winter 76 69 

Spring and Fall 75 68 

Summer 74 68 

4.6 End-Use Energy Information 

Figure 4.11 indicates the percentage distribution share of the energy. Ref. [40] 

attribute the breakdown of the energy usage in Florida as follows: residential 53%, 

Direction Number Type Size (in) 
North 1 Sliding Glass 43.2 x 84 x 1 

South 1 Embossed Panel (Garage) 192 x 84 

West 1 Metal  36 x 84 

West 1 Half Flat Glass-Wood Clad 36 x 84 
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commercial 39%, and industrial 8%. Energy sources distribution includes; 62.6% 

Natural Gas, 19.6% Coal, 11.4% Nuclear, and 6.3% to other sources. According to 

Ref [42], end-user energy consumption in homes is categorized into space heating, 

air conditioning, water heating, and a lumped category of lighting, electronics, and 

appliances. 

 

 

Figure 4. 11. Consumption of energy distribution-Florida 

Space heating is responsible for the most significant fraction of the energy 

consumption with 41.5%., which is the highest among end-users in the US. Lighting, 

electronics, and appliances rank second at 34.6%, while water heating and air 

conditioning are responsible for 17.7% and 6.2% respectively. 

Transportation
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24%
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4.7 End-Use Energy Estimate    

Figure 4.13 shows the energy end-use estimate. The estimate is created using the 

results of the energy audit conducted in section 4.5. Cooling loads emerged as a 

higher energy end-user, while lighting and equipment loads were considered 

significant end users. Hot water and heating loads shared the lowest consumption 

levels, respectively. The End-Use analysis presented the opportunity for the authors 

to properly defined EEMs for areas that demand more attention in terms of energy 

consumption.  

 
 

Figure 4. 12. End-use energy estimate 

 

4.8 Cooling Loads and Heat Gain Sources  

Based on Figure 4.13, the end-use estimate, it is interesting to note that the most 

significant load source comes from cooling, equipment, lighting in that to understand 
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at order. It is vital to understand the load sources regarding this energy end-use in a 

typical Florida SFR building. Figure 4.14 illustrates a summarized source of cooling 

loads for the studied building, which represents about 85% features of SFR buildings 

across entire Florida discovered research. The load calculation was generated based 

on the high impact usage areas from Figure 4.14, using Revit.  

 
Figure 4. 13. Cooling Load Sources 

4.9 Chapter Summary 

This chapter develops the model framework to establish a structured energy 

efficiency measures to reduce energy consumption. The chapter illustrates a 

systematic five-step methodological approach to identifying, determining, and 

implementing the best retrofit measures for the existing single-family residential 

buildings. These processes can be applicable to multi-family residential buildings 

and small office buildings requiring minor modifications. 
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The chapter further develops data regarding building architectural styles, roof 

profiles, envelope types, and HVAC system types of older single-family residential 

buildings constructed before 1970. The chapter sections also include case study 

building selection, baseline model development, energy audit, and end-use energy 

estimate.  
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Chapter 5 

Energy Efficiency Measures (EEMs)  

5.1 Overview  

Retrofitting existing buildings for energy efficiency has been identified as an 

effective measure to reduce global energy consumptions and greenhouse gas 

emissions. Many governments and organizations have put significant effort into 

energy efficiency improvement in existing buildings. Improving existing homes can 

be expensive. However, many energy efficiency improvement measures can quickly 

pay for themselves in terms of energy savings. The realization of substantial energy 

savings is possible through the proper combination of efficient EEMs. New trends 

and technologies are becoming an integral part of the buildings, making them more 

dynamic and interactive structures [43]. This chapter defines different variables and 

a combination of energy efficiency measures as well as retrofit technologies capable 

of reducing building energy consumption and a lower lifecycle cost.  

5.2 Passive and Active Strategies 

Incorporating the passive strategies reviewed in the literature has a direct link with 

SFR retrofit projects. Passive approaches, such as increased building tightness, 

orientation, low emissivity windows, and higher R-Values of both roofs, and walls 
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are part of the examples of EMMs that do not consume energy. They tend to lower 

the total building loads. 

LED lighting, programmable thermostats, and efficient HVAC systems are the 

classic examples of the active strategies reviewed. Active strategies are those that 

reduce energy loads but also consume energy.   

5.3 Retrofit Technologies 

Energy-efficiency retrofits can reduce operational costs, particularly in older 

buildings, as well as helping to attract tenants and gain a market edge [44]. Energy 

retrofit is the physical or operational change in a structure itself. It is energy-

consuming equipment or its occupant’s behavior to reduce the amount of energy 

needed and to convert the building to a lower energy-efficient facility needed.  

Different categorization of selected retrofit technologies and innovations can 

improve efficiency and help minimize the building energy use. This section looks at 

how well these retrofit technologies can be integrated/fit into single-family 

residential buildings.   

5.3.1 Enveloping Measures 

The building envelope consists of all elements of a building that separate its interior 

from the exterior environment: external wall insulation, windows, and roofing. 



52 
 

 

Advanced building materials can reduce building energy consumption and costs by 

lowering heating and cooling loads [45], which account for roughly 50% of the 

energy consumed by a typical United States home. Merely using efficient building 

envelope technologies can reduce heating and cooling loads as much as 40%. Roof 

and attic insulation alone can reduce heating and cooling needs by 10-15% [45].   

5.3.2 Retrofit with Rigid Foam Insulation  

One method for increasing the insulation level of the walls in existing buildings is to 

remove the exterior cladding and install rigid foam insulation [46], possibly new 

house wrap, and new exterior cladding over the walls. This process will not only 

increase the wall R-value, but it can also significantly improve the performance of 

the walls to control the movement of air, vapor, and water through the walls. The 

advantages to this retrofit approach include minimizing the impact of the wall retrofit 

on the interior finishes of the existing house, supporting continuity of the water and 

air control layers, reducing thermal bridging or heat transfer through wall framing, 

and lowering the risk of water damage and condensation within the existing wall 

structure. In figures 5.1, the wall siding is represented as lap siding, which could be 

wood, vinyl, or fiber cement lap siding [46]. The insulating sheathing is held in place 

by vertical furring strips, along with other attachments per manufacturer’s 

instructions. The vertical furring strips also provide the means of attachment for the 

exterior siding and provide a ventilation gap under the siding. The house wrap should 
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be overlapped and taped at all seams and attached with fasteners per the 

manufacturer’s instructions.  

 
Figure 5. 1. Insulating sheathing installed over existing wall sheathing in a wall [46]. 

When installing this type of retrofit wall assembly, multiple layers of insulating 

sheathing should be applied to the exterior of the existing wall. For example, rather 
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than installing one 2-inch layer of rigid foam, two 1-inch layers are installed. The 

layers create an impermeable vapor layer on the exterior of the existing wall. If there 

is a wetting event (e.g., a plumbing leak) that causes the existing wall structure to 

become wet, the wall must be able to dry to the inside. To allow drying to the interior, 

any new or existing application of closed-cell spray foam in the wall cavities should 

be limited to a thickness of no more than one inch. For other types of spray foam 

insulation, the vapor permeance of the installed thickness must be at least 1.0 perm. 

Open-cell spray foam insulation meets these criteria for usual framed wall cavity 

depths. 

5.3.3 Retrofit with Structural Insulated Panels (SIPs) 

Improving the thermal performance of a building with retrofit insulated panels can 

be one part of a comprehensive energy retrofit. Retrofitting insulated panels (or 

retrofit panels or nail base) is the easiest way to add continuous insulation and air 

sealing to older homes, as part of a comprehensive energy retrofit plan or as an 

energy conservation measure when replacing siding. The composite panels consist 

of rigid insulating foam laminated to a single sheet of oriented strand board (OSB) 

structural sheathing [47]. 

