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1. INTRODUCTION 

The Arizona Department of Transportation (ADOT) is evaluating the conversion of all freeway lighting 
in the Phoenix Maintenance District (PMD) from high pressure sodium (HPS) to light emitting diodes 
(LED). This Business Case document presents a review of the feasibility and an assessment of project 
delivery options available for the procurement of the Freeway Lighting Upgrade Project (the Project) 
by ADOT, also referred to as the Project Sponsor. The delivery methods include Design-Bid-Build (DBB), 
Design-Build (DB), Design-Build-Operate-Maintain (DBOM), and Design-Build-Finance-Operate-
Maintain (DBFOM). 

1.1 PURPOSE 

This Business Case presents benefit cost analysis, affordability analysis, and the evaluation of 
traditional and alternative delivery approaches available for the procurement of the Project. As 
described in detail below, the evaluation reflects a combination of quantitative and qualitative factors 
intended to assist ADOT staff identify the delivery approach that provides the best value. 

1.2 BACKGROUND 

Understanding that power and maintenance costs are an on-going responsibility, and that existing HPS 
lighting is outdated and in need of repair, ADOT decided to consider the replacement of all HPS lighting 
in the PMD with LED lighting. At the same time, ADOT became aware of potential safety risks 
associated with the existing lighting within the Deck Park Tunnel. The potential to combine these 
related projects into one alternative delivery procurement was preliminarily explored, similar projects 
from around the country were reviewed, and ADOT determined that the costs, risks, and potential 
issues associated with the procurement methods should be developed into a business case. 

1.3 OBJECTIVES 

The primary objectives of the Project are to reduce energy and maintenance costs, and improve safety, 
for users of the freeway system. 

2. METHODOLOGY 

2.1 QUANTITATIVE ASSESSMENT 

The Project components were developed internally after discussions with ADOT staff and research into 
other agencies’ approaches in addressing similar issues. A range of procurement options were 
considered and narrowed down to four potential delivery methods based on the Project objectives. 
The Project was assessed both quantitatively and qualitatively in order to address cost, risk, and other 
project aspects. A Cost Risk Assessment (CRA) was performed to analyze capital, operations, and 
maintenance costs, as well as schedule, within a risk assessment framework for each of the four 
scenarios.  The results of the CRA were inputs into a Value for Money (VfM) analysis to determine 
which scenario offers the best overall value to ADOT.  
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2.2 QUALITATIVE ASSESSMENT 

The project team also performed a qualitative assessment to consider project opportunities and issues 
that were not addressed in the cost and schedule risk analysis process.  

3. PROJECT DESCRIPTION       

3.1 SCOPE 

The Project consists of two main components. The Project will replace all existing HPS lighting in the 
PMD with LED lighting, and it will reconfigure Deck Park Tunnel lighting to meet current standards. As a 
part of these upgrades, an electronic control system to monitor and control each fixture will be 
designed and implemented. Also, coordination with utilities will provide the capability of measuring 
power consumption. However, the Project does not include the relocation of light poles or the 
replacement of slip-base style poles, new fiber optic cable, or lighting for roadway signs and traffic 
signals. Figure 1 shows the Project area. 

The Business Case evaluation includes the following key assumptions that were developed by the 
project team based on ADOT experience and industry outreach.  

• The anticipated lamp life of HPS is 3 years and LED is 15 years.  

• The ballast life for HPS is 6 years. Disposal/recycle of HPS fixtures and ballasts is cost neutral. 

• The power cost of LED is 35 percent less than HPS; the cost savings were calculated using a rate 
of $0.10 per kilowatt hour. (The actual reduction in power consumption may be more than 60 
percent but the ultimate cost savings will be subject to negotiations with utilities whose fixed 
costs will not be reduced. The 35 percent in power costs used is a conservative number and the 
actual savings is likely to be higher.) 

• The freeway lights are on for an average of 12.5 hours per day, while the tunnel lights are on 24 
hours per day. For Deck Park Tunnel, the load varies by time of day based on outdoor ambient 
light levels.  

• The Deck Park Tunnel Lighting includes overhead lighting on the eastbound (EB) and westbound 
(WB) mainline freeway portion only; associated equipment rooms on the north and south sides 
of tunnel are not included. 

• With DBB, the Project is delivered under two contracts, one for the Deck Park Tunnel and one 
for all surface freeways.  Delivery of DB and the P3 options (DBOM or DBFOM) is under one 
contract for the entire Project.  

• For the P3 options, the operation and maintenance period will be for 20 years after completion 
of upgrade. There will be no replacement of high-mast or median poles during the 20-year 
period. 
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• ADOT’s third party claims related to lighting levels, which currently average approximately 
$100,000 per year, are anticipated to be reduced to $25,000 per year after the lighting is 
upgraded. 

• Current lighting levels are based on lighting designs using AASHTO guidelines. Any increases 
and/or decreases in levels of lighting will require policy change to support proposed changes. 

• Implementation of a fully functional SCADA system could eliminate the need for metered Load 
Centers or flat consumption rates, contingent on utility companies buy-in to power 
consumption based on an approved auditable method.  

• Tunnel cleaning costs ADOT $200,000 per year, including traffic control for four closure cycles. 
It is anticipated that under a P3 contract, this could be contracted out for up to 10 percent less.   

 
FIGURE 1: PROJECT AREA  
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3.2 DELIVERY OPTIONS CONSIDERED 

There are a range of potential procurement options that could be considered to deliver the Project. 
Each procurement option varies in the level of private sector involvement and risk transfer. Four 
delivery methods are evaluated in this Business Case using a combination of quantitative and 
qualitative assessments. The delivery methods include DBB, DB, DBOM, and DBFOM. The range of 
options generally includes those illustrated in Figure 2. 

 
FIGURE 2: RISK TRANSFER AND PRIVATE SECTOR INVOLVEMENT ACROSS DELIVERY MODELS 

 

 

In consideration of the project objectives, two public delivery options (DBB and DB) and two P3 
delivery options (DBOM and DBFOM) were evaluated. Because DBB and DB are delivered by the public 
sector, they are also called the Public Sector Comparator (PSC). 

Two options shown in Figure 2, Design-Build-Finance-Maintain (DBFM) and a full concession, as well as 
one option not included in Figure 2, Design-Build-Finance (DBF), were not carried for further analysis. 
An initial strategic assessment determined that DBF would be more expensive than DB due to the 
higher cost of private financing and thus unlikely to demonstrate VfM. Furthermore, the mismatch 
between the timing of available public funds to repay the private financing component and the 
completion date of a DBF contract did not make this option viable. DBFM was eliminated because the 
initial strategic assessment did not identify any significant cost advantages compared to DBFOM and 
burdened the public sector with the operational risks. Lastly, a full concession was eliminated because 
there was no source of Project revenue to provide returns to attract robust market interest in the 
Project. 

DESIGN-BID-BUILD 

DBB is the traditional approach to public sector procurement in which the public sponsor, in sequence, 
develops the project description and conceptual plan into a full detailed design, and solicits a 
construction contract through low-bid selection to build the project according to the completed design.  
The public sponsor may perform the design with its own engineering personnel or contract out the 
design work. The project could be designed and contracted as a single project or as separate 
geographically based projects with different schedules.  

Throughout the design and construction periods, the public sponsors are responsible for oversight, 
coordination of all work, right of way acquisition, permitting, design risk, and some of the construction 
risk. Upon completion of construction, the public sponsor assumes responsibility for operating, 
maintaining, and rehabilitating the project asset over its remaining life. Figure 3 depicts the DBB 
procurement model. 

 

DBB 

Increasing Risk Transfer and Private Sector Involvement 

DBOM DB DBFOM Full Concession DBFM 
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FIGURE 3: DBB PROCUREMENT MODEL 

 

 

DESIGN-BUILD 

The DB model awards design and construction under a single contract. A consortium or joint venture 
may be established among two or more companies to pool the resources and expertise necessary to 
deliver the project. A preliminary design is typically provided by the public sponsors and proposers 
develop detailed designs in accordance with performance specifications, which indicate functional 
requirements of the project.  

Similar to the DBB model, upon completion of construction, the public sponsor assumes responsibility 
for operating, maintaining, and rehabilitating the project asset over its remaining life. Therefore, any 
innovation by the DB contractor in meeting performance specifications may not be fully realized once 
the asset is handed over to the public sponsor. Figure 4 depicts the DB procurement model. 

 
FIGURE 4: DB PROCUREMENT MODEL 

DB Consortium Operations &
Maintenance Lifecycle

Project 
Sponsor

DB Contract

Design Construction
 

 

DESIGN-BUILD-OPERATE-MAINTAIN 

The DBOM model awards a single contract to a private sector consortium to design, build, operate, and 
maintain, and periodically rehabilitate the asset for a fixed period of time on the public sponsors’ 
behalf.  At the end of the term, the asset is “handed back” to the public sponsors in a specified 
condition.   

Unlike the DB model, upon completion of construction, the private sector consortium assumes 
responsibility for operating, maintaining, and rehabilitating the project asset over its remaining life. 
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Innovations by the private sector consortium in meeting performance specifications may create 
lifecycle efficiencies and O&M cost savings. The public sponsor pays Capital and O&M costs to the 
private sector consortium based on milestone or progress. Figure 5 depicts the DBOM procurement 
model. 

 
FIGURE 5: DBOM PROCUREMENT MODEL 

Operations & 
Maintenance

DBFOM Consortium

Project Sponsor

DBFOM Contract

Design Construction Lifecycle  
 

 

DESIGN-BUILD-FINANCE-OPERATE-MAINTAIN 

Like the DBOM model, the DBFOM model awards a single contract to a private sector consortium to 
design, build, operate and maintain, and periodically rehabilitate the asset for a fixed period of time on 
the public sponsors’ behalf.  The private sector consortium also provides financing to develop the 
project. At the end of the term, the asset is “handed back” to the public sponsors in a specified 
condition.   

One form of a DBFOM is the availability payment P3.  The public sponsors typically compensate the 
private sector consortium through an availability payment. The payment is linked to meeting specified 
quality and performance criteria for the asset over the term of the agreement, including the 
requirement that the asset be continuously available for use by the traveling public. In this regard, 
most of the project risk is held by the private sector consortium. Figure 6 depicts the DBFOM 
procurement model. 

 

DBOM 

DBOM 
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FIGURE 6: DBFOM PROCUREMENT MODEL 

Operations & 
Maintenance

DBFOM Consortium

Project Sponsor

DBFOM Contract

Design Construction Lifecycle Project 
Finance  

 

3.3 ANALYSIS PERIOD 

The starting point for the analysis period of the Project is January 1, 2015. The contract period 
assumed for the P3 (DBOM and DBFOM) delivery option includes a four-year final design and 
construction period plus 20 years of operations. The upgrading of all lights and installation of the 
SCADA system will be completed in two years under P3 delivery, and three years (with two two-year 
overlapping contracts) under the PSC. Operations and maintenance responsibilities will revert to ADOT 
after the 20-year operating period under the P3 agreement. The total time period considered for the 
VfM analysis starts on January 1, 2015 and ends on December 31, 2038. The end date is 20 years from 
the completion of the lighting conversion (December 31, 2018), under the P3 option, for a total VfM 
analysis period of 24 years. Reflecting the useful life of the asset, the 20-year maintenance period is 
necessary and appropriate to adequately capture major differences in rehabilitation costs between the 
PSC and P3 options.  

4. BASE COST & SCHEDULE  

The CRA process is a bottom up analysis of cost and schedule impacts at the activity level. In order to 
perform the CRA, the baseline capital cost estimates, O&M cost estimates, and schedule estimates for 
the Project were developed jointly with ADOT staff, along with additional assumptions and supporting 
data.  

4.1 ASSUMPTIONS 
Project Responsibility and Compensation Assumptions 

The project assumptions for O&M responsibility and capital cost compensation methods are shown in 
Table 1. 

 

 

Equity Investors 
Lenders 
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TABLE 1: PROJECT ASSUMPTIONS 

 Project Assumptions 

Delivery Method Responsibility for O&M Compensation for Capital Costs 

DBB ADOT 

Progress or Milestone Payments 
Financed by ADOT 

DB ADOT 

DBOM Developer (20 years) 

DBFOM Developer (20 years) Availability Payments Paid by ADOT 
(After Construction) 

 

Escalation Rates 

Escalation is the measurement of the change in project costs due to inflation, uncertainty in prices, and 
market conditions. Typically, as the price of a construction component changes, the overall cost of the 
construction project changes with it. In this analysis, escalation rates are applied to engineering, 
construction, and right-of-way component costs in order to estimate the future project costs under the 
baseline schedule and any extensions due to schedule delay. For the analysis, the construction cost 
escalation rate forecasts were also used to escalate the annual operation and maintenance costs. Table 
2 details the escalation rates, by year, used in this analysis. 

 
TABLE 2: PROJECT ESCALATION RATES 

Year Construction Engineering Right-of-Way 
2015 1.83% 3.06% 3.54% 
2016 2.04% 3.61% 3.69% 
2017 2.27% 3.81% 3.50% 
2018 2.30% 4.36% 3.33% 
2019 2.27% 4.41% 3.50% 
2020 2.27% 3.54% 2.89% 
2021 2.27% 4.27% 3.25% 
2022 2.27% 3.31% 3.03% 
2023 2.44% 2.36% 2.80% 
2024 2.61% 2.36% 2.80% 
2025 2.61% 2.36% 2.80% 
2026 2.61% 2.36% 2.80% 
2027 2.61% 2.36% 2.80% 
2028 2.59% 2.36% 2.80% 
2029 2.56% 2.36% 2.80% 
2030 2.56% 2.36% 2.80% 
2031 2.56% 2.36% 2.80% 
2032 2.56% 2.36% 2.80% 
2033 2.55% 2.36% 2.80% 
2034 and Beyond 2.54% 2.36% 2.80% 
Sources: Construction rates: Arizona Department of Transportation, Risk Analysis of Construction Cost Escalation 
Factors, December 8, 2014; Engineering and ROW rates: HDR, for use in the most recent MAG RTP 2035 program risk 
modeling, January 2015. 
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Extended Overhead 

Schedule delays that extend the pre-construction and the construction administration period would 
result in additional overhead expenses. Owner-extended overheads during pre-construction 
(specifically, preliminary engineering) and construction, as well as contractor-extended overheads 
during construction, were calculated.  

For agency pre-construction, the monthly overhead cost assumed was one-half of the average monthly 
base pre-construction costs over the base pre-construction schedule. For agency construction, the 
monthly overhead assumed was the average monthly base construction engineering costs over the 
base construction schedule. The contractor monthly overhead during construction for the DBB 
scenario was assumed to be 8% of the average monthly base construction costs over the base 
construction duration. The contractor monthly overhead during construction for the DB, DBOM, and 
DBFOM scenarios was assumed to be 15% of the average monthly base construction costs over the 
base construction duration. Table 3 presents the project overhead costs per calendar month.  

