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[bookmark: _Toc35864656]Abstract
While the population of San Diego County is steadily rising, the available housing inventory is continually decreasing. The County is in a dire need of affordable housing options that can help alleviate of, what is now, a growing housing crisis. Team Watson has designed an 800 square foot, one-bathroom/ two-bedroom Auxiliary Dwelling Unit (ADU) that can be built on existing, suitable residential zoned lots that already have-single family homes built on them. 
This ADU design  is supported by a complete; construction engineering requirements, project management support, financial and economic analyses, market potential research, and regulatory feasibility studies prepared by Team Watson.
At all-inclusive costs of under $150,000, a turn-key delivery timeline of about four months, and with the streamlined approval process, this is would be an opportunity for current homeowners to secure additional income streams. 
In addition, the expected price point of $1,700 per month is a very attractive option for current renters.
From the purely economic point of view, the lower market clearing rent price point and concurrent increase in available housing units is expected to have a positive impact on the current housing crisis.
From the strategic perspective, this proposal is in line with an overarching regulatory preference for supplanting urban sprawl with increased housing density.

[bookmark: _Toc35864657]List of Acronyms
Accessory Dwelling Unit (ADU) - An additional dwelling unit that could provide affordable housing options on a new or existing property with an existing single-family dwelling.
Architectural - Blue Prints / Plans/drawings – technical drawings of a structure/building. A schematic representation of a building.
AutoCAD - Computer-aided design program used to create 2-D and 3D drafting.
BEP – Breakeven Point – is the point of production where there is no loss in profit.
CPI – Consumer Price Index.
Granny Flat - a part of a house-made suitable for living accommodations for an elderly relative.
Kitchenette – a small kitchen or part of a room equipped to be utilized as a kitchen.
Living space – The “living area” of a home in square feet i.e. an attic is used for storage and not used as a living space. 
MAP – Median Asking Prices.
MAR – Median Asking Rents.
NPV - Net Present Value – is the difference between the present value of cash inflows and present value of cash outflows over a period of time.
PBP – Pay Back Period - is an investment appraisal technique that tells the amount of time taken by the investment to recover the initial investment or principle.
PI – Personal Income.
Refinancing – Getting a new mortgage to replace the original to obtain a better term and rate.
ROI – Return on Investment - is a performance measure used to evaluate the efficiency of an investment or compare the efficiency of a number of different investments to calculate the benefit of an investment is divided by the cost of the investment.
Single-family dwelling - A term often used in land use by-laws. A house occupied by not more than one family.
Zoning ordinance – is a written regulation and law that defines how property in specific geographical zones can be utilized i.e. residential, commercial. Zoning may also regulate the lot size, placement of the structure, density, and height of the structure.










[bookmark: _Hlk32739876]


Table of Contents
Abstract	5
List of Acronyms	6
CHAPTER 1: Overview	10
Purpose of the Study	10
Problem Statement	10
Scope of the Study	11
Limitations of the Study	12
General Hypothesis Tested for the Purposes of this Report:	13
Logical Framework	13
CHAPTER 2:  Secondary Research	15
Purpose and Methodology	15
Findings from Secondary Research	15
Figure 2: Annual Change in Housing and Jobs in San Diego County.	16
Figure 3: San Diego County Growth in Population and Homes.	17
Figure 4. How much of San Diego County Housing came from New Homes.	18
Figure 5. Residential Permits Issued in San Diego County.	19
Figure 6. Shown Above, Depicts Maps Used to Estimate the Potential of the Navajo Neighborhood in San Diego.	20
Gaps in the Existing Research	21
CHAPTER 3: Primary Research	23
Primary Research Purpose	23
Methodology and Data Collection Process	23
To collect specific municipality related information, such as permitting and regulations.	23
Testing the propensity to rent an ADU	24
Testing the propensity to build an ADU	24
CHAPTER 4: Synthesis of research findings and validation of general hypothesis	26
Summary of Findings from Research	26
CHAPTER 5:  Proposed ADU Implementation by a Contractor	28
ADU Design	28
Figure 7. ADU Floor Plan A	28
Figure 8. ADU Floor Plan B	29
Figure 9. Exterior Elevations	29
Figure 10. ADU Rendering A	30
Figure 11. ADU Rendering B	30
Financials of the Project for Contractors	30
Financials of the Project for Homeowners	31
ADU Implementation Schedule	32
Construction Risks, Mitigation, and Issues	32
Table 1	33
Construction Risks	33
Project Quality Management Plan	36
Quality Checklists	37
Recommended Project Communication Matrix for Contractors	38
Table 2	38
Recommended Project Communication Matrix for Contractors	38
Figure 12. Proposed Organizational Structure for a Contractor	39
CHAPTER 6:  Final Conclusions and Recommendations	40
Proposed Recommendations to the Next Steps	41
References	43
Appendices	45
Appendix A: Questionnaires	45
Appendix B: Studies Logic Decision Tree	48
Appendix C: Chi-square Calculations	49
Appendix D: Financial Calculations	50
Appendix E: ADU Floor Plan	53
Appendix F: PERT Chart (ADU Implementation)	55
Appendix G: Contractor Communication Matrix	57
Appendix H: ADU Construction Estimates Per Square Foot	58
    Appendix I: List of Municipalities that approved this concept
 
