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ABSTRACT 

 

As Wilmington continues to grow as a city in the Mid-Atlantic region and 

continues to set out goals for sustainable growth, it has made efforts to produce built 

infrastructure that has little impact on the environment while maintain its historical 

character. This research sets out to determine the investment costs required for 

adaptive reuse projects pertaining to multifamily construction using the LEED v4.1 

Residential: Multifamily certification system. In addition, this study will look at the 

cost associated with each category in the scoring system and relate its financial impact 

to total invested cost.  

 

A sample of six representative residential projects were selected for this study. 

A model was created for each project to estimate the cost of upgrading the project to 

different LEED tiers. The model was optimized to select the path to certifying the 

projects at each tier at the lowest possible financial investment. All the projects’ costs 

to upgrade are based on estimates and quotations. 

 

The research shows LEED certification at the Certified and Silver tiers require 

negligible increases in financial investment while projects seeking Gold and Platinum 

certifications require an average increased investment as a percentage of total project 

cost of 0.65% and 6.77%, respectively.   
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Chapter 1 

INTRODUCTION 

 

Construction in Wilmington  

 

Wilmington, Delaware is a city with a rich history dating back to its founding 

in 1638. It has grown into the largest metropolitan area in Delaware with its 

population of 70,898. The city is a key highway and rail connector between the major 

cities in the Mid-Atlantic / Northeast regions with I-95 passing directly through the 

city as well as its train station which services both AMTRAK and SEPTA.  

 

Most of Wilmington’s housing inventory consists of single-family homes at 

64% while only 35% of dwellings were multifamily units. Of the occupied units, 

almost 75% are 50 years or older with the greatest portion being built before 1939 

(Wilmington 2028, 2019). This paints a picture for the general age of buildings in the 

city. 

 

Being a city that wants to capitalize on the migration of young professionals 

and businesses, there have been a growing number of multifamily apartment buildings 

constructed in the area. Many of these buildings have taken advantage of existing 

structures and repurposed them to mixed-use or strictly residential living. 
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This type of construction somewhat counteracts the fact that new construction 

increases the amount of carbon emissions. In 2018, the building sector accounted for 

36% of energy use and 39% of total carbon emissions, 11% of which was produced as 

a result of building material manufacturing (IEA, 2019). 

 

Green Building Definition 

 

Due to the disruptive and sometimes harmful nature of new construction within 

the building life cycle, there are concerns regarding the sourcing of non-renewable 

resources and the damage which a new building may cause to the local environment, 

thus impacting the lives of future generations. This fact designates a need to identify 

methods and regulations for construction that would reduce resource consumption and 

efficiency of buildings.  

 

This brings up the concepts of Green Buildings and sustainability. The World 

Green Building Council (WGBC) defines a green building as, “a building that, in its 

design, construction or operation, reduces or eliminates negative impacts, and can 

create positive impacts, on our climate and natural environment. Green buildings 

preserve precious natural resources and improve our quality of life.” The concept of 

the green building was developed from the need to solve a plethora of issues including 

but not limited to, building efficiency, environmental impact, and economic and social 

justice.  
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Furthering this definition, the United States Green Building Council (USGBC) 

defines a green building as, “as the planning, design, construction, and operations of 

buildings with several central, foremost considerations: energy use, water use, indoor 

environmental quality, material section and the building's effects on its site.” 

 

Research Objective  

 

The main objective of this study is to estimate the additional investment 

required to certify adaptive reuse projects in the city of Wilmington with all applicable 

tiers of LEED v4.1 for Multifamily buildings. This research focuses specifically on the 

adaptive reuse of former commercial use buildings for use as multifamily dwellings. 

This paper aims to close the information gap on the financial feasibility of building 

these types of buildings to LEED standards. 

 

Research Questions 

 

The research aims to answer two main questions:   

• What is the financial investment required to certify a project with the 

different tiers of LEED? 

• Which categories of LEED have the biggest impact for this specific 

type of construction? 

• Which categories would require the largest investment? 
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Research Hypothesis  

 

The research intends to investigate the following hypothesis:  

• The LEED rating system does not have a significant impact on total 

project cost for adaptive reuse multifamily residential projects.  
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Chapter 2 

LITERATURE REVIEW 

 

Green Buildings Status in Wilmington, DE 

 

Although Wilmington cannot be considered a leader in Green Building 

construction, it does have its fair share of LEED certified and registered buildings. 

According to the Green Building Information Gateway, Wilmington currently, the city 

has 22 LEED-certified projects and 21 LEED-registered projects. There are 7 LEED 

Gold, 9 LEED Silver, and 6 LEED Certified projects. This figure accounts for 

approximately 17% of the 128 total LEED projects in the state.  

 

Wilmington’s Vision for Sustainable Growth and Construction 

 

The city of Wilmington, Delaware has outlined its commitment to reducing its 

greenhouse gas emissions. According to the Wilmington 2028 Comprehensive 

Development Plan, the city is well ahead of its plan reducing its emissions by 20% 

below 2008 levels. Additionally, Wilmington provides funding for energy audits for 

residential and mixed-use projects in LEED certification through the Downtown 

Development District Program. With the population expected to grow by 

approximately 3,000 by 2030, it is necessary to continue to add housing wherever 

possible, which could replace the multitude of off-street parking locations over time.  
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Green Building Construction Cost 

 

The main adversary to developers attempting to obtain green building 

certifications is additional cost to green alternatives to traditional construction 

methods. As Green Building rating systems mature, professionals increasingly 

continue to implement them, and additional research is conducted, the cost premium 

for green building will decrease. Two studies researching the cost impact of LEED 

certification for new construction residential projects (Dabash, 2019) and education 

retrofit projects (Elkhapery, 2021) show that increased investments as a percentage of 

total project cost is negligible for LEED Certified through LEED Gold tiers while 

certifying projects at LEED Platinum would require significant investment. 

 

The future is promising for Green Buildings.  Demand for sustainable 

construction is predicted to grow 14.3% during the 2020-2027 period (Market 

Research Future, 2020). More specifically, there is remarkable growth occurring in 

multifamily buildings. According to Dodge Data & Analytics, almost half (47%) of 

builders surveyed are planning on focusing 60% of their construction on green 

projects.  