 

TABLE 3: PROJECT OVERHEAD COSTS PER CALENDAR MONTH 

Flowchart 
Activity Number 

Activity Name Agency Contractor Total 

Design-Bid-Build Scenario 

DBB-150 Design of Tunnel Lighting Upgrade $0.061M  $0.061M 

DBB-260 Design of Freeway Lighting Upgrade & Energy Audit $0.161M  $0.161M 

DBB-210 Tunnel Lighting Upgrade Construction $0.043M  $0.043M 

DBB-210 Tunnel Lighting Upgrade Construction  $0.046M $0.046M 

DBB-320 Freeway Lighting Upgrade Construction $0.119M  $0.119M 

DBB-320 Freeway Lighting Upgrade Construction  $0.127M $0.127M 

Design-Build Scenario 

DB-210 Construction of Upgrade Work $0.150M  $0.150M 

DB-210 Construction of Upgrade Work  $0.339M $0.339M 

Design-Build-Operate-Maintain Scenario 

DBOM-210 Construction of Upgrade Work $0.100M  $0.100M 

DBOM-210 Construction of Upgrade Work  $0.316M $0.316M 

Design-Build-Finance-Operate-Maintain Scenario 

DBFOM-210 Construction of Upgrade Work $0.100M  $0.100M 

DBFOM-210 Construction of Upgrade Work  $0.316M $0.316M 
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4.2 BASE CAPITAL COST ESTIMATE     

The base project capital cost estimate is based on information obtained from the ADOT Project team. 
For the base costs, contingencies and escalations are removed from the estimate, and are replaced 
with specific event risk factors. Escalation is applied to the cost estimate based on the project 
schedule, within the CRA model. This estimate serves as the baseline against which all risks are 
assessed. Additionally for the CRA, uncertainty ranges, representing inherent variation in unit prices 
and quantities, are developed for each scenario. These ranges are established in conjunction with the 
Cost Lead and the ADOT project team. 

This section presents the base capital cost by item for each scenario, followed by the base capital cost 
by activity with uncertainty for each scenario. Cost estimates were developed for the PSC (DBB and DB) 
and P3 scenarios (DBOM and DBFOM).  Construction item costs for the DB scenario were assumed to 
equal the average cost of the corresponding items in the DBB and DBOM/DBFOM scenarios. Table 4 on 
the following page contains the base capital costs by item for each scenario. More detailed information 
on the PSC and P3 base capital cost estimates is provided in Appendix B. 

4.3 BASE OPERATIONS AND MAINTENANCE COST ESTIMATE 

The base project O&M cost estimate is based on information obtained from the ADOT Project team. 
Even thought the study period for the VfM analysis is 24 years, an O&M estimate was prepared 
covering 40 years. This length of time was needed to calculate ADOT’s payback period to offset the 
capital investment. For the analysis, O&M costs from 2015 to 2058 were used; this covers project 
construction period and a period of approximately 40 years after project completion. The total annual 
O&M costs for each scenario are presented in Table 5. Certain costs were included in the base O&M 
estimate and will not change under P3 delivery, including the cost for replacing knockdowns of 35’ to 
50’ poles, and the cost due to wire theft. Within the risk analysis, an uncertainty range of +/- 5% was 
applied to the annual O&M costs. More detailed documentation of the base O&M cost estimates by 
item is provided in Appendix D.  
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TABLE 4: BASE CAPITAL COST BY ITEM AND SCENARIO (2015 DOLLARS) 

DESCRIPTION DBB DB DBOM DBFOM 

PMD Freeway System Lighting $34,539,100 $32,236,493 $29,933,887 $29,933,887 

100W Roadway Fixture LED Replacement  $11,700 $10,920 $10,140 $10,140 

150W Roadway Fixture LED Replacement  $389,000 $363,067 $337,133 $337,133 

250W Roadway Fixture LED Replacement  $5,078,400 $4,739,840 $4,401,280 $4,401,280 

310W Roadway Fixture LED Replacement  $248,400 $231,840 $215,280 $215,280 

400W Roadway Fixture LED Replacement  $24,613,600 $22,972,693 $21,331,787 $21,331,787 

Tunnel Fixture LED Replacement  
(100W, 150W, 250W) 

$1,446,000 $1,349,600 $1,253,200 $1,253,200 

Underpass Fixture LED Replacement  
(100W, 150W, 250W) 

$2,752,000 $2,568,533 $2,385,067 $2,385,067 

Fixture Monitor/Control System  $3,500,000 $3,500,000 $3,500,000 $3,500,000 

Subtotal Freeway Lighting Upgrade Constr. $38,039,100 $35,736,493 $33,433,887 $33,433,887 

Design:  Percent of Construction Cost 10% 5% 5% 5% 

Cost $3,803,910 $1,786,825 $1,671,694 $1,671,694 

Construction Engineering:  Percent of Constr. Cost  15% 14% 10% 10% 

Cost $5,705,865 $5,003,109 $3,343,389 $3,343,389 

Subtotal Freeway Lighting Upgrade $47,548,875 $42,526,427 $38,448,970 $38,448,970 

I-10 Deck Park Tunnel Lighting fixtures $11,280,000 $10,528,000 $9,776,000 $9,776,000 

Fixture Control/Monitoring System $470,000 $470,000 $470,000 $470,000 

Mounting Brackets $188,000 $175,467 $162,933 $162,933 

Miscellaneous Items (20% of above costs) $2,387,600 $2,234,693 $2,081,787 $2,081,787 

Subtotal Tunnel Lighting Upgrade Constr. $14,325,600 $13,408,160 $12,490,720 $12,490,720 

Design:  Percent of Constr. Cost 12% 7% 7% 7% 

Cost $1,432,560 $938,571 $874,350 $874,350 

Construction Engineering:  Percent of Constr. Cost 15% 14% 10% 10% 

Cost $2,148,840 $1,877,142 $1,249,072 $1,249,072 

Contingency - Added in Cost-Risk Assessment     

Subtotal Deck Park Tunnel Lighting Upgrade  $17,907,000 $16,223,874 $14,614,143 $14,614,143 

Subtotal Capital Cost $65,455,876 $58,750,301 $53,063,112 $53,063,112 

Developer G&A and Profit:  Percent of subtotal 0.0% 0.0% 7.0% 9.5% 

Cost   $3,714,418 $5,040,996 

TOTAL ESTIMATED DIRECT COST $65,455,876 $58,750,301 $56,777,530 $58,104,108 

ADOT Procurement Cost* $200,000 $500,000 $1,600,000 $1,800,000 

ICAP Allocation (10% of Total Cost) $6,565,588 $5,925,030 $5,837,753 $5,990,411 

TOTAL FREEWAY LIGHTING UPGRADE COST $72,221,463 $65,175,331 $64,215,283 $65,894,519 
* Assumes no stipend 
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TABLE 5: BASE OPERATIONS AND MAINTENANCE COST BY SCENARIO (2015 DOLLARS) 

Year Base Annual O&M Cost 

 DBB Scenario DB Scenario DBOM Scenario DBFOM Scenario 

2015 $7,486,866 $7,486,866 $7,486,866 $7,486,866 

2016 $7,486,866 $7,486,866 $7,486,866 $7,486,866 

2017 $7,486,866 $5,887,359 $4,820,413 $4,820,413 

2018 $7,212,720 $4,843,223 $4,247,727 $4,172,727 

2019 $6,823,573 $4,538,567 $4,372,227 $4,372,227 

2020 $6,590,782 $4,482,713 $4,372,227 $4,372,227 

2021 $6,510,245 $4,472,713 $4,372,227 $4,372,227 

2022 $5,164,499 $4,482,713 $4,382,727 $4,382,727 

2023 $5,169,499 $4,482,713 $4,544,394 $4,544,394 

2024 $4,482,713 $4,713,665 $4,544,394 $4,544,394 

2025 $4,532,513 $4,713,665 $4,544,394 $4,544,394 

2026 $4,532,513 $4,713,665 $4,544,394 $4,544,394 

2027 $4,532,513 $4,713,665 $4,544,394 $4,544,394 

2028 $4,713,665 $4,713,665 $4,921,615 $4,921,615 

2029 $4,713,665 $5,252,553 $5,460,503 $5,460,503 

2030 $4,829,865 $6,022,393 $5,460,503 $5,460,503 

2031 $4,995,865 $6,022,393 $5,460,503 $5,460,503 

2032 $4,995,865 $6,022,393 $5,460,503 $5,460,503 

2033 $5,418,553 $6,022,393 $5,460,503 $5,460,503 

2034 - 2058 $6,022,393 $6,022,393 $5,460,503 $5,460,503 

 

4.4 PROJECT SCHEDULES         

Substantial completion dates for each scenario under the base schedule (not allowing for any delay 
due to risk factors), assuming project initiation on January 2015, are as follows: 

• DBB (Second Contract): November 2021 

• DB: January 2019 

• DBOM: September 2019 

• DBFOM: September 2018 

Schedule flowcharts identifying scenario activities and milestones for the base schedule are provided in 
Appendix A. Flowcharts represent the baseline schedules, in the absence of any risks. They serve as the 
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backbone for the analysis in that all base costs and risks are assigned to the activities identified in 
them. The flowcharts illustrate the following:  

• Activities are identified with a sequential number. 

• Each activity is represented by a shaded box; blue shaded boxes represent construction activity 
and orange shaded boxes represent activities prior to construction. 

• Milestones are represented by yellow diamonds.  

• The arrows connecting the activities represent dependencies between activities and illustrate 
project activity schedule logic. 

The risk-adjusted schedules are shown in Section 5.4. 

5. RISK ANALYSIS AND COST ASSUMPTIONS 

A CRA was conducted to analyze the Project cost (both capital, and operations and maintenance) and 
schedule, within a risk assessment framework for each of the four delivery scenarios evaluated: DBB, 
DB, DBOM, and DBFOM.  

5.1 COST RISK ASSESSMENT OVERVIEW 

Traditional cost estimating methods use the best quantity and price estimates to determine a single 
project cost estimate and use contingency factors, depending on the level of design, to account for the 
variability. The larger the project scale, the less effective this conventional approach. Instead, risk-
based estimating is a more appropriate approach. In CRA, instead of applying top-down uniform 
contingency markups, specific risk events are identified and quantified. The quantified risks are added 
to baseline costs to estimate a new, risk-adjusted cost. 

The first step of a CRA involves establishing the baseline by reviewing existing cost and schedule 
documents and ensuring that they are in line with the project’s scope. The cost estimate review 
involves working with independent cost estimators to determine their level of confidence in the 
existing cost estimate, and develop uncertainty ranges (confidence intervals) to reflect the inherent 
uncertainties in quantities and unit prices. Additionally, unit prices are reviewed relative to past and 
current local and national trends.  

The initial estimate, developed by the Project team, usually includes contingency, without regard to 
specific risk events. The risk analysis process requires separating the base component out of the 
project team’s initial estimate. The base component, or base estimate, is defined as the project cost, if 
the project were to go exactly as planned, without contingencies. At this stage, all contingencies are 
documented and removed from the cost estimate; they will later be replaced by specific event risks. 
The baseline cost and schedule are presented in Section 4. 

Key project activities in the project schedule are reviewed and an activity flowchart is created, which 
illustrates the sequencing of, and dependencies between the activities. The flowchart is different from 
a Gantt chart as the flowchart focuses on activities that may face similar risks at the strategic, rather 
than operational level. The flowchart is a critical element of the quantitative assessment of cost and 
schedule risks, as it serves as the backbone for the analysis. During model development, all project 
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costs, uncertainties and risks will be assigned to specific activities within the flowchart. The flowchart 
will also guide the coding of schedule dependencies and determination of critical paths. Also, during 
the cost estimate review phase, cost elements are assigned to specific activities within the project 
flowchart, which is discussed further below. 

Once the baseline is established, key project risks are identified and quantified within a risk assessment 
workshop. Experts from the project team, key project stakeholders, and external subject matter 
experts, who have a valued perspective on potential project risks, collaborate through a workshop 
setting to populate the risk register. The likelihood and potential impact of each event risk are 
quantified during the workshop. This quantification is achieved through a consensus-based approach, 
facilitated by the Risk Lead. These quantified risk events are evaluated within a Monte Carlo simulation 
model to estimate probability distributions for project cost and schedule outcomes. Once project risks 
are identified, their quantified impacts are added to the baseline cost to estimate a new, risk-adjusted 
final cost. In particular, impacts are quantified with probability distributions, which in turn produce 
probability distributions of the results. 

5.2 COST RISK ASSESSMENT METHODOLOGY 

CRA is part of a comprehensive risk management process that is designed to: 

• Encourage pro-activity and early planning;  

• Build confidence and credibility in project’s plans and estimates; 

• Develop targeted mitigation strategies for all anticipated threats; 

• Improve allocation of risks and identification of project delivery methods; 

• Improve budgeting and financial planning for projects; and  

• Ensure transparency, integrity, and accountability throughout the life-cycle of the project. 

The initial risk analysis workshop was held on March 31, 2015 in the ADOT office in Phoenix, Arizona. 
The workshop used a collaborative process, facilitated by a risk analysis expert, to engage the 
participants, including representatives from ADOT and other consultants. The process was designed to 
identify and quantify possible risk events and their associated cost and schedule impacts to both 
capital construction, and operations and maintenance portions of the project. The evaluation was 
conducted for the Project commensurate with the level of project development. Hence, the 
assessment represents a “snapshot” of the Project under the conditions known at the time of the 
analysis. The initial workshop examined the DBFOM and DBB scenarios. An additional update session 
was held on July 7, 2015 to include the DBOM and DB scenarios, and perform an update of the risk 
profile. 

The objectives of the CRA include: 

• Develop a common understanding among participants attending the CRA workshop regarding 
the Project’s characteristics, schedule, costs, and risk issues. 

• Review and validate the Project’s base capital cost, and operations and maintenance estimate.   
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• Quantify uncertainty around the Project’s base capital cost, and operations and maintenance 
estimate.   

• Review and validate the Project’s base schedule and develop the activity flowchart.   

• Identify and quantify cost and schedule risks, and assign the risk to the appropriate flowchart 
activity. 

• Develop a custom risk analysis model to quantify the Project’s risk-adjusted cost and schedule. 

A total of 19 active capital cost and schedule risks were developed, along with an additional 14 active 
operations and maintenance risks, across the four scenarios. Details of the risks applied in the model 
are summarized in the Risk Register, provided in Appendix C.  

5.3 RISK-ADJUSTED COST ESTIMATES 

TOP COST RISKS 

This section presents the top cost risks to the DBB, DB, DBOM, and DBFOM scenarios, as identified in 
the CRA workshops. These risks are presented in cost “tornado diagrams.” The cost tornado chart 
shows the top cost risks based on the expected value of their cost impact. Risk names are listed along 
the vertical axis, and the expected impact of the risk is shown along the horizontal axis. Risks in the 
tornado diagram are ranked in descending order, with the largest risk at the top of the diagram. The 
expected value impacts are shown in terms of millions of dollars that each risk will add to/subtract 
from the total project cost. The overall impact of the risk may be comprised of three components: the 
impact caused by the risk occurring (risk cost impact), impact due to escalation, and extended 
overhead costs caused by project delay. 