Appendix J: Team Biographies	61
















Accessory Dwelling Units (ADU) as an Affordable Alternative for Easing the Existing Housing Crisis in San Diego County
[bookmark: _Toc35864658]CHAPTER 1: Overview
[bookmark: _Toc35864659]Purpose of the Study
The purpose of the study is to fulfill the requirements for the Master of Science in Engineering Management at National University by providing a recommendation of how to ease the growing housing crisis in San Diego County. This recommendation is based on a systematic, step-by-step approach consisting of;  defining the problem, stating the general hypothesis of how to address the stated problem, collecting and analyzing relevant secondary data, arriving in preliminary conclusions, validating these preliminary conclusions by conduction primary research, and offering actionable solutions to address the stated problem.
[bookmark: _Toc35864660]Problem Statement
Over the previous ten decades, the annual population growth has considerably outpaced San Diego County available single-family and multi-family housing stock resulting in the housing (Duffin, 2019). The San Diego County housing crisis is a primary consequence of demographic, economic, and regulatory forces that currently make it difficult, if not impossible, for more than half the population to afford rent or homeownership. The rising costs of housing do not only discourage residents from renting units but also from buying available properties. 
In mid-2019 the city of San Diego released a Housing Inventory Annual Report which found that roughly 30 percent of moderate-income households cannot afford rent and 70 percent cannot afford to own a home (Cantor, 2019). This means that only about one in four households can afford to buy an average priced home and the rest spend nearly their entire paycheck on rent. This problem must be addressed immediately before it gets worse. 
San Diego County is in dire need of policies and incentives that promote housing affordability (San Diego Housing Commission, 2016). San Diego County already endorses the idea of developing ADU’s in existing homes. However, the County only provides the interested parties with designs and floor plans for one and two-bedroom configurations of 600 square feet and 1,200 square feet respectively. These designs choices have limitations. The first one is too small for a renter to be interested, and the other is too large for homeowners who are constrained by sizes of their lots. The ADU concept developed by Team Watson closes this gap.
[bookmark: _Toc35864661]Scope of the Study
The scope of this analysis is limited to an examination of the potential of a stand-alone Accessory Dwelling Unit (ADU). The team has designed an 800 square foot ADU that contains two bedrooms, one bathroom, a small living room area, and a kitchenette. The design meets all San Diego County building codes and any applicable laws. The total turn-key price tag of under $150,000 includes all applicable San Diego County fees, all building materials, and all the labor costs.  The implementation timeline, from securing permits to handing over keys, is estimated to be approximately four months. The team will provide all ADU blueprints and bill of material that are permit-ready the San Diego County building division. 
The financial analyses developed for a homeowner were be based on a representative home equity refinance scenario. This is the method most commonly used for funding the construction of an ADU.  Keeping in mind that interest rates vary greatly depending on credit scores, debt to income ratio, and a documented monthly income of a property owner. 
 The team constructed a financial model using a standard 30-year loan at an interest rate of 3.5% . The loan repayment figures presented include all banking fees, additional county property taxes as well as any additional homeowner’s insurance costs. 
Additional, relevant supporting documentation include:
1. AutoCAD building plans and blueprints
2. A complete bill of the material list with current construction prices (RS Means based)
3. PERT based estimates of the critical path, expected completion times based on the optimistic, most likely, and pessimistic time estimates for each task. The corresponding probability of completion considering each scenario is also included.
 4. Financial benchmarks such as: Net Present Value (NPV), Pay Back Period (PBP) and Return on Investment (ROI) designed to be a transparent source of decision-support information for homeowners interested in this concept.
5. Statistical validation of the propensity to rent and to build based on the primary research conducted by the team.
6. Validation of the concept by prospective municipalities.

[bookmark: _Toc35864662]Limitations of the Study
This study does not include:
1. A physical build of the proposed ADU or a physical model.
2. Considerations for numerous cost options based on different grades of material and custom upgrades.
3. Other possible financing options.
4. The geographic focus is other than the County of San Diego. 
[bookmark: _Toc35864663]

General Hypothesis Tested for the Purposes of this Report:
The general hypothesis tested for the purposes of this report was:
“The proposed ADU concept, when implemented over the next five years, has a potential to alleviate some of the effects of the housing crisis in San Diego County. “

[bookmark: _Toc35864664]Logical Framework
First, the cause-effect chart (the Ishikawa diagram) was developed. This chart was developed by the team based on the general understanding of the situation.
This step enabled the team to map the complexity of interrelations between the key independent variables and their perceived impact on the dependent variable (housing crisis) as illustrated by the Figure 1 diagram shown below. 
[image: ]

Figure 1. Cause and Effect Diagram (Ishikawa /fishbone diagram). The full-size version of this chart can be viewed in the Appendix I.

Next, because of its static nature this tool alone was not sufficient for the identification of the root cause of the issue. To solve this issue the team has developed a decision tree-based model shown in the full-version in the Appendix B. 

An application of this model helped to identify the root cause of the overall problem as the lack of suitable land for building additional housing units in San Diego County. 
Finally, this preliminary understanding enabled the team to embark on the validation process that included the secondary and then, the primary research.

[bookmark: _Toc35864665]CHAPTER 2:  Secondary Research
[bookmark: _Toc35864666]Purpose and Methodology
The purpose of this research was to collect relevant and current information and data points related to each of the independent variables identified in the cause-effect diagram and the decision tree model.

To ensure that data collection process was reliable and verifiable, the team used only trusted websites, journals, and databases. These sources included primarily, databases of the County of San Diego, federal government websites, academic research reports, and reputable local newspaper articles. Please see the references for the list of these sources. This research was conducted according to the pattern from general to specific. First, the vast volume of relevant information was collected and cataloged. Next, each cataloged item was classified based on its relevance and importance. Following, these items were sorted into several bins corresponding each of the independent variables that are the elements of the mathematical representation of the situation being examined. The last step in the process included synthesis of these information, formulating findings, and drawing conclusions.