Panels are cut to fit on-site and attached over the existing wall or roof sheathing, 

providing added insulation without disturbing the inside of the home. New cladding 
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and underlayment are then installed over the retrofit insulated panels. The OSB 

facing serves as the fastening surface for siding or roofing (www.sips.org). Figure 

5.2 shows the insulated retrofit panel over existing sheeting. (Photo credited to 

Structural Insulated Panel Association -SIPS). 

 
Figure 5. 2. Retrofit insulated panel over existing sheeting (Source: www.sips.org) 

Retrofit insulated panels are available in a variety of thicknesses and sizes. Thicker 

panels have a higher R-value or thermal resistance. Table 5.1 covers the R-values for 

expanded polystyrene (EPS) retrofit panels, the most common insulation type. 

Selecting the appropriate panel thickness depends upon the existing home insulation 

and the local climatic conditions. Choosing the right thickness of the panel starts with 

determining the desired total R-Value of the wall or the roof system by adding the 

existing cavity insulation to the retrofit insulated panel values (see Table 5.2). Proper 
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verification should be made to ensure that the R-value of the insulated retrofit panel 

must meets the requirements of the international residential code (IRC) and the local 

law. 

Table 5. 1. Sample SIP R-Values of various thicknesses 

Thickness 2”  3”  4”  5”  6”  8.25”  10.25”  12.25”  

EPS R‐ value R‐
6  

R‐ 10  R‐ 13  R‐ 17  R‐ 20  R‐ 31  R‐ 38  R‐ 49  

Neopor®   R‐
value 

R‐
8  

R‐ 12  R‐ 17  R‐ 22  R‐ 27  R‐ 39  R‐ 45  R‐ 58  

5.3.4 Roof Insulation  

According to the Florida Building Code 2018, it is an acceptable practice to install a 

new roof over an existing roof membrane system, provided the roof deck is 

structurally sound and has been prepared to support the added load. Insulation board 

should be inserted between the old and new roof systems to ensure proper insulation 

and to reflect heat from the outside. To save a substantial amount of energy costs, 

you may choose either foam or rigid foam insulation. The process must be 

compatible with your roof covering. The insulated roof is either vented or unvented. 

Vented assembly can perform well, but it is essential to get the detail specifications 

right to prevent sheathing rot. Unvented roof assemblies should be insulated either 

with air-impermeable insulation (rigid foam or spray polyurethane foam) or with a 

combination of foam and air-permeable insulation. The process can be done alone 

using SIPs or a nail base. Figure 5.3 shows the insulation of the new roof over an 

existing roof membrane system. Insulations, whether a single type or a combination, 
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must at least meet the building code requirements. When combining foam and air-

permeable insulations, code requires the foam layer to meet specific minimum R-

value requirements. Table 5.3 indicates the various R-Values elements; R-Values 

define the measure of the capacity of a material, such as insulation to resist heat flow 

with increasing values indicating a higher ability. The range of the R-values are 

highly dependent upon the type of foam core and thickness.  

 
Figure 5. 3. Installation of new roof over existing roof membrane system 

 

Table 5. 2.Range of different R-Values requirements 

EPS SIPs PUR SIPs GPS GRAPHITE ENHANCED EPS 

SIPs 

Thickness R-Value Thickness R-Value Thickness R-Value 

4-1/2" 15 4-5/8" 27 4-1/2" 18 

6-1/2" 23 5-5/8" 34 6-1/2" 28 

8-1/4" 29 6-5/8" 41 8-1/4" 36 

10-1/4" 37   10-1/4" 45 

12-1/4" 45   12-1/4" 55 
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5.3.5 Attic Kneewall Insulation 

According to the Florida Department of Agriculture and Consumer Services, attic 

insulation is the essential location and provides best return on investment [48]. A 

knee-wall is a short wall, typically under three feet (one meter) in height, used to 

support the rafters in timber roof construction. Although knee-walls can help turn 

attics into living space, they often present insulation challenges [49]. There are two 

ways to insulate triangular attics behind knee-walls. The traditional approach is to 

insulate the knee-walls and the attic floor behind the knee-walls. This method can be 

made to work, but the necessary air-sealing details are demanding and fussy. A better 

approach is to insulate the roof slope above the attic. 

Air-Seal and Insulate the Kneewall  

This approach requires considerable blocking under the bottom plate of the knee-

walls as well as between the rafters above the top plate of the knee-walls.  If the roof 

is vented, the rafter blocking should extend to the ventilation baffles; if the roof is 

not vented, this blocking should extend to the roof sheathing. Most builders use rigid 

foam as blocking, although it is also possible to use solid lumber. In either case, seal 

the perimeter of the blocking with caulk or canned foam. After you install the sealing, 

the knee-walls and the attic floor can be insulated. If you are using air-permeable 

insulation (fiberglass, cellulose, or mineral wool), it is essential to include an air 
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barrier on the backside of the knee-walls. The best material for this purpose is rigid 

foam; acceptable alternatives include OSB, ThermoPly, or drywall. It’s also possible 

to use house wrap, but it’s less effective. Seal all panel seams with caulk or 

compatible tape. If you install rigid foam on the backside of the knee-walls, 

remember that thick foam is more likely to keep stud bays warm and free of 

condensation than thin foam.  

Insulate the Sloped Ceiling 

It is pretty much more comfortable and more effective to insulate the sloped ceiling 

rather than the knee-walls. Sloped roof assemblies can be insulated with a wide 

variety of insulation materials, including spray foam, fiberglass batts, or blown-in 

cellulose. If you choose air-permeable insulation like fiberglass or cellulose, most 

building codes require the roof assembly to include a ventilated air gap directly above 

or directly below the roof sheathing. If you are installing spray foam, the roof 

assembly can be unvented.  Air-permeable insulation should be protected by a 

durable air barrier on both sides of the insulation. 
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Figure 5. 4. Typical insulation of attic in a Florida home [49] 

The top-side air barrier is usually a type of panel forming the bottom of the 

ventilation chute. While the bottom-side air barrier can be drywall, OSB, ThermoPly, 

or rigid foam, to ensure a tight air barrier, the seams of these panels should be sealed. 

It is also important to caulk the joint between these panels and the knee-wall’s top 

plate. There should be enough insulation to meet or exceed minimum code 

requirements. The 2012 IRC requires at least R-30 in climate zone 1 and R-38 in 

zones 2, typical Florida climate. 

5.4 Window Upgrade 

Windows play an essential role in terms of energy consumption in buildings. Heat 

loss or gain in buildings mostly occurs through windows. Heat gain through windows 

occurs through two different heat transfer modes: solar radiation and conduction. 

This section examines the behavior of heat gain, and total energy consumption of the 

EEM selected for the retrofit analysis, the low emissivity window (Low-E) type. The 

chosen window type strictly adheres to the IECC 2018 (International Energy 
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Conservation Code) compliance guide for Florida homes. The code compliance must 

be verified with the National Fenestration Rating Council (NFRC) label. 