 

Benefits of Green Buildings 

 

Some of the major aspects of green buildings are improved indoor 

environmental quality and less usage of electricity and water when compared to 

traditional buildings. According to USGBC, LEED-certified homes use 20 to 30% less 
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energy than traditional buildings. Additionally, because Americans spend about 90% 

of their time indoors (EPA, 1989), it is imperative that buildings provide spaces for 

positive health outcomes. Some primary examples of how Green Buildings can benefit 

those that either own or live/work within them are as follows: 

 

• Improved health outcomes when compared to buildings that have poor 

indoor air quality 

• Increased productivity  

• Less money used to produce electricity or water  

• Green Buildings provide increased rental revenue while also sustaining 

high occupancy (Wiley et al., 2008) 

 

Adaptive Reuse 

Definition 

This research focuses on a specific type of construction known as adaptive 

reuse. Some commonly used definitions of this type are known to be:  

• A process that retains as much as possible of the original building while 

upgrading the performance to suit modern standards and changing user 

requirements (Latham, 2000). 

• Rehabilitation or renovation of existing buildings or structures for any 

uses other than the present uses (Dolnick and Davidson, 1999). 
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To challenge the claim that the most sustainable buildings are ones that are the 

most modern in design, adaptive reuse aims to tackle sustainability using buildings 

that already exist. According to Carl Elefante, the greenest buildings are the ones that 

already exist have previously been considered the “holy grail” of the Green Building 

movement (Melaver and Mueller, 2009, 168). 

 

Leadership in Energy & Environmental Design (LEED) 

 

LEED (Leadership in Energy and Environmental Design) is the most 

commonly used Green Building certification system in the United States. It operates 

through and is updated by the USGBC (United States Green Council). The USGBC 

defines LEED as “a holistic system that doesn’t simply focus on one element of a 

building such as energy, water or health, rather it looks at the big picture factoring in 

all of the critical elements that work together to create the best building possible.  

Categories  

 

LEED is a point system where builders attempting to certify a building must 

acquire points (Max. 110) to meet one of four tiers: 

• Certified (40-49 points) 

• Silver (50-59 points) 

• Gold (60-79 points) 

• Platinum (80+ points) 
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Points are divided into nine total categories: 

• Integrative Process  

• Location & Transportation  

• Sustainable Sites  

• Water Efficiency  

• Energy & Atmosphere  

• Materials & Resources  

• Indoor Environmental Quality  

• Innovation  

• Regional Priority  

 

Implementation in Wilmington, DE 

 

Although Wilmington, DE is not home to any world-renowned LEED-certified 

buildings, it does have its fair share of projects that are either registered or have 

achieved some sort of certification. To date, Wilmington has 21 LEED Registered 

projects, 6 LEED Certified projects, 9 LEED Silver projects, and 7 LEED Gold 

projects.  

 

Case Studies  

 

Case Study 1: The Economics of Adaptive Reuse of Old Buildings (Stas, 2007) 
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The study found that adaptive reuse construction has numerous benefits 

including reducing the production of hazardous materials, preserving the building’s 

embodied energy (total energy used to construct), reducing crime, and having various 

economic benefits to not only the owner but also the local area. While the study found 

there are several barriers in the way of adaptive reuse projects such as zoning laws, 

contamination, and potentially structural issues, these types of projects may still be 

more profitable than new construction buildings. Their research studied three 

possibilities for their selected sample projects: adaptive reuse, demolishing and 

building a new building on the same site, or simply constructing a new building 

elsewhere. After reviewing the return on investment for each scenario, it was 

determined that the adaptive reuse scenarios had the lowest construction costs and 

generally the highest return on investment compared to the alternatives.  

 

Case Study 2: Financial Feasibility Study of LEED Certified Buildings for 

Developers and Investors (Henriksen, 2019) 

 

This research found that the LEED certification worked best for developers 

who were looking for a return on their investment in the long-term as opposed to 

investors who desired quick returns. Namely, small developers as well as large-scale 

developers whose objectives were to take advantage of the added premium on rental 

income associated with LEED properties were more incentivized to go for LEED 

certification while mid-sized developers who sought quick returns were less likely to 

seek certification. 
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Case Study 3: Comparing Green Building Rating Schemes in North America, 

Europe, and Asia (Varma, 2019) 

 

Researchers examined ten Green Building rating systems used across North 

America, Europe, and Asia to determine best practices for construction. Some 

proficiencies identified within LEED rating system include pre-requisite categories to 

ensure minimum performance and Regional Priority credits which address issues 

related to the local context. However, compared to other Green Building rating 

systems, LEED was identified to be lacking in the triple-bottom-line aspects of 

sustainable development. These aspects are known to be the social, economic, and 

environmental impacts. Most of the rating systems studied showed unequal preference 

for the environmental impacts of a project with much less attention paid to the others.  

 

Case Study 4: Comparative Whole-Building Life Cycle Assessment of Renovation 

and New Construction (Hasik, et al., 2019) 

 

This research studied the life cycle impact of material use on new construction 

versus renovation for a certain project. The researchers compared the full life cycle 

impacts of renovation/reuse and maintenance of an existing building in Philadelphia, 

PA to the life cycle impacts of demolishing and replacing it. The data showed 53-75% 

reductions across six environmental impact categories when renovation was compared 

to new construction (Hasik et al., 2019). Reuse of structural and building envelope 

components provided most of the reductions since most of the renovation involved the 

interior finishes. The largest environmental impacts within the renovation scenario 

were found in the Finishes and Openings and Glazing categories of Construction 
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Specification Institute (CSI) Master Format Division while in the new construction 

scenario the largest environmental impacts involved Concrete and Metal work (Hasik, 

et al., 2019). 
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Chapter 3 

METHODOLOGY  

 

The methodology chapter outlines and elaborates the steps taken to conduct the 

research in this study, including the literature review, project selection criteria, 

assumptions, data collection, data analysis, and conclusion. 

To determine the increase in investment required for LEED certification, the 

research sought to determine the average added cost as a percentage of total project 

costs for each LEED certification level across five sample projects.  