[bookmark: _Toc35864667]Findings from Secondary Research
The data shows that the problem started as early as the 1990s and developed into a crisis over the subsequent years. The following set of Figures trace the genesis and the development of this crisis.
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[bookmark: _Toc35864668]Figure 2: Annual Change in Housing and Jobs in San Diego County. 
Reprinted from Voice of San Diego, by A.K. Keatts, September 3, 2019, https://www.voiceofsandiego.org/topics/land-use/how-san-diegos-housing-shortage-became-so-dire/. Copyright 2020 by the Voice of San Diego, Inc.
Figure 2 above clearly shows that historically up to 1990-1993, San Diego County had managed to add housing units at the rates that roughly corresponded to the rates of change in employment. Since around 1993, the increases in available jobs were not matched by the corresponding increases in housing units.
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[bookmark: _Toc35864669]Figure 3: San Diego County Growth in Population and Homes. 
Reprinted from Voice of San Diego, by A.K. Keatts, September 3, 2019, https://www.voiceofsandiego.org/topics/land-use/how-san-diegos-housing-shortage-became-so-dire/. Copyright 2020 by the Voice of San Diego, Inc.
Figure 3 above shows the aggregate divergence between available housing units and available jobs in the San Diego County. This figure clearly and dramatically depicts the severity of the problem at hand. Like other coastal areas, San Diego County records a steady increase in population growth but fails to provide an adequate number of annual housing permits for new homes. This, in turn, maximizes demand and increases the asking price for available housing units. For example, since 2005, San Diego County’s population has increased by approximately 15% (from 2.9 to 3.3 million). Going forward, according to the California Department of Finance, San Diego County’s population is expected to reach 4 million people by the year 2050 (Jennewein, 2017). This trend indicates that the housing crisis will most likely becomes even more severe unless meaningful intervention programs are instituted.
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[bookmark: _Toc35864670]Figure 4. How much of San Diego County Housing came from New Homes. 
Reprinted from Voice of San Diego, by A.K. Keatts, September 3, 2019, https://www.voiceofsandiego.org/topics/land-use/how-san-diegos-housing-shortage-became-so-dire/. Copyright 2020 by the Voice of San Diego, Inc.
The above Figure illustrates that the rate of supply of new homes is visibly slowing down. Studies indicate that San Diego County has not provided an adequate number of homes, especially after the economic recession of 2008. An examination of the percentage of new homes represented in the county’s housing shows a steady decrease in the homebuilding industry (Keatts, 2019). In the 1970s and 1980s, the local authorities in San Diego County provided approximately 25,000 permits for new homes every year (Keatts, 2019). After the economic recession of 2008, the permits for the construction of new homes were reduced to under 12,000 per year. Based on the secondary research, the probability of meeting this benchmark (of 12,000) after 2016 is very unlikely. Figure 5 below shows this trend to 2016.
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[bookmark: _Toc35864671]Figure 5. Residential Permits Issued in San Diego County.
Reprinted from Voice of San Diego, by A.K. Keatts, September 3, 2019, https://www.voiceofsandiego.org/topics/land-use/how-san-diegos-housing-shortage-became-so-dire/. Copyright 2020 by the Voice of San Diego, Inc.
In addition, according to KPBS, there are 172,000 larger homes in San Diego County with adequate space to hold an ADU in the unincorporated area. (KPBS Public Media, 2019.)
 According to the San Diego Association of Governments (SANDAG), sufficient information and implementation of policies on zoning, existing units, permitted density, and ecological and historical conservation of land statuses in the County may aid in the provision of adequate and affordable housing to both the middle and low-income households (San Diego Housing Commission, 2016).  This potential should be further explored.

A geospatial analysis (an example of which is shown below) estimates that  2,700 - 5,500 detached ADU’s across selected areas of San Diego County could be constructed at this time.  Some of the areas of high ADU potential, (based on the San Diego Housing Commission, 2016 records), include:
· Rancho Bernardo: 500 units
· Navajo: 300 units
· Skyline-Paradise Hills:300 units
· Mira Mesa: 300 units
· Rancho Penasquitos: 300 units
These locations have a significant number of large single-family homes and spacious enough lots appropriate for the addition of housing to create density (San Diego Housing Commission, 2016). 

[image: ]
[bookmark: _Toc35864672]Figure 6. Shown Above, Depicts Maps Used to Estimate the Potential of the Navajo Neighborhood in San Diego.
Reprinted from Voice of San Diego, by A.K. Keatts, September 3, 2019, https://www.voiceofsandiego.org/topics/land-use/how-san-diegos-housing-shortage-became-so-dire/. Copyright 2020 by the Voice of San Diego, Inc.
These geospatial maps are available for all urban areas in the County of San Diego and are an excellent tool for locating suitable urban lots for building the proposed ADUs. And subsequently to be used by contractors to target their marketing efforts. An analysis of San Diego’s geospatial data indicates that additional strategies such as filling vacant lots, increasing residential density through rezoning, redeveloping underutilized prices of land, and constructing detached ADU structures can truly help in easing this crisis.

[bookmark: _Toc35864673]Gaps in the Existing Research 
Based on the extensive research that was done about ADU’s, the team found it is basically impossible way of accurately estimating how much homeowner’s equity an ADU may add. The real estate market assessments  are based on recent sales and locations of comparable properties. This represents a risk for the current owners since it be extremely hard for appraisers to assess the added value, if any, without local comparables. 
Rough estimates, by local realtors, of the increase in home equity values that can be attributed to an ADU on the property, are in the range of 20 and 30 percent.
 However, at the same time this additional structure on the property, could be a deterrent for some buyers to consider it. More empirical research is required to provide reliable price benchmarks. 


[bookmark: _Toc35864674]CHAPTER 3: Primary Research
[bookmark: _Toc35864675]Primary Research Purpose
The primary purpose of this phase of the research was to market validate findings of the secondary research:  Specifically to:
.
1. test the propensity to rent an ADU.
2. test the propensity to build ADUs by homeowners.
3. to validate the concept itself with targeted municipalities.