The risk cost impact is measured as the probability of the risk times the mean cost impact developed 
during the CRA Workshop. Escalation impacts are the additional costs borne by a project and 
attributed to a schedule delay risk. Extended overhead costs are increases in project management 
expenses incurred as a result of a schedule delay risk that extends the duration of a project and 
requires extended management oversight. 

RISK-ADJUSTED CAPITAL AND O&M COST RESULTS 

The risk-adjusted capital and O&M cost results are also presented in this section for each of the four 
scenarios using figures showing the cumulative probability distribution, or “S-curve.”  The S-curve, 
shown in red, represents the possible values the project cost could take, expressed in year-of-
expenditure (YOE) dollars, as well as the probability of not exceeding each value.  

The risk-adjusted cost includes base cost, base uncertainty (uncertainty in the quantities and unit 
prices), risk event cost and schedule impacts (threats and opportunities), and the escalation to risk-
adjusted schedule and overheard delay costs. The S-curve allows the use of risk-adjusted cost values 
based on the confidence level required for the project. For this analysis the 70th percentile risk-
adjusted cost is used for all four delivery options. For more information on risks affecting the risk-
adjusted O&M costs, refer to the Risk Register in Appendix C.   
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Design-Bid-Build  

As shown in Figure 7, under a DBB delivery, there is an opportunity to reduce the number of luminaires  
replaced. There are threats associated with delay in funding, lighting standards, and need to replace 
slip-base style poles. For a detailed description of each of these risks, refer to the Risk Register in 
Appendix C.  

 
FIGURE 7: CAPITAL COST RISK FACTORS TORNADO DIAGRAM, DBB 
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Figure 8 presents the probabilistic capital cost results for the DBB scenario. As shown below, the risk-
adjusted YOE capital cost under DBB delivery at the 70th percentile is $94.7 million, which is $14.4 
million more than the YOE base capital cost of $80.3 million. The risk analysis shows that the 10th and 
90th percentile YOE capital costs are $83.0 million and $99.6 million, respectively. Therefore, there is 
80% confidence that, under a DBB delivery, the YOE capital cost will be between $83.0 million and 
$99.6 million. 

 
FIGURE 8: RISK ADJUSTED CAPITAL COST, DBB 
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Figure 9 details the O&M cost results for the DBB scenario. The risk-adjusted O&M cost for the DBB 
scenario at the 70th percentile is $464.6 million. The risk analysis shows that the 10th and 90th 
percentile O&M costs are $440.4 million and $471.7 million, respectively. Therefore, there is 80% 
confidence that, under the DBB scenario, the O&M cost will be between $440.4 million and $471.7 
million. This is the total O&M cost over the period from 2015 through 2058, the years over which the 
risk model was run. The corresponding base annual costs before the risk assessment are shown in 
Figure 5. The O&M costs used in the VfM total are only from the years 2015 through 2038; the total 
during this period is $242.6 million as shown in Figure 7. 

 
 FIGURE 9: RISK ADJUSTED O&M COST, DBB 
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Design-Build 

As shown in Figure 10, under a DB delivery, there is an opportunity to reduce the number of lights 
replaced. There are threats associated with delay in funding, delay in RFP development, lighting 
standards, and need to replace slip-base style poles. For a detailed description of each of these risks, 
refer to the Risk Register in Appendix C.  

 
FIGURE 10: CAPITAL COST RISK FACTORS TORNADO DIAGRAM, DB 
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Figure 11 presents the probabilistic capital cost results for the DB scenario. As shown below, the risk-
adjusted YOE capital cost under DB delivery at the 70th percentile is $74.3 million, which is $5.2 million 
more than the YOE base capital cost of $69.1 million. The risk analysis shows that the 10th and 90th 
percentile YOE capital costs are $67.2 million and $77.3 million, respectively. Therefore, there is 80% 
confidence that, under a DB delivery, the YOE capital cost will be between $67.2 million and $77.3 
million. 

 
FIGURE 11: RISK-ADJUSTED TOTAL COST, DB 
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As shown in Figure 12, the risk-adjusted O&M cost for the DB scenario at the 70th percentile is $458.9 
million. The risk analysis shows that the 10th and 90th percentile project O&M costs are $433.7 million 
and $465.7 million, respectively. Therefore, there is 80% confidence that, under the DB scenario, the 
project O&M cost will be between $433.7 million and $465.7 million. This is the total O&M cost over 
the period from 2015 through 2058, the years over which the risk model was run. The corresponding 
base annual costs before the risk assessment are shown in Figure 5. The O&M costs used in the VfM 
total are only from the years 2015 through 2038; the total during this period is $184.2 million as shown 
in Figure 7. 

 
FIGURE 12: RISK ADJUSTED O&M COST, DB 
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Design-Build-Operate-Maintain 

As shown in Figure 13, under a DBOM delivery, there is an opportunity to reduce the number of lights 
replaced. There are also threats associated with delay in funding, delay in RFP development, lighting 
standards, and need to replace slip-base style poles. For a detailed description of each of these risks, 
refer to the Risk Register in Appendix C.  

 
FIGURE 13: CAPITAL COST RISK FACTORS TORNADO DIAGRAM, DBOM 
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As shown in Figure 14, the risk-adjusted YOE capital cost under the DBOM scenario at the 70th 
percentile is $73.0 million, which is $5.6 million more than the YOE base capital cost of $67.4 million. 
The risk analysis shows that the 10th and 90th percentile YOE capital costs are $66.2 million and $75.8 
million, respectively. Therefore, there is 80% confidence that, under the DBOM scenario, the YOE 
capital cost will be between $66.2 million and $75.8 million. 

 
FIGURE 14: RISK ADJUSTED CAPITAL COST, DBOM 
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As shown in Figure 15, the risk-adjusted O&M cost for the DBOM scenario at the 70th percentile is 
$419.8 million. The risk analysis shows that the 10th and 90th percentile O&M costs are $391.5 million 
and $427.9 million, respectively. Therefore, there is 80% confidence that, under the DBOM scenario, 
the O&M cost will be between $391.5 million and $427.9 million. This is the total O&M cost over the 
period from 2015 through 2058, the years over which the risk model was run. The corresponding base 
annual costs before the risk assessment are shown in Figure 5. The O&M costs used in the VfM total 
are only from the years 2015 through 2038; the total during this period is $166.8 million as shown in 
Figure 7. 

 
FIGURE 15: RISK ADJUSTED O&M COST, DBOM 
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Design-Build-Finance-Operate-Maintain 

As shown in Figure 16, under the DBFOM scenario, there is an opportunity to reduce the number of 
lights replaced. There are also threats associated with delay in the development of the RFP, lighting 
standards, and need to replace slip-base style poles. For a detailed description of each of these risks, 
refer to the Risk Register in Appendix C.  

 
FIGURE 16: CAPITAL COST RISK FACTORS TORNADO DIAGRAM, DBFOM 
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As shown in Figure 17, the risk-adjusted YOE capital cost for the DBFOM scenario at the 70th percentile 
is $74.9 million, which is $5.8 million more than the YOE base capital cost of $69.1 million. The risk 
analysis shows that the 10th and 90th percentile YOE capital costs are $67.8 million and $77.7 million, 
respectively. Therefore, there is 80% confidence that, under the DBFOM scenario, the YOE capital cost 
will be between $67.8 million and $77.7 million. 

 

FIGURE 17: RISK ADJUSTED CAPITAL COST, DBFOM 
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As shown in Figure 18, the risk-adjusted O&M cost for the DBFOM scenario at the 70th percentile is 
$419.9 million. The risk analysis shows that the 10th and 90th percentile O&M costs are $391.3 million 
and $428.4 million, respectively. Therefore, there is 80% confidence that, under the DBFOM scenario, 
the O&M cost will be between $391.3 million and $428.4 million. This is the total O&M cost over the 
period from 2015 through 2058, the years over which the risk model was run. The corresponding base 
annual costs before the risk assessment are shown in Figure 5. The O&M costs used in the VfM total 
are only from the years 2015 through 2038; the total during this period is $166.7 million as shown in 
Figure 7. 

 

FIGURE 18: RISK ADJUSTED O&M COST, DBFOM 

 
 

5.4 RISK-ADJUSTED SCHEDULES 

This section presents the top schedule risks to the DBB, DB, DBOM, and DBFOM scenarios, as identified 
in the CRA workshops. These risks are presented in schedule tornado diagrams. The risk-adjusted 
schedule results are presented for each of the four scenarios using figures showing the cumulative 
probability distribution, or “S-curve.”  The S-curve represents the possible values the project schedule 
could take, expressed in years, as well as the probability of exceeding each value.  
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Design-Bid-Build  

Figure 19 shows the expected value of the schedule impact for each top risk event. The expected value 
of each risk is calculated as the product of the risk’s probability of occurrence and the risk’s schedule 
impact as provided by the experts at the workshops. As shown, under a DBB delivery, there is a risk of 
funding delay for both the freeway and tunnel portions of the Project. For a detailed description of 
these risks, refer to the Risk Register in Appendix C. 

 
FIGURE 19: SCHEDULE RISK FACTORS TORNADO DIAGRAM, DBB 
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Figure 20 presents the probabilistic distribution of the expected project completion date under DBB 
delivery. The risk-adjusted project completion date at the 70th percentile is February, 2024, which is 
27.2 months later than the base completion date of November, 2021. The risk analysis shows that the 
10th and 90th percentile project completion dates are November, 2021 and October, 2024, respectively. 
Therefore, there is 80% confidence that, under a DBB delivery, the project will be completed between 
those two dates. 

 
FIGURE 20: RISK ADJUSTED PROJECT SCHEDULE, DBB 
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Design-Build 

As can be seen in Figure 21, under DB delivery, there are risks associated with delays in funding and 
RFP development. Part of this risk is reflected in the base case schedule; under DB delivery, ADOT 
would need to procure a general engineering consultant (GEC) to assist in preparing procurement 
documents for the DB procurement. (With DBOM and DBFOM, ADOT can have its P3 program 
management consultant prepare these documents so one additional procurement process is 
eliminated.) For a detailed description of these risks, refer to the Risk Register in Appendix C. 

 
FIGURE 21: SCHEDULE RISK FACTORS TORNADO DIAGRAM, DB 
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Figure 22 presents the probabilistic distribution of the expected project completion date under DB 
delivery. As shown below, the risk-adjusted project completion date at the 70th percentile is May, 
2019, which is 4.2 months later than the base completion date of January, 2019. The risk analysis 
shows that the 10th and 90th percentile project completion dates are January, 2019 and July, 2019, 
respectively. Therefore, there is 80% confidence that, under a DB delivery, the project will be 
completed between those two dates. 

 
FIGURE 22: RISK ADJUSTED PROJECT SCHEDULE, DB 
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Design-Build-Operate-Maintain 

Figure 23 shows the expected value of the schedule impact for each top risk event. As shown, under a 
DBOM delivery, there are risks of funding delay and RFP development delay. For a detailed description 
of these risks, refer to the Risk Register in Appendix C. 

 
FIGURE 23: SCHEDULE RISK FACTORS TORNADO DIAGRAM, DBOM 
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Figure 24 presents the probabilistic distribution of the expected project completion date under DBOM 
delivery. The risk-adjusted project completion date at the 70th percentile is January, 2019, which is 4.2 
months later than the base completion date of September, 2018. The risk analysis shows that the 10th 
and 90th percentile project completion dates are September, 2018 and March, 2019, respectively. 
Therefore, there is 80% confidence that, under the DBOM scenario, the project will be completed 
between those two dates. 

 
FIGURE 24: RISK ADJUSTED PROJECT SCHEDULE, DBOM 
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Design-Build-Finance-Operate-Maintain 

Figure 25 shows the expected value of the schedule impact for the top event risk. As shown, under the 
DBFOM scenario, there is a risk of delay in the development of the RFP. For a detailed description of 
this risk, refer to the Risk Register in Appendix C. 

 

FIGURE 25: SCHEDULE RISK FACTORS TORNADO DIAGRAM, DBFOM 
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Figure 26 presents the probabilistic distribution of the expected project completion date under the 
DBFOM scenario. The risk-adjusted project completion date at the 70th percentile is December, 2018, 
which is 3.9 months later than the base completion date of September, 2018. The risk analysis shows 
that the 10th and 90th percentile project completion dates are September, 2018 and February, 2019, 
respectively. Therefore, there is 80% confidence that, under the DBFOM scenario, the project will be 
completed between those two dates. 

 

FIGURE 26: RISK ADJUSTED PROJECT SCHEDULE, DBFOM 

 
 

5.5 CASH FLOW RESULTS 

By combining the risk-adjusted capital cost and schedule results with the risk-adjusted O&M cost, 
probabilistic cash flow results are developed. The cash flow results represent the 70th percentile capital 
cost, plotted along the 70th percentile project completion schedule, along with the 70th percentile 
O&M cost. The cash flow characterizes the 70th percentile costs over each scenario’s analysis period. 
These cash flow results are fed into the financial model and drive the quantitative results of the VfM 
analysis. Appendix E presents the 70th percentile cash flow tables for each of the four analyzed 
scenarios. 
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6. VALUE FOR MONEY ANALYSIS RESULTS 

6.1 ASSUMPTIONS 

The financing assumptions for the VfM analysis are shown in Table 6. 

