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The topic of research which was discussed throughout this study was an analysis of 

sustainable development between single-family and multi-family structures. The study focused 

on the residential aspects of green construction as they exist in today’s society. Several case 

studies were analyzed in order to develop a conclusion for this study. The chosen case studies 

were selected from a variety of constructed buildings of several different construction types and 

materials.  

In order to better understand and to develop a cogent conclusion, energy analysis and life 

cycle costs were estimated for each individual project selected. The case studies analyzed were 

based on the design and materiality of the structure as well as life cycle costs. From the results 

reached a conclusion was formulated based on the cost effectiveness between both single-family 

structures and multi-family structures and a new sustainable housing structure was proposed. 

An attempt was made to limit the case studies’ location to a climate with similarities to 

the south east portion of the United States with a primary focus on central Florida and its general 

region as a targeted project scope in order to limit the number of variables which would present 
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themselves otherwise. However, this attempt was unsuccessful due to a limited amount of 

observed suitable cases. 

The establishment of a sustainable built environment is a future goal. In order to ascertain 

if that goal is feasible, as was proposed in this study, a comparison of both the single family and 

multi family structures was used to  determine whether it is more cost efficient to construct 

sustainable housing on a large scale compared to a sustainably constructed single family home.  

This is both necessary and imperative and can be extremely decisive from a developer’s stand 

point as well as an individual’s standpoint when determining a program in the early design phase 

and during the financial calculations. The proposed housing development acts as both a model 

and a solution for the current unstable housing market in order to help people better understand 

the reality of sustainable architecture and the goals that can be reached both socially and 

economically.  
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CHAPTER 1 
INTRODUCTION 

Architecture is one of the most urgent needs of man, for the house has always been the 
indispensable and first tool that he has forged for himself. Man’s stock of tools marks out 
the stages of civilization, the stone age, the bronze age, the iron age. Tools are the result of 
successive improvement; the effort of all generations is embodied in them. The tool is the 
direct and immediate expression of progress; it gives man essential assistance and essential 
freedom also. We throw the out-of-date tool on the scrap-heap: the carbine, the culverin, 
the growler and the old locomotive. This action is a manifestation of health, of moral 
health, of morale also; it is not right that we should produce bad things because of a bad 
tool; nor is it right that we should waste our energy, our health and our courage because of 
a bad tool; it must be thrown away and replaced. 

—Le Corbusier, Towards A New Architecture 
  
 Sustainable design is today’s expression of progress. It is a movement that is being 

encouraged across the world. It is a manifestation of knowledge and will to produce a tool that is 

both essential and neutral to the environment. It has the potential to integrate the fields of 

architecture, engineering and construction simultaneously, a feat which exists today as 

something of an absurdity. The outcome of such cooperation would result in a composition that 

is both active and reactive to an environmental substrate.  

The active participation in sustainable design and construction is a task that can lead to a 

construct which becomes more than just a building. The functionality of the building will be 

integrated into its design allowing for a fluid transition between nature and man. The built 

environment should be comprised of material which is at minimum less harmful as to not disturb 

an already affected natural equilibrium. The question of form and function can thus be asked 

again. Does function follow form or does form follow function? A structure should be designed 

for its function and from that function its form should arise. That theory is currently in question 

when sustainable motives are applied. A structure is designed based on materiality, on cost, on 

recyclability, maintenance and a certification to determine its form rather than qualities meant to 

enhance the experience or functionality of the structure. That is why it is imperative that the 
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building industry re-examine the rationale for today’s expression of progress and define it as a 

lifestyle in which we may integrate an affordable built environment rather than incorporate 

superficial aspects of it into a form which lacks function.      
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CHAPTER 2 
SUSTAINABLE DESIGN 

Sustainability  

Sustainability is not just a technique used to cut life cycle costs but rather a positive 

choice which has the ability to influence both budget and environment. The term sustainable is 

defined in the American Heritage Dictionary as “Capable of being continued with minimal long-

term effect on the environment.” Typically, the association of cost does not appear in any 

definition of the term however it is definitely associated with the term. However when applied to 

sustainable structures, it can also be a “high performance building, encompasses the design and 

construction of facilities that are energy efficient, environmentally sound, economical to operate 

and maintain, and are healthy for occupants” (Intermountain Contractor 2008).  

The first two questions from an investor’s prospective when introduced to a new project 

are “what is it?” and “how much does it cost?” Cost, in many construction projects is a major 

deciding factor. In discussing costs relating to sustainability it is commonly considered a 

substantial increase in overall project costs. However, when further considered, the difference in 

initial costs and life cycle costs becomes an important factor. Many stigmas exist in construction 

today regarding the increased costs of building green over standard construction processes. 

Contractors see the additional work that is involved and naturally assume that the costs to 

perform such tasks are greater than if they were to follow a conventional project schedule using 

conventional standards and practices. The greater the momentum that the green movement 

builds, the greater chance that it has of succeeding. Contractors are forced to look into the idea, 

realizing that initial costs are most likely going to exceed a traditionally constructed project’s 

costs but when factoring in life cycle costs, many times those initial costs can be recovered and 

there is potential for even more savings.     
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Construction Phases 

The most important and time consuming phase of a sustainable project is the design and 

planning phase. Almost all of the decisions regarding sustainability will need to be made during 

these stages of the project. Decisions should be made regarding materials, design, program, value 

engineering, task delegations and future planning and problems that may be incurred. Also 

during these phases energy surveys, load calculations, life cycle costs, occupancy rates, material 

testing and any other pre-construction planning that may be required or is necessary should be 

completed. This is where a good portion of additionally incurred costs appear. The costs can 

multiply quickly. However, most of the costs are due to the labor intensive processes involved in 

such planning and development.  