 

Data Collection & Assumptions  

 

Data was obtained from a property development company who has worked on 

a various number of residential projects in the area, including but not limited to the 5 

projects used for this research. The data collected included full sets of as-built 

drawings from the developer, specifications for most projects, and combined 

electricity/water usage bills. An assumption was made where if a project was missing 

its specifications, that the research would follow the commonly used materials and/or 

requirements of another project built around the same time. Additionally, although all 

the mentioned projects also include a new commercial use, this research will only 

focus on the residential portion of the new construction. Finally, all these projects are 

located within a ½ mile radius of each other, which creates the possibility of the data 

points sharing similar outcomes. 
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Data Analysis  

 

The data analysis in this research is conducted in accordance with the LEED 

v4.1 Residential: Multifamily scorecard. For the LEED analysis, an Excel Model is 

used to analyze the maximum number of points to be obtained and certification tiers 

achieved. The LEED v4.1 Residential Multifamily scorecard is divided into categories 

and a maximum number of obtainable points (Max. 110 pts) as follows:  

 

• Integrative Process (1pts) 

• Location & Transportation (15pts) 

• Sustainable Sites (9pts) 

• Water Efficiency (12pts) 

• Energy & Atmosphere (34pts) 

• Materials & Resources (13pts) 

• Indoor Environmental Quality (16pts) 

• Innovation (6pts) 

• Regional Priority (4pts) 

 

The analysis is performed in two stages. The first stage of the analysis is to 

study the status of the existing buildings. Project data is collected from contract 

documents and includes project specifications, drawings, and electricity/water usage 

bills. Because the projects are already completed, they were first analyzed based on 

how many points are obtained from point original construction completion. They were 

then analyzed to determine what upgrades were necessary to obtain a maximum 

amount of points. Since LEED is a point-based rating system with multiple pathways 
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to achieve the different tiers the Excel Model is created to find the pathway to each 

tier while minimizing costs.  

 

The LEED model looks at the Prerequisites and Credits in LEED v4.1 

Residential: Multifamily. The model collects the required information from the 

projects to estimate the costs required to attain points. Then the credits are organized 

into a table where they have their associated maximum point values and associated 

costs. From there the costs and points are optimized for each LEED certification tier to 

find the lowest financial path for each tier. The model was not limited to only 

achieving the exact (or minimum) points required for each certification tier. This 

flexibility is necessary as there exists the possibility of attaining more points required 

than the minimum at a lower cost. For example, it may be cheaper to obtain 61 points 

as opposed to 60 points). Similarly, there is the possibility for projects to obtain more 

than the minimum amount of points for no added cost. Finally, after the total points 

were tallied and estimates added, the percent increase in investment was calculated 

and averaged for each tier of certification among the 5 projects. 
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Table 3.1: LEED Project Analysis Example 
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This research used JMP software statistical analysis to determine the 

significance of the difference between the categories. The ANOVA test was utilized to 

determine the significance of the categories holistically while the Student T test was 

used to study the differences specifically.  
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Chapter 4 

DATA COLLECTION, ANALYSIS & RESULTS 

 

This study aims to determine the average increase in project cost for each 

LEED certification tier for adaptive reuse construction of multifamily buildings. The 

research uses the LEED Green Building evaluation process as it is the most popular in 

the United States. This assessment includes the cost of upgrading the previously 

performed projects to each of the LEED tiers, given their original project costs and 

data. Finally, the assessment will provide insight on the projects and discuss which 

LEED scoring categories were easier or harder to obtain based on the upgrade cost 

analysis.  

 

LEED Model 

 

A model is created to estimate the cost of upgrading the sample projects to 

each LEED tier. The model identifies characteristics of the projects by comparing the 

projects’ plans and specifications to the requirements of each scoring category. The 

model takes input data and calculates the total number of achievable points per 

category. Afterward, points are tallied to a maximum and then optimized to find the 

minimum cost to achieve each tier. Once the minimum cost is found for each tier, the 

model calculates the increased investment cost percentages compared to each project’s 

original cost. Finally, the increased cost percentages are averaged and presented. 
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LEED Total Project Analysis 

 

The procedure applied to the sample project was also applied to the remaining 

4 projects considered in the study. Table 4.1 presents a summary of the projects. 

Adjusted for 2022 US Dollars ($), the selected projects vary in cost with a range of 

$2,950,894.26 for P2 to $11,582,915.63 for P4. The construction cost per square foot 

for these projects is $119.78 and $24.89, respectively. 

 

Table 4.1: Project Details  

 

The increased costs to certify the projects are presented in Table 4.2. To ensure 

that there is no bias between the different project costs, an ANOVA test was utilized 

to compare between the different building types. Figure A-1 shows that there is no 

significant difference between the project types, with a p-value of 0.1545. Thus, we 

should not expect a bias because of the differing construction costs for the projects. To 

ease the comparison between projects the cost for the four certification tiers is 

calculated as a percentage of the project cost. The results are presented in Table 4.3.  
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Table 4.2: Cost Increase per LEED Certification 

 

 

 

Table 4.3: Cost Increase as a Percentage of Total Project Cost 

 

 

Reviewing the results presented in Table 4.3, there are no variations at the 

Certified and Silver tiers while there is slight variation at the Gold tier and a noticeable 

variations at the Platinum tier. LEED v4.1 certification at the Certified and Silver tiers 

average at negligible additional cost to the projects, while costs for Gold and Platinum 

tiers require an increase of investment at averages of 0.65% and 6.77%, respectively. 

At the Gold and Platinum tiers, the average percentage increase is mainly driven by 

the largest project in the sample group, nearly doubling the next lowest project. When 

removing the High-Rise Building from the data, the Gold and Platinum averages 

become 0.47% and 5.05%, respectively.  
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Figure 4.1: LEED Certification Cost as a Percentage of Total Cost 

Figure 4.1 shows the variation is between the tiers. Certified and Silver tiers 

have less variation among them than Gold and Platinum tiers.  

 

Discussion 

 

This section’s goal is to answer the questions posed at the beginning of the 

research which are, “What is the financial investment required to certify a project with 

the different tiers of LEED?”, “Which LEED categories have the biggest influence for 

this specific type of construction?”, and “Which categories require the largest 

investment?” In this study, the comparison between upgrading the projects to the 

applicable tiers of LEED v4.1 Residential: Multifamily is discussed. The credits and 
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regulations with regional benefits in the Green Building rating system are identified. 

Finally, the hypothesis is discussed. 

 

Total Investment  

 

Figure 4.2 depicts the cost estimate performed on all project upgrades to 

achieve different LEED certification tiers.  