 
TABLE 6: VFM FINANCING ASSUMPTIONS 

 VfM Financing Assumptions 

 DBB Scenario DB Scenario DBOM Scenario DBFOM Scenario 

Project Activities 
Financed 

• Design of 
Freeway Lighting 
Upgrade & 
Energy Audit 

• Construction 

• Design of 
Freeway Lighting 
Upgrade & 
Energy Audit 

• Construction 

• Design of 
Freeway Lighting 
Upgrade & 
Energy Audit 

• Construction 

• Design of Freeway Lighting 
Upgrade & Energy Audit 

• Construction 

Public Financing • Term: 2017 
Issue 22 yrs 

• Term: 2021 
Issue 18 yrs 

• Term: 2023 
Issue 16 yrs 

• Interest Rate: 
4.0% 

• Issuance Costs: 
0.85% 

• Term: 2017 Issue 
22 yrs 

• Interest Rate: 
4.0% 

• Issuance Costs: 
0.85% 

• Term: 2017 
Issue: 22 yrs 

• Interest Rate: 
4.0% 

• Issuance Costs: 
0.85% 

 

Private Financing:  
90% Financing/ 10% 
Equity 

   Financing Share Assumptions 
• Issued in 2017  
• 2 years capitalized interest 
• Interest Rate: 5% 
• Term: 22 years 
• Issuance Cost: 2.5% 
• Reserve Fund: 8.0% 
Equity Share Assumptions 
• Funding in 2017  
• 2 years capitalized interest 
• 12% Return on Investment 

 

6.2 PAYBACK PERIOD 

As shown in Table 7, a key benefit of the Project, no matter which delivery approach is chosen, is that 
ADOT will achieve O&M cost savings compared to the current HPS lighting. Over time, the cumulative 
annual O&M cost savings will, in essence, pay back ADOT for the initial capital cost to upgrade the 
freeway lighting. Figure 27 compares the payback period for each delivery approach. Specifically, the 
intersection of the risk adjusted capital cost estimate (dotted line) with the respective cumulative 
annual O&M cost savings (solid line), for each delivery approach, indicates the year when the payback 
would be achieved.  
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The following are the anticipated payback periods for the four scenarios:  

• DBB: 31 years (2019 to 2050) 

• DB: 25 years (2017 to 2042) 

• DBOM: 21 years (2017 to 2038) 

• DBFOM: 21 years (2017 to 2038)   

 
TABLE 7: COMPARISON OF ANNUAL O&M COSTS 

Year Annual O&M Costs (YOE Dollars in Millions) 

 No Action DBB Scenario DB Scenario DBOM Scenario DBFOM Scenario 

2015 $7.6 $7.7 $7.7 $7.7 $7.7 

2016 $7.7 $7.8 $7.8 $7.9 $7.9 

2017 $7.9 $8.0 $6.3 $5.2 $5.2 

2018 $8.1 $7.9 $5.3 $4.7 $4.5 

2019 $8.3 $7.6 $5.0 $4.8 $4.8 

2020 $8.5 $7.5 $5.1 $4.9 $4.9 

2021 $8.7 $7.6 $5.2 $5.0 $5.0 

2022 $8.9 $6.2 $5.3 $5.1 $5.1 

2023 $9.1 $6.3 $5.4 $5.4 $5.5 

2024 $9.3 $5.5 $5.8 $5.6 $5.6 

2025 $9.6 $5.8 $6.0 $5.7 $5.7 

2026 $9.8 $5.9 $6.2 $5.9 $5.9 

2027 $10.1 $6.1 $6.3 $6.0 $6.0 

2028 $10.3 $6.5 $6.5 $6.7 $6.7 

2029 $10.6 $6.6 $7.4 $7.7 $7.7 

2030 $10.9 $7.0 $8.7 $7.9 $7.9 

2031 $11.1 $7.4 $8.9 $8.1 $8.1 

2032 $11.4 $7.6 $9.2 $8.3 $8.3 

2033 $11.7 $8.5 $9.4 $8.5 $8.5 

2034 $12.0 $9.6 $9.6 $8.7 $8.7 

2035 $12.3 $9.9 $9.9 $8.9 $8.9 

2036 $12.6 $10.1 $10.1 $9.1 $9.2 

2037 $13.0 $10.4 $10.4 $9.4 $9.4 

2038 $13.3 $10.7 $10.7 $9.6 $9.6 

Total $242.6 $184.2 $178.3 $166.8 $166.7 

Comparison to No Action -$58.5 -$64.4 -$75.8 -$75.9 
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FIGURE 27: PAYBACK PERIODS 

 
 

6.3 DELIVERY METHOD THAT PROVIDES BEST VALUE TO ADOT 

Based on the CRA and the VfM analyses performed, the delivery method that provides the best value 
to ADOT is DBOM. Figure 28 illustrates the ADOT costs and Developer payments for each delivery 
method, and Table 8 lists the costs. 

Net Present Value (NPV) of the total cost including the capital costs, the O&M costs, and the financing 
costs was computed using a discount rate of 3.5%. DBB delivery scenario was used as the baseline for 
comparison. Total project cost under DB, DBOM, and DBFOM delivery scenarios was compared to that 
under the DBB scenario. It can be seen from Table 8 that DBFOM is the most expensive option with -8% 
savings over the baseline, DBB scenario. While DB brings a savings of 4.0%, DBOM achieves a higher 
savings of 10.0%. In other words, the NPV of the DBOM total cost is $20.6 million less than that of the 
baseline DBB delivery method. 
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FIGURE 28: COST COMPARISION OF DELIVERY METHODS (NPV) 
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TABLE 8: COST COMPARISION OF DELIVERY METHODS 

Total Uses DBB DB DBOM DBFOM 

(millions $) YOE NPV YOE NPV YOE NPV YOE NPV 

ADOT COSTS $317.3  $206.8  $289.1  $187.8  $144.2  $101.3  $36.8  $29.9  

Annual O&M Costs $184.2  $120.7  $178.3  $113.9  $34.8  $27.9  $34.8  $27.9  

Capital Costs $133.1  $86.0  $110.8  $74.0  $109.4  $1.8  $2.1  $2.0  

ADOT Procurement 
Activities 

$2.1  $1.9  $0.6  $0.5  $1.9  $1.8  $2.1  $2.0  

Repayment of 
Principal 

$91.8  $56.7  $72.4  $45.7  $70.7        

Finance Costs/ 
Interest 

$39.2  $27.5  $37.8  $27.7  $36.9        

PAYMENT TO DEVELOPER         $136.5  $83.2  $288.8  $191.4  

Annual O&M Costs         $136.5  $83.2  $136.4  $83.1  

Equity Investment             $25.3  $17.9  

Repayment of 
Principal 

            $9.4  $5.9  

Finance Costs/ 
Interest 

            $15.8  $12.0  

Private Financing             $127.1  $90.3  

Repayment of 
Principal 

            $79.2  $53.3  

Finance Costs/ 
Interest 

            $47.9  $37.1  

Total Uses $317.3  $206.8  $289.1  $187.8  $280.7  $184.5  $325.7  $221.3  

Comparison to DBB (NPV)   NA   ($18.92)   ($22.2)   $14.5  

% Savings   NA   9.1%   10.8%   -7.0% 

Note: NPV at 3.5% 

 

6.4 QUALITATIVE ANALYSIS 

The Project will achieve a number of ADOT’s objectives by reconfiguring the lighting in the Deck Park 
Tunnel to meet full engineering standards and updating the technology of the existing freeway lighting 
by replacing all HPS with LED. The following benefits will be achieved regardless of the delivery method 
selected for this project. The improved technology will reduce energy consumption while allowing for 
improved measurement of the power consumed. Conversion to LED lighting and the associated 
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technology will allow for improved monitoring of light outages, increased control of light distribution 
patterns and lighting levels, and reduced hazardous waste generated as a result of less frequent 
replacement of luminaires throughout the PMD. The conversion will also result in improved safety and 
security for motorists. Additionally, while not included in the financial analysis, the potential risk of 
claims from a major accident in the Deck Park Tunnel, for which the current substandard lighting could 
potentially be found as a contributing factor, would be eliminated. 

The alternative delivery methods that implement the project faster will result in enhanced benefits, 
because the systems will be operational sooner and the outdated HPS lighting will be replaced earlier. 

7. RECOMMENDATION 

The quantitative analysis concluded that the DBOM delivery method provides the best value to ADOT, 
and the qualitative analysis concluded that a P3 delivery method (DBOM or DBFOM) will deliver 
benefits associated with the Project to the public faster. The study also included analyzing ADOT’s costs 
(power consumption and O&M) associated with the no-build option. Compared to the no-build option, 
delivering this project via DBOM will require a total of $4.5 million in additional funding, or 
approximately $740,000 per year above the anticipated rate of spending under the no-build option 
between 2019 and 2025. However, beginning in 2026, under a DBOM delivery, the annual O&M costs 
would be less than the anticipated rate of spending with no project resulting in a total savings of $17.5 
million over the analysis period. Figure 29 illustrates the cost curve over time for DBOM delivery. The 
presentation of the results from this analysis is included in Appendix G. 

ADOT also has the option of utilizing DBFOM delivery in the event State funding is currently not 
available to implement this Project now. If the freeway lighting upgrade project were to be delivered 
as a DBFOM, the only upfront cost would be approximately $2 million for procurement but the annual 
cost after upgrade would be approximately $2.3 million per year more than current O&M cost for the 
next 20 years and then the annual savings of $3 to $4 million would continue indefinitely. 

However, the recommendation of this business case is to deliver the Freeway Lighting Upgrade Project 
through a DBOM delivery method if State funds can be made available in a timely manner. 
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FIGURE 29: ANNUAL AND CUMULATIVE FUNDING/SAVINGS FOR DBOM 
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APPENDIX A – BASE SCHEDULE FLOWCHARTS 

 

Appendix A 
Base Schedule Flowcharts 
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Appendix A, Exhibit 1. DBB Flowchart 
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Appendix A, Exhibit 2. DB Flowchart 
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Exhibit 3. DBOM & DBFOM Flowchart 
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APPENDIX B – BASE CAPITAL COST ESTIMATE 

 

Appendix B 
Base Capital Cost Estimate 
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Base Capital Cost, including ICAP, with Uncertainty by Flowchart Activity – DBB 
Scenario 

Activity ID Activity Name Low Base High 

DBB-100 ADOT Decision on Delivery Method $0 $0 $0 

DBB-110 Design of Tunnel Lighting RFQ Development $41,800 $44,000 $50,600 

DBB-120 Issue RFQ for Design of Tunnel Lighting Upgrade $0 $0 $0 

DBB-130 Selection of Designer for Tunnel Lighting Upgrade $41,800 $44,000 $50,600 

DBB-140 NTP for Design of Tunnel Lighting Upgrade $0 $0 $0 

DBB-150 Design of Tunnel Lighting Upgrade $1,497,025 $1,575,816 $1,812,188 

DBB-160 Design of Tunnel Lighting Upgrade Complete $0 $0 $0 

DBB-170 Development of Request for Bids for Tunnel Lighting 
Upgrade $10,450 $11,000 $12,650 

DBB-180 Issue Request for Bids for Tunnel Lighting Upgrade $0 $0 $0 

DBB-190 Evaluate Bids for Tunnel Lighting Upgrade $10,450 $11,000 $12,650 

DBB-200 NTP for Tunnel Lighting Upgrade $0 $0 $0 

DBB-210 Tunnel Lighting Upgrade Construction $17,215,790 $18,121,884 $20,840,167 

DBB-220 Tunnel Lighting Upgrade Complete $0 $0 $0 

DBB-225 Operations and Maintenance Tunnel Lighting Period $0 $0 $0 

DBB-227 End of Analysis Period Tunnel $0 $0 $0 

DBB-230 Issue RFQ for Design of Freeway Lighting Upgrade & 
Energy Audit $41,800 $44,000 $50,600 

DBB-240 Selection of Designer for Freeway Lighting Upgrade & 
Energy Audit $41,800 $44,000 $50,600 

DBB-250 NTP for Design of Freeway Lighting Upgrade & Energy 
Audit $0 $0 $0 

DBB-260 Design of Freeway Lighting Upgrade & Energy Audit $3,975,086 $4,184,301 $4,811,946 

DBB-270 Design & Energy Audit Complete $0 $0 $0 

DBB-280 Preparation for Request for Bids for Freeway Lighting 
Upgrade $10,450 $11,000 $12,650 

DBB-290 Issue Request for Bids for Freeway Lighting Upgrade $0 $0 $0 

DBB-300 Evaluate Bids for Freeway Lighting Upgrade $10,450 $11,000 $12,650 

DBB-310 NTP for Freeway Lighting Upgrade $0 $0 $0 

DBB-320 Freeway Lighting Upgrade Construction $45,713,488 $48,119,462 $55,337,381 
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Activity ID Activity Name Low Base High 

DBB-330 Freeway Lighting Upgrade Complete $0 $0 $0 

DBB-340 Operations and Maintenance Freeway Lighting Period $0 $0 $0 

DBB-350 End of Analysis Period Freeway $0 $0 $0 

DBB-360 DBB Project Complete $0 $0 $0 

Total $68,610,389 $72,221,463 $83,054,682 

 

Base cost uncertainty for the DBB scenario for each activity uses an uncertainty range of -5% 
to +15%. 
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Base Capital Cost with Uncertainty by Flowchart Activity – DB Scenario 

Activity 
ID Activity Name Low Base High 

DB-105 Procurement for GEC $26,125 $27,500 $30,250 

DB-110 RFQ Development $78,375 $82,500 $90,750 

DB-120 Issue RFQ $0 $0 $0 

DB-130 RFP Development $391,875 $412,500 $453,750 

DB-140 Issue RFP $0 $0 $0 

DB-150 Developers Create their Proposals $0 $0 $0 

DB-160 Receive Proposals $0 $0 $0 

DB-170 Review Proposals and Select Developer $26,125 $27,500 $30,250 

DB-200 NTP $0 $0 $0 

DB-210 Construction of Upgrade Work $49,276,547 $51,870,050 $57,057,055 

DB-215 ADOT CE During Construction $6,536,239 $6,880,251 $7,568,277 

DB-219 ICAP During Construction $5,581,279 $5,875,030 $6,462,533 

DB-220 Complete Upgrade Work $0 $0 $0 

DB-230 Operations & Maintenance Period $0 $0 $0 

DB-240 End of Analysis Period $0 $0 $0 

DB-250 Project Complete $0 $0 $0 

Total $61,916,565 $65,175,331 $71,692,864 

 

Base cost uncertainty for the DB scenario for each activity uses an uncertainty range of -5% to 
+10%. 
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Base Capital Cost with Uncertainty by Flowchart Activity – DBOM Scenario 

Activity ID Activity Name Low Base High 

DBOM-110 RFQ Development $334,400 $352,000 $387,200 

DBOM-120 Issue RFQ $0 $0 $0 

DBOM-130 RFP Development $1,254,000 $1,320,000 $1,452,000 

DBOM-140 Issue RFP $0 $0 $0 

DBOM-150 Developers Create their Proposals $0 $0 $0 

DBOM-160 Receive Proposals $0 $0 $0 

DBOM-170 Review Proposals and Select Developer $83,600 $88,000 $96,800 

DBOM-200 NTP $0 $0 $0 

DBOM-210 Construction of Upgrade Work $49,575,816 $52,185,070 $57,403,577 

DBOM-215 ADOT CE During Construction $4,362,838 $4,592,461 $5,051,707 

DBOM-219 ICAP During Construction $5,393,865 $5,677,753 $6,245,528 

DBOM-220 Developer Complete Upgrade Work $0 $0 $0 

DBOM-230 Developer Maintenance Period $0 $0 $0 

DBOM-240 P3 Agreement Terminates $0 $0 $0 

DBOM-250 P3 Project Complete $0 $0 $0 

Total $61,004,519 $64,215,283 $70,636,812 

 

Base cost uncertainty for the DBOM scenario for each activity uses an uncertainty range of -
5% to +10%. 
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Base Capital Cost with Uncertainty by Flowchart Activity – DBFOM Scenario 