5.4.1 Low-E Window Type 

Low-emissivity (low-E) glass uses a microscale thin and virtually invisible metal or 

metallic oxide layer incorporated in the glazing surface.  Controlling heat transfer 

through insulated windows reduces energy loss by 30% to 50% [50]. The super-thin 

coating utilized in the low-E glass helps to reduce the transfer of heat through the 

window to keep heat from entering the building. The low-E layer is used typically 

on a multi-plane window with Orgon gas-fills. Figure 5.5 illustrates low-E coatings 

on a double pane glass, with the additional advantage of blocking heat from entering 

a home due to the rate of argon inserted in between the layers of glass. Argon is an 

inert gas that has a higher resistance to heat flow than air and is nontoxic, colorless, 

and odorless. In a hotter climate (like Florida) with east [51] or west-facing windows, 

the low-E coating is applied to the outer layer of the glazing to help keep the heat 

out. In colder, heating-dominated climates, it is applied to the inner layer to keep the 

heat within. Installing low-E windows can provide significant energy savings in hot-

humid climates, where windows with a low solar heat gain coefficient (SHGC) are 

most active. The SHGC rating for a window is the quantification of its properties 

concerning its ability to transmit heat from solar radiation. A high SHGC means more 

solar heat is being allowed to pass through the window, and a low SHGC means less 
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solar heat will penetrate. Higher SHGC can be beneficial in some climates where 

cooling needs are minimal because it allows for solar heat gain to warm the interiors 

during winter. On other hand, windows with a low SHGC rating are useful for hot 

climates where blocking the sun’s heat is significantly essential for comfort and 

energy efficiency.  

The selection of low-E type windows depends significantly on the climate zone; 

different kinds of low-E windows have been designed to be useful for specific 

climates. They include windows engineered for high, medium, and low solar gains. 

In mixed climates zones where heating and cooling are used with nearly equal 

frequency, all three types may result in similar efficiency, depending on the design 

of the house. Higher solar-gain low-E windows perform best in winter, and lower 

solar-gain low-E windows perform best in summer [71].  

 
Figure 5. 5. Sample double pane low-E glazing window 

Image source www.efficientwindows.org 

http://www.efficientwindows.org/
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According to the Efficient Window Collaborative (www.efficientwindows.org), 

there are several factors used to measure the effectiveness of glass with low-E 

coating: 

 Solar Heat Gain Coefficient (SHGC)-This is the fraction of the incident solar 

radiation admitted through the window. The SHGC can be either directly 

transmitted and absorbed or radiated inward.  

 U-Value: This is the rating that is given to a window based on how much 

heat loss it allows. 

 Visible Light Transmitted (VLT): The measure of how much visible light 

passes through the glass. 

 Light to Solar Gain: The ratio between the window’s visible light 

transmittance and its solar gain coefficient rating.  

Table, 5.3 indicates selection criteria for energy efficient new windows for Florida 

and the other southern climate zones. 

Table 5. 3. Sample Florida window/skylights selection criteria 

U-factor  SHGC Air Leakage 

Windows: U ≤ 0.30   Windows: SHGC ≤ 0.25  Windows: AL ≤ 0.30  

Skylights: U ≤ 0.53  Skylights: SHGC ≤ 0.28  Skylights: AL ≤ 0.30  

A lower SHGC is the essential window property in warm to hot climates. For superior 

energy performance, select windows with an SHGC of 0.25 or less [51]. A low U-
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factor is useful during cold days when heating is needed and is also helpful during 

hot days when it is essential to keep the heat out [51]. 

5.4.2 Double-Glazed, Tinted Glass  

A typical double-glazed unit with bronze or gray tinted glass has two lites of glass 

with the outer layer of glass being bronze or gray tint and the inner layer being clear. 

These two layers are separated by an air gap [51]. Double glazing, compared to single 

glazing, cuts heat loss in half due to the insulating air space between the glass layers. 

Bronze and gray tinted glass products are similar in energy performance. The primary 

purpose of the bronze or gray tint is to reduce solar heat gain. But it also reduces 

visible light transmission compared to clear glass or even other standard tinted glass 

products such as green and blue tints which offer significantly higher visible light 

transmission. Tinted glass is useful in controlling glare, but solar heat gain and visible 

light transmission may be reduced relative to the performance of alternate glazing 

options such as low-E glass with moderate or low solar gain [51]. 

The tint has no effect on the U-factor but reduces solar gain which may be a benefit 

in the summer and a liability in the winter depending on local climate conditions. 
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Figure 5. 6. Values representing double glazing with ½” air gap. 

Image source www.efficientwindows.org 

 

5.5 Lighting System 

The defined lighting system is aimed at improving upon what the traditional 

incandescent/compact fluorescent lights had in the baseline building. The lighting 

system of the original building is mainly made up of T8 fluorescent tubes. T8 

fluorescent tubes consume much energy, approximately 32W of electricity for each 

T8.  

The alternative to the traditional incandescent light bulb, LED lights to provide 

significant energy savings. The LED counterpart to a fluorescent T8 tube uses 

approximately 12W of electricity. Table 5.4 details the comparison between 

conventional lights and LED lights according to DOE and Energy Star rating. LEDs 

http://www.efficientwindows.org/
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are more environmentally friendly. They do not require toxic substances such as 

mercury.  

Table 5. 4. Detailed comparison between conventional lights and LED [73] 

 60W 

Traditional 

Incandescent 

43W Energy-

Saving 

Incandescent 

15 W CFL 12W LED 

60W 

Traditional 

43W 

Halogen 

60W 

Traditional 

43W 

Halogen 

Energy 

Savings 

- 25% 75% 65% 75-80% 72% 

Annual 

Energy 

Cost 

$480 $350 $120 $100 

Bulb Life 1000 hours 1000 to 3000 

hours 

10,000 hours 25,000 hours 

 

5.6 Building Tightness 

Air sealing older buildings is an essential ingredient for improving their energy 

efficiency. Air sealing alone can save 10% to 20% of single-family home energy use 

[52]. Cutting down on heat loss or gain from uncontrolled infiltration is the first step 

in retrofit and a prerequisite for implementing other energy savings measures, such 

as adding insulation or upgrading HVAC equipment. 

 There are several reasons for air sealing a single-family building, among them: 

 To control heat loss and gain through the envelope to save energy.  

 To enhance comfort by eliminating drafts and temperature swings. 

 To avoid moisture problems that may occur when uncontrolled air leaks 

bring moisture into building cavities.  

 To improve equipment (HVAC) performance. 



67 
 

 

5.7 HVAC Programmable Thermostats 

This section highlights the USDOE best practices guide for the residential HVAC 

retrofits and insulation applications. This part demonstrates how the installation of 

an appropriate programmable thermostat will result in energy savings.  

Traditionally, HVAC system retrofits are performed in a piecemeal style; individual 

building components are replaced one at a time, with little thought given to their 

interactions. The performance of the HVAC system can negatively be affected by 

the changes in the building envelope. DOE has in recent years completed the Best 

Practices Guide for retrofitting residential HVAC systems. The guide uses 

diagnostics and checklists to guide the user to specific retrofit packages that 

maximize retrofit energy savings, comfort, and safety potential [53]. The guide 

utilizes a systems approach to retrofitting, where the interaction of different building 

components is considered throughout the retrofit selection process. The systems 

approach method has three significant benefits; correct system sizing when loads, 

avoidance of potential problems, and the achievement of total cost reduction is 

achievable [54]. The guide includes preselected packages of changes to the building 

HVAC system and design to remove some of the guesswork for builders, contractors, 

installers, or homeowners about how best to carry out HVAC changes.  Table 5.7 

sums up potential retrofit packages for three broad climate types. Table 5. 8 shows 

the specific HVAC system designed for this study. 
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Table 5. 5. Recommended Retrofits for Hot-Humid, Hot-Dry and Mixed-Dry Climates  

Intervention 

Level 

 

HVAC System Only 

 

HVAC System Plus Envelope 

 

 

 

 

1 

Ducts sealed (leakage 

decreased to ˂ 10% of 

air handler flow). Ducts 

outside conditioned 

spaced insulated to R-8. 

Correct refrigerant 

change.  

Ducts sealed (leakage decreased to ˂ 10% of air 

handler flow). Ducts outside conditioned spaced 

insulated to R-8. Correct refrigerant change. Ducts 

sealed and buried in added ceiling insulation. New 

downsized ducts and HVAC equipment. The ducts 

are installed to minimize the flow resistance, i.e. 

correct length, good routing, and preferably sheet 

metal construction.  