 Material selection is probably the second most costly process involved in sustainable 

design. Often times the cost of recycled and recyclable materials are greater than non-recycled or 

recyclable. Recycling products helps close material loops and cut costs, reduces the amount of 

wasted materials and extends the life cycle of the products. The solution of using a recycled 

material is readily available but whether or not that cost can be regained or redistributed is often 

the issue. In almost every sustainable project some processes or material solutions are going to 

end up costing money that may not be able to be recovered through the life cycle costs of the 

project even though that material may still be a better choice. Simply because a material or 

product is recyclable does not necessarily mean that it can sustain the required loads or 

specifications. An inferior product should not be the solution. When companies try to market a 

green solution for a product that is inferior to accepted construction standards, material and 

installation costs tend to unnecessarily rise.  

 The third major cost is the redesign of mechanical processes throughout the structure. 

The additions of items like a cistern or well, using reclaimed water, waterless urinals, central 
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heating or air conditioning, passive ventilation, sun shading, solar panels, battery banks, 

reflective surface materials and green roofs are all examples of solutions which may lead to 

additional upfront costs. For instance, according to Reed Thomas, the chief estimator of Atlanta-

based R.J. Griffin & Co., a green roof can “typically cost $10 to $15 more per sq ft than 

conventional roofs and wood that is certified by the Forest Stewardship Council in Washington, 

D.C., is usually 15% to 25% more expensive than noncertified wood and may be hard to get” 

(Schwartz 2008). Depending on the design and nature of the project though, those costs may be 

at a minimum compared to the amount of savings that will follow.  

Cost  

Throughout the nation there has been a dramatic increase in the amount of construction 

projects applying for LEED certification. According to Reed Thomas, chief estimator for Griffin, 

there has been a tenfold increase (Schwartz 2008). Schwartz agrees that the likely increase in 

upfront costs are evident and according to estimators are due to the time needed to assess 

materials as well as document those materials and the higher prices of certain building systems 

implemented into the design (Schwartz 2008). According to Thomas, "Though there are always 

exceptions, and costs vary from project to project, in my experience most LEED projects have 

additional costs. For the certified LEED category, it is an average of an additional 0.5% to 1.5% 

cost; for the silver category, an average of an additional 1% to 2% cost; for the gold LEED 

category an additional 2% to 5% cost; and for platinum, the cost on average is an additional 5% 

or greater (Schwartz 2008). These percentages for additional costs are similar to those cited by 

others in the same field. According to a study by the World Business Council for Sustainable 

Development in Washington, D.C., the premium for constructing a sustainable building can 

come at an additional 16% cost (Hardesty 2007). However, some organizations still claim that a 

LEED certification can come at no additional costs incurred. “A study published in July by 
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London's Davis Langdon LLP, the European and Middle Eastern arm of Davis Langdon & Seah 

International, a global construction and property firm, concludes that LEED certified buildings 

do not cost any more to build than non-LEED buildings” (Hardesty 2007). Langdon states that in 

a comparison between LEED and non-LEED buildings, on average, there is no real difference in 

cost (Langdon 2007). 

Examples 

Many companies like Wal-Mart, Target and Starbucks to name a few have made 

company-wide commitments to sustainability (Building Design and Construction 2008). Their 

commitment includes the commitment of retrofitting existing stores with certain green standards 

including electrical lighting and recycling procedures. In that same spirit, New York’s first 

Leadership in Energy and Environmental Design (LEED) platinum level certification was 

granted to an interior build out for the Manhattan offices of Cook + Fox Architects. It was a 

“12,121-sq-ft project completed last year [which] built out the Simpson, Crawford, Simpson 

department store built in 1902 with features such as day lighting as the main light source, a 

3,600-sq-ft green roof, waterless urinals, Forest Stewardship Council-certified plywood, 

salvaged materials, and low-VOC carpet tiles” (Greer 2007). Other “notable examples of large 

sustainable interiors projects include the 1.6 million-sq-ft fit-out of One Bryant Park in Midtown 

Manhattan, which Structure Tone is handling for Bank of America and the Durst Organization of 

New York. The $1 billion project, which will be a 51-story building, is seeking LEED platinum 

certification” (Greer 2007). 

 Another recent member of the elite platinum LEED certification is the headquarters of 

Aardex, a company that does development, design, construction and property services for 

buildings in Golden, CO. The approximate size of their headquarters is 186,000 sq. ft. and the 

total cost according to executive principle Ben Weeks, “about $350,000 (less than 1% of total 
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project cost) we believe was the premium for reaching the LEED-platinum level. But we built 

the building at, or less than [the cost of], many conventional buildings of similar size. We're in 

the neighborhood of $200 per sq ft for a Class A building” (Hardesty 2007). As far as the cost 

savings side is concerned, “Aardex's mechanical system is expected to operate 30 to 40% more 

efficiently than a traditional system. [And the company] has also reduced its lighting load from 

the typical 2-2.5 Watts per sq ft to less than 0.75 of Watts per sq ft, resulting in substantial 

electricity savings” (Hardesty 2007). The design also included about 40 waterless urinals 

throughout the building in order to save somewhere around 1.6 million gallons of water per year. 