Activity ID Activity Name Low Base High 

DBFOM-110 RFQ Development $376,200 $396,000 $435,600 

DBFOM-120 Issue RFQ $0 $0 $0 

DBFOM-130 RFP Development $1,410,750 $1,485,000 $1,633,500 

DBFOM-140 Issue RFP $0 $0 $0 

DBFOM-150 Developers Create their Proposals $0 $0 $0 

DBFOM-160 Receive Proposals $0 $0 $0 

DBFOM-170 Review Proposals and Select Developer $94,050 $99,000 $108,900 

DBFOM-200 NTP $0 $0 $0 

DBFOM-210 Construction of Upgrade Work $50,836,065 $53,511,647 $58,862,812 

DBFOM-215 ADOT CE During Construction $4,362,838 $4,592,461 $5,051,707 

DBFOM-219 ICAP During Construction $5,519,890 $5,810,411 $6,391,452 

DBFOM-220 Developer Complete Upgrade Work $0 $0 $0 

DBFOM-230 Developer Maintenance Period $0 $0 $0 

DBFOM-240 P3 Agreement Terminates $0 $0 $0 

DBFOM-250 P3 Project Complete $0 $0 $0 

Total $62,599,793 $65,894,519 $72,483,971 

 

Base cost uncertainty for the DBFOM scenario for each activity uses an uncertainty range of -
5% to +10%. 
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APPENDIX C – RISK REGISTER 

 

Appendix C 
Risk Register 
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Risk Quantification 

Likelihood Cost Impact ($M) Schedule Impact (Months) 

Risk ID Status 
Flowchart 

Activity 
Impacted 

Functional 
Assignment 

Threat / Opportunity 
Events Description Modeling 

Notes Prob. Low Most 
Likely High Low Most 

Likely High 

Design-Bid-Build Scenario Capital Cost and Schedule Risks                   

FLP CNS 10.01 - DBB Active DBB-320 Construction Replace slip-base style 
poles 

High cost; must replace entire system incl foundation approx. $5k each 
Low cost could be around $3k each 

Some may already be protected behind fixed barrier 
  90% $2.70 M $3.20 M $4.50 M       

FLP CNS 900.01 - DBB Active DBB-320 Construction Opportunity for Lighting 
Levels 

The base estimate assumes a one to one replacement 
There is an opportunity that the designers will find ways to reduce the 

number of heads required to be replaced 
Some of the poles may have up to 12 fixtures on the same pole; 

revisions to design could potentially cut these down 
Assume 20% of high mast costs for high; 10% for most likely; 5% for 

low 

  75% -$4.92 M -$2.46 M -$1.23 M       

FLP CNS 900.03 - DBB Active DBB-320 Construction Lighting Standards 

Should ADOT establishing enhanced standards, additional capital costs 
would be required; 

Base cost assumes AASHTO low-end, applies primarily to freeway 
lighting system 

  5% $2.00 M $4.00 M $6.00 M       

FLP CNS 900.05 - DBB - 
Freeway Active DBB-260 Construction Funding Availability 

- Project is currently not in plan. Getting funding available for start date 
of construction (Jan, 2018) could result in a delay 

- One year delay 

80% for 
Freeway 
Lighting 
12/24/36 
months 

80%       12.00 Mo 24.00 Mo 36.00 Mo 

FLP CNS 900.05 - DBB -
Tunnel Active DBB-150 Construction Funding Availability 

- Project is currently not in plan. Getting funding available for start date 
of construction (Jan, 2018) could result in a delay 

- One year delay 

25% for 
Tunnel 
Lighting 
6/12/24 
months 

25%       6.00 Mo 12.00 Mo 24.00 Mo 

Design-Build Scenario Capital Cost and Schedule Risks                   

FLP CNS 10.01 - DB Active DB-210 Construction Replace slip-base style 
poles 

High cost; must replace entire system incl foundation approx. $5k each 
Low cost could be around $3k each 

Some may already be protected behind fixed barrier 
  90% $2.70 M $3.20 M $4.50 M       

FLP CNS 900.01 - DB Active DB-210 Construction Opportunity for Lighting 
Levels 

The base estimate assumes a one to one replacement 
There is an opportunity that the designers will find ways to reduce the 

number of heads required to be replaced 
Some of the poles may have up to 12 fixtures on the same pole; 

revisions to design could potentially cut these down 
Assume 20% of high mast costs for high; 10% for most likely; 5% for 

low 

  75% -$4.92 M -$2.46 M -$1.23 M       

FLP CNS 900.03 - DB Active DB-210 Construction Lighting Standards 

Should ADOT establishing enhanced standards, additional capital costs 
would be required; 

Base cost assumes AASHTO low-end, applies primarily to freeway 
lighting system 

  5% $2.00 M $4.00 M $6.00 M       

FLP CNS 900.05 - DB Active DB-130 Construction Funding Availability 
- Project is currently not in plan. Getting funding available for start date 

of construction (Jan, 2018) could result in a delay 
- One year delay 

  10%       1.00 Mo 3.00 Mo 6.00 Mo 
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Risk Quantification 

Likelihood Cost Impact ($M) Schedule Impact (Months) 

Risk ID Status 
Flowchart 

Activity 
Impacted 

Functional 
Assignment 

Threat / Opportunity 
Events Description Modeling 

Notes Prob. Low Most 
Likely High Low Most 

Likely High 

FLP CTR 30.01 - DB Active DB-130 Contracting and 
Procurement 

Potential delay in 
development of RFP 

Items that could delay distribution of RFP: 
- Cause is audit of existing lighting levels,  

- Decisions on standards, and  
- Definition of scope 
Range: 1-6 months 

  75%       1.00 Mo 3.00 Mo 6.00 Mo 

Design-Build-Operate-Maintain Scenario Capital Cost and Schedule Risks                   

FLP CNS 10.01 - DBOM Active DBOM-210 Construction Replace slip-base style 
poles 

High cost; must replace entire system incl foundation approx. $5k each 
Low cost could be around $3k each 

Some may already be protected behind fixed barrier 
  90% $2.70 M $3.20 M $4.50 M       

FLP CNS 900.01 - DBOM Active DBOM-210 Construction Opportunity for Lighting 
Levels 

The base estimate assumes a one to one replacement 
There is an opportunity that the designers will find ways to reduce the 

number of heads required to be replaced 
Some of the poles may have up to 12 fixtures on the same pole; 

revisions to design could potentially cut these down 
Assume 20% of high mast costs for high; 10% for most likely; 5% for 

low 

  75% -$4.26 M -$2.13 M -$1.07 M       

FLP CNS 900.03 - DBOM Active DBOM-210 Construction Lighting Standards 

Should ADOT establishing enhanced standards, additional capital costs 
would be required; 

Base cost assumes AASHTO low-end, applies primarily to freeway 
lighting system 

  5% $2.00 M $4.00 M $6.00 M       

FLP CNS 900.05 - DBOM Active DBOM-130 Construction Funding Availability 
- Project is currently not in plan. Getting funding available for start date 

of construction (Jan, 2018) could result in a delay 
- One year delay 

  10%       1.00 Mo 3.00 Mo 6.00 Mo 

FLP CTR 30.01 - DBOM Active DBOM-130 Contracting and 
Procurement 

Potential delay in 
development of RFP 

Items that could delay distribution of RFP: 
- Cause is audit of existing lighting levels,  

- Decisions on standards, and  
- Definition of scope 
Range: 1-6 months 

  75%       1.00 Mo 3.00 Mo 6.00 Mo 

Design-Build-Finance-Operate-Maintain Scenario Capital Cost and Schedule 
Risks                   

FLP CNS 10.01 - DBFOM Active DBFOM-210 Construction Replace slip-base style 
poles 

High cost; must replace entire system incl foundation approx. $5k each 
Low cost could be around $3k each 

Some may already be protected behind fixed barrier 
  90% $2.70 M $3.20 M $4.50 M       

FLP CNS 900.01 - DBFOM Active DBFOM-210 Construction Opportunity for Lighting 
Levels 

The base estimate assumes a one to one replacement 
There is an opportunity that the designers will find ways to reduce the 

number of heads required to be replaced 
Some of the poles may have up to 12 fixtures on the same pole; 

revisions to design could potentially cut these down 
Assume 20% of high mast costs for high; 10% for most likely; 5% for 

low 

  75% -$4.26 M -$2.13 M -$1.07 M       
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Risk Quantification 

Likelihood Cost Impact ($M) Schedule Impact (Months) 

Risk ID Status 
Flowchart 

Activity 
Impacted 

Functional 
Assignment 

Threat / Opportunity 
Events Description Modeling 

Notes Prob. Low Most 
Likely High Low Most 

Likely High 

FLP CNS 900.03 - DBFOM Active DBFOM-210 Construction Lighting Standards 

Should ADOT establishing enhanced standards, additional capital costs 
would be required; 

Base cost assumes AASHTO low-end, applies primarily to freeway 
lighting system 

  5% $2.00 M $4.00 M $6.00 M       

FLP CTR 30.01 - DBFOM Active DBFOM-130 Contracting and 
Procurement 

Potential delay in 
development of RFP 

Items that could delay distribution of RFP: 
- Cause is audit of existing lighting levels,  

- Decisions on standards, and  
- Definition of scope 
Range: 1-6 months 

  75%       1.00 Mo 3.00 Mo 6.00 Mo 

Design-Bid-Build Scenario Operation and Maintenance Cost Risks                   

FLP CNS 900.10 - DBB Active 

50% of cost - 
DBB-225 

50% of cost - 
DBB-340 

Construction 3rd Party Claims Costs 
Prior to Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid prior to the lighting upgrade completion. 

Per year 
O&M before 

lighting 
upgrade is 
complete 

10% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.11 - DBB Active 

50% of cost - 
DBB-225 

50% of cost - 
DBB-340 

Construction 3rd Party Claims Costs 
After Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid after the lighting upgrade completion. 

Per year 
O&M after 

lighting 
upgrade is 
complete 

5% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.08 - DBB Active 

25% of cost - 
DBB-225 

75% of cost - 
DBB-340 

Construction Opportunities to reduce 
power costs  

- The base assumes 35% savings in power 
- There is an opportunity that the most likely is 40% 

- High is 50% 

Apply to each 
year of O&M 

after 
construction 
is complete 

50% -$0.42 M -$0.14 M $0.14 M       

Design-Build Scenario Operation and Maintenance Cost Risks                   

FLP CNS 900.10 - DB Active DB-230 Construction 3rd Party Claims Costs 
Prior to Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid prior to the lighting upgrade completion. 

Per year 
O&M before 

lighting 
upgrade is 
complete 

10% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.11 - DB Active DB-230 Construction 3rd Party Claims Costs 
After Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid after the lighting upgrade completion. 

Per year 
O&M after 

lighting 
upgrade is 
complete 

5% $0.00 M $0.05 M $1.00 M       
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Risk Quantification 

Likelihood Cost Impact ($M) Schedule Impact (Months) 

Risk ID Status 
Flowchart 

Activity 
Impacted 

Functional 
Assignment 

Threat / Opportunity 
Events Description Modeling 

Notes Prob. Low Most 
Likely High Low Most 

Likely High 

FLP CNS 900.08 - DB Active DB-230 Construction Opportunity to reduce 
power costs  

- The base assumes 35% savings in power 
- There is an opportunity that the most likely is 40% 

- High is 50% 
- P3 partner will be incentivized to reduce power through life of system 

Apply to each 
year of O&M 

after 
construction 
is complete 

50% -$0.42 M -$0.14 M $0.14 M       

Design-Build-Operate-Maintain Scenario Operation and Maintenance Cost 
Risks 

                  

FLP CNS 900.10 - DBOM Active DBOM-230 Construction 3rd Party Claims Costs 
Prior to Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid prior to the lighting upgrade completion. 

Per year 
O&M before 

lighting 
upgrade is 
complete 

10% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.11 - DBOM Active DBOM-230 Construction 3rd Party Claims Costs 
After Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid after the lighting upgrade completion. 

Per year 
O&M after 

lighting 
upgrade is 
complete 

5% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.08 - DBOM Active DBOM-230 Construction Opportunities to reduce 
power costs  

- The base assumes 35% savings in power 
- There is an opportunity that the most likely is 40% 

- High is 50% 

Apply to each 
year of O&M 

after 
construction 
is complete 

60% -$0.42 M -$0.14 M $0.14 M       

FLP CNS 900.09 - DBOM Active DBOM-230 Construction Opportunity to reduce 
tunnel cleaning cost 

- Base assumes 10% improvement from existing cost of $200k/year for 
cleaning 

- A performance specification could incentivize P3 partner to reduce his 
costs 

Apply to each 
year of O&M 

after 
construction 
is complete 

50% -$0.10 M -$0.08 M -$0.05 M       

Design-Build-Finance-Operate-Maintain Scenario Operation and Maintenance 
Cost Risks 

                  

FLP CNS 900.10 - DBFOM Active DBFOM-230 Construction 3rd Party Claims Costs 
Prior to Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid prior to the lighting upgrade completion. 

Per year 
O&M before 

lighting 
upgrade is 
complete 

10% $0.00 M $0.05 M $1.00 M       

FLP CNS 900.11 - DBFOM Active DBFOM-230 Construction 3rd Party Claims Costs 
After Lighting Upgrade 

Claims from 3rd party due to lighting. History has demonstrated 
approximately $77k per year in claims paid to 3rd parties for accidents 

caused by lighting.  Adding in approximately 30% for ADOT legal 
defense costs would imply about $100k per year in additional O&M.  

These costs are in the base O&M cost estimate.  This risk is that 
additional claims may be paid after the lighting upgrade completion. 