 

 

 

2 

Ducts sealed (leakage 

decreased to ˂ 10% of 

air handler flow). Ducts 

outside conditioned 

spaced insulated to R-8. 

Correct refrigerant 

change. Added 

economizer. 

Ducts sealed (leakage decreased to ˂ 10% of air 

handler flow). Ducts outside conditioned spaced 

insulated to R-8. Correct refrigerant change. Ducts 

sealed and buried in added ceiling insulation. New 

downsized ducts and HVAC equipment. The ducts 

are installed to minimize the flow resistance, i.e. 

correct length, good routing, and preferably sheet 

metal construction. Added economizer. 

 

 

 

 

3 

Ducts sealed (leakage 

decreased to ˂ 10% of 

air handler flow). Ducts 

outside conditioned 

spaced insulated to R-8. 

Added economizer. 

Ducts sealed (leakage decreased to ˂ 10% of air 

handler flow). Ducts outside conditioned spaced 

insulated to R-8. Correct refrigerant change. Ducts 

sealed and buried in added ceiling insulation. New 

downsized ducts and HVAC equipment. The ducts 

are installed to minimize the flow resistance, i.e. 

correct length, good routing, and preferably sheet 

metal construction. Higher solar reflectance roof. 

More window shading (or windows with lower 

SHGC 

Among the active building strategies regarding building energy performance, the 

HVAC system rates among the highest in terms of potential energy savings in 

building retrofit. The efficiency of the HVAC system determines its overall electrical 

consumption. SEER value indicates the cooling efficiency. A higher SEER value 

improvement would lower the energy consumption of the cooling system. The 

effectiveness of the heating system is trace to the COP value or HSPF (Heating 
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Seasonal Performance Factor). Just as with SEER, the efficiency of the heating 

system increases with the increase of the COP.  

Table 5. 6. Selected HVAC system 

Inputs 
 
 

  
HVAC 
System  

Residential 17 SEER/9.6 HSPF Split HP <5.5 ton 

 17.4 SEER/9.6 HSPF <5.5-ton split/packaged air source heat pump, 

intermittent fan mode 

 Residential constant volume cycling fan 

 2.0 inch of water gauge (498 pascals) static pressure Constant Volume duct 

system 

 Premium efficiency, on-demand tankless domestic hot water heater (0.85 

Energy Factor) 

 

 

“Smart” thermostats regulate the home temperature by self-programming using 

heuristic evaluation of user habits and occupancy. Newer “smart” thermostats are 

self-programming depending on heuristic or machine learning evaluation of user 

control habits as well as sensed occupancy. Such smart thermostats include Nest (see 

Figure 5.7).  These modern devices use a combination of data on occupancy, weather, 

and thermostat-setting preference to help consumers with automated setback/setup 

schedules. These devices have also been shown in research studies in other regions 

to produce cooling energy savings. For example, the Nest thermostats have been 

shown to provide savings of 1.16 kWh/day or 11.3% in a sample of homes in 

Southern California [55].  Parker D. et al. [56] evaluated the energy savings and peak 

demand impacts of smart thermostats in a highly metered field project in Florida. 

The authors had reasons to believe savings may differ in Florida compared to 
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California, with different demographics, construction practices, and excessive 

cooling consumption. The study examined 22 Nest thermostats installed as part of 

the Florida retrofit project. The results showed average cooling energy savings of 

9.6% (498 kWh/year), but with a very high degree of variation. Median savings were 

6.3% (219 kWh/year). 

 
Figure 5. 7. The Nest smart thermostat   

5.8 Renewable Energy Technologies 

Retrofitting a single-family home by using integrated renewable energies has 

excellent potential in promoting energy-saving and improving energy efficiency. 

However, there is a range of concern regarding cost-effectiveness from stakeholders 

when it comes to retrofitting a single-family home. This concern means that in 

achieving this objective, the designed energy system must be cost-efficient. There 

are numerous renewable energy technologies such as biomass, solar thermal energy, 

small-scale wind turbines, and many others worth noting, but the emphasis of this 

section is solely on a Photovoltaics (PV) solar system. 
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5.8.1 Photovoltaics (PV) 

This section describes the integration of the solar PV system into an SFR building 

retrofit project. There are two fundamental categories of PV system configurations, 

off-grid or grid-connected.  If the PV replaces the traditional building materials, such 

as roofing tiles or windows, then it is considered integrated (BIPV). In Florida, 

rooftops are the most common locations for the integrated PV modules using a 

mounting rack or roof tiles. The modern racks are easy to install, work with a variety 

of panel manufacturers and mounting surfaces and provide an air gap between the 

panels and the roof for cooling. Figure 5.8 shows the Zep Solar racking system. 

Moreover, the traditional roofing materials can be replaced by the PV roof tiles, as 

seen in figure 5.9. Even though the costs of roofing materials can be saved, PV roof 

tiles can still be an expensive solution for a single-family home, because of the small 

production volumes and lengthy installation time, given a large number of individual 

PV units.  

 
Figure 5. 8. BAPV in flat roofs and pitched roofs 

Photo source http://www.archiexpo.com/prod/mprime-martifer-solar/product-108567-1108875.html 

http://www.archiexpo.com/prod/mprime-martifer-solar/product-108567-1108875.html
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PV models provide multiple benefits, not just producing electricity, but also reducing 

cooling loads through shading and reduced lighting loads [62]. The addition of PV 

modules into the single-family home in Florida requires special consideration 

concerning mounting and maintenance to preserve the integrity of the building. For 

flat roofs, the racking tends to be moderately tilted, usually between 10° and 20°, to 

achieve better efficiency than a horizontal array [63]. Concerning pitched or sloped 

roofs, the PV system could be installed directly on the surface as the roof has already 

has a natural slope. Mounting solutions are available for every type of roofing 

system. 

 
Figure 5. 9. Flat roofs and pitched roofs mount 

Photo source http://www.archiexpo.com/prod/mprime-martifer-solar/product-108567-1108875.html 

The three most common models for the single-family home in Florida are tile, 

standing seam, and corrugated steel [64, 65,66]. 

5.9 Chapter Summary 

Chapter 5 discusses energy efficiency measures tailor-made for residential retrofit 

projects, which can also apply to multifamily homes and small office buildings. The 

http://www.archiexpo.com/prod/mprime-martifer-solar/product-108567-1108875.html
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sections outlined different variables and the combinations of energy efficiency 

measures aimed at reducing energy consumption, while attempting to achieve the 

lowest cost as possible. The chapter further defined eight different permutations of 

retrofit scenarios, practical demonstration for the implementation of the defined 

EEMs in actual retrofit projects examined, and various degrees of energy retrofit 

upgrades techniques featured in the section.     
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Chapter 6 

Energy Modeling and Simulation  

6.1 Energy Modeling Overview  

Energy modeling plays a significant role in determining potential energy savings 

from retrofit projects. To reliably predict energy savings from a class of identified 

EEMs, the energy simulation model must closely represent the building's operational 

characteristics. Hence, the energy audit and the measured electric consumption also 

become integral to the modeling process. If the baseline model can generate 

outcomes that closely match monitored energy consumption of the building, then it 

is likely to predict reliable estimates of the energy savings from the planned retrofits 

[67, 68, 69].This section takes a Whole-Building detailed modeling approach to 

estimate the energy use and compare the energy performance of each proposed 

retrofit option. Figure 6.1 shows the energy analytical Revit model used for the 

energy modeling and the simulation analysis.  

 
Figure 6. 1. Revit energy analytical model 
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6.2 Energy Simulation Analysis Process  

Different levels of energy settings are necessary to establish the bases for the 

simulation analysis, including the building type, location, and average energy cost. 