Figure 4.2: LEED Certification at All Tiers 

Category Influence & Investment Required Per Category  

 

The LEED scoring categories are broken up into nine categories. Only five of 

these categories carry at least 10% of the total points available. The categories and 



 23 

their associated percentage makeup of the maximum available points are shown 

below: 

• Integrative Process (0.9%) 

• Location & Transportation (13.6%) 

• Sustainable Sites (8.2%) 

• Water Efficiency (10.9%) 

• Energy & Atmosphere (30.9%) 

• Materials & Resources (11.8%) 

• Indoor Environmental Quality (14.5%) 

• Innovation (5.5%) 

• Regional Priority (3.6%) 

 

As we can see from this breakdown, approximately 60% of all available points 

come from just three categories (Location & Transportation, Energy & Atmosphere, 

and Indoor Environmental Quality). This research also aims to determine the financial 

impact of each category and the ease at which they are obtainable in relation to this 

specific type of construction.  
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Chapter 5 

SUMMARY & CONCLUDING REMARKS  

 

A methodology was developed to compare the average cost and percentage 

increase of investment to upgrade 5 projects to LEED Certified, Silver, and Gold 

levels using LEED v4.1 for Multifamily Construction. The minimum cost to meet the 

different tiers was estimated.  

 

LEED (Leadership in Energy and Environmental Design) is the most common 

Green Building certification system used in the United States. This study showed that 

projects can obtain LEED Certified and Silver tiers at negligible cost, while projects 

aiming to obtain Gold and Platinum tiers would require minimal to significant 

investments.  

 

This research set out to answer three questions, as presented in Chapter 1. The 

first question pertains to the increased investment cost required to certify adaptive 

reuse projects at each of the LEED tiers. The data was investigated to conclude that 

projects acquiring Certified, Silver, Gold, and Platinum tiers required, on average, an 

additional investment of 0%, 0.01%, 0.65%, and 6.77%, respectively.  

  

The second and third questions ask which category has the largest impact on 

total points and which category requires the largest investment. The data suggests that 

Location and Transportation and Indoor Environmental Quality have the largest 

impact on adaptive reuse projects hoping to maximize points while minimizing costs. 
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The main benefit of the specific nature of these projects is their urban location and 

existing infrastructure when considering the Location & Transportation and Indoor 

Environmental Quality credits. Many points are achieved at little-to-no cost when 

compared to the total project cost. Comparatively, significant investments in Energy 

and Atmosphere are required when aiming for LEED Gold and Platinum tiers.  

 

Research Contribution 

 

This research contributes to the available knowledge by: 

 

• Providing an estimate for the cost of different tiers for LEED v4.1 MF 

for Wilmington, DE. 

• This research found that projects can obtain LEED Certified and Silver 

tiers at negligible costs while Gold and Platinum were dependent on 

energy consumption. 

• This research found that due to this specific type of construction and 

the locations of the projects, points in Location and Transportation and 

Indoor Environmental Quality were almost guaranteed at little-to-no 

additional cost. 
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Research Limitations  

 

Some limitations while conducting this research: 

 

• Lack of modeling for the Optimize Energy Performance credit. This 

research used a published study to estimate and assess the cost and 

points for this credit.  

• Lack of month-by-month data for energy consumption. 

o This research estimated energy consumption using histograms 

provided by the project owner.  

• Since the entirety of the projects’ data was provided by one source, it is 

important to note that there may be an implicit bias. Nevertheless, the 

given data was evaluated fairly. 

 

Future Research 

 

In the future, this research would like to continue to add projects to the list of 

those studied.  Additionally, since most of these projects were of similar size, it would 

be useful to determine if there are large variations in upgrade costs as project size 

increases. Finally, future research may also benefit from studying projects with 

varying distances from public transportation. 
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Appendix A 

STATISTICAL ANALYSIS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A-1: ANOVA Test for Project Type vs Cost per SQFT 
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Figure A-2: Distribution of Cost Increase per LEED Tier 
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Figure A-3: ANOVA Test of Increased Investment per LEED Tier 
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Appendix B  

PROJECT SUMMARY DATA 

Integrative Process 

Figure B-1: Screenshot of Integrative Process  

This credit can be accomplished at no additional cost to the project. Project 

owner and managers can organize a project-wide meeting to train and inform each 

project team on the specific green aspects of the project. 
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Location & Transportation  

Sensitive Land Protection  

Figure B-2: Screenshot of Sensitive Land Protection  

This project obtains 2 points for the Sensitive Land Protection category. It can 

obtain these points using either option. Option 1 requires the project to be located on 

land which has been previously developed, which by nature of adaptive reuse, the 

project obtains this option. Option 2 is attained by avoiding construction on prime 

farmland, floodplains, habitats of threatened species, water bodies, or wetland. This 

credit is obtained through the project’s location in an urban city. The only option that 

would pose a threat to obtaining Option 2 is if the project exists within a floodplain as 

it is near a large river, however it exists outside of the floodplain. 
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High Priority Site 

Figure B-3: Screenshot of High Priority Site  

The High Priority Site credit can be achieved through one of three options. 

These options require the project to be located in a historic district (Option 1) or a 

Priority Designation site (Option 2) which includes Federal Promise Zones, a site from 

the EPA National Priorities List, Qualified Opportunity Zones. Additionally, Option 3 

can be attained if the project is located on a brownfield site due for remediation. This 

sample project qualifies for Options 1 and 2 as it is in the Downtown Wilmington 

Historic District and an Opportunity Zone. 
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Surrounding Density and Diverse Uses  

Figure B-4: Screenshot of Surrounding Density and Diverse Uses 

This credit category can be obtained by combing two available options for a 

maximum of 5 points. Option 1 requires a minimum density within ¼ mi. surrounding 

the site. Option 2 requires a minimum number of diverse uses within ½ mi. 

surrounding the project site. The project meets the minimum density criteria and 

diverse uses to attain the full 5 points.   
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Access to Quality Transit  

Figure B-5: Screenshot of Access to Quality Transit 

Projects are awarded points based on a minimum number of weekday and 

weekend trips from transit stops within ¼ to ½ mi. depending on the type of transit for 

project end-users. This project meets the requirements for Access to Quality Transit 

and obtains 2 points. The project is located within short walking distances to multiple 

bus routes and was determined using Google Earth to reside within the ½ mi. walking 

distance limit of a rail station.  
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Bicycle Facilities  

Figure B-6: Screenshot of Bicycle Facilities  

The Bicycle Facilities Point is achieved through locating a project within 200 

yd. of a bicycle network that connects to at least 10 diverse uses, a school or 

employment center, or a bus or passenger rail station. The project must also supply 

bicycle storage for 2.5% of peak visitors to the site and 15% of regular building 

occupants. The sample project achieves this point by being located within 200 yd. of a 

bicycle network, providing basement storage for regular building occupants and 

provides enough storage for the 2.5% of the 160 peak visitors (4 storage units). The 

cost of the added storage is $211.95 as per market quotation.  
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Reduced Parking Footprint  

Figure B-7: Screenshot of Reduced Parking Footprint 

This credit is attained through the implementation of one of four options. 