Per year 
O&M after 

lighting 
upgrade is 
complete 

5% $0.00 M $0.05 M $1.00 M       
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Risk Quantification 

Likelihood Cost Impact ($M) Schedule Impact (Months) 

Risk ID Status 
Flowchart 

Activity 
Impacted 

Functional 
Assignment 

Threat / Opportunity 
Events Description Modeling 

Notes Prob. Low Most 
Likely High Low Most 

Likely High 

FLP CNS 900.08 - DBFOM Active DBFOM-230 Construction Opportunity to reduce 
power costs  

- The base assumes 35% savings in power 
- There is an opportunity that the most likely is 40% 

- High is 50% 
- P3 partner will be incentivized to reduce power through life of system 

Apply to each 
year of O&M 

after 
construction 
is complete 

60% -$0.42 M -$0.14 M $0.14 M       

FLP CNS 900.09 - DBFOM Active DBFOM-230 Construction Opportunity to reduce 
tunnel cleaning cost 

- Base assumes 10% improvement from existing cost of $200k/year for 
cleaning 

- A performance specification could incentivize P3 partner to reduce his 
costs 

Apply to each 
year of O&M 

after 
construction 
is complete 

50% -$0.10 M -$0.08 M -$0.05 M       
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APPENDIX D – DETAILED OPERATIONS AND MAINTENANCE COST ESTIMATE 

 

Appendix D 
Detailed Operations and Maintenance Cost Estimate 
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Note: Annual Base Operations and Maintenance Costs were based on the 70th percentile Capital Construction Completion Schedule 
(O&M costs from 2034 to 2058 remain unchanged) 

Design-Bid-Build Scenario ANNUAL  COSTS 

DESCRIPTION QUANTITIES UNIT 
PRICE 2014 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

   
ACTUAL 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Staff costs to operate and maintain 
freeway lighting      Notes 1&2 9 

 
$411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 

Traffic control HPS lights (30 lane 
closure set-ups)     Note 3 30 $2,000 $60,000 $60,000 $60,000 $60,000 $60,000 $45,000 $30,000 $30,000 $15,000 $15,000 

           

Traffic control LED lights (10 lane 
closure set-ups)      Note 3 10 $2,000 

       
$10,000 $10,000 $15,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 

Closures of Deck Park Tunnel for 
cleaning/maint      Note 4 1 $200,000 $200,000 $200,000 $200,000 $200,000 $100,000 

  
$200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 

Replacement of HPS luminaire 
lamps - Deck Park Tunnel (Each)      

Notes 5&6 
3,320 $9 $9,960 $9,960 $9,960 $9,960 $4,980 

                

Replacement of HPS luminaire 
ballasts - Deck Park Tunnel       

Notes 5&6 
3,320 $250 $138,333 $138,333 $138,333 $138,333 $69,167 

                

Replacement of HPS luminaire 
lamps - Freeway Lighting (Each)       

Notes 5&6 
16,320 $9 $48,960 $48,960 $48,960 $48,960 $48,960 $48,960 $48,960 $48,960 

             

Replacement of HPS luminaire 
ballasts - Freeway Lighting       

Notes 5&6 
16,320 $250 $680,000 $680,000 $680,000 $680,000 $680,000 $680,000 $680,000 $680,000 

             

Replacement LED luminaires - Deck 
Park Tunnel (Each)        Notes 7&9 3,320 $1,000 

       
$0 $0 $0 $0 $33,200 $33,200 $33,200 $33,200 $33,200 $110,667 $221,333 $221,333 $221,333 $221,333 

Replacement LED luminaires - 
Freeway Lighting (Each)        Notes 

8&9 
16,320 $740 

          
$0 $0 $0 $0 $120,768 $120,768 $120,768 $120,768 $120,768 $402,560 $805,120 

Other material and supplies 1 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 

Work performed by on-call 
contracts       Note 10                        

Routine maintenance (i.e. 
relamping)   

$1,372,205 $1,000,000 $1,000,000 $1,000,000 $900,000 $700,000 $500,000 $200,000 $100,000 $100,000 $0 $16,600 $16,600 $16,600 $76,984 $76,984 $115,717 $171,051 $171,051 $311,947 $513,227 

Damage repair, replacing stolen 
wire   

$800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 

Electric power HPS - Freeway 
Lighting (KwHr)       Note 11 27,981,401 $0.10 $2,798,140 $2,798,140 $2,798,140 $2,798,140 $2,798,140 $2,798,140 $2,798,140 $2,798,140 $1,399,070 $1,399,070 

           

Electric power LED - Freeway 
Lighting (KwHr)       Note 11           

$897,284 $897,284 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 

Electric power HPS  - Deck Park 
Tunnel  ($)        Note 12   

$335,219 $362,473 $362,473 $362,473 $362,473 $362,473 $167,610 
              



  Freeway Lighting Upgrade Project: DRAFT Business Case 

  P a g e  | D-3 
  April 2016 

Electric power LED - Deck Park 
Tunnel  ($)         Note 12         

$177,072 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 

Management and Administration 
(20 hrs/wk) 20 $75.00 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 

Profit (P3 only) 
   

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 

- - - - - - 

ADOT oversight and contract 
administration (P3 only)    

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
 

- - - - - - 

Subtotal 
  

$7,731,817 $7,386,866 $7,386,866 $7,386,866 $7,112,720 $6,723,573 $6,490,782 $6,410,245 $5,064,499 $5,069,499 $4,457,713 $4,507,513 $4,507,513 $4,507,513 $4,688,665 $4,688,665 $4,804,865 $4,970,865 $4,970,865 $5,393,553 $5,997,393 

Contingency 
                       

Total Annual O&M Cost 
  

$7,731,817 $7,386,866 $7,386,866 $7,386,866 $7,112,720 $6,723,573 $6,490,782 $6,410,245 $5,064,499 $5,069,499 $4,457,713 $4,507,513 $4,507,513 $4,507,513 $4,688,665 $4,688,665 $4,804,865 $4,970,865 $4,970,865 $5,393,553 $5,997,393 

                        

Third party claims costs related to 
lighting levels/control       Note 13   

$100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 

Total ADOT cost for freeway 
lighting   

$7,831,817 $7,486,866 $7,486,866 $7,486,866 $7,212,720 $6,823,573 $6,590,782 $6,510,245 $5,164,499 $5,169,499 $4,482,713 $4,532,513 $4,532,513 $4,532,513 $4,713,665 $4,713,665 $4,829,865 $4,995,865 $4,995,865 $5,418,553 $6,022,393 

 

Notes:      

1. Staff estimated at 9 people; workload divided between lighting, traffic signals, and overhead guide sign lighting maintenance.      

2. After conversion, ADOT staff does all maintenance; on-call contract cost for routine maintenance is not included.      

3. Cost of Traffic Control based on closure of HOV lane to maintain median lighting; all other lighting maintenance work occurs off the shoulder.      

4. Cost of Deck Park Tunnel cleaning and maintenance based on 4 closures per year x $50,000 per closure.      

5. Total fixtures based on quantities in Electrical Inventory - Phoenix Maintenance District.      

6. Analysis based on a proactive approach of replacing lamps every 3 years and ballasts every 6 years; if reactive approach taken, then lamps and ballasts are replaced only as individual lamp and/or ballast failure occurs.   

7. Risk-adjusted schedule calls for conversion of Deck Park Tunnel to LED Lighting:  Apr. 2018 thru Apr. 2020.      

8. Risk-adjusted schedule calls for conversion of Freeways to LED Lighting: Feb. 2022 thru Feb. 2024.      

9. No cost for replacement of luminaires during Year 1 through Year 4 after installation.  Replacement cost of 1% of luminaires during Year 5 through Year 9.  Replacement cost assumes 15-year life from Year 11 on, while replacement cost for 
Year 10 is based on one half of Year 11.  Cost shown is material only; labor is included in staff and/or contract cost.             

10. Routine maintenance, such as relamping by on-call contracts, is reduced to zero, the year after completion of conversion to LED.  After that, minor routine maintenance is performed by ADOT staff.      

11. See "Power - DBB-DB" Worksheet, Freeway Lighting table, for: HPS Freeway usage, 50% HPS Freeway usage in Years 2022 - 2023, LED Freeway usage, 50% of LED Freeway usage in Years 2022 - 2023.     

12. Current Electrical Cost of operating Deck Park Tunnel Lighting System = $335,219 in 2011 dollars (Deck Park Tunnel Energy Efficiency Study Update, Appendix Page 16 of 21, Nov. 2014).  See "Power - DBB-DB" Worksheet, Deck Park 
Tunnel Lighting table.      

13. ADOT payouts only.  Recovery of damage and repair costs through insurance and other options is not part of this analysis.  
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(O&M costs from 2034 to 2058 remain unchanged) 

Design-Build Scenario ANNUAL  COSTS 

DESCRIPTION QUANTITIES UNIT 
PRICE 2014 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

   
ACTUAL 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Staff costs to operate and maintain 
freeway lighting.       Notes 1&2 9 

 
$411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 

Traffic control HPS lights (30 lane 
closure set-ups)          Note 3 30 $2,000 $60,000 $60,000 $60,000 

                  

Traffic control LED lights (10 lane 
closure set-ups)          Note 3 10 $2,000 

     
$10,000 $20,000 $10,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 

Closures of Deck Park Tunnel for 
cleaning/maintenance           Note 4 1 $200,00

0 
$200,000 $200,000 $200,000 $100,000 $0 $100,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 

Replacement HPS luminaire lamps - 
Deck Park Tunnel (Each)    Notes 

5&6 
3,320 $9 $9,960 $9,960 $9,960 $4,980 

                 

Replacement HPS  luminaire ballast 
- Deck Park Tunnel (Each) 3,320 $250 $138,333 $138,333 $138,333 $69,167 

                 

Replacement HPS luminaire lamps - 
Freeway Lighting (Each)     Notes 

5&6 
16,320 $9 $48,960 $48,960 $48,960 $24,480 

                 

Replacement HPS lumiaire ballast - 
Freeway Lighting (Each) 16,320 $250 $680,000 $680,000 $680,000 $340,000 

                 

Replacement LED luminaires - Deck 
Park Tunnel (Each)         Notes 7&8 3,320 $1,000 

      
$0 $0 $0 $0 $33,200 $33,200 $33,200 $33,200 $33,200 $110,667 $221,333 $221,333 $221,333 $221,333 $221,333 

Replacement LED luminaires - 
Freeway Lighting (Each)         Notes 

7&8 
16,320 $740 

      
$0 $0 $0 $0 $120,768 $120,768 $120,768 $120,768 $120,768 $402,560 $805,120 $805,120 $805,120 $805,120 $805,120 

Other material and supplies 
  

$800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 

Work performed by on-call 
contracts:         Note 10                        

Routine maintenance (i.e. 
relamping)   

$1,372,205 $1,000,000 $1,000,000 $800,000 $400,000 $100,000 
    

$76,984 $76,984 $76,984 $76,984 $76,984 $256,613 $513,227 $513,227 $513,227 $513,227 $513,227 

Damage repair, replacing stolen 
wire 1 $800,00

0 
$800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 

Electric power HPS - Freeway 
Lighting (KwHr)        Note 9 27,981,401 $0.10 $2,798,140 $2,798,140 $2,798,140 $1,399,070 $699,535 $349,768 

               

Electric power LED - Freeway 
Lighting  (KwHr)       Note 9      

$598,189 $1,196,379 $1,435,655 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 $1,794,568 

Electric power HPS  - Deck Park 
Tunnel  ($)             Note 10   

$362,473 $362,473 $362,473 $362,473 $181,237 
                

Electric power LED - Deck Park 
Tunnel  ($)              Note 10       

$177,072 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 $354,145 
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Management and Administration 
(20 hrs/wk) 20 $75.00 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 

Profit (P3 only) (5% of cost without 
power)                        

ADOT oversight and contract 
administration (P3 only) (0.5 Full 

Time Equivalents)                        

Subtotal 
  

$7,759,072 $7,386,866 $7,386,866 $5,787,359 $4,743,223 $4,438,567 $4,457,713 $4,447,713 $4,457,713 $4,457,713 $4,688,665 $4,688,665 $4,688,665 $4,688,665 $4,688,665 $5,227,553 $5,997,393 $5,997,393 $5,997,393 $5,997,393 $5,997,393 

Contingency 
                       

Total Annual O&M Cost 
  

$7,759,072 $7,386,866 $7,386,866 $5,787,359 $4,743,223 $4,438,567 $4,457,713 $4,447,713 $4,457,713 $4,457,713 $4,688,665 $4,688,665 $4,688,665 $4,688,665 $4,688,665 $5,227,553 $5,997,393 $5,997,393 $5,997,393 $5,997,393 $5,997,393 

                        

Third party claims costs related to 
lighting levels/controls         Note 11   

$100,000 $100,000 $100,000 $100,000 $100,000 $100,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 

Total ADOT cost for freeway 
lighting   

$7,859,072 $7,486,866 $7,486,866 $5,887,359 $4,843,223 $4,538,567 $4,482,713 $4,472,713 $4,482,713 $4,482,713 $4,713,665 $4,713,665 $4,713,665 $4,713,665 $4,713,665 $5,252,553 $6,022,393 $6,022,393 $6,022,393 $6,022,393 $6,022,393 

   

Notes       

1. Staff estimated at 9 people; workload divided between lighting, traffic signals, and overhead guide sign lighting maintenance.       

2. After conversion, ADOT does all maintenance with on-call contracts plus its own forces.       

3. Cost of Traffic Control based on closure of HOV lane to maintain median lighting; all other lighting maintenance work occurs off the shoulder.       

4. Cost of Deck Park Tunnel cleaning and maintenance based on 4 closures per year x $50,000 per closure.       

5. Total fixtures based on quantities in Electrical Inventory - Phoenix Maintenance District.       

6. Analysis based on a proactive approach of replacing lamps every 3 years and ballasts every 6 years; if reactive approach taken, then lamps and ballasts are replaced only as individual lamp and/or ballast failure occurs.    

7. Risk-adjusted schedule calls for conversion of Deck Park Tunnel and Freeways to LED Lighting under one DB contract:  June 2017 thru May 2019.       

8. No cost for replacement of luminaires during Year 1 through Year 4 after installation.  Replacement cost of 1% of luminaires during Year 5 through Year 9.  Replacement cost assumes 15-year life from Year 11 on, while replacement cost for 
Year 10 is based on one half of Year 11.  Cost shown is material only; labor is included in staff and/or contract cost.              

9. See "Power - DBB-DB" Worksheet, Freeway Lighting table.  Also includes cost of power during conversion. HPS Freeway usage includes: 50%, 25%, and 12.5% HPS usage in Years 2017-2019 during conversion. LED Freeway usage 
includes: 33%, 66%, and 80% in Years 2017-2019 during conversion.       

10. Current Electrical Cost of operating Deck Park Tunnel Lighting System = $335,219 in 2011 dollars (Deck Park Tunnel Energy Efficiency Study Update, Appendix Page 16 of 21, Nov. 2014).  See "Power - DBB-DB" Worksheet, Deck Park 
Tunnel table.  Also includes cost of power during conversion. HPS Tunnel usage, 50% HPS Tunnel usage in Year 2018; LED Tunnel usage, 50% of LED Tunnel usage in Year 2018.       