[bookmark: _Toc35864676]Methodology and Data Collection Process
The method of choice to accomplish the first two tasks were in-person surveys. The team followed the subject related guidelines outlined by National University; the survey submitted to the Institutional Review Board (IRB) for acceptance. The IRB analyst cleared the survey and advised the team that was not subject to an IRB review based on the survey questions being 
Data were gathered from different parts of San Diego County using a convenience sampling method. Respondents were asked a single “yes or no” questions. This level of accuracy was deemed sufficient at this stage of research. To obtain more accurate assessments each potential renter should be matched with specific rental property. This task was outside the scope of this report, but is recommended as a valuable tool when assessing the market potential of each of each property.   
Survey administered to potential renters: consisted of the following variables: the size of the dwelling, the proposed monthly rent, and the description of basic features of a representative ADU. Other variables such as a location, available upgrades, and characteristics of a neighborhood were not included in the model. Also, the team asked current renters if they would consider renting an 800 square foot, two-bedroom, one-bathroom accessory dwelling unit located within an existing home at a cost of $1,700 per month plus utilities. The answers to this survey were to be used as a measure of market acceptance and public sentiment towards the use of ADU’s as an alternative means of affordable housing.
Survey administered to homeowners: The propensity to build model (target market: potential builders who are lot owners) was more robust and included the following:
· Engineering drawings
· Available elevations
· Proposed floor plans
· End-to- end construction cost
· Expected completion time
· Financial benchmarks including: NPV, Break-even point and monthly net cash flow.
The team asked homeowners and collected yes or no answers if they would consider building an 800 square foot, two-bedroom, one-bathroom accessory dwelling unit at a cost of $150,000 with a construction timeline of about 4 months. The team told the homeowner this could be paid for using a 30-year refinance the loan at an interest rate of 3.5% and it would increase the mortgage of the existing home by around $850. The ADU could be rented for $1,700, increasing the disposable income of a homeowner by approximately $850 per month.

[bookmark: _Toc35864677]To accomplish the third objective (to validate the concept in itself by selected municipalities) :interviews with staff of these municipalities, county officials, and appropriate real estate professionals were administered in person or via phone depending on the respondent’s schedule, location, and availability. The duration of each interview was approximately 30 minutes. The responses were not voice-recorded but were captured through notetaking during the process. All applicable zoning codes and documents regarding ADU development were downloaded through the San Diego County webpage or collected from the interviewees when applicable. All respondents were asked whether or not the proposed ADU meets the zoning, permitting, and regulatory requirements of their municipalities. Please see the Appendix ……) for details.
















[bookmark: _Toc35864680]CHAPTER 4: Synthesis of research findings and validation of general hypothesis
[bookmark: _Toc35864681]Summary of Findings from Research
Ideally, the number of available, appropriate housing units and the number of jobs should be in an equilibrium. In San Diego County these two measures started to diverge since the 1990’s. Growth rates in job creation have outpaced the growth rates in availability of new housing units. Furthermore, the desire to avoid any further urban sprawl, new building restrictions caused by wildfires, the corresponding increase of home insurance rates, an influx of new residents attracted by climate, lifestyle, and job prospects offered by the County became important factors.
These factors when coupled with stagnant wages resulted in the housing supply-demand dis-equilibrium, forcing the market clearing prices for housing to increase to the point of unaffordability for those who want to rent, buy, or build. In popular vernacular this is the “housing crisis”. 
As this crisis become more acute, it forced a shift of the urban development policy to focus on an increase in density of housing, hence finding suitable land within already built-up areas. 

Validation of General Hypothesis
To validate this hypothesis (to find whether or not there is a sufficient evidence to support the original hypothesis) both the demand (renters) and the supply(builders) side of the economic equation were tested.
Since, it is impossible to assess whether or not the distributions of potential builders and potential renters are normal, the team had to make an assumption that the law of large numbers will apply (the distribution will be normal over a large number of random parameters). 
This assumption allowed the team to use two specific tests based on the results of  two surveys that were administered by the team:

1. Chi-square or the Goodness of Fit test (as shown in the Appendix…. )
2. Hypothesis testing of proportions test based on the binomial distribution of data (as shown in the Appendix....) 

The following can be concluded from these tests:
a) Potential renters: There is a significant interest in this concept and the propensity to rent is high by this segment of population. 
b) Potential homeowners:  The propensity to build on the existing lot is lower than the propensity to rent. This is understandable because potential buyers will have to assume greater economic risk and also will face greater barriers to entry.

However, both tests have indicated that the assumptions on which the original hypothesis were built hold and the concept itself, when implemented, has the potential of easing the housing crisis in San Diego County.





[bookmark: _Toc35864682]CHAPTER 5:  Proposed ADU Implementation by a Contractor
This chapter examines whether the proposed concept can be implemented in the real-world:

An approved design will relieve the homeowner of an estimated $30,000 in architectural fees alone. The ADU will be 800 square feet and will consist of two-bedrooms, one-bathroom, a living room, and a kitchenette. The total cost for construction came to an estimated $108,640 and a construction timeline of 28 days.
[bookmark: _Toc35864683]ADU Design
The following Figures are detailed drawings of the floor plan and renderings of the proposal.  
[image: ]
[bookmark: _Toc35864684]Figure 7. ADU Floor Plan A
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[bookmark: _Toc35864685]Figure 8. ADU Floor Plan B
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[bookmark: _Toc35864686]Figure 9. Exterior Elevations
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[bookmark: _Toc35864687]Figure 10. ADU Rendering A
[image: ]
[bookmark: _Toc35864688]Figure 11. ADU Rendering B
[bookmark: _Toc35864689]Financials of the Project for Contractors
Since each property is unique, this estimate will be based off an average building class. An “Economy Class Residence” as per RS Means classification of construction expenses. An Economy class residence is a simple design and built from stock plans. Materials and workmanship are enough to satisfy building codes. 
Each phase of construction is a broken into ten components. Each component consists of an assembly which consists of levels to give us a per square foot cost estimate. Each division consists of several assemblies which provides the average labor hours costs per square foot for materials and installation as per RS Means national cost data. The assemblies cost data are then multiplied by the city cost of San Diego: .98, which gives us the values in the estimate below. Taxes and insurance costs are also factored into the material and installation costs to give us the cost per square foot totals. Appendix H: ADU Construction Estimates Per Square Foot have all the estimates per square foot of the project broken down by task. The total square foot cost for an economy single-story ADU comes to $135.80. The total cost of the 800 Square foot ADU comes to a to $108,640.00. This project can be completed at an estimated 40 days.
[bookmark: _Toc35864690]
Financials of the Project for Homeowners
The typical way of paying for these types of projects is by using a refinance loan and pulling out the available equity from an existing home. ADU projects seem to be successful not only in terms of financial gains to the homeowner but also in improved housing affordability for struggling renters. Using a 30-year refinance loans at an interest rate of 3.5% that includes the additional homeowner’s insurance costs and property taxes will increase a current mortgage by about $850 per month. This figure breaks down as an additional interest and principle fee of $669, additional property tax of $141, and an additional homeowner’s insurance of $40 per month. The proposed dwelling unit can be rented for approximately $1,700 every month, generating an additional monthly income of $850 for the homeowner. In addition to the monthly benefits, the increased property value will be advantageous to both the homeowner and the county. Moreover, the homeowner also has the option to pay the $150,000 investment loan about in 8.5 years if the full $1,700 is paid towards the loan every month. This project will contribute in alleviating the housing crisis through the provision of rental units at a lower cost while also generating disposable income for existing homeowners. 
For homeowners considering building an ADU on their property, we have provided a preliminary cost estimate that will show the project affordability. This estimate is based off the 2020 RS Means Residential Costs book, 37th Edition. RS Means data from Gordian is leading the construction industry with a database which contains over 85,000-line items and over 22,000 hours of cost engineered research. The RS Means database comprises of construction costs for materials, labor, and/or equipment prices. These costs can be referenced at the unit, assembly or square foot level of detail.  
[bookmark: _Toc35864691]
ADU Implementation Schedule
Utilizing a PERT Chart with the estimated 319.03 labor hours for construction, the team concluded the project would take an estimated 22 working days in an optimistic scenario.  This is possible by overlapping tasks that do not hinder each other’s process. The red bars are critical path tasks. The blue bars are non-critical path tasks. The tasks highlighted in yellow are milestone tasks crucial to the project completion. Appendix F are an illustration of the PERT calculations used for the project.
Although there is an optimistic time estimated of 23 working days, there is a 50% chance it could not be done at that time due to possible setbacks in the schedule. In a pessimistic scenario as shown in the Pert calculations it is possible to have the project completed as late as 82 working days if several things go off schedule. Most likely the project would be completed within 40 days as calculated through RS Means labor estimating data. For the homeowners’ information, it is calculated that the project would be completed with a 100% probability within 28 days with the correct scheduling and with the right size crews for each task.
[bookmark: _Toc35864692][bookmark: _Hlk34481957]Construction Risks, Mitigation, and Issues
The following table lists the most common issues associated with construction projects. The table outlines the issue, the likelihood of the issue occurring, the severity, and the inability to detect. All of these including the risk priority number (RPN) are explained in detail below.
[bookmark: _Toc35864693]Table 1
[bookmark: _Toc35864694] Construction Risks
	ID
	Title
	Likelihood
	Severity
	Inability to detect
	RPN