These options are to provide zero off-street parking, reduce parking by 30% base 

ratios, provide carsharing spaces (1 per every 100 occupant), or selling parking 

separately from property sales or leases. The studied project obtains the point by 

providing 2 carsharing spaces of its original 39 spaces to the 221 building occupants. 
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Electric Vehicles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B-8: Screenshot of Electric Vehicles 

The Electric Vehicles credit requires projects to supply electric vehicle 

charging stations (Option1) or install infrastructure for future stations (Option 2). The 

project chose to attain points via Option 1 as it was determined to be the less 

expensive route and more valuable point route. To achieve Option 1 the project must 

provide, charging supply for 2% of parking spaces for 1 point or 4% of parking spaces 

for 2 points. This point was achieved through the installation of Electric Vehicle (EV) 

charging points for 4 spaces in the available parking lot. The cost to install EV each 

charging station was estimated to be $2035 (Idaho National Laboratory, 2015) which 

brings the total added cost to $8,140. 
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Sustainable Sites  

Construction Activity Pollution Prevention  

 

Figure B-9: Screenshot of Construction Activity Pollution Prevention 

This category is a prerequisite which requires the creation and implementation 

of a sedimentation and erosion control plan. If not fully covered by the City of 

Wilmington building code, the project team can create a unique plan to prevent 

erosion and sedimentation from construction activity at no additional cost.  
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Site Assessment  

 

 

 

 

 

 

 

 

 

 

 

Figure B-10: Screenshot of Site Assessment  

The Site Assessment credit requires the creation and completion of a site 

survey including:  

• Topography: contour mapping, slope stability risks 

• Hydrology: rainwater collection and reuse opportunities, flood hazard 

areas, pervious and impervious surfaces 

• Climate: heat island effect potential, solar exposure and shading, 

prevailing winds 

• Vegetation: primary vegetation types, significant tree mapping, 

invasive plant species  

• Soils: previous development, healthy soils, disturbed soils  
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• Human Use: views, adjacent transportation infrastructure, adjacent 

diverse uses  

• Human Health Effects: proximity to vulnerable populations, proximity 

to sources of air and water pollution 

 

A site assessment can be completed at little-to-no additional cost to the project.  

 

Protect or Restore Habitat  

 

Figure B-11: Screenshot of Protect or Restore Habitat  

Option 1 of Protect or Restore Habitat is not applicable as the site is a Zero Lot 

Line project, therefore it must achieve Option 2: Financial Support. This option can be 

attained by providing the equivalent to at least $0.20 per square foot of the total site 

area to a conservation land trust or accredited conservation organization withing the 

same EPA Level III ecoregion or the state which the project is located within. For this 

project that cost amounts to $4,927. 
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Open Space 

 

Figure B-12: Screenshot of Open Space 

Option 1 of Open Space is not applicable as the project is a Zero Lot Line site, 

therefore it must obtain Option 2. Option 2 requires access to a publicly accessible or 

community-based open space within ½ mi. and at least ¾ acre. This project attains the 

credit as it is located within ½ mi. of two publicly accessible parks that total at least ¾ 

acre. 
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Rainwater Management  

Figure B-13: Screenshot of Rainwater Management  

To attain this credit, the project must either retain or collect a minimum 

percentile of rainfall events (Option 1) or utilize permeable lot areas (Option 2). It was 

determined that the option to install rainwater collection devices was the most cost-

effective method to achieve the possible 3 points. As shown in Figure B-13, this 

project achieves 3 points by collecting the 80th percentile of rainfall events through 

water collection tanks in the basement. The cost of rainwater collection tanks was 

determined from the current market and was priced at $7,190.99/each for a 5000 gal. 

tank. To collect the 80th percentile the project would require three tanks, with a total 

cost of $21,572.97. 
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Heat Island Reduction 

 

Figure B-14: Screenshot of Heat Island Reduction 

This project does not qualify for the Heat Island Reduction credit as it does not 

provide shad for hardscapes areas (i.e. parking lot) nor does it meet the requirements 

given by the equation shown in Figure B-14, as provided by the LEED Guidelines.  

 

Light Pollution Reduction 

 

The Light Pollution Reduction credit requires projects to pass the BUG rating 

method or use the LEED Calculation method to pass lighting requirements for the 

project’s specific lighting zone. This project does not pass either as it includes 

uplighting on the exterior of the building. 
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Water Efficiency  

Water Use Reduction 

Figure B-15: Screenshot of Water Use Reduction Prerequisite  

The Water Use Reduction Prerequisite has two paths to compliance. The first 

path is for the project to reduce water consumption by 20% from the baseline and the 

second path can be attained by achieving at least 3 credits in the Water Use Reduction 

credit category. The studied project achieves this prerequisite through both paths as it 

complies with the 20% reduction due to its plumbing fixtures and it receives 5 points 

in the Water Use Reduction credit.  
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Building-Level Water Metering 

Figure B-16: Screenshot of Building-Level Water Metering Prerequisite 

To attain the Building-Level Water Metering Prerequisite the project must 

install permanent water meters that measure total potable water use for the building 

and compile the data into monthly and annual summaries. This project automatically 

achieves this prerequisite as water meters are required in accordance with the 

Wilmington, DE Building code Chapter 45 – Utilities.  
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Water Use Reduction 

 

 

Figure B-17: Screenshot of Water Use Reduction  

The Water Use Reduction credit can be achieved through two options. Option 

1 can be earned by reducing indoor and outdoor water use at minimum percentage 

reductions from a baseline for a total of 10 points. Option 2 is earned by a combination 

of increasing native plantings as a percentage of total landscape area and/or reducing 

indoor water use through the implementation of plumbing fixtures that perform below 

a baseline water flow for a total of 9 points. This project attained a maximum of 5 

points through Option 2 for its plumbing fixtures.  
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Water Metering 

Figure B-18: Screenshot of Water Metering Credit  

This credit is attained by installing permanent water meters for two or more 

subsystems and for metering individual residential dwelling units for a maximum total 

of 2 points. This project achieves maximum points, first as it was estimated to cost 

$1,700 to install an additional meter that would record data in addition to the original. 