11. ADOT payouts only.  Recovery of damage and repair costs through insurance and other options is not part of this analysis.     
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(O&M costs from 2034 to 2058 remain unchanged) 

Design-Build-Operate-Maintain 
Scenario 

ANNUAL  COSTS 

DESCRIPTION QUANTITIES UNIT 
PRICE 2014 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

   
ACTUAL 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Staff costs to operate and maintain 
freeway lighting.        Notes 1&2 9 

 
$411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 

Traffic control HPS lights (30 lane 
closure set-ups)         Note 3 30 $2,000 $60,000 $60,000 $60,000 

                  

Traffic control LED lights (10 lane 
closure set-ups)          Note 3 10 $2,000 

     
$10,000 $10,000 $10,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 

Closures of Deck Park Tunnel for 
cleaning/maint.           Note 4 1 $200,000 $200,000 $200,000 $200,000 

  
$180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 

Replacement HPS luminaire lamps - 
Deck Park Tunnel (Each)         Notes 

5&6 
3,320 $9 $9,960 $9,960 $9,960 

                  

Replacement HPS  luminaire ballast - 
Deck Park Tunnel (Each) 3,320 $250 $138,333 $138,333 $138,333 

                  

Replacement HPS luminaire lamps - 
Freeway Lighting (Each)       Notes 

5&6 
16,320 $9 $48,960 $48,960 $48,960 

                  

Replacement HPS lumiaire ballast - 
Freeway Lighting (Each) 16,320 $250 $680,000 $680,000 $680,000 

                  

Replacement LED luminaires - Deck 
Park Tunnel (Each)           Notes 7&9 3,320 $1,000 

     
$0 $0 $0 $0 $33,200 $33,200 $33,200 $33,200 $33,200 $110,667 $221,333 $221,333 $221,333 $221,333 $221,333 $221,333 

Replacement LED luminaires - 
Freeway Lighting (Each)         Notes 

8&9 
16,320 $740 

     
$0 $0 $0 $0 $120,768 $120,768 $120,768 $120,768 $120,768 $402,560 $805,120 $805,120 $805,120 $805,120 $805,120 $805,120 

Other material and supplies                
Note 15   

$800,000 $800,000 $800,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 

Work performed by on-call 
contracts:            Note 10                        

Routine maintenance (i.e. 
relamping)   

$1,372,205 $1,000,000 $1,000,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Damage repair, replacing stolen wire 1 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 

Electric power HPS - Freeway 
Lighting (KwHr)          Note 11 27,981,401 $0.10 $2,798,140 $2,798,140 $2,798,140 $1,399,070 

                 

Electric power LED - Freeway 
Lighting  (KwHr)        Note 11      

$852,420 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 

Electric power HPS  - Deck Park 
Tunnel  ($)            Note 12   

$362,473 $362,473 $362,473 $362,473 
                 

Electric power LED - Deck Park       
$336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 
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Tunnel  ($)            Note 12 

Management and Administration (20 
hrs/wk) 20 $75.00 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 

Profit (P3 only) (5% of cost without 
power)      

$96,450 $96,450 $105,950 $105,950 $105,950 $106,450 $114,148 $114,148 $114,148 $114,148 $114,148 $132,111 $157,773 $157,773 $157,773 $157,773 $157,773 $157,773 

ADOT oversight and contract 
administration (P3 only) (0.5 Full 

Time Equivalents) 
1,080 $75.00 

   
$81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 

Subtotal 
  

$7,759,072 $7,386,866 $7,386,866 $4,720,413 $4,147,727 $4,347,227 $4,347,227 $4,347,227 $4,357,727 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,896,615 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 

Contingency 
                       

Total Annual O&M Cost 
  

$7,759,072 $7,386,866 $7,386,866 $4,720,413 $4,147,727 $4,347,227 $4,347,227 $4,347,227 $4,357,727 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,896,615 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 

                        

Third party claims costs related to 
lighting levels/controls           Note 13   

$100,000 $100,000 $100,000 $100,000 $100,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 

Total ADOT cost for freeway lighting 
  

$7,859,072 $7,486,866 $7,486,866 $4,820,413 $4,247,727 $4,372,227 $4,372,227 $4,372,227 $4,382,727 $4,544,394 $4,544,394 $4,544,394 $4,544,394 $4,544,394 $4,921,615 $5,460,503 $5,460,503 $5,460,503 $5,460,503 $5,460,503 $5,460,503 

  

Notes       

1. Staff estimated at 9 people; workload divided between lighting, traffic signals, and overhead guide sign lighting maintenance.       

2. After conversion, ADOT staff does maintenance on traffic signals and sign lighting only, P3 Contractor does all other maintenance; on-call contract cost for routine maintenance is not included.     

3. Cost of Traffic Control based on closure of HOV lane to maintain median lighting; all other lighting maintenance work occurs off the shoulder.       

4. Cost of Deck Park Tunnel cleaning and maintenance based on 4 closures per year x $50,000 per closure; 10% reduction by P3 contractor after completion of conversion to LED.       

5. Total fixtures based on quantities in Electrical Inventory - Phoenix Maintenance District.       

6. Analysis based on a proactive approach of replacing lamps every 3 years and ballasts every 6 years; if reactive approach taken, then lamps and ballasts are replaced only as individual lamp and/or ballast failure occurs.    

7. Risk-adjusted schedule calls for conversion of Deck Park Tunnel to LED Lighting:  Feb. 2017 thru Jan. 2019.       

8. Risk-adjusted schedule calls for conversion of Freeways to LED Lighting:  Feb. 2017 thru Jan.  2019.       

9. No cost for replacement of luminaires during Year 1 through Year 4 after installation.  Replacement cost of 1% of luminaires during Year 5 through Year 9.  Replacement cost assumes 15-year life from Year 11 on, while replacement cost for 
Year 10 is based on one half of Year 11.  Cost shown is material only; labor is included in staff and/or contract cost.              

10. Routine maintenance, such as relamping by on-call contracts is reduced to zero at the beginning of conversion to LED.  After that, maintenance is performed by P3 Contractor.       

11.  See "Power - DBOM-DBFOM" Worksheet, Freeway Lighting table.  HPS Freeway usage, 50% HPS Freeway usage in Year 2017; LED Freeway usage, 50% of LED Freeway usage in year 2017.     

12. Current Electrical Cost of operating Deck Park Tunnel Lighting System = $335,219 in 2011 dollars (Deck Park Tunnel Energy Efficiency Study Update, Appendix Page 16 of 21, Nov. 2014).  See "Power - DBOM-DBFOM" Worksheet, Deck 
Park Tunnel table.       

13. ADOT payouts only.  Recovery of damage and repair costs through insurance and other options is not part of this analysis.       

14.  Also includes cost of power during LED conversion (2017 and 2018).       

15. Other material and supplies reduced by 20% at beginning of conversion by P3 Contractor.  
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(O&M costs from 2034 to 2058 remain unchanged) 

Design-Build-Finance-Operate-
Maintain Scenario 

ANNUAL  COSTS 

DESCRIPTION QUANTITIES UNIT 
PRICE 2014 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

   
ACTUAL 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 

Staff costs to operate and 
maintain freeway lighting.    

Notes 1&2 
9 

 
$411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 $411,000 

Traffic control HPS lights (30 
lane closure set-ups)      Note 3 30 $2,000 $60,000 $60,000 $60,000 

                  

Traffic control LED lights (10 
lane closure set-ups)      Note 3 10 $2,000 

     
$10,000 $10,000 $10,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 $20,000 

Closures of Deck Park Tunnel 
for cleaning/maint.      Note 4 1 $200,000 $200,000 $200,000 $200,000 

  
$180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 $180,000 

Replacement HPS luminaire 
lamps - Deck Park Tunnel 

(Each)     Notes 5&6 
3,320 $9 $9,960 $9,960 $9,960 

                  

Replacement HPS  luminaire 
ballast - Deck Park Tunnel 

(Each) 
3,320 $250 $138,333 $138,333 $138,333 

                  

Replacement HPS luminaire 
lamps - Freeway Lighting 

(Each)      Notes 5&6 
16,320 $9 $48,960 $48,960 $48,960 

                  

Replacement HPS luminaire 
ballast - Freeway Lighting 

(Each) 
16,320 $250 $680,000 $680,000 $680,000 

                  

Replacement LED luminaires - 
Deck Park Tunnel (Each)      

Notes 7&9 
3,320 $1,000 

     
$0 $0 $0 $0 $33,200 $33,200 $33,200 $33,200 $33,200 $110,667 $221,333 $221,333 $221,333 $221,333 $221,333 $221,333 

Replacement LED luminaires - 
Freeway Lighting (Each)      

Notes 8&9 
16,320 $740 

     
$0 $0 $0 $0 $120,768 $120,768 $120,768 $120,768 $120,768 $402,560 $805,120 $805,120 $805,120 $805,120 $805,120 $805,120 

Other material and supplies.        
Note 15   

$800,000 $800,000 $800,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 $640,000 

Work performed by on-call 
contracts:     Note 10 

                       

Routine maintenance (i.e. 
relamping)   

$1,372,205 $1,000,000 $1,000,000 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Damage repair, replacing 
stolen wire 1 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 $800,000 
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Electric power HPS - Freeway 
Lighting (KwHr)       Note 11 27,981,401 $0.10 $2,798,140 $2,798,140 $2,798,140 $1,399,070 

                 

Electric power LED - Freeway 
Lighting  (KwHr)      Note 11      

$852,420 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 $1,704,840 

Electric power HPS  - Deck Park 
Tunnel  ($)       Note 12   

$362,473 $362,473 $362,473 $362,473 
                 

Electric power LED - Deck Park 
Tunnel  ($)       Note 12       

$336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 $336,438 

Management and 
Administration (20 hrs/wk) 20 $75.00 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 $78,000 

Profit (P3 only) (5% of cost 
without power)      

$96,450 $96,450 $105,950 $105,950 $105,950 $106,450 $114,148 $114,148 $114,148 $114,148 $114,148 $132,111 $157,773 $157,773 $157,773 $157,773 $157,773 $157,773 

ADOT oversight and contract 
administration (P3 only) (0.5 

Full Time Equivalents) 
1,080 $75.00 

   
$81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 $81,000 

Subtotal 
  

$7,759,072 $7,386,866 $7,386,866 $4,720,413 $4,147,727 $4,347,227 $4,347,227 $4,347,227 $4,357,727 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,896,615 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 

Contingency 
                       

Total Annual O&M Cost 
  

$7,759,072 $7,386,866 $7,386,866 $4,720,413 $4,147,727 $4,347,227 $4,347,227 $4,347,227 $4,357,727 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,519,394 $4,896,615 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 $5,435,503 

                        

Third party claims costs related 
to lighting levels/controls       

Note 13   
$100,000 $100,000 $100,000 $100,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 

Total ADOT cost for freeway 
lighting   

$7,859,072 $7,486,866 $7,486,866 $4,820,413 $4,172,727 $4,372,227 $4,372,227 $4,372,227 $4,382,727 $4,544,394 $4,544,394 $4,544,394 $4,544,394 $4,544,394 $4,921,615 $5,460,503 $5,460,503 $5,460,503 $5,460,503 $5,460,503 $5,460,503 

  

Notes       

1. Staff estimated at 9 people; workload divided between lighting, traffic signals, and overhead guide sign lighting maintenance.       

2. After conversion, ADOT staff does maintenance on traffic signals and sign lighting only, P3 Contractor does all other maintenance; on-call contract cost for routine maintenance is not included.   

3. Cost of Traffic Control based on closure of HOV lane to maintain median lighting; all other lighting maintenance work occurs off the shoulder.    

4. Cost of Deck Park Tunnel cleaning and maintenance based on 4 closures per year x $50,000 per closure; 10% reduction by P3 contractor after completion of conversion to LED.   

5. Total fixtures based on quantities in Electrical Inventory - Phoenix Maintenance District.       

6. Analysis based on a proactive approach of replacing lamps every 3 years and ballasts every 6 years; if reactive approach taken, then lamps and ballasts are replaced only as individual lamp and/or ballast failure occurs.   
  

7. Risk-adjusted schedule calls for conversion of Deck Park Tunnel to LED Lighting:  Jan. 2017 thru Dec. 2018.       

8. Risk-adjusted schedule calls for conversion of Freeways to LED Lighting: Jan. 2017 thru Dec. 2018.       

9. No cost for replacement of luminaires during Year 1 through Year 4 after installation.  Replacement cost of 1% of luminaires during Year 5 through Year 9.  Replacement cost assumes 15-year life from Year 11 on, while replacement cost for 
Year 10 is based on one half of Year 11.  Cost shown is material only, labor is included in staff and/or contract cost.              

10. Routine maintenance, such as relamping by on-call contracts, is reduced to zero at the beginning of conversion to LED.  After that, maintenance is performed by P3 Contractor.       

11. See "Power - DBOM-DBFOM" Worksheet, Freeway Lighting table, for: HPS Freeway usage, 50% HPS Freeway usage in Year 2017; LED Freeway usage, 50% of LED Freeway usage for year 2017.      
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12. Current Electrical Cost of operating Deck Park Tunnel Lighting System = $335,219 in 2011 dollars (Deck Park Tunnel Energy Efficiency Study Update, Appendix Page 16 of 21, Nov. 2014).  See "Power - DBOM-DBFOM" Worksheet, Deck 
Park Tunnel Lighting table.       

13. ADOT payouts only.  Recovery of damage and repair costs through insurance and other options is not part of this analysis.       

14.  Also includes cost of power during conversion (2017 and 2018).       

15. Other material and supplies reduced by 20% at beginning of conversion by P3 Contractor.   
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APPENDIX E – CASH FLOW RESULTS 

 

Appendix E 
Cash Flow Results 
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70th Percentile Cash Flow Results – DBB Scenario 

Year 

DBB-110 
Design of 

Tunnel 
Lighting RFQ 
Development 

DBB-130 
Selection 

of 
Designer 

for Tunnel 
Lighting 
Upgrade 

DBB-150 
Design of 

Tunnel 
Lighting 
Upgrade 

DBB-170 
Development 
of Request for 

Bids for 
Tunnel 

Lighting 
Upgrade 

DBB-190 
Evaluate 
Bids for 
Tunnel 

Lighting 
Upgrade 

DBB-210 
Tunnel 

Lighting 
Upgrade 

Construction 

DBB-230 
Issue RFQ 
for Design 
of Freeway 

Lighting 
Upgrade & 

Energy 
Audit 

DBB-240 
Selection of 
Designer for 

Freeway 
Lighting 

Upgrade & 
Energy 
Audit 

DBB-260 
Design of 
Freeway 
Lighting 

Upgrade & 
Energy 
Audit 

DBB-280 
Preparation 
for Request 
for Bids for 

Freeway 
Lighting 
Upgrade 

DBB-300 
Evaluate 
Bids for 
Freeway 
Lighting 
Upgrade 

DBB-320 
Freeway 
Lighting 
Upgrade 

Construction 

DBB 
Tunnel 
O&M 

DBB 
Freeway 

O&M 

Total 
Annual 
Capital 
Costs 

Total 
Cumulative 

Capital 
Costs 

Total 
Annual 

O&M Costs 

Total 
Cumulative 
O&M Costs 

2015 $23,334 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,076,303 $5,599,339 $23,334 $23,334 $7,675,642 $7,675,642 

2016 $23,334 $47,413 $563,373 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,118,610 $5,713,434 $634,120 $657,454 $7,832,044 $15,507,686 

2017 $0 $0 $1,265,281 $12,658 $3,251 $0 $49,839 $20,192 $0 $0 $0 $0 $2,166,770 $5,843,311 $1,351,222 $2,008,676 $8,010,081 $23,517,767 

2018 $0 $0 $0 $0 $9,544 $7,469,376 $0 $30,122 $2,319,267 $0 $0 $0 $2,136,385 $5,759,682 $9,828,310 $11,836,986 $7,896,066 $31,413,833 