	1
	Safety hazards that lead to worker accidents and injuries
	4
	3
	2
	24

	2
	Managing change orders
	2
	4
	6
	48

	3
	Incomplete drawings and poorly defined scope
	1
	10
	2
	20

	4
	Unknown site conditions
	3
	3
	1.5
	13.5

	5
	Unexpected increases in material costs
	3.5
	2
	1.5
	10.5

	6
	Labor shortages
	2
	2
	5
	20

	7
	Damage or theft to equipment, tools, or materials
	4
	3
	9
	108

	8
	Natural disasters
	1
	10
	8
	80

	[bookmark: _Hlk6811159]9
	Issues with subcontractors and suppliers
	5
	3
	5
	75

	10
	Availability of building materials
	2
	5
	1
	10

	11
	Poor project management
	4
	3
	1
	12

	12
	Loss of financing for project payment
	1
	10
	7
	70



Likelihood of occurrence 1 – 10 scale where 1 is remote and 10 is almost certain. Severity of impact 1 – 10 scale where 1 is no effect and 10 is very severe. Inability to detect 1 – 10 scale where 1 means detectability is almost certain and 10 means it is practically certain that failure will not be detected. RPN is the Risk priority number. This is a measure used when assessing risks to aid in identifying critical failure modes associated with a design or process. Large RPN values usually indicate more critical failure modes.
The following are ways to mitigate the risks listed above.
1.	Safety hazards are present at every construction site and are almost impossible to eliminate. The team will conduct weekly safety meetings and provide appropriate jobsite training to minimize this risk. Safety meetings will be conducted by the construction foreman and everyone working at the jobsite will be required to attend and sign in. No entry to the job site will be permitted until all safety material has been reviewed and understood by the individual. 
2.	A change order process will be implemented to manage any change that might arise whether in scope, work, or process. All change orders must be submitted first to the project manager, second to the client, and last to the contractor/sub-contractor responsible for the work in question for review. Change orders will be reviewed within 48 hours and will only become effective upon approval by all parties.
3.	Incomplete drawings or a poorly defined scope will be communicated to the project manager (PM) immediately. The PM will be responsible for gathering the required information and deciding on how to proceed. The PM will have 72 hours to correct the issue and ensure the work continues as planned.
4.	To minimize the risk of unknown site conditions, a mandatory pre-fielding meeting will be held 10 days before any work is to begin on the proposed site. All parties involved in the project will be required to attend and sign in will be mandatory. No work will be allowed to start by any party who does not attend.
5.	To minimize the risk of unexpected increases in material costs, the materials manager will request quotes from three separate suppliers that lock quoted material prices for a minimum of 20 working days. Any materials needed beyond what is expected will be bought from the lowest price supplier located within 50 miles of the work site unless a cheaper source is identified and is able to deliver on time.
6.	The team will work with labor unions and staffing agencies to ensure skilled labor is available, trained, and ready upon demand if needed.
7.	Damage or theft to equipment, tools, or materials is a big concern faced by all construction sites. All power tools will be locked in a materials container placed inside the mobile office adjacent to the jobsite. In the event the contractors experience damage or theft to tools or materials, the team will have contracts in place with equipment rental agencies and construction material suppliers ready to provide anything that is needed within 8 hours of request.
8.	Natural disasters are rare events that are nearly impossible to predict. Insurance covering floods, earthquakes, fires, and the like will be provided to protect the project investment from potential devastating environmental hazards.
9.	Clear contracts outlining all responsibilities will be agreed upon and signed to avoid any issues with contractors/sub-contractors and suppliers. In addition, at least three suppliers and three sub-contractors for each trade will be identified to assist with work if the current employees cease work due to contractual issues.
10.	To ensure the availability of building materials is not an issue, at least three material suppliers will be identified that are willing to work with contractors at pre-determined pricing in the event the current supplier is unable to fill orders.
11.	Any issues regarding poor project management must be brought to the attention of the client and senior manager immediately. The PM will be given 72 hours for gathering any required information to justify his/her decisions about the matters at hand. Appropriate steps will be taken by the two parties upon review to ensure the project continues as planned and a quality product is delivered to the client as promised.
[bookmark: _Toc7975716]12.	The client will bear the sole responsibility of all financing for project payment. The client must show proof of approval from two separate institutions showing payment for the project has been secured.
[bookmark: _Toc35864695]
Project Quality Management Plan
[bookmark: _Toc7975718][bookmark: _Toc27]In order to meet all the deliverables of the project, the project manager is monitoring all the progress during the project life cycle. The quality control (QC) management plan was written to address project quality implementation, execution, and duration of the project so that they can meet deadlines.  By implementing the quality control management plan, the project manager will make sure to meet all the specific industry standards for quality control on the project. Quality applies to the defined objectives and scope of the construction project, the budget of the project and the schedule for completion. Preventing mistakes is much more time and cost-effective than correcting them - which is why establishing a strong quality management plan is a good way to improve quality. The organization is one of the essential elements of the quality system and is intimately related to all the other elements in the model. The organizational chart allows the company to determine who is responsible for what and sets responsibilities. For example, the project manager is responsible for quality control. The PM will work closely with architects and engineers on a project to address project quality implementation, execution, and duration of the project so that everyone can meet the deadlines. Also, the PM is responsible for overseeing and reviewing the entire documentation and physical inspection phase of the workflow process and working with others (e.g.: engineers, managers, etc.) to produce a quality product. Quality control manager is responsible for managing and performing the daily QC responsibilities of the project to ensure the project is meeting quality standards, for example, material quality check, framing, foundation, electrical and more, all projects shall comply with the California Building Code. 
[bookmark: _Toc35864696]
Quality Checklists
The quality checklists tool is used to verify that a set of the project’s activity has been performed. The data will be utilized to assess the progress of construction, this will prevent any unforeseen issues. Based on the project’s requirements and practices, the team has standardized checklists available to ensure consistency in performed tasks. The project manager should complete project documentation in everyday tasks to ensure that nothing is forgotten during the project. Also gathering data were useful while performing inspections to identify defects. This documentation form represents the basis of record for work activities and will serve to support the project during follow-up reporting and completion.
[bookmark: _Hlk33548411]There are many tasks to keep track of the project, the checklist divided into three levels. First, prior to the start of the construction such as drawings, contract documentation, and overall project timeline. The second checklist is prior to the beginning of the construction, such as the ADUs permits, material list and more. The third checklist is during the construction process, such as weekly schedule checklist, weekly inspections and more. 
The daily meeting systematically manages quality and enhances the contractor’s project delivery, eliminates or reduces waste, and ultimately improves the project performance. Through the project life cycle will have many inspections to make sure the project performance success factors been achieved. Inspection of construction methods and materials by inspectors who report directly to the project manager. The inspection report shall be in writing and be certified by a responsible officer of the approved agency. Inspector provided by the County of San Diego to inspect the project. There are five major inspections in the project, foundation inspection, roof framing inspection, rough framing inspection, exterior inspection, and last inspection.
[bookmark: _Toc35864697]
Recommended Project Communication Matrix for Contractors
The communication requirements for the accessory dwelling unit build project are listed in the following matrix. As the project proceeds, it may be necessary to modify the communication requirements. Any modifications to the communication matrix must be approved by the PM and Client.
[bookmark: _Toc35864698]Table 2
[bookmark: _Toc35864699]Recommended Project Communication Matrix for Contractors
	Communication Type
	Description
	Frequency
	Format
	Participants/ Distribution
	Deliverable
	Owner

	Weekly Status Report
	E mail summary of project status
	Weekly
	E mail
	Client, Team and Stakeholders
	Status Report
	Project Manager

	Weekly Project Team Meeting
	Meeting to review action register and status
	Weekly
	In Person
	Project Team
	Updated Action Register
	Project Manager

	Monthly Project Review
	Present metrics and status to team and client
	Monthly
	In Person
	Client, Team, and Stakeholders
	Status and Metric Presentation
	Project Manager

	Weekly Construction Status
	Report outlining weekly progress and issues
	Weekly
	E Mail
	Project Team
	Construction Status Update
	Contractor/Sub-contractor Representative