The second point is achieved for no additional cost as each dwelling unit is already 

metered separately and the cost is already considered in the given project cost.  
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Energy & Atmosphere  

Fundamental Systems Testing and Verification 

Figure B-19: Screenshot of Fundamental Systems Testing and Verification 

The Fundamental Systems Testing Verification Prerequisite requires the 

commissioning of mechanical, electrical, plumbing, and renewable energy systems 

and assemblies. The commissioning follows the ASHRAE Guideline 0-2013 and 

ASHRAE Guideline 1.1-2007 for HVAC&R Systems. The commissioning agent can 

be a party that is involved with the project or an independent consultant. Projects in 

Wilmington, DE are required to have inspections and permits granted to under 

ASHRAE guidelines to be certified for occupation.  
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Minimum Energy Performance 

 

The Minimum Energy Performance Prerequisite requires buildings complete 

unit by unit load calculations for each unique type and requires one of three other 

options. Option 1 requires projects to comply with ANSI/ASHRAE/IESNA Standard 

90.1-2016, Option 2 requires projects to comply with the requirements of the New 

Buildings Institute Multifamily Guide, and Option 3 requires projects to perform 

dwelling unit energy simulations. Since most of the projects constructed in this study 

were built prior to 2016, Options 1 and 2 are unobtainable unless otherwise permitted 

by USGBC. Option 3: Case 2 for Major Renovation is the path chosen for this project 

which requires the project to exceed a HERS rating of 85. This project could not 

calculate the official HERS rating however, as hiring a RESNET employee to evaluate 

the studied projects is beyond the scope of this research. However, for the intents and 

purposes of this study, it is assumed that each project attains this prerequisite by 

following the required building and energy codes required for the city of Wilmington.   
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Energy Metering 

 

 

 

 

 

 

 

 

Figure B-20: Screenshot of Energy Metering  

The Energy Metering Prerequisite requires projects to install new or use 

existing energy meters that measure total building energy consumption. In addition, 

meters are required for each residential dwelling unit. This project complies with the 

prerequisite as the entire building as well as each dwelling unit are metered with no 

additional cost as the cost of installation is included in the original cost of construction 

provided. 

 

 

 

 



 54 

Fundamental Refrigerant Management 

Figure B-21: Screenshot of Fundamental Refrigerant Management  

This prerequisite prohibits the use of chlorofluorocarbon (CFC)-based 

refrigerants in new heating, ventilating, air-conditioning, and refrigeration systems. 

This project, as well as the rest of the projects unless otherwise indicated, is uses R-

410A refrigerant which is not classified as a CFC-based refrigerant.  
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Enhanced Commissioning  

Figure B-22: Screenshot of Enhanced Commissioning  

Figure B-22 shows the estimate cost to achieve the Enhanced Commissioning 

credit at each LEED tier. The model relies on a study performed in 2017 by David 

Mckenna, Director of Sustainability Performance, at The Red Sea Development 

Company & AMAALA and estimates the cost based on project size.  
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Optimize Energy Performance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B-23: Screenshot of Optimize Energy Performance  
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The Optimize Energy Performance credit can be obtained through three 

options with to a maximum of 18 points. This project utilized Option 1: Energy 

Performance Compliance. This option requires the project to improve energy 

performance and reduce Greenhouse Gas emissions. To estimate the cost of the credit, 

the model relies on a study that tests 81 different cases to measure cost savings from 

ASHRAE 90.1. Pictured in Figure B-23, two rows are highlighted which show the 

optimized number of points that can be obtained when attaining the Gold and Platinum 

Tiers when considering costs.  

 

Whole Building Energy Modeling and Reporting 

 

The Whole Building Energy Modeling and Reporting credit is achieved 

through installing new or using existing energy meters that measure all building 

energy consumption as well as committing to sharing that information with USGBC 

for a five-year period. This project accomplishes this point by already having energy 

meters that measure total energy consumption. In addition, it would come at zero 

additional cost to share information with USGBC.  
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Grid Harmonization 

Figure B-24: Screenshot of Grid Harmonization 

The Grid Harmonization credit requires the project to be capable of 

participating in a Demand Response program, participating in said program, and/or 

implement one or more load flexibility and management strategies for a maximum of 

2 points. This project elected to choose Case 2 for 1 point, which requires the building 

to be Demand Response capable. The cost estimate for installing the necessary control 

system is between $0.10 and $0.15 (Piette, Schetrit, Kiliccote, Iris, & Li, 2017) and is 

based on project size. The added cost to achieve this credit is $2,463.50. 
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Renewable Energy 

Figure B-25: Screenshot of Renewable Energy  

This project uses an equation table to calculate the points gained for the 

Renewable Energy credit. The maximum of 5 points can be achieved by increasing 

renewable energy consumption as a percentage of total building consumption. Since 

this project has a large solar capacity compared to its total energy consumption, it was 

able to attain all 5 points at a total added cost of $68,400. Solar capacity was 

calculated using PVWatts.com calculator.  
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Enhanced Refrigerant Management 

 

Like the Fundamental Refrigerant Management credit, this credit earns 1 point 

for the project by merit of using low-impact refrigerants. Since this specific project 

uses R-410A refrigerant, it automatically qualifies for this point at no additional cost.  

 

Domestic Hot Water Pipe Insulation 

 

The Domestic Hot Water Pipe Insulation credit requires at least R-4 

installation on all domestic hot water piping for projects to earn 1 point. In accordance 

with International Energy Conservation Code C403.11.3 Piping Insulation, which the 

Wilmington Building Code follows, this project qualifies for point.  
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Materials & Resources  

Storage and Collection of Recyclables 

 

The Storage and Collection of Recycles Prerequisite requires project to provide 

dedicated areas accessible to waste haulers and building occupants for the collection 

and storage of recyclable materials. This prerequisite is achieved at no additional cost 

as recycled waste is already included within the original project scope and occupancy. 