The following settings are specifically made to model; the building type is single-

family; the assign location is Melbourne, FL (latitude 28.079439163208, and 

longitude 80.6075592041016) as well as the energy cost of $0.1142/kWh. The author 

created eleven spaces and two thermal zones for the model. Figure 6.2 shows the two 

assigned thermal zones of the building with an unconditioned garage.  

 
Figure 6. 2. Assigned thermal zones 

The occupancy schedule was set to home occupancy (24 hours occupancy), lighting, 

and power schedule was set to residential light (All Day). Cooling and heating were 

set points set at 78.00 ºF and 60.00 ºF year-round. The outdoor Air per person were 
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set to 15.00 CFM (Revit default). The building infiltration class was set to “medium.” 

All lights fixtures/bulbs were changed from incandescent/compact bulbs to LED 

lights (15Watts) as part of the retrofit process. These and other assumptions made at 

the later stage of the simulation analysis served as a basis for all the comparative 

analysis for the retrofit scenarios considered previously. The Revit architectural 

baseline model was link to MEP Revit template for all the energy simulation analysis. 

The authors used both Revit architectural and the MEP model as a simulation tool to 

create the baseline model. In the MEP model, spaces were created and assigned to 

the thermal zone(s). Each area (space) created tagged to a specific room with detailed 

designated functions. It is vital to create spaces with assign zones to help manage the 

simulation and data export. The detailed results of the data sent through gbXML are 

analyzed by Green Building Studio (GBS) over the cloud. Any input made into the 

baseline model will yield the resultant output.  

6.3 Energy Modeling for Code Compliance 

Energy-efficient construction enables building users to control the temperature and 

humidity of the indoor environment rather than letting the weather outside dictate 

indoor comfort [72]. Installing sufficient insulation and sealing leaks are two basic 

strategies to minimize heat loss or heat gain. But they are routinely overlooked by 

builders, either intentionally to save time and money, or because builders are 
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unfamiliar with these practices. Energy codes and code enforcement address both. 

Energy-efficient construction helps ensure comfort and cost savings.  

Both current editions of the Florida Building Code and the International Energy 

Conservation Code (IECC, 2018) require a more significant understanding of the 

effects of building energy consumption. Also, some areas of the code-compliant 

energy criteria have significant architectural design implications such as new 

daylight requirements. For instance, the integration of windows into the building 

envelope is a key to determining whether a building can be designed to meet 

prescriptive energy conservation requirements or not. The architect, energy modeler, 

engineers, and other stakeholders can work together to consider the most effective 

ways to improve the understanding of energy in the early stages of design. 

Traditionally, a Building Energy Model (BEM) is used to demonstrate code 

compliance as well as to certify the code-compliant officials that minimum predicted 

energy use performance requirements are achievable. Anytime a BEM must be 

created for compliance, the designer should leverage the use of that model for design 

improvement. 

According to the Building Codes Assistance Project, Model energy codes, such as 

ASHRAE Standard 90.1 and International Energy Conservation Code (IECC), the 

performance path requires that the design team use energy modeling to demonstrate 

code compliance. This is a process that generally takes place right before the 
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construction begins. There are different approaches to show that a residential project 

or building meets the requirements of the energy code that a state or a jurisdiction 

has adopted. Residential Compliance, using "REScheck," a Building Energy Codes 

Program developed by USDOE, makes it easier for the construction teams to 

determine whether retrofit projects meet the requirements of energy codes. 

REScheck works by performing a simple ((U-factor x Area (UA)) calculation for 

each building assembly to determine the overall UA of a building. 

6.4 Composition of Retrofit Package           

Based on the energy end-use estimate generated in section 4.7, as shown in Figure 

4.12, the high impact areas of energy consumption include cooling, equipment, 

lighting, and roof & attic. Figure 4.14 shows the outcome of further investigation of 

the sources of cooling and heating loads. Based on this outcome, the study proposed 

and evaluated the EEMs improvement package. The several individual EEMs were 

evaluated, assessing the energy savings of each of them using the Revit energy 

simulation engine. Table 6.1 indicates the proposed retrofit package (Combination 

of selected EEMs). The study excluded individual EEMs that provided fewer energy 

savings and higher retrofit costs from the retrofit packaged (see values highlighted 

red in the table). The retrofit package is divided into levels base on their price, energy 

savings, and payback period). The higher the level, the expensive it will be. The 

levels are arranged according to no-cost low-cost measures, medium cost efficiency 
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measures, and capital-intensive measures. As shown in Table 6.1, a more significant 

proportion of the retrofit package included a mechanical system 

improvement/replacement, i.e., adjusting set points, the introduction of "Next 

Programmable Thermostat," attic & ceiling insulation, and included infiltration. Also 

added is the duct tightening and air distribution system. These measures are all 

related to cooling energy savings with additional seasonal heating benefits.  

In addition to the proposed package to reduce the space conditioning energy 

consumption, the study incorporated appliances, lighting replacement, changing of 

ceiling fans, and ENERGY STAR refrigerator.  

These measures, taken together with the economic analysis and energy savings 

methods discussed in the next chapter form the basis of recommendations for this 

research. 

The process used to develop the retrofit package is illustrated in Figure 6.1. The 

procedure is similar to how an energy auditor/home performance contractor may 

develop a recommended retrofit package. The diagram demonstrates a customized 

automated process for selection and simulation of a combined individual EEMs 

capable of meeting energy reduction and cost-effectiveness in SFR buildings. For 

each EEM, the author calculated the cost-effectiveness using the payback method 

and simulated the energy consumption with the aid of a Revit software. 
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Table 6. 1. Proposed Retrofit Improvement Package 

Home Component 
As Found in 

Baseline Building 

Replacement or 

Improvement 

Annual  Energy 

Savings (kWh) 

% 

Savings 

PASSIVE MEASURES 

Attic Insulation R-19 Fiberglass Batt 
Add Blown-In Fiberglass to 
achieve R-38 

904.13 7.82 

Attic Insulation R-19 Fiberglass Batt 

Add Radiant barriers with dense-

pack insulation and sealed air 
vents. 

 

583.49 

 

4.99 

Roof Replacement 
Dark color asphalt 

Single Roof  

Retrofit Insulated Panels – SIPs      

(R-36) 

1,902.09 (Higher 

cost) 

16.30 

Roof Replacement 
Dark color asphalt 

Single Roof  

Light-colored standing-seam 

metal roof existing trusses with R-

20 spray foam under the roof deck 

for a conditioned attic 

731.89 

(Less Savings/ 

High cost) 

 

6.27 

Thermal Envelope, 

Exterior 

Wall 

Dark cream color old 
gloss paint.  