Synopsis 

There must be a conscious decision and effort applied to a design which intends to 

integrate a sustainable structure into the environment with the knowledge that there will be initial 

additional incurred costs that will lead to a reduction in life cycle costs.  Although a LEED rating 

may boost marketing and potentially increasebenefits, there still remains a certain negative 

relationship between economics and a sustainable building. It may be that private investors are 

not looking to maintain a building for the time necessary to retrieve money invested for a LEED 

certification. That is why a strong majority of LEED certifications are still being reached in the 

public facilities category. But there is definitely a need for change and if some symbiosis can be 

reached between cost-efficient recyclable materials and sustainable design with construction 

standards and application there will be an even greater rise in the green movement and a more 

sustainable built environment. There is aneed for affordable living in the economy of today and 

if only our focus would shift from commercial projects to multifamily residential projects using 

many of the goals of retailers the economy will begin to improve substantially. As the current 

housing economic situation slowly begins to resolve, people will begin to have more faith in the 

dollar bill allowing them to put money back into the economy. People do not yet see the 
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economic situation improving and until those residents who have had their homes forclosed on, 

received their eviction notices, and have been forced into bankruptcy see a rise in stability, the 

economy will remain relitively stagnant. The concept of affordable multifamily housing is a 

solution which will leed to economic security and if that concept can be achieved sustainably, 

both the economy and the environment will reap the benefits. The proposed cost efficient 

housing development is a model for social, economic and environmental progress and acts as a 

solution to the housing market’s instability.     
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CHAPTER 3 
HOUSING MARKET 

Analysis 

The current state of the housing market is in a disconcerting condition. Florida in 

particular is reaching record lows in housing sales. The market was flooded in sales of 

condominiums, townhouses and single-family homes starting in about 2002. The job market, due 

in large part to the impact that the construction industry has on the local market, has started 

experiencing several problems relating to employment and unemployment. The rates of 

unemployment have increased by approximately 1.4 percent (from 32,877 to 49,014) from May 

2007 until January 2008, however, also noted is the number of laborers (Bureau of Labor 

Statistics 2008)   

Two large segments of the economy in the Orlando market are the Leisure and 

Hospitality and Construction industries. Together they comprise nearly 25% of the local non-

agricultural workforces for the Orlando region (Bureau of Labor Statistics 2008). Of those two, 

the Leisure and Hospitality industry has sustained a little more than a two percent change in a 

12-month period whereas the construction industry has suffered almost a ten percent loss over a 

12-month period (Bureau of Labor Statistics 2008). Additionally, a third major component of the 

labor industry in Orlando is the Trade, Transportation, and Utilities industries. And since the 

metropolitan area is located near both the Orlando Executive Airport and the Orlando 

International Airport, there is constantly an influx of tourists, translating into a high volume of 

job opportunities outside of the construction field. One last component to the dense population in 

Orlando is the higher education facilities located within the region. The University of Central 

Florida, Rollins College, and Full Sail University all are located in Orange County creating a 

specific need to have affordable housing as an alternative for potential permanent residents in the 



 

19 

area. With urban sprawl and high population growth estimates for central Florida there will be a 

need for expansion and growth in housing developments.   

Over the last five years the Orlando market has added 158,000 new hires. The area’s 

economy has become more diversified with several higher salaried positions based in the 

Orlando region. “Of the 158,000 net non-agricultural jobs added since June 2001, the strongest 

growth percentage came in the areas of construction (55.2 percent), financial activities (19.5 

percent), professional and business services (23.8 percent), education and health services (20.4 

percent), and government (18.8 percent)” (Orlando Business Journal 2006).  

As a result of the analysis for the employment data in the specified central Florida region 

two conclusions can be made. The first conclusion is that a large percentage of the economy is 

sustaining a healthy level of growth, requiring a certain level of housing suitable for a large 

amount of people in a rather dense location. The second important factor is that there are still a 

large number of individuals who may be experiencing financial difficulties in the target market 

area due to the recent troubles in the construction industry.   

Area Median Income 

 A large variable in the economic aspect of a market analysis used in determining the need 

for housing is the targeted areas median income. The estimated median family income in 

Orlando for 2007 is $54,900 according to the U.S. Department of Housing and Urban 

Development (HUD). According to the same data, that is an additional increase of $3,094 from 

the 2005 census and $7,130 from the 2000 census report. The household income contributes to 

most variables relative to a family’s lifestyle. It can determine the location of one’s home, the 

amount of area of one’s home, the amenities, and even the furnishings in one’s own home. The 

definition as given by the Florida Housing Data Clearinghouse (FHDC) for a low-income 

household is that is a household income of less than 80% of the area median income (AMI). 
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FDHC also defines a household which is cost-burdened as paying 30% or more of their 

household income on mortgage or rent. The FDHC further classifies a household that is paying 

more than 50% of their household income as severely cost-burdened.  

In order to determine the affordability of the proposed housing solution, a specific 

demographic must be targeted. In this case, the focus was placed on people aged below 35. This 

allows for an age which can incorporate first time home buyers or renters as well as those who 

may recently have had a home placed in foreclosure and are in need of an affordable solution. 

According to the Florida Housing Data Clearinghouse in 2005, as shown in Table 3-1, of 

households making 120.01% or more of the AMI, aged between 15 and 34, who were not renting 

in Orange County, only .48% were considered severely-cost burdened. For households making 

between 80.01% and 120% of the AMI, aged between 15 and 34, who were not renting in 

Orange County, only 2.6% were considered severely-cost burdened. For households making 

between 50.01% and 80% of the AMI, aged between 15 and 34, who were not renting in Orange 

County, 14.5% were considered severely-cost burdened households. For households making 

between 30.01% and 50% of the AMI, aged between 15 and 34, who were not renting in Orange 

County, 58% of them were considered severely-cost burdened. For households making less than 

30% of the AMI, aged between 15 and 34, who were not renting in Orange County, 63% of them 

were considered severely-cost burdened. 