 

Construction and Demolition Waste Management Planning 

 

The Construction and Demolition Waste Management Planning Prerequisite 

requires projects to develop and implement a construction and demolition waste 

management plan and provide a final report detailing all major waste streams with 

disposal and diversion rates. This credit can be achieved at no additional cost to the 

project by simply planning and tracking where construction waste gets diverted to and 

disposed of. 
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Building Life-Cycle Impact Reduction 

Figure B-26: Screenshot of Building Life-Cycle Impact Reduction  

This credit can be achieved up to a maximum of 5 credits by performing one of 

four options. These options include: 

 

• Historic Building Reuse 

• Renovation of Abandoned or Blighted Building   

• Building and Material Reuse  

• Whole Building Life-Cycle Assessment  

 

It was determined that the Historic Building and Renovation of Abandoned or 

Blighted Buildings options did not apply and that a Whole Building Life-Cycle 

Assessment could not be reasonably estimated post-construction. Therefore, the 

project acquired 3 points from Option 3: Building and Material Reuse for using 75% 

of existing floors, walls, and roof. These points were relatively easy to obtain as the 

building itself only received a gut renovation and minor changes to roof and floor 

structure.  
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Environmentally Preferable Products 

 

The Environmental Preferable Products credit is achieved through four options 

regarding the usage of materials and their sourcing. This project opted to go for Option 

1: Environmentally Preferable products which requires products that meet at least one 

of the following requirements up to 70% by weight or volume: 

 

• Product contains at least 25% reclaimed material. For renovation 

projects, existing components are considered reclaimed.  

• Product contains at least 25% postconsumer or 50% preconsumer 

content  

• Wood products must be Forest Stewardship Council Certified or a 

USGBC-approved equivalent 

• Bio-based materials must meet the Sustainable Agriculture Network’s 

Sustainable Agriculture Standard 

• Concrete that consists of at least 30% fly ash or slag as a cement 

substitute 

• Products produced from a manufacturer that participates in an extended 

producer responsibility program  

 

Since this project is of a renovation of an existing building and after studying 

the project drawings and contract documents, it can be reasonably assumed that 70% 

of framing/structural systems, concrete, roofing, and interior masonry walls are reused 

or reclaimed, therefore earning the project 4 points free of additional charge. 
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Construction and Demolition Waste Management 

Figure B-27: Screenshot of Construction Demolition and Waste Management  

The Construction and Demolition Waste Management credit requires projects 

to recycle and/or salvage nonhazardous construction and demolition materials for a 

maximum of 2 points. This project followed Option 1’s Path 1 which requires the 

diversion of 50% of total construction and demolition material among three streams. A 

concrete and brick crusher were found online to cost $3,200 which could be used to 

break down concrete, stone, or glass for future recycled use as aggregates. These three 

streams make up at least 50% of the demolition material from the project. 
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Indoor Environmental Quality  

Minimum Indoor Air Quality Performance  

Figure B-28: Screenshot of Minimum Indoor Air Quality Performance  

Wilmington Building Code complies with ASHRAE 62-89 and thus qualifies 

for the Minimum Indoor Air Quality Performance Prerequisite.  
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Combustion Venting 

 

The Combustion Venting Prerequisite prohibits the use of any unvented 

combustion appliances excluding ovens and ranges. Additionally, all dwelling units 

are required to have carbon monoxide monitors. This project automatically qualifies 

for this prerequisite as it does not include combustion appliances (except for stove and 

ranges) and it includes carbon monoxide sensors.  

 

Garage Pollution Prevention 

 

The Garage Pollution Prerequisite requires air-handling equipment and 

ductwork to be placed outside of the envelope of the garage. This category does not 

apply to this project as it does not include a garage.  

 

Radon-Resistant Construction 

 

The Radon-Resistant Construction Prerequisite requires special action taken if 

a project is in EPA Radon Zone 1. However, none of the projects listed in this study 

exist in this zone, therefore the prerequisite does not apply.  
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Indoor Moisture Management 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B-29: Screenshot of Indoor Moisture Management  

The Indoor Moisture Management Prerequisite requires several moisture 

control measures to be installed in dwelling spaces as pictured in Figure B-29. This 

project complies with all the applicable moisture control measures mentioned above 

and therefore qualifies for this prerequisite.  
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Environmental Tobacco Smoke Control 

 

Environmental Tobacco Smoke Control Prerequisite requires projects to 

prohibit smoking inside and outside of the building (at least 25ft from all entries). 

Each project listed in this study has a no tobacco smoking policy and therefore 

achieves this prerequisite.  
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Compartmentalization 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B-30: Screenshot of Compartmentalization Prerequisite  

The Compartmentalization prerequisite is accomplished through proper sealing 

of doorways and minimizing leakage between adjacent units and from the outdoors. 

This project utilizes and weatherstripping for doorways and could add 

Compartmentalization data collecting requirements at no added cost.  
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Enhanced Compartmentalization 

 

 

 

 

 

 

Figure B-31: Screenshot of Enhanced Compartmentalization  

Enhanced Compartmentalization can be accomplished by successfully testing 

leakage through project envelope at minimum cubic feet per minute flow rates for new 

construction or renovation projects. This project did not attempt the Enhanced 

Compartmentalization credit no data was available regarding air leakage and nor 

significant means of testing.  

 

No Environmental Tobacco Smoke 

 

The No Environmental Tobacco Smoke credit can be obtained without any 

additional cost to the project. This credit requires projects to prohibit smoking inside 

the entire building and on private balconies. It also requires the project owners to 

communicate a no-smoking policies in building rental or lease agreements. This 

project already has a no smoking policy; therefore, it earns 1 credit.  
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Enhanced Indoor Air Quality Strategies  

 

The Enhanced Indoor Air Quality Strategies credit can be achieved through 

adopting several strategies for technologies that will assist in minimizing pollutants 

leaking into indoor air and filtering air that is already flowing through the building. 

There is a maximum of 4 available points. This project already includes air filters for 

dwelling spaces, so it achieves 1 credit for no additional cost. To attain 2 more credit 

this project invested in walk-off mats at exterior access points and occupancy sensors 

for each bathroom. Prices for walk-off mats and occupancy sensors were acquired at 

current markets rates. Their total cost increases project investment cost by $849.96.  
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Low-Emitting Materials 

 

 

 

 

 

 

Figure B-32: Screenshot of Low-Emitting Materials  

Cost estimation for this project was not required as the state of Delaware 

already has Volatile Organic Compound restrictions in its building code; 1141 

Limiting Emissions of Volatile Organic Compounds from Consumer and Commercial 

Products. It is assumed that for at least 5 product categories that this project passes 

Delaware’s requirements for low-emitting materials and therefore earns 4 points.  