Autoclaved aerated concrete 

blocks (8-in x 2-in x 16-in = R-8) 
with AAC- approved breathable 

plasters and paints for finishes 

96.09 

 (Less Savings/ 
High cost) 

 

0.82 

Windows Upgrade 

(12) Single, clear, 

metal frame (U = 
1.20; SHGC = 0.80 

Reflective tint Single Glazing 
(SHGC 0.25) 

 

2,352.54 
 

 

20.16 

Windows Upgrade 

(12) Single, clear, 

metal frame (U = 
1.20; SHGC = 0.80 

Reflective tint Double Glazing 
(SHGC 0.25) 

2,402.70 

(High Cost) 
 

 

20.59 

Windows Upgrade 

(12) Single, clear, 

metal frame (U = 
1.20; SHGC = 0.80) 

Low-E, double-pane, vinyl-framed 
windows, U=0.27, SHGC=0.24 

2,286.38 

(Less Savings) 

 

19.82 

Infiltration CH50 = 12 ACH50 <= 6.0 578.14 4.68 

Air Distribution 

System 

Older R-4 rigid ducts 

with leakage of 15%, 
central return 

New R-6 ducts with leakage of 
7.5%, central return 

 

635.67 

 

5.38 

ACTIVE MEASURES 

Heating and Cooling 

Straight Central AC, 

SEER 9, Electric 

Resistance Heating, 3 
Ton,  

Central Heat Pump, 17SEER  

HSPF 9.6, 3 Ton,  

 

3,879.26 

 

33.24 

Heating and Cooling 

Straight Central AC, 

SEER 9, Electric 
Resistance Heating, 3 

Ton,  

Central Heat Pump, 14SEER  
HSPF 8.3, 2.5 Ton,  

2,972.71(Less 

savings/High cost) 

 

16.90 

Heating and Cooling 
Controls 

None 
Reduce Heating Set Point & 
Increase Cooling Set Point 

298.06 2.56 

Mechanical System 

Controls 
None Nest programmable thermostat 

909.56 7.78 

Lighting 
T8 fluorescent tubes 
(32W) 

LEDs (12W) 
635.67 9.36 

Lighting controls  None Occupancy Sensor & Dimmers 967.62 8.25 

Solar PV System 
None 

Install PV as additional measures 
to the improvement package  

10,004 47.57 

*Note: EMMs with the Red Highlights  are excluded from the Retrofit Package 
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Each EEM with the lowest payback period and highest energy savings are selected. 

The selected EEMs are found in the funnel as showed in the diagram, while other 

EEMs considered to have more extended payback period and lowest energy savings 

with a higher are seen outside of the tube. Finally, the combined EEMs grouped as a 

retrofit package and subjected to further simulation analysis to determine energy 

savings and total payback period. The next chapter provides a detailed explanation 

of energy-savings and economic analysis. 

 
Figure 6. 3 Retrofit package developed process 



82 
 

 

6.5 Measured versus Simulated Energy Use  

This section compares the simulated energy consumption and the actual energy 

consumption. Actual energy usage, i.e., the monthly electricity bill for 2018 obtained 

from FPL, was used for the comparison analysis. The average 12 months net 

measured energy use for the case study building before the simulation was 19,081 

kWh/year compared to the simulated energy consumption after the model was 

calibrated stands at 12,142.05kWh/year, constitutes the energy savings of about 

63.30%. Figure 6.2 provides validation of the results, comparing the actual and 

simulated energy end-use. The results of the simulated and the actual energy 

consumption are in good agreement with the consumption data. 

 
Figure 6. 4. Comparison between actual energy usage and simulated results 
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6.6 Chapter Summary  

This chapter describes the energy modeling and simulation analysis process of this 

research. The case study building was tested using the designed baseline model to 

verify the effectiveness of the proposed EEMs. There is also a further verification of 

code compliance for each of the proposed EEMs. The composition of retrofit package 

with a closer look at energy end-use estimate, sources of cooling and heating loads 

are examined to determine the efficiency of the chosen EEMs. Measured and 

simulated energy consumption are compared to verify the extent of actual energy 

savings.   
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Chapter 7 

Energy Savings and Economic Analysis 

7.1 Overview  

The project uses a simple payback method to investigate the cost-effectiveness of 

individual proposed EEMs for SFR buildings under review. The desirability of an 

investment is directly related to its payback period. The evaluation includes both 

direct and indirect material and construction costs for each of the three retrofit 

options. The benefits associated with an energy retrofit refer to cost savings or 

realized benefits as a result of implementing one retrofit option over another. The 

chapter also reviews the benefits of both environmental and social gains that come 

along with energy efficiency retrofit projects.  

7.2 Cost Effectiveness of the Retrofit Improvement 

Package   

The existing building for the case study had an annual energy use of 19,081 kWh. At 

a utility rate of $0.1142 kWh (Florida Power & Light Average), the estimated yearly 

cost of $2,104.74. The cost estimate for the improvement package stood at 

$16,891.46, excluding incentives, tax breaks, and loan solutions. 

The economic analysis calculations used full first cost when a measure is chosen 

strictly for efficiency improvement. The incremental first cost is used for a higher 
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efficiency choice at a time of replacement. The reason for the alternative could be 

functionality or meeting market standards. For example, when an HVAC system is 

replaced for functionality or market standards, higher than minimum performance 

system could be selected. This choice might carry a cost premium. The economic 

analysis calculation in Table (7.1) shows a $3,029.12 premium for choosing double-

pane, low-E windows instead of single-pane tint windows. In Table (7.1), all 

individual improvements produced positive annual cashflows, including two 

significant capital intensive-measure (Window & Central pump, 17 SEER/9.6 

HSPF). The Table further shows the annual energy savings and cost savings.  

 Building envelope conditions and equipment for the existing building vary widely 

as about the costs for some of the components. Instead of a specific set of 

improvements, the proposed combine retrofit improvement package, which yielded 

37% of energy savings, is recommended and should be considered as a general guide. 

As presented at the bottom part of Table 7.1, additional energy-saving measure using 

solar PV panels is available to the owners who want to transform their building into 

zero or near-zero energy. This measure should be considered after the main 

recommended retrofit improvement package shown in the first half of the Table. 

Adding solar PV panels may incur an additional cost, and it will be beneficial to 

owners whose sole aim is high-performance building. Still, the benefits of solar 

addition may include, seeling back to the grid some of the power generated as well  
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Table 7.  1. Cost Effective  Retrofit Improvement Package 
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as using the solar for electric vehicle (EV) charging. The extra generated energy 

could save some additional costs and the environment as well. Appenxis A.1 showed 

the detailed options of solar PV analysis. 

7.3 Environmental and Social Benefits   

The impact of building environments can have both a negative and positive effect on 

the life of occupants. The negative implications of energy-inefficient older single-

family buildings may include fatigue, illness, discomfort, and stress resulting from 

poor indoor air quality, thermal conditioning, and lighting. Reducing these problems 

through energy-efficient retrofitting can improve health and performance. Increased 

indoor air quality and improved personal control of temperatures, as well as 

ventilation, lead to strong positive effects. In addition to reducing discomfort and risk 

through retrofitting, buildings should also have features and attributes which create 

positive social benefits. 
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7.4 Chapter Summary   

In summary, this chapter presented the evaluation of energy savings and cost- 

effectiveness of a combined retrofit package from an individually selected EEMs 

capable of achieving the lowest retrofit cost with enhanced energy savings. The 

trade-off analysis conducted between the options proposes economic benefits in 

terms of energy-saving versus the cost to define a pathway for decision making. In 

addition to the financial gain, the chapter also highlighted the environmental and 

social benefits worth considering when making a retrofit decision. If the homeowners 

receive the right amount of incentives, it would be reasonable to suggest that the 

retrofit cost could be significantly lower and safe to undertake. In making a retrofit 

decision, owners should consider the type of incentive programs by the state.  
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Chapter 8 

Conclusion and Recommendations 

8.1 Overview 

The chapter summarizes the entire study, including deliverables, draws conclusions, 

spells out contributions, and makes recommendations for future research. The 

research focused on establishing ways to improve the energy efficiency for single-

family residential buildings through the investigation of building envelope 

technologies, HVAC systems, and renewable technology measures to support 

energy-efficient and cost-effective retrofit decision-making process for the owners 

and the industry stakeholders. The study resulted in the development of a five-step 

model framework for energy retrofit decision process and for energy efficiency 

measures (EEMs) to aid in the selection and optimization of retrofit projects.  

The framework was developed on the premise of defining and proposing diverse 

energy efficiency approaches to predict better energy performance and lower retrofit 

costs. Additionally, the structure is supported by energy modeling/simulation that 

helped simulate multiple designs and decision considerations towards determining 

the optimal retrofit solution. The sections that follow explain these deliverables in 
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detail as they align with the research objectives, conclusions, limitations, and 

recommendations for future work documented.  