  In that same year, as shown in Table 3-2, of the households making 120.01% or more of 

the AMI, aged between 15 and 34, who were renting in Orange County, not one household was 

considered severely-cost burdened. For households making between 80.01% and 120% of the 

AMI, aged between 15 and 34, who were renting in Orange County, only .22% of them were 

considered severely cost-burdened. For households making between 50.01% and 80% of the 
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AMI, aged between 15 and 34, who were renting in Orange County, only 5.7% of them were 

considered severely-cost burdened. For households making between 30.01% and 50% of the 

AMI, aged between 15 and 34, who were renting in Orange County, 44% of them were 

considered severely-cost burdened. And for households that were making less than 30% of the 

AMI, aged between 15 and 34, who were renting in Orange County, 70% of them were 

considered severely-cost burdened. From those numbers it can be determined that for both 

rental and ownership the greater the household income the more likely one is to not be labeled a 

cost-burdened household. When the household income decreases, in both cases, the cost of 

mortgage or rent does not reduce at the same rate, leading to higher percentages of severe cost 

burden. Also a lower percentage of households that rent are severely-cost burdened, as seen in 

Figure 3-1, unless that household has an income less than 30% of the AMI. Therefore those that 

pay rent have a better likelihood of not becoming severely-cost burdened compared to those who 

pay mortgages. In a struggling economy, those that pay rent have more mobility and freedom, 

should they need to get out of a lease agreement or move to a cheaper apartment.   

Housing Profile 

The estimated population in Florida as of 07/01/2005 was 17,509,827. That estimate will 

reach 28,685,769 by the year 2030 with an estimated growth rate of approximately 0.88% (U.S. 

Census Bureau 2008). Orange County alone, as of 2005, had a population of 1,043,434 (ranking 

number 5 of Florida’s 67 counties) and is projected to have a population of about 1,702,936 

(ranking number 4 of Florida’s 67 counties) by the year 2030. The average value for a single-

family home in Orange County as of 2005 was $177,370 and the average for a condominium was 

$157,673. The average rent paid by Orange County households in the year 2000 was $699 per 

month, compared to $649 median statewide rent (Florida Housing Data Clearinghouse 2009). 
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Affordable housing would have the ability to lower rent costs per month and therefore become a 

potential incentive to choose rental over ownership. 

Market Conditions 

The number of condominium sales increased by nearly 150%, more than doubling from 

4,237 to 10,820, from 2004 to 2005 in Orange County alone (Florida Housing Data 

Clearinghouse 2009). Single-family housing sales increased by almost 50%, going from 21,297 

sales to 33,216 sales between the years of 2002 and 2005 in Orange County (Florida Housing 

Data Clearinghouse 2009). Of those, the majority of condominium sales (8,463 of 10,820) 

ranged from $100,000 - $299,999 where the majority (24,567 of 33,216) of single-family 

housing sales ranged from $150,000 - $399,000 (Florida Housing Data Clearinghouse 2009). 

The mean sales price for condominiums in Orange County in the year 2005 was $198,675 and 

for single-family housing was $286,898 (Florida Housing Data Clearinghouse 2009). Now those 

sales are diminishing as demand is decreasing and those costs are finally starting to decrease 

along with them. There still remains however the issue for households who have recently had to 

foreclose on their house and who probably cannot qualify for a second house loan. For first time 

home buyers, between the ages of 18 and 24, waiting a few months might be a good option 

because by then the housing market will just about have hit the bottom and interest rates will be 

lower than ever and the market will then become a buyer’s market again leading to greater 

demand for houses. Recently the Federal Reserve lowered its target for the Fed funds rate from 

about 5.25% to 3.0%. On March 18, 2008, plans were made to cut rates an additional 0.75% 

which led to a 2.25% rate (Beck 2008). That became a tremendous savings and incentive for 

people to take out loans. Along the same lines, the Department of Housing and Urban 

Development under a new proposal passed updated disclosure rules for mortgages in order to 

give consumers a more lucid understanding on loan terms and costs. The new “Good Faith 
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Estimate” displays the loans interest rate and monthly payment, how much and if the interest rate 

can change, and whether the loan has any penalties. According to former HUD Secretary 

Alphonso Jackson, many issues with mortgage problems are directly related to the literature that 

goes with them (Hoover 2008). By adjusting the lending documents and reducing federal rates, 

more incentive is being added in order to attract citizens into reinvesting into the housing market. 

The other noticeable changes that even local governments are attempting to reform are the 

impact fees which during the strong housing boom created a lot of revenue, recently have 

become a deterrent for builders seeking to invest back into the economy. Local Central Florida 

governments such as Osceola and Lake Counties have decided to reduce impact fees bringing at 

least some relief to builders. However, Orange County still has Central Florida’s highest impact 

fee for single-family homes at $11,829 (Bilbao 2008). 

Table 3-1.  Demographic data for owners in Orange County, Florida.  

Household income (%) Housing cost burden (%) Household count
≤ 30 AMI ≤ 30 487
≤ 30 AMI 30.01–50 158
≤ 30 AMI 50.01+ 1103

30.01–50 AMI ≤ 30 299
30.01–50 AMI 30.01–50 714
30.01–50 AMI 50.01+ 1402
50.01–80 AMI ≤ 30 1805
50.01–80 AMI 30.01–50 2491
50.01–80 AMI 50.01+ 734

80.01–120 AMI ≤ 30 7060
80.01–120 AMI 30.01–50 1887
80.01–120 AMI 50.01+ 241

120.01+ AMI ≤ 30 17694
120.01+ AMI 30.01–50 1081
120.01+ AMI 50.01+ 92

2005 Demographic data for owners aged 15–34 in Orange County, Florida. 

 
[Source: Florida housing data clearinghouse] 
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Table 3-2.  Demographic data for renters in Orange County, Florida.  

Household income (%) Housing cost burden (%) Household count
≤ 30 AMI ≤ 30 2371
≤ 30 AMI 30.01–50 630
≤ 30 AMI 50.01+ 7017

30.01–50 AMI ≤ 30 1115
30.01–50 AMI 30.01–50 4763
30.01–50 AMI 50.01+ 4649
50.01–80 AMI ≤ 30 8042
50.01–80 AMI 30.01–50 8901
50.01–80 AMI 50.01+ 1037

80.01–120 AMI ≤ 30 16380
80.01–120 AMI 30.01–50 2153
80.01–120 AMI 50.01+ 42

120.01+ AMI ≤ 30 15372
120.01+ AMI 30.01–50 74

2005 Demographic data for renters aged 15–34 in Orange County, Florida. 

 
[Source: Florida housing data clearinghouse] 
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Cost Burden, Orange County, 2005
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Figure 3-1.  Cost burden graph for Orange County, Florida. [Source: Florida housing data 

clearinghouse]  
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CHAPTER 4 
METHODOLOGY 

Case Study Analysis: The intent of this research was to examine the relationships 

involved in sustainable design and to determine whether environmental impacts on multi-family 

residences offered a more affordable solution to sustainable living than single-family design. 