 

Indoor Air Quality Assessment  

 

Indoor Air Quality Assessment requires projects to perform air cleaning, a 

flush-out, and air testing prior to occupancy. When completed these options combine 

for a maximum of 2 points. These tests can be accomplished at no significant 

additional cost to the project. This project earns 2 points.  
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Thermal Comfort 

 

The Thermal Comfort credit is attained through one of three methods for a 

maximum of 1 point. These three methods are as follows: 

 

• Option 1: Radiant Comfort 

o Utilize heating and cooling controls in every unit, walls, floor, 

and roof components must meet 2009 IECC Commercial code, 

have no thermal bridges in envelope, and windows to meet 

minimum U-Values and SHGC-Values  

• Option 2: ASHRAE Standard 55-2017 

o Design HVAC system in accordance with ASHRAE Standard 

55-2017 

• Option 3: ISO Standards  

o Design HVAC systems and building envelope in accordance 

with ISO 7730:2005 and ISO 17772-2017 

 

It was determined that this project did not meet the requirements for Option 1 

or Option 3, and indeterminate that the requirement for Option 2 was met. Therefore, 

this project is assumed to earn 0 points for Thermal Comfort.  
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Daylight and Quality Views 

 

The Daylight and Quality Views credit can be achieved through one of two 

options for 1 point. Option 1 requires projects to perform a computer modeling 

simulation or illuminance measurements to determine if it meets minimum access or 

adequacy requirements for daylight. Option 2 requires at least 50% of regularly 

occupied spaces in projects to have one window that includes either flora/fauna/sky or 

objects that are at least 25 feet from the exterior of the window. This project succeeds 

in accomplishing Option 2 has most windows have access to the sky and have objects 

further than 25 feet away. Option 1 was not attempted as modeling the entire scope of 

the project was not feasible for this research.  
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Acoustic Performance  

 

 

 

 

 

 

 

 

 

 

 

Figure B-33: Screenshot of Acoustic Performance  

Acoustic Performance credit is attained through two options for a maximum of 

2 points. Option 1 requires projects to install quiet HVAC systems in each dwelling 

unit and to minimize background noise in regularly occupied spaces. Option 2 requires 

building envelope to meet Sound Transmission Class (STC) requirements. This 

project achieves both options and receives 2 points for meeting Option 1 requirements 

of installing quiet HVAC systems and ensuring sound levels are below 35 dBA for 

living areas and 45 dBA for kitchens/baths. Option 2 is achieved using walls with an 

STC rating of 50 or greater (depending on location), exterior windows with an STC 

rating above 34, and entrance doors with an STC rating equivalent or greater than 30.  
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Innovation  

 

The Innovation credit(s) is achieved through completing the requirements of 

innovative performance as prescribed in the LEED Innovation catalog for the project’s 

particular certification category. Pilot credit(s) are similarly achieved through 

accomplishing requirements prescribed in the LEED Pilot Credit Library. For a 

maximum of 5 points, projects can complete a combination of Innovation credits, Pilot 

credits, and no more than two Exemplary Performance credits. Additionally, 1 more 

point can be achieved through the inclusion of a LEED Accredited Professional 

throughout the application and certification process, which can be accomplished at no 

additional cost if the project team has an employee in-house. The following are 

examples of available credits that this project can attain:  
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Innovation Credit  

 

 

 

 

 

 

 

 

 

 

Figure B-34: Screenshot of Occupant Comfort Survey  

This Innovation credit can be achieved through project owners distributing and 

collecting an anonymous survey given to building occupants on their comfort 

regarding acoustics, building cleanliness, air quality, lighting, and thermal comfort. If 

more than 20% of occupants are dissatisfied, then project owners must implement 

corrective action. This project can be attained at no extra charge so long as building 

occupant comfort remains satisfactory.  
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Innovation Credit  

Figure B-35: Screenshot of Community Outreach and Involvement  

The Community Outreach Innovation credit can be obtained through three 

options. Option 1 requires the project team to engage the community in project design 

and development. Option 2 requires the completion of Option 1 and for the project 

team to host a design charette that lasts at least two days. A charette allows local 

community members to have a direct say in how the project is designed. Option 3 

requires the completion of Option 1 and for the project team to obtain an endorsement 

from a local or regional nongovernmental program that reviews smart growth 

development projects. This point is achieved at negligible costs as community 

engagement is already common practice in design.  
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Innovation Credit  

 

 

 

 

 

 

 

 

 

 

 

Figure B-36: Screenshot of Housing Types and Affordability  

The Housing Types and Affordability Innovation credit requires projects to 

include a proportion of new dwelling units priced for households earning less than the 

median income of the area. These units must be maintained at affordable levels for 15 

years. This credit can be achieved at zero addition to total project cost. 
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Pilot Credit  

 

 

 

 

 

 

 

 

 

 

Figure B-37: Screenshot of Residential Inclusive Design  

Residential Inclusive Design Pilot Credit requires the project team to respond 

to community needs in its design by engaging user groups. Additionally, the project 

must have at minimum 20% of dwelling units that meet at least three of the listed 

inclusive design features. Incorporating inclusive design features into the project 

design would come at zero added investment cost.  
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Pilot Credit  

 

 

 

 

 

 

 

 

 

 

 

Figure B-38: Screenshot of Social Equity Within the Community  

This Pilot credit is awarded to projects that undertake a process to understand 

who their community includes and identify its needs and vulnerable populations to 

development and implement strategies to assist the community with its most important 

needs. This can be accomplished through two pathways which would come at a 

negligible added cost to the project. Option 1 requires the project team to complete a 

community engagement and needs assessment using the Social Economic 

Environmental Design (SEED) documentation system. Option 3 requires the project 

team to partner with local organizations that have existing relationships with the 

community and act as partners and representatives of the community needs and 

concerns. 
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Regional Priority 

 

There does not exist Regional Priority credits to be achieved using this specific 

LEED v4.1 Residential: Multifamily, therefore this project did not consider them in its 

calculations.  