8.2 Research Summary 

The section reviewed the aim and objectives of this research and compared them with 

the entire study. The rationale behind this exercise was to capture state-of-the-art 

energy efficiency measures (EEMs) for potential reduction of energy cost in 

retrofitting SFR buildings for Florida climate. This study attempted to develop a 

model framework to provide proactive direction to assist owners and other key 

industry stakeholders in executing energy-efficient retrofits projects, mainly 

residential buildings. Specific objectives of the study were: 

1. To identify building retrofit technologies that are available for older single-

family homes, where they are used and how; 

2. To investigate and characterize the critical decision variables that will 

motivate owners in retrofitting their homes; 

3. To identify how much energy savings would be achieved by incorporating 

these retrofit technologies without escalating the construction, operation and 

maintenance cost; 

4. To unravel the most appropriate methods which comply with Florida building 

and international energy conservation codes to incorporate into the critical 

technical decision in undertaking energy-efficient residential retrofits; 
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5. To develop and evaluate an optimal strategy to determine the payback period 

for the initial capital investment made into the retrofitting projects; 

6. To undertake actual research on the case study of single-family building 

retrofit projects to gain in-depth experience with current approaches being 

adopted to facilitate the understanding of the practical context for retrofit 

decision-making 

Considering the research aim and objectives stated, the study accomplished its goals 

as follows: 

 In achieving objective 1, the study focused on three (3) key decision variables 

involved in building energy retrofitting. The variables include a 

comprehensive literature survey and a definition of energy efficiency 

measures (See Chapter 2 and 3). 

 In achieving objective 2, the research identified opportunities for economic 

benefits for improving energy inefficient existing single-family buildings to 

high-performance energy status by conducting an energy audit, remodeling 

the baseline buildings, and performing energy simulation analysis reports, in 

addition to literature review (See Chapter 4, 6 and 7). 

 Objective 3 is met by the identification and demonstration of different EEMs. 

A comparative energy simulation analysis was conducted for each retrofit 
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option to ascertain how much energy would be saved compared to the 

baseline model (see Chapters 5 and 6). 

 In achieving objective 4, the study observed current building conservation 

code regulations for retrofitting existing residential buildings and 

contemporary approaches in building energy retrofitting (See Chapters 2 and 

6). 

 In achieving objective 5, the study investigated into the economic viability of 

each proposed retrofit options for the various observed various lifecycle costs 

(See Chapter 7). 

 Objective 6 was accomplished through comprehensive literature studies 

conducted into current examples of case studies for Florida single-family 

housing energy efficiency retrofitting (See Chapter 3).   

In summary, this research presents a framework to improve the efficiency of an 

existing class of single-family residential buildings by performing a series of actions. 

The actions include: an energy audit to define the baseline model, energy modeling 

to test the defined EEMs as well as improve the early design process, and a 

comprehensive energy simulation analysis to predict the energy end-use for each 

proposed retrofit scenario. The location of the case study building, located in 

Melbourne, FL, proved the effectiveness of the methodology for the modeling and 

integration of the energy efficiency measures (EEMs) in the early design phase of 
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the model. Furthermore, the case study building was an accurate representation of a 

typical Florida single-family residential building constructed between 1950 and 1970 

that demonstrated an urgent need for an energy-efficiency retrofit. These sets of 

retrofit measures/decisions are generally applicable to the similar types of buildings 

in the similar hot-humid climates.  

8.3 Discussion 

The main objective of this research includes identifying ways to improve the energy 

efficiency of single-family residential buildings through investigations of building 

envelope technologies, HVAC systems, and renewable energy technology measures. 

The study further proposes to develop a state-of-the-art EEMs capable of reducing 

energy consumption and minimize retrofit cost for the state of Florida/hot-humid 

climate.  

In an attempt to fulfill the stated objective, a comprehensive literature search began 

to unravel what the other researchers have done in the field. The search was divided 

into three segments: retrofit techniques involving materials & methods, energy 

modeling, including techniques & tools, and economic analysis approaches. The idea 

of the survey was to determine the differing energy retrofit applications backed by 

authentic decision support tools. The finding portrayed a diverse nature of retrofit 

projects as well as influences of numerous uncertainty factors. An advanced search 

aimed at discovering an actual energy-efficiency retrofit project in Florida suggests 
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it is crucial to secure all the key stakeholders' support to formulate essential planning 

and decisions before the project commences.   

A series of actions took place, including a designing methodology to guide the 

successful implementation of this research. The method adopted a broad approach 

targeted at improving the energy performance of the studied area. It developed a 

Five-Step modeled framework consisting of the definition of the baseline model, 

verification of the EEMs with actual building, estimation of the EEMs, and 

evaluation of how effective the EEMs are.  

The most significant portion of the study is the identification of real data involving 

Florida's SFR buildings constructed between 1950 and 1970. This discovery played 

an important role, as findings were the central theme that pushed for the start of this 

entire study. The survey established a pattern for the building types studied, i.e., 

architectural style, roofing types, exterior wall types, lighting types, and HVAC 

system types. Findings indicate the exterior CMU walls constitute 85% of the entire 

buildings surveyed, 90% of the buildings had Asphalt singles roofing, and 80% are 

made up of single-pane clear windows. About 92% of the buildings had a central AC 

system, limited information was discovered about the heating system, and 95% of 

the houses had electricity power sources. 1300ft² was the average footprints of the 

surveyed buildings. The results hugely influenced the choice of the case study 
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building, a residential building located in Melbourne, FL. The building had all the 

features, about 85% of the results discovered from the SFR survey.  

The authors developed a baseline model of the case study building using Autodesk 

Revit software to aid the energy modeling and simulation process. The energy audit 

process initiated in the case study building in section 4.5 identified significant energy 

improvement opportunities. The audit results paved the way for further investigation 

to determine high impact energy consumption areas of the house. As a result, energy 

end-use estimate was generated using Revit, as shown in Figure 4.13. The cooling 

and lighting loads alone consumed as much as 60% of the total loads in the house. A 

further analysis shown in Figure 4.13 revealed the sources of the cooling and lighting 

loads. Windows (30%) and roof & attic (20%) were the primary sources of the 

cooling loads' usage.  

Based on these important outcomes, the authors started the process of developing a 

retrofit package for the study. The process involved the selection of individual EEMs 

for a combined retrofit package. Several types of individual EEMs went through 

simulation analysis to determine the energy savings levels and their cost-

effectiveness. Table 6.1 showed different levels of EEMs analyzed. These EMMs are 

grouped according to passive and active measures. The authors eliminated the 

individual EEMs that provided fewer energy savings and high cost as shown red in 
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the Table6.1. The automatic selection process of the retrofit package outlined clearly 

in Figure 6.1.  

Improved windows had a significant performance improvement. Three different 

types of windows, including reflective single tint glazing, reflective double tint 

glazing, and low-E double glazing, were subjected to a simulation analysis because 

of their predominate usage in Florida. Reflective single tint windows produced better 

energy savings of 2,352.54 kWh representing 20.16% with an 11years payback 

period. Upgrading the older and less efficient heat pump HVAC system with a newer 

17 SEER/9.6 HSPF heat pump yielded immediate energy reduction benefit. The 

energy savings were 3,879.26 kWh/year, about 33% compared to the 14 SEER value. 

The payback was 13 years. The existing building had traditional T8 fluorescent 

lighting, these lights were replaced with 12 W LED lights, and new introduction of 

occupancy sensors and dimmers boasted the energy savings further with an 

additional 298 kWh/year representing 2.6% savings. The introduction of the "Nest 

Smart Programmable Thermostat" yielded 7.8% savings per year. Extra no-cost 

measure, i.e., reducing heating setpoint and increasing cooling setpoints, provided 

2.6% savings.  