One method to accomplish this was through a case study analysis of both single-family and 

multi-family dwellings. A case study analysis of both single-family and multi-family residences 

provided a market cross-sectional representation in which conclusions could be drawn regarding 

the efficiency and rate of return expected from such constructions.  

A case study analysis should provide a systematic way of looking at several projects of 

similar nature in order to determine similarities and differences. The case studies used in this 

research provided specific and clear results used to determine the validity of the hypothesis. 

There are similar techniques that could have been employed to present alternative results, 

however based on the case studies chosen, the results found lend themselves to proper 

conclusions due to their specific applicability. 

Although not quite similar in nature, the sample case studies attempted to represent 

random projects located within a relatively narrow geographic area. This was to make sure that 

no alternate variables needed to be calculated to account for differences in things like climate, 

rainfall, wind resistance or durability. Even through some differences existed geographically, the 

sustainable goals were similar.   

As a basis of comparison, these studies show cost, materiality, energy consumption, 

specific LEED certifications, time, benefits to the community, and industry standards with a 

strong emphasis on affordability. 
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CHAPTER 5 
CASE STUDIES: SINGLE FAMILY HOUSING 

Case Study Number One: “The Street Where Dreams Come True” 

Location: Corner of Lakewood Ave. and Miller Reed Ave., Atlanta, Georgia. 
 
 The Street Where Dreams Come True is a green building project in which seven single-

story, single-family homes were constructed in an area of South Atlanta. The project was geared 

toward developing low-cost houses while integrating sustainable design principles in order to cut 

utility costs, expose green building practices and educate communities and volunteers for 

prospective developments (Global Green USA 2007). The project was funded through an 

affiliate organization of Habitat for Humanity named Atlanta Habitat, one of Atlanta’s largest 

homebuilders for low-income families.  

The model homes are based on a simple square design with a pitched gable roof and 

small front porch. The idea behind these homes was simplicity.  Each of the single-family homes 

averaged about 1,150 square feet on lots that measured about 9,000 square feet. The total 

construction cost was $502,641 or about $72.00/sq ft. The average construction cost per unit 

equaled about $71,805. The project was completed in early 2002. Much of the time and labor 

was donated through volunteer initiatives, thus construction costs are somewhat deceiving. One 

major goal of the project was the ability to reduce electrical, gas, and water bills by 30 percent. 

The focus was on the residents after construction was complete. Building an economically 

conscious home was not enough for these low-income residents. The ability to maintain the 

home at the lowest costs possible was the ultimate goal. The use sustainable design concepts 

allowed the homes to be constructed on a tight budget which maximized cost-efficiency. 

Although the HVAC system only had a 12 SEER rating, techniques such as air tightness, proper 

sealing, and intelligent locations of ducts were utilized in order to create energy efficiency 
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without being cost prohibitive. The EarthCraft certification that this project achieved was 

calculated at an additional $2,180 per house. This cost would be recovered in about 10 years.   

Case Study Number Two: Z6 House 

Location: Santa Monica, California. 

 The Z6 house is a single-family residence located within a dense urban neighborhood. 

The home has 4 bedrooms, 2.5 baths and a two-car garage and was completed in August 2006. 

With a commitment to reduce the structure’s ecological footprint, the project team coined the 

term “six zeroes” to define their goals: zero waste, zero water, zero energy, zero emission, zero 

carbon and zero ignorance. The house is of a modular design built off-site and erected on-site. 

Since the structure was only assembled on-site, this allowed for a drastic decrease in waste. 

Where a comparable home of standard construction practices may produce between 30 and 40% 

material waste, the Z6 home was able to significantly reduce that number to about 3 or 4% 

material waste. A portion of the house’s LEED points come from a design which meets regional 

requirements fulfilling criteria such as the location of a public transportation stop within one-

quarter mile of the house. Local conveniences such as shopping, restaurants and schools are 

within walking distances and bicycle usage as a form of transportation is common within the 

community. The climactic issues that the home addresses are important to both energy 

consumption and comfort. When designing the house, the decision to orient it at 45 degrees in 

the north/south direction, not only allowed the use of natural ventilation for cooling purposes, but 

helped prevent solar heat gain with the help of large overhangs above windows and doors. 

Conversely, during the winter season, the large glass windows allow for solar gain thus 

minimizing energy costs needed to heat the house.  

For hot water the house uses an evacuated-tube solar hot water collector. This again helps 

to minimize energy costs. A green roof was included in the design as well as xeriscaping around 
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the house. The rainwater collected from the roof is stored in a 3500-gallon cistern below grade 

and used for what minimal water is required to irrigate. Low-flow fixtures were also used. As a 

technological feature, the house has incorporated a monitoring system which has the ability to 

track the quantities of total water usage and energy consumption throughout the house. The total 

amount of potable water used per year is about 29,000 gallons. The house has a 2.4 kilowatt 

photovoltaic array to help offset energy consumption and can account for about 60-70% of 

overall energy usage. The interior of the house utilizes low VOC wall coverings such as paints 

and sealants and all wood materials used were certified according to the Forest Stewardship 

Council. Overall the house acts as a model for single-family sustainable living.
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CHAPTER 6 
CASE STUDIES: MULTI-FAMILY HOUSING 

Case study number three: The Plaza Apartments are located on the NE Corner of 6th St. 

and Howard St. in San Francisco, California. The Plaza Apartments are studio apartment housing 

for extremely low-income residents. It is an urban high-rise building featuring 106 studio 

apartments that are approximately 300 square feet each and include a full bathroom and 

kitchenette in every unit. Additionally, the structure contains ground-floor retail, and a 

community theater. As part of San Francisco’s green building principle, the city became the first 

in the United States to implement sustainable building standards for all new affordable housing 

projects (Global Green USA 2007). The Plaza Apartments were designed as the San Francisco 

Redevelopment Agency’s pilot project in order to serve as a model for other developers to 

follow. Several entities were involved in the project including Global Green USA, the Enterprise 

Green Communities Initiative and the city of San Francisco’s Department of the Environment. 