	Project Gate Reviews
	Present closeout of project phases and kickoff next phase
	As Needed
	In Person
	Client, Team and Stakeholders
	Phase completion report and phase kickoff
	Project Manager

	Design Review
	Review of any designs and associated work
	As Needed
	In Person
	Project Team
	Design review package
	Project Manager
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[bookmark: _Toc35864700]Figure 12. Proposed Organizational Structure for a Contractor 

[bookmark: _Toc35864701]CHAPTER 6:  Final Conclusions and Recommendations
Final Conclusions:

Based on the analysis of findings, the team has concluded that the proposed ADU concept will fill a gap that currently exist in the marketplace. San Diego County already provides a few ADU designs, however, the proposed design will be a much-needed alternative that fills the gap between ADUs that are either too large or too small for the majority of existing lots.  
 An accessory dwelling unit can provide potential renters with an affordable housing alternative. A typical rental in San Diego County carries an average price of around $2,030 a month. The 800 square foot two-bedroom, one-bathroom ADU can be rented for around $1,700 a month. There is a high propensity to rent such ADUs by potential renters.
There is a strong business model that makes the ADU an attractive option for current homeowners seeking additional monthly net cash flows of $850 per month, to augment their household budget. The team has found that this concept has a reasonable break-even point of about seven years. This is based the assumption that the homeowner will qualify for a 30-year refinance loan with an average interest rate of 3.5%.
Further analysis of the construction time and cost have confirmed that the proposed ADU can be built in about four months, for approximately $150,000, without any excessive regulatory and permitting requirements.
However, even when implemented at its full potential (5.500 units), the proposed ADU concept will have only limited impact on easing the housing crises in County of San Diego. This is based on the fact that the number of suitable lots for AUDs  is relatively small in comparison to the overall housing market in San Diego County which, according to the U.S. Census Bureau consists of 1,195,868 housing units.

[bookmark: _Toc35864702]Recommendations and Next Steps
The time limitation of the study was a bit of an obstacle in gathering all the data needed to more accurately assess the public acceptance of ADU’s as an alternative means of affordable housing. Although the results of this research give a feel for the public’s sentiment regarding ADU’s, the team found that respondents had follow up questions to help them decide whether they would consider building or renting the unit. Such a survey can have multiple questions outlining the details regarding the ADU such as location within the property, utility services connections, parking arrangements, and actual financing figures depending on the individual 
The team would like to propose that in the future a more in depth and more detailed survey is conducted with the required sample size corresponding to the 99% confidence level. 
	The study has also addressed the potential regulatory barriers to entry. The team would suggest that an in-depth study be conducted to identify any potential roadblocks that could prevent a homeowner from building an ADU in their current neighborhood (such as specific zoning standards, minimum lot size requirements, design constraints, rules homeowner’s associations may have, etc.) Although San Diego County has relaxed its rules regarding the development of ADU’s, there are still many situations that can discourage a homeowner from building one. 
 	The team would like to propose a future study be made regarding lot sizes and average yard space in San Diego County. Results from such a study can help to determine an optimal size for the ADU. This would not only attract more public interest but can potentially also lower the price of the build by providing a single design that can be utilized by most of the interested parties.
 Since having construction contractors on board is an important piece of this puzzle, it is important to create proper incentives for them to embrace this concept. The team would also like to propose a further studies of the contractors community in San Diego County exploring such topics as; willingness to undertake ADU projects, average bid amount for the construction based on the given plan, and willingness to undertake the project at a discounted rate in exchange for tax breaks to help alleviate the housing crisis. This would help to determine how many contractors would be interested in undertaking ADU construction projects. The data could then be presented to the County to see if a private-public partnership could be formed between municipalities and potential ADU contractors to further promote the project and find incentives benefiting both parties.
Since the rapid spread of COVID-19 pandemic has mostly impacted densely populated urban communities, the team would recommend  watching whether the currently policy of increasing urban density in San Diego County and across the nation will still be in effect going forward.
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[bookmark: _Toc35864704]Appendices
[bookmark: _Toc35864705]Appendix A: Questionnaires
Survey for homeowners:
Please be sure to get the respondents first and last name for validation purposes.
Would you consider building an 800 Square foot, two-bedroom, one-bathroom accessory dwelling unit at a cost of $150,000 with a construction timeline of about 4 months.? This could be paid for using a 30-year refinance loan at an interest rate of 3.5%. This would increase the mortgage of the existing home by around $854 but the ADU could rented for $1,700. This opportunity would not only help alleviate the housing crisis, but it will also increase your disposable income by approximately $846 per month.
Yes or No	
Yes          24 – 66.7%                                                              No	12 – 33.3%
Clara Matloub, Zina Hanoudi				            Angea Hilliard
Gary Ryerson, Saidd Salman				            Bibiana Calderon
Neman Gailani, Cristal Magana			            Veronica Perez
Sama Bahnam, David May				            Victor Calderon
Allan Zaragoza, Rossanan Baluca			            David Young
Jaime Castro, Layth Asper				            Sara Asper
Kevin George, Pierr Sabbagh				            Nashwa Jabri
Nataly Aranda	, Mays Bahoo				            Rafi Matlob
Eric Parra, Najwa Jabri			                        Adeline Mcgough
Brianna Zaragoza, Nishwan Jabri			            Larry Cooper
Dan Stuhr							Rheanon Carvajal
Anna Gonzalez							Stephanie Roitstein
Adam Dudek
Stacy Phillips
Survey for renters:
Please be sure to get the respondents first and last name for validation purposes.
Would you consider renting an 800 Square foot, two-bedroom, one-bathroom accessory dwelling unit located within an existing homeowners’ lot at a cost of $1,700 per month plus utilities?
Yes or No
Yes   24 – 50.0%                                         	                              No   24 -50%             
Anem Sanedar, Rudy Flores, Derek Podobas.                             Saif Naomi, Zain Talal         
Nate Park, Gina Ellis, Mike Alejandro	                              Ian Oder, Dema Nashat
Anas Bahnam	, Cole Ellingboe		                             Ken Gossemeyer, Rania Nashat        
Daniela Lopez	, Ferdi L.      				                 Justin Martin, Enkh Saikhan	
Adrian Cardenas, Jonas Babauta				     Priscilla Jimenez, Smily Gandhi	
Andrea Lopez, Corey Smith			                             Samantha Phyathep, Ryas S.
David Olachea	, Blake Banshe				     Carissa Bernal, Shelby Robe 	
Michael Brown, James Crowley			                 Brenda Tavizon, Lowell Moody
Andrea Evy, Heather Trahan		                                         Jessica Urrea, Julian Bonner
Karam Talal, Cal Calderon				                Amanda Patron, Ilia Cardenas	
Saad Hanoudi, Amanda Torre				                Mariam Asper, Angie Sanchez
	                                                                                         Maia Barber