An additional option of using solar PV to generate enough energy to offset the 

remaining energy use after the retrofit improvement is available. Different system 

sizes, annual production levels, and many PV panels are up for selection based on 
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the owners' discretion. Appendix A.1 provides a detailed demonstration of solar 

analysis.  

Section 7.2 deals with the cost-effectiveness effectiveness of the proposed retrofit 

improvement package. Table 7.1 contains the retrofit package selected through the 

automated process discussed earlier in section 6.4, Figure 6.1. The recommended 

package provided 63.60% of energy savings. 12,142 kWh/year energy would be 

saved in the state of Florida for each single-family residential building surveyed 

across the entire counties. For example, window upgrade and lighting retrofit alone 

will save the state as much as 5,766,776 MWh/year and 2,857,175 MWh/year, 

respectively.  

The average monthly net energy consumption for the case study before the 

simulation exercise was 19,081 kWh/year compared to the simulated energy use of 

12,142 kWh/year after the model calibration. This clear indication that the process 

can be effectively applied elsewhere. 

8.4 Contributions 

The research contributes to the existing knowledge in diverse ways, specifically 

among them consist of the following: 

 The study adds to building energy retrofits by developing clearly defined 

energy efficiency measures and a model framework to achieved optimum 

energy consumption. Chapters 2, 3, and 6 reviews indicated that energy 
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modeling could smoothly felicitate the comparative simulation analysis of 

EEMs to reach optimal retrofit decisions.   

 The research provides actual data on single-family residential buildings for 

the state of Florida. It also, presented practical energy retrofit case studies 

(See Chapters 2 and 3) in the form of literature review and actual sample case 

studies of retrofit projects. The entire study has provided guidelines for 

owners and the stakeholders alike to facilitate the decision-making in terms 

of deciding on any retrofit project. 

8.5 Limitations 

Though the study has contributed immensely to the decision-making process for 

energy-efficient retrofitting, there were also some limitations. The significant 

downsides associated with this study are traced to the conflicting goals of individual 

owners/stakeholders. The effectiveness of any selected energy efficiency measures 

may vary widely, even if the same technical experts and crew are working on a 

seemingly similar building. The individual behavioral features inherent in the use of 

energy modeling tools can significantly create an imbalance for an accurate 

prediction of the energy end-use as the assumptions are at the mercy of the owner 

and/or the modeler. Additionally, the evaluation of cost-effectiveness is biased 

towards the owner’s perspective rather than the societal perspective. 
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8.6 Recommendations and Future Study 

This research has identified the possible areas for further studies, while also 

addressing the few limitations highlighted in the earlier section. The selection and 

optimization of energy efficiency measures are likely to tremendously improve 

energy retrofitting if the requirements analysis is developed at the early stages of the 

project life. The practice will address the owners' and stakeholder's awareness and 

uncertainty requirements or concerns regarding requirements. A timely research 

topic to address some of the concerns would be “Uncertainty-Based” energy retrofits 

optimization involving both multi-family residential buildings and small commercial 

office buildings. 

The summary of relevant observations during this study are as follows: 

 Reduction in energy consumption in SFR buildings is possible through 

multiple energy efficiency measures, and at different stages of their lifecycle 

including the design stage, the pre-construction phase, and construction as 

well as monitoring the energy usage during the operational stage. 

 Start by comprehensively addressing low cost and no cost low energy 

efficiency solutions, such as behavior controls, window operation, lighting 

controls, hot-water fixture upgrade, and so on. 

 Engage the occupants early and often in the planning process concerning their 

home usage and what they want to be included in the retrofit project. This 
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frequent engagement provides the opportunities to better match the outcome 

of the plans to the owner's expectations.   

 Assess the impact of the Whole-Building Retrofit measures on costs, rather 

than relying solely on on-site energy reduction. 

 It is useful to have a pre-retrofit energy cost estimate to provide some sense 

of what gains are achieved by the efficiency measures. Pre-retrofit billing 

data from the house is ideal, but other assessments, such as regional averages, 

are also acceptable. Use a simulation or the occupant's current usage. 

 Budget for unanticipated needs. It is essential to Identify potential 

contingencies and unknowns to develop plans for ahead of time. Prioritize 

the various elements on the project early on, so that the trade-offs could be 

better informed. 

 Be flexible about performance targets. Avoid setting aggressive performance 

targets that mandate precise levels of performance and which may lead to 

project down-cast path. Much experience has shown that there are many ways 

to successfully carry out whole building retrofit projects. There is no single 

approach that will guarantee success or failure in any circumstances. 

 A whole building retrofit with comprehensive energy simulation, economic 

analysis, and risk identification analysis is a practical approach to identifying 

the benefits solutions in energy retrofit projects. 
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Appendix A 

Appendix A.1. Solar PV Analysis 

 

Retrofit Option 3 deals with the production of solar energy using photovoltaics (PV) 

generation system. To perform the analysis, we used the Revit Solar Analysis icon 

in the energy “analyze” tab. The entire roof surfaces of the case study building were 

analyzed to determine the portions of the surfaces exposed directly to the sunlight 

and areas obstructed by shades. The sun settings include: "Multi-Day Solar Study, 

Date -1/1/2019 – 12/31/2019, Time – 6:27 AM – 8: 13 AM, with one-hour interval. 

The tilt angle was set to 18° based on the site true north. Table A1 indicates the 

specific areas of the roof surfaces with direct exposure to sunlight. The main 

components of Table A1 include surface variables, shading variable, and the 

summary. Tilt (degrees) defines the angles of the solar panel installation; the solar 

exposure ranges from 100%, signifies fully exposed to direct sunlight at all year 

round and 0%, means in shadow. Obstruction shading ranges from 0.0%, indicating 

complete exposed to the environment while 100% means utterly obscured. Annual 

energy (kWh) constitute the amount of DC power the solar panel produces while 

direction implies the orientation of the surfaces. 

The second phase of the analysis focused on producing enough energy to offset the 

annual energy consumption of the baseline building. The authors used Single-
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Crystalline PV panels for the study over Poly-Crystalline and Thin -Fin PV panel 

because of its ease of installation, maintenance and less labor/material cost. Figure 

A1 depicts the number of factors that include the size of the solar system to generate 

adequate power to meet the demands of the households, kilowatts hours of power 

needed for the house and the system size/number of solar panels to power the 

building under review. The system size reviewed ranges from 3.5 kW to 15 kW with 

average annual production ranges from 4,954 kWh to 21,234 kWh, respectively (see 

Figure A1). 

Table A1 Photovoltaic surface analysis and power generation results 

Surface Variables Shading Variables Summary 

Type Direction Tilt 

(degrees) 

Panel Area 

(ft²) 

Solar Exposure Obstruction 

Shading 

Annual 

Energy 

(kWh) 

Roof S 18 85 76.0 % 0.0 % 2,046 

Roof S 18 25 75.9 % 0.3 % 607 

Roof S 18 39 75.9 % 0.3 % 944 

Roof S 18 132 76.0 % 0.0 % 2,012 

Roof S 18 39 75.5 % 2.5 % 922 

Roof S 18 65 75.8 % 0.6 % 1,560 

Roof S 18 80 75.7 % 1.4 % 1,913 

   145   10,004 
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Figure A1: Evaluated Photovoltaics (PV) alternatives 

 
 

Option 1 Option 2 Option 3 Option 4 Option 5 Option 6

System Size (KW) 3.5 5 7 10 12 15

Average Annual Prouction
(kWh)
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Estimated Number of Solar
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