The project goals were to create a healthy indoor living environment that was energy efficient 

and low in cost with a design that would reinforce green goals (Global Green USA 2007). The 

total project cost was $22.8 million with a construction cost of $16.5 million. That equates to a 

cost of $225 per square foot and a unit cost of $150,000, which only about 3% higher than the 

average affordable living project for San Francisco. The project was completed in December 

2005.  

 Throughout the entire construction process, the project team was dedicated to green 

practices. At the demolition phase, a goal of construction debris diversion from landfills was 

75%. The team surpassed this goal with a 94% diversion rate, steering nearly all of the 

construction waste to recycling locations (Global Green USA 2007). During the design phase, 

the focus was on a healthy interior living environment that was aesthetically pleasing while 
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maintaining efficient, durable, low maintenance building systems. The floor plan featured a 

circular hallway to push occupants to the exterior windows of the building to experience views 

of the landscape. Natural daylighting and floor-to-ceiling windows were used as well as glazing 

and glossy finished walls to allow light reflection within the building and rooms. The structure 

has vertical openings in the front and side facades which help to bring natural light to the interior 

of the building. The building also has sun shading devices located at the top of the roof as well as 

on the windows which have been recessed to allow for a built-in shading device for exterior 

windows. The design concepts used in this project allowed for savings of both upfront costs and 

monthly costs. In this way the project was able to maintain affordability.   

   
 



 

32 

CHAPTER 7 
FINDINGS 

Summary 

Based on the case study analyses and literature reviews in the previous chapters of both 

single-family and multi-family dwellings and other various commercial projects it can be 

concluded that the costs involved in developing an energy efficient sustainable structure can be 

achieved at minimal additional costs to conventional construction practices. This holds true for 

residential cases as well. The case study matrix (Figure 7-1) of the three buildings studied shows 

that although the projects use similar design techniques and sustainable materials, there remains 

a large cost variation between each structure. It can further be concluded that cost differences can 

in part be due to climactic inconsistencies as well as variations in mechanical efficiencies and 

budgetary constraints. There are several different factors which can account for cost fluctuations 

in a sustainable project and there are multiple ways of achieving sustainability without 

sacrificing cost efficiency. As the different methods of analysis show, there is no one answer to 

the cost of building green. A single variable or average cannot be used even within similar 

building types to determine the costs of a sustainable project. Each project needs to be analyzed 

on an individual basis to determine the best solutions for a sustainable design. As a result of the 

analysis the multi-family sustainable structure proposed is an attempt to create an efficient means 

of housing citizens who require affordable housing given the fragile state of the housing market. 

The proposal is dedicated to a market analysis and response determined by an investigation of 

the housing economy of Orange County, FL. The market area is defined as the metropolitan area 

of Orlando. The targeted demographic group for the analysis is focused on young couples within 

age groups that can be categorized as first-time homeowners. Typically such a demographic 

criterion fits people between the ages of 18-35. Homeowners who have recently experienced 
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foreclosure and are looking to investigate a more economic approach to living via affordable 

housing are also included in the specified demographic. The development proposed offers a 

solution to purchasing a single family home and risking potential foreclosure through an 

affordable multi-family sustainable dwelling located near the downtown Orlando area, a core to 

the local social and economic structure of the county and even surrounding counties. 

Feasibility 

Based on the market analysis presented in Chapter 3 of this study, it was determined that 

the proposed housing development was in demand and even a necessity for certain targeted 

demographic groups. Since the development is targeted toward attracting young families recently 

entering foreclosure and even bankruptcy, the financial responsibilities of those families must be 

less cost-burdensome than their previous residences. Most of these families will look at this 

structure as a temporary residence until they have the ability to enter back into home ownership, 

thus a rental or lease agreement was optimal. Taking into account that these families are mostly 

coming from previous homeownership, the goal of the development is to attempt to maximize 

space and privacy while minimizing costs. The 100-unit structure proposed with sufficient 

parking requires a lot approximately 200’ X 350’ in dimension. The total estimated area required 

to sufficiently house the number of units specified was 140,000 SF. This allows for 100 units 

approximately 1,000 SF/Unit. The minimum total estimated construction cost is $16,763,850.00 

or approximately $119.74/sf. (RS Means Cost Estimator 2008). The 1,000 SF units should have 

sufficient space to house an average 3-person family. Low cost sustainable building practices 

will be employed throughout the design and construction phases. This will begin with the design 

of natural daylighting throughout the structure as well as design for natural ventilation and 

passive heating and cooling within the individual units. The significantly concrete structure will 

utilize fly ash in the concrete as well as light colored materials for exterior cladding and roofing. 
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Close attention will be made to ensure strong seals at all penetrations and air tightness will be an 

important goal. ENERGY STAR rated appliances and fixtures will be used to maintain energy 

efficiency. Low-flow plumbing fixtures will also be installed in the project. Interior furnishings 

and materials used will be recycled, low odor, and low-VOC. With these practices in place the 

essential needs of the community will be met with a long-term sustainable outlook. Building 

sustainably is essential and this proposed structure cannot afford to not be built as such. Tables 

7-1 and 7-2 are the required impact fee and permit fee calculations necessary to determine the 

financial feasibility of the proposed structure. Tables 7-3 and 7-4 show the Back-Door and Front-

Door calculations used to estimate the costs of construction and monthly rental rates in order for 

the project to remain feasible. According to the Back-Door analysis, the maximum construction 

cost of the project would have to be $104.71 to keep a monthly rental rate of $1500/unit. In 

comparing that to the Front-Door analysis, at an estimated construction cost of $119.74, the 

minimum monthly rental rate would have to be $1,685.63/unit to remain feasible to construct.  