[bookmark: _Toc35864706]Appendix B: Logic Decision Tree
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[bookmark: _Toc35864707]Appendix C: Chi-square Calculations
[image: ]


[image: ]
[bookmark: _Toc35864708]Appendix D: Financial Calculations
The following screenshots are from the finance calculator the team used to come up with the figures regarding financing of the ADU project. The dynamic calculator allows change of the building costs, interest rates, loan term, property taxes, rent inflation rate, etc. The embedded formulas within the spreadsheet will calculate the monthly payment amount, break-even point, and will also provide a cost benefit analysis over the life of the loan. All the calculations were based on a 30-year loan with a 3.5% interest rate. The team used average rates for the property tax increase as well as the additional insurance needed for the ADU. The rental rate was set at $1,700 with a yearly rent inflation rate of 7.2%. Although it is extremely difficult if not impossible to know exactly how much value is added to the existing home by the ADU, the team applied a property appreciation rate of 4.5% which is average for San Diego County. The calculations show the break-even point of about seven years based on the total accumulated return from the $1,700 a month rental income and the property appreciation rate. This $150,000 investment can potentially be worth over 2 million dollars over a 30-year span.
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[bookmark: _Toc35864709]Appendix E: ADU Floor Plan
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[bookmark: _Toc35864710]Appendix F: PERT Chart (ADU Implementation)
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[bookmark: _Toc35864711]Appendix G: Contractor Communication Matrix
	Communication Type
	Description
	Frequency
	Format
	Participants/ Distribution
	Deliverable
	Owner

	Weekly Status Report
	E mail summary of project status
	Weekly
	E mail
	Client, Team and Stakeholders
	Status Report
	Project Manager

	Weekly Project Team Meeting
	Meeting to review action register and status
	Weekly
	In Person
	Project Team
	Updated Action Register
	Project Manager

	Monthly Project Review
	Present metrics and status to team and client
	Monthly
	In Person
	Client, Team, and Stakeholders
	Status and Metric Presentation
	Project Manager

	Weekly Construction Status
	Report outlining weekly progress and issues
	Weekly
	E Mail
	Project Team
	Construction Status Update
	Contractor/Sub-contractor Representative

	Project Gate Reviews
	Present closeout of project phases and kickoff next phase
	As Needed
	In Person
	Client, Team and Stakeholders
	Phase completion report and phase kickoff
	Project Manager

	Design Review
	Review of any designs and associated work
	As Needed
	In Person
	Project Team
	Design review package
	Project Manager





[bookmark: _Toc35864712]Appendix H: ADU Construction Estimates Per Square Foot
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I. List of Municipalities that verified this concept





[bookmark: _Toc35864713]Appendix J: Team Biographies
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Therefore, homeowners considering building an ADU should focus on the potential rental income generated by the unit and not on the potential added value to the existing home. The project focuses on helping to alleviate the housing crisis in San Diego County while also putting a value on an ADU based on revenue generated by rent. The proposal seeks to increase residential density by promoting the construction of ADU’s to existing homeowners. This project aims to ease the housing crisis by not only providing affordable housing to those in need but also to create a disposable income of around $850 per month for existing homeowners. The proposal and exact numbers regarding the project will be explained in detail within the following chapters. 
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PRELIMINARY ESTIMATE
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Cost perSF. ADU Labor Hrs. & Cost
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System Description acox| FOR | vy ot U= [ | [ o
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5/8" Drywall, taped & fnshed 001e| 328 s8] 7.7] soofsr 11.20[ $2,624:00 | $3112.00
Door, Hollow Core 0.808| 357.45 a1677] 77422 3len 243 $1,07235 [ $125051
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Dishwasher, Buit in 0235] 765 e20] 35| 1len 024[s 765005 62000
Garvage disposal 281 35| s8] 5w 1ea 281[5 365005 188,00
Microwave oven oe1s| sao| 315 mss| alea o62['s sa000[s 31500
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National University Department of Engineering
and Computing

Capstone Project Final Report
Team Biography

Accessory Dwelling Units (ADU) as an Affordable Alternative for Easing the Existing Housing
Crisis in San Diego County.

Garrett Barron

o Bachelor’s Degree, Construction Management at National University
o General Contractor/Owner at Barron Design Build

Guillermo Cardenas

Bachelor’s Degree, Manufacturing Design Engineering at National University
Associate degree, Liberal Arts at Southwestern Community College

Associate degree, Administration of Justice at Southwestern Community College
Intelligent Traffic Systems Contractor with The State of California

Owner of CommTek Fiber Optic Specialists

Bashar T Yousif

o Bachelor’s Degree, Software Engineering at Applied Science University
o Property Management at Bahoo LLC

Yousif T Yousif

Bachelor’s Degree, Software Engineering at Applied Science University
Associate degree, Business Administration at Cuyamaca Community College
Real Estate Agent and management at Century 21 Award

Software Engineer at Pioneers Center Jordan
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