The potential gross income, which was calculated based on the number of units and cost 

per month, was estimated at $1,800,000 annually. Since approximately 10-20% of that revenue 

will go to expenses an adjustment factor of .85 was used to determine a net operating income of 

about $1,530,000 annually. Since the project is not necessarily of high risk a capitalization rate 

of .09 was used which determined the project value to be about $17,000,000. After the land 

acquisition and development costs were subtracted from that number the total building budget 

was determined to be $14,659,769. 

The net present value (Table 7-5), which was calculated using a discount rate of 6% over 

a 20-year period, determined the project to yield a positive investment of $548,979.46 meaning 

that the project has a valid reason to continue with development. The internal rate of return based 
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on that same 20-year period was calculated in Table 7-6 and was shown to be about 6%. These 

numbers show conclusive evidence that based on the project’s construction estimates the 

proposed development in terms of feasibility should be continued.  

Financing 

The financial strategy considered was to acquire a loan with a minimal down payment at 

a low fixed interest rate. Government loans are an alternative which could be considered, 

however, since the project does not entirely meet needs of severely cost burdened residents an 

exclusive government loan did not seem to be a likely solution. The decision to use a traditional 

loan with a possible government subsidy was the conclusion. There are several loan programs 

which could be used as long as the LTV is around 80 – 85% and a cap rate of about .9, the loan 

should stand, allowing financial feasibility for the developer to begin the necessary steps to begin 

the construction process.  

Decision 

There seems to be a legitimate demand for this development outside of financial feasibility 

for the developer. The state that the economy is in presently is also an additional reason as to 

why this particular type of facility would be welcomed into a community which has a fairly large 

population. The majority of multi-family housing in the location chosen is in fact luxury 

apartments, yet remains vacant due to a slowdown in the economy and an abundance of similar 

residential communities. This is an opportunity to present to the community a unique and very 

necessary idea of affordable living that has the potential to be reproduced in surrounding 

communities. As a response to both the community and those that are forced into an 

economically burdened household, the choice to continue with the development of this project 

should be confirmed. This solution thus acts as a model for an affordable multi-family structure 
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to be replicated based on necessity and defines a feasible solution to further today’s progress 

toward an affordable sustainable society. The proposed solution acts as a model and tool to 

educate people on the qualities of a sustainable building and the positive effects that it has on the 

environment.      
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Sustainable Housing Case Study Evaluation Matrix 
Case Study Project Details Project Costs Site Energy Water Materials

Atlanta, GA

"The Street Where 
Dreams Come 
True"

Santa Monica, CA

Z6 House

San Francisco, CA

The Plaza 
Apartments

Diversion of 
construction waste by 
94%. Structural 
materials used as façade. 
Fly ash used in concrete. 
Fiberglass rigid 
insulation. Recyclable 
flooring materials. 

Not Given

Multi-Family. 106 
studio apartments 
(avg. 300 SF). 
Completed in 
2005

Construction 
Cost: $16.5 
million; $225/SF. 
Unit Cost: 
$150,000

Revitilization project. 
Urban site. Minimize 
stormwater runoff. 

Airtightness. 26 kW photovoltaic 
system on roof to provide 
approximately 12% of electrical load 
(Savings of 58,860 kWh/yr). 
Hydronic heat used (95% efficiency). 
ENERGY STAR appliances. 
Insulated windows to minimize solar 
heat gain. Increase insulation 
throughout.  

1.5 gpm low-flow 
showerheads and 1.6 
gpm low-flow toilets. 
Drip irrigation with 
bubblers 

Single-Family. 4 
bedrooms, 2.5 
bathroms, 2-car 
garage (2,480 
SF). Completed in 
2006

Located in dense urban 
neighborhood. Public 
transportation nearby. 
Local conveniences. 
Oriented at 45 degrees 
in north/south direction.

Natural  ventilation for cooling. 2.4 
kW photovoltaic array to offset 
energy costs by 60-70%. Monitoring 
system for energy consumption and 
water usage.

Low-flow fixtures. 
Evacuated-tube solar 
hot water collector. 
Rainwater collection 
for green roof. 3,500 
gallon below grade 
cistern. 

3-4% material waste. 
Constructed off-site. 
Assembled on-site.  
Low VOC wall 
coverings. Certified 
wood used. 

Re-Use Site with 
minimal disruption of 
existing trees and 
groundcover.

Single-Family. 7 
single-family 
homes (avg. 
1,150 SF). 
Completed in 
2002

Tight building envelope. PV sensors 
on exterior lighting. Double-glazed, 
vinyl-frame, double-hung windows 
with low-e glass (U-value <0.56, 
solar heat gain coefficient <0.4). R-
30 insulation in ceiling. R-5 
insulation in exterior wall. R-13 in 
walls.             

ENERGY STAR 
washing machines. 
Stormwater 
management techniques

Recycled construction 
waste. Off-site framing. 
Re-use materials such as 
drywall, siding, shingles 
and block ground up for 
base material.

Construction 
Cost: $502,641; 
$72/SF. Unit 
Cost: $71,805

 
 
Figure 7-1.  Case study matrix. [Information gathered from Global Green USA and BuildingGreen.com] 
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Table 7-1.  Impact fee summary. 
Impact fee summary  
Description  Amount  
 
Road impact fee  
  Use: multi-family  
  Units: 100 dwellings  

$260,300.00

 
Law enforcement impact fee  
  Use: multi-family  
  Units: 100 units  

$6,569.00

 
School impact fee  
  Use: multi-family  
  Units: 100 units  

$697,900.00

 
Fire impact fee  
  Use: multi-family  
  Units: 100 units  

$19,517.00

 
Parks and recreation impact fee  
  Use: multi-family  
  Units: 100 units  

$100,275.00

 
Total  $1,084,561.00
[Source: Orange County Government, Florida website] 
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Table 7-2.  Permit fee calculations. 

Permit fees  
 

Submittal fees 
Paid at time of submitting plans   
 
Valuation of project:  
Less than $10,001 = $ 31.00  
$ 10,001 - $25,000 = $ 52.00  
$ 25,001 - $50,000 = $103.00  
$ 50,001 - $100,000 = $206.00  
$100,001- $500,000 = $412.00  
$500,001- $1,000,000 = $618.00  
$1,000,001-$2,000,000 = $824.00 
 Over $2,000,000 = $800.00  
Plus per additional $100,000 or fraction thereof = $21.00 
 
$16,763,850.00 – $2,000,000.00 = $14,763,850.00 
 
$14,763,850.00/$100,000.00 = $147.64 
 
$147.64 X $21.00 = $3,100.44  
 
$3,100.44 + $800.00 = $3900.44 Total submittal fee 
 
Zoning division – new construction plan review fee = $194.00 
 
Development engineering division - $1.33/LF of perimeter = $1.33 X 1100 (200’ X 350’ lot) = 
$1,463.00 
 
Utilities division – new construction = $113.00 
 
Total permit fees = $3900.44 + $194.00 + $1,463.00 + $113.00 = $5,670.44 
[Table by author]
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Table 7-3.  Back-door feasibility calculations. 

Average monthly proposed lease rate/unit $1,500.00
Number of units 100 (multiply)
Months/year 12 (multiply)

Potential gross income (annually) $1,800,000.00
Income/revenue ratio (estimate) 0.85 (multiply)

Net operating income $1,530,000.00
Cap rate (estimate) 0.09 (divide)

Total project value $17,000,000.00

Land cost (allowance) $1,000,000.00
Sitework (estimate) $250,000.00 (add)
Permit fees $5,670.00 (add)
Impact fees $1,084,561.00 (add)

Total land development cost $2,340,231.00

Total building budget (tpv - tldc) $14,659,769.00
Gross building area (sf) 140,000 (divide)

Maximum construction cost/ sf $104.71

Back-door feasibility analysis

 
[Table by author] 
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Table 7-4.  Front-door feasibility calculations. 

Construction cost/ sf $119.74
Gross building area (sf) 140,000

Total building budget (estimate) $16,763,600.00 (rs means 2009)

Land cost (allowance) $1,000,000.00
Sitework (estimate) $250,000.00 (add)
Permit fees $5,670.00 (add)
Impact fees $1,084,561.00 (add)

Total land development cost $2,340,231.00

Total project value (tbb + tldc) $19,103,831.00
Cap rate (estimate) 0.09 (multiply)

Net operating income $1,719,344.79
Income/revenue ratio (estimate) 0.85 (divide)

Potential gross income (annually) $2,022,758.58
Months/year 12 (divide)
Number of units 100 (divide)

Average monthly minimum lease rate/unit $1,685.63

Front-door feasibility analysis

 
[Table by author] 
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Table 7-5. Net present value calculations. 

Year Net cash inflow Present value
Principle 2009 (17,000,000.00)$          (17,000,000.00)$             

1 2010 1,530,000.00$             1,443,396.23$                
2 2011 1,530,000.00$             1,361,694.55$                
3 2012 1,530,000.00$             1,284,617.50$                
4 2013 1,530,000.00$             1,211,903.30$                
5 2014 1,530,000.00$             1,143,305.00$                
6 2015 1,530,000.00$             1,078,589.63$                
7 2016 1,530,000.00$             1,017,537.38$                
8 2017 1,530,000.00$             959,940.93$                   
9 2018 1,530,000.00$             905,604.65$                   

10 2019 1,530,000.00$             854,344.01$                   
11 2020 1,530,000.00$             805,984.91$                   
12 2021 1,530,000.00$             760,363.13$                   
13 2022 1,530,000.00$             717,323.70$                   
14 2023 1,530,000.00$             676,720.48$                   
15 2024 1,530,000.00$             638,415.54$                   
16 2025 1,530,000.00$             602,278.81$                   
17 2026 1,530,000.00$             568,187.56$                   
18 2027 1,530,000.00$             536,026.00$                   
19 2028 1,530,000.00$             505,684.91$                   
20 2029 1,530,000.00$             477,061.23$                   

Net present value 548,979.46$                   

Net present value
Discount rate = .06
Term = 20 years

 
[Table by author] 
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Table 7-6.  Internal rate of return calculations. 

Year Net cash inflow 
Principle 2009 (17,000,000.00)$    

1 2010 1,530,000.00$       
2 2011 1,530,000.00$       
3 2012 1,530,000.00$       
4 2013 1,530,000.00$       
5 2014 1,530,000.00$       
6 2015 1,530,000.00$       
7 2016 1,530,000.00$       
8 2017 1,530,000.00$       
9 2018 1,530,000.00$       

10 2019 1,530,000.00$       
11 2020 1,530,000.00$       
12 2021 1,530,000.00$       
13 2022 1,530,000.00$       
14 2023 1,530,000.00$       
15 2024 1,530,000.00$       
16 2025 1,530,000.00$       
17 2026 1,530,000.00$       
18 2027 1,530,000.00$       
19 2028 1,530,000.00$       
20 2029 1,530,000.00$       

6%

Internal rate of return

Internal rate of return  
[Table by author]  
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