2019 $0 $0 $0 $0 $0 $9,913,900 $0 $0 $3,078,300 $0 $0 $0 $2,068,574 $5,574,326 $12,992,199 $24,829,185 $7,642,900 $39,056,733 

2020 $0 $0 $0 $0 $0 $3,313,687 $0 $0 $3,086,734 $0 $0 $0 $2,010,341 $5,507,543 $6,400,420 $31,229,606 $7,517,884 $46,574,617 

2021 $0 $0 $0 $0 $0 $0 $0 $0 $1,846,980 $14,281 $9,993 $0 $2,030,853 $5,564,289 $1,871,254 $33,100,860 $7,595,142 $54,169,759 

2022 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,416 $27,618,241 $1,646,471 $4,520,629 $27,622,657 $60,723,517 $6,167,100 $60,336,859 

2023 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $30,733,714 $1,688,350 $4,635,567 $30,733,714 $91,457,230 $6,323,917 $66,660,775 

2024 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,283,876 $1,501,506 $4,047,516 $3,283,876 $94,741,107 $5,549,022 $72,209,798 

2025 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,557,949 $4,200,046 $0 $94,741,107 $5,757,995 $77,967,792 

2026 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,598,680 $4,309,853 $0 $94,741,107 $5,908,533 $83,876,325 

2027 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,640,476 $4,422,530 $0 $94,741,107 $6,063,006 $89,939,331 

2028 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,750,470 $4,720,541 $0 $94,741,107 $6,471,010 $96,410,342 

2029 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,795,317 $4,841,481 $0 $94,741,107 $6,636,797 $103,047,139 

2030 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $1,886,881 $5,089,365 $0 $94,741,107 $6,976,246 $110,023,385 

2031 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,001,988 $5,401,210 $0 $94,741,107 $7,403,198 $117,426,583 

2032 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,053,279 $5,539,589 $0 $94,741,107 $7,592,868 $125,019,451 

2033 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,284,491 $6,166,937 $0 $94,741,107 $8,451,428 $133,470,878 

2034 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,604,503 $7,035,607 $0 $94,741,107 $9,640,111 $143,110,989 

2035 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,670,714 $7,214,463 $0 $94,741,107 $9,885,177 $152,996,166 

2036 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,738,607 $7,397,866 $0 $94,741,107 $10,136,473 $163,132,639 

2037 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,808,227 $7,585,931 $0 $94,741,107 $10,394,158 $173,526,797 

2038 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,879,616 $7,778,777 $0 $94,741,107 $10,658,394 $184,185,191 

2039 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $2,952,821 $7,976,526 $0 $94,741,107 $10,929,346 $195,114,537 

2040 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,027,886 $8,179,301 $0 $94,741,107 $11,207,187 $206,321,724 

2041 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,104,859 $8,387,232 $0 $94,741,107 $11,492,091 $217,813,815 
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Year 

DBB-110 
Design of 

Tunnel 
Lighting RFQ 
Development 

DBB-130 
Selection 

of 
Designer 

for Tunnel 
Lighting 
Upgrade 

DBB-150 
Design of 

Tunnel 
Lighting 
Upgrade 

DBB-170 
Development 
of Request for 

Bids for 
Tunnel 

Lighting 
Upgrade 

DBB-190 
Evaluate 
Bids for 
Tunnel 

Lighting 
Upgrade 

DBB-210 
Tunnel 

Lighting 
Upgrade 

Construction 

DBB-230 
Issue RFQ 
for Design 
of Freeway 

Lighting 
Upgrade & 

Energy 
Audit 

DBB-240 
Selection of 
Designer for 

Freeway 
Lighting 

Upgrade & 
Energy 
Audit 

DBB-260 
Design of 
Freeway 
Lighting 

Upgrade & 
Energy 
Audit 

DBB-280 
Preparation 
for Request 
for Bids for 

Freeway 
Lighting 
Upgrade 

DBB-300 
Evaluate 
Bids for 
Freeway 
Lighting 
Upgrade 

DBB-320 
Freeway 
Lighting 
Upgrade 

Construction 

DBB 
Tunnel 
O&M 

DBB 
Freeway 

O&M 

Total 
Annual 
Capital 
Costs 

Total 
Cumulative 

Capital 
Costs 

Total 
Annual 

O&M Costs 

Total 
Cumulative 
O&M Costs 

2042 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,183,790 $8,600,448 $0 $94,741,107 $11,784,238 $229,598,053 

2043 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,264,727 $8,819,085 $0 $94,741,107 $12,083,811 $241,681,864 

2044 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,347,721 $9,043,279 $0 $94,741,107 $12,391,000 $254,072,864 

2045 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,432,825 $9,273,173 $0 $94,741,107 $12,705,998 $266,778,863 

2046 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,520,093 $9,508,912 $0 $94,741,107 $13,029,004 $279,807,867 

2047 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,609,579 $9,750,643 $0 $94,741,107 $13,360,222 $293,168,089 

2048 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,701,340 $9,998,519 $0 $94,741,107 $13,699,859 $306,867,948 

2049 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,795,434 $10,252,697 $0 $94,741,107 $14,048,131 $320,916,079 

2050 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,891,920 $10,513,336 $0 $94,741,107 $14,405,256 $335,321,335 

2051 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $3,990,858 $10,780,601 $0 $94,741,107 $14,771,460 $350,092,794 

2052 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,092,312 $11,054,661 $0 $94,741,107 $15,146,973 $365,239,767 

2053 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,196,345 $11,335,687 $0 $94,741,107 $15,532,032 $380,771,799 

2054 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,303,022 $11,623,858 $0 $94,741,107 $15,926,880 $396,698,679 

2055 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,412,412 $11,919,354 $0 $94,741,107 $16,331,766 $413,030,445 

2056 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,524,582 $12,222,363 $0 $94,741,107 $16,746,945 $429,777,390 

2057 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,639,604 $12,533,074 $0 $94,741,107 $17,172,678 $446,950,067 

2058 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,757,550 $12,851,684 $0 $94,741,107 $17,609,234 $464,559,301 

Total $46,668 $47,413 $1,828,655 $12,658 $12,795 $20,696,963 $49,839 $50,314 $10,331,280 $14,281 $14,409 $61,635,831 
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70th Percentile Cash Flow Results – DB Scenario 

Year 
DB-105 

Procurement for 
GEC 

DB-110 RFQ 
Development 

DB-130 RFP 
Development 

DB-170 Review 
Proposals and 

Select Developer 

DB-210 
Construction of 
Upgrade Work 

DB-215 ADOT CE 
During 

Construction 

DB-219 ICAP 
During 

Construction 
Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs DB Annual O&M Total Cumulative 

O&M Costs 

2015 $14,417 $0 $0 $0 $0 $0 $0 $14,417 $14,417 $7,682,274 $7,682,274 

2016 $14,417 $87,337 $428,132 $0 $0 $0 $0 $529,886 $544,303 $7,838,811 $15,521,085 

2017 $0 $0 $13,980 $30,149 $17,255,396 $2,392,956 $1,939,091 $21,631,572 $22,175,874 $6,315,658 $21,836,742 

2018 $0 $0 $0 $0 $30,723,021 $4,260,629 $3,452,528 $38,436,178 $60,612,053 $5,324,628 $27,161,371 

2019 $0 $0 $0 $0 $10,942,446 $1,517,484 $1,229,667 $13,689,598 $74,301,651 $5,000,787 $32,162,158 

2020 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,050,914 $37,213,071 

2021 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,154,110 $42,367,181 

2022 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,283,197 $47,650,379 

2023 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,412,319 $53,062,697 

2024 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,842,848 $58,905,546 

2025 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $5,995,605 $64,901,150 

2026 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $6,152,355 $71,053,505 

2027 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $6,313,203 $77,366,708 

2028 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $6,476,602 $83,843,310 

2029 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $7,409,235 $91,252,545 

2030 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $8,722,411 $99,974,955 

2031 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $8,945,878 $108,920,834 

2032 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $9,175,071 $118,095,905 

2033 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $9,409,226 $127,505,131 

2034 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $9,648,423 $137,153,554 

2035 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $9,893,701 $147,047,255 

2036 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $10,145,214 $157,192,469 

2037 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $10,403,121 $167,595,590 

2038 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $10,667,584 $178,263,174 

2039 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $10,938,771 $189,201,945 

2040 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $11,216,851 $200,418,796 

2041 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $11,502,001 $211,920,796 

2042 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $11,794,399 $223,715,195 

2043 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $12,094,231 $235,809,426 
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Year 
DB-105 

Procurement for 
GEC 

DB-110 RFQ 
Development 

DB-130 RFP 
Development 

DB-170 Review 
Proposals and 

Select Developer 

DB-210 
Construction of 
Upgrade Work 

DB-215 ADOT CE 
During 

Construction 

DB-219 ICAP 
During 

Construction 
Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs DB Annual O&M Total Cumulative 

O&M Costs 

2044 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $12,401,685 $248,211,111 

2045 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $12,716,955 $260,928,066 

2046 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $13,040,239 $273,968,305 

2047 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $13,371,742 $287,340,047 

2048 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $13,711,672 $301,051,720 

2049 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $14,060,244 $315,111,964 

2050 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $14,417,677 $329,529,641 

2051 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $14,784,197 $344,313,838 

2052 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $15,160,034 $359,473,872 

2053 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $15,545,425 $375,019,297 

2054 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $15,940,614 $390,959,911 

2055 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $16,345,849 $407,305,760 

2056 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $16,761,385 $424,067,145 

2057 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $17,187,485 $441,254,630 

2058 $0 $0 $0 $0 $0 $0 $0 $0 $74,301,651 $17,624,418 $458,879,048 

Total $28,834 $87,337 $442,112 $30,149 $58,920,863 $8,171,070 $6,621,286 
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70th Percentile Cash Flow Results – DBOM Scenario 

Year DBOM-110 RFQ 
Development 

DBOM-130 RFP 
Development 

DBOM-170 
Review 

Proposals and 
Select Developer 

DBOM-210 
Construction of 
Upgrade Work 

DBOM-215 ADOT 
CE During 

Construction 

DBOM-219 ICAP 
During 

Construction 
Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs 

DBOM Annual 
O&M 

Total Cumulative 
O&M Costs 

2015 $366,342 $272,575 $0 $0 $0 $0 $638,917 $638,917 $7,718,133 $7,718,133 

2016 $0 $1,121,578 $36,870 $0 $0 $0 $1,158,447 $1,797,364 $7,875,400 $15,593,533 

2017 $0 $0 $58,377 $27,786,643 $2,535,362 $2,987,334 $33,367,716 $35,165,080 $5,204,964 $20,798,498 

2018 $0 $0 $0 $30,921,112 $2,821,363 $3,324,320 $37,066,795 $72,231,875 $4,698,496 $25,496,994 

2019 $0 $0 $0 $677,723 $61,838 $72,862 $812,423 $73,044,298 $4,780,183 $30,277,177 

2020 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $4,888,864 $35,166,041 

2021 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,000,016 $40,166,057 

2022 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,126,254 $45,292,311 

2023 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,449,625 $50,741,936 

2024 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,592,101 $56,334,038 

2025 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,738,302 $62,072,340 

2026 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $5,888,325 $67,960,665 

2027 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $6,042,271 $74,002,936 

2028 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $6,724,385 $80,727,321 

2029 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $7,666,945 $88,394,266 

2030 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $7,863,372 $96,257,639 

2031 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $8,064,832 $104,322,470 

2032 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $8,271,452 $112,593,922 

2033 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $8,482,546 $121,076,468 

2034 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $8,698,185 $129,774,653 

2035 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $8,919,306 $138,693,960 

2036 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $9,146,049 $147,840,009 

2037 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $9,378,556 $157,218,564 

2038 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $9,616,973 $166,835,537 

2039 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $9,861,451 $176,696,988 

2040 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $10,112,144 $186,809,133 

2041 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $10,369,211 $197,178,343 

2042 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $10,632,812 $207,811,155 
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Year DBOM-110 RFQ 
Development 

DBOM-130 RFP 
Development 

DBOM-170 
Review 

Proposals and 
Select Developer 

DBOM-210 
Construction of 
Upgrade Work 

DBOM-215 ADOT 
CE During 

Construction 

DBOM-219 ICAP 
During 

Construction 
Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs 

DBOM Annual 
O&M 

Total Cumulative 
O&M Costs 

2043 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $10,903,114 $218,714,270 

2044 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $11,180,288 $229,894,558 

2045 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $11,464,508 $241,359,066 

2046 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $11,755,954 $253,115,020 

2047 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $12,054,808 $265,169,828 

2048 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $12,361,260 $277,531,088 

2049 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $12,675,502 $290,206,591 

2050 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $12,997,733 $303,204,324 

2051 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $13,328,155 $316,532,479 

2052 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $13,666,978 $330,199,456 

2053 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $14,014,413 $344,213,870 

2054 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $14,370,681 $358,584,551 

2055 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $14,736,006 $373,320,557 

2056 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $15,110,618 $388,431,174 

2057 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $15,494,753 $403,925,927 

2058 $0 $0 $0 $0 $0 $0 $0 $73,044,298 $15,888,653 $419,814,581 

Total $366,342 $1,394,152 $95,246 $59,385,479 $5,418,562 $6,384,516 
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 70th Percentile Cash Flow Results – DBFOM Scenario 

Year DBFOM-110 RFQ 
Development 

DBFOM-130 RFP 
Development 

DBFOM-170 
Review 

Proposals and 
Select Developer 

DBFOM-210 
Construction of 
Upgrade Work 

DBFOM-215 
ADOT CE During 

Construction 

DBFOM-219 
ICAP During 
Construction 

Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs 

DBFOM Annual 
O&M 

Total Cumulative 
O&M Costs 

2015 $412,253 $317,810 $0 $0 $0 $0 $730,064 $730,064 $7,723,579 $7,723,579 

2016 $0 $1,250,401 $60,452 $0 $0 $0 $1,310,853 $2,040,917 $7,880,958 $15,604,537 

2017 $0 $0 $46,634 $29,429,319 $2,617,442 $3,153,730 $35,247,125 $37,288,041 $5,208,637 $20,813,173 

2018 $0 $0 $0 $31,425,998 $2,795,027 $3,367,699 $37,588,724 $74,876,766 $4,458,972 $25,272,145 

2019 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $4,783,556 $30,055,701 

2020 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $4,892,314 $34,948,015 

2021 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,003,544 $39,951,559 

2022 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,129,871 $45,081,430 

2023 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,453,471 $50,534,901 

2024 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,596,047 $56,130,948 

2025 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,742,351 $61,873,300 

2026 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $5,892,480 $67,765,780 

2027 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $6,046,534 $73,812,314 

2028 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $6,729,130 $80,541,444 

2029 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $7,672,355 $88,213,800 

2030 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $7,868,921 $96,082,720 

2031 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $8,070,522 $104,153,243 

2032 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $8,277,289 $112,430,532 

2033 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $8,488,531 $120,919,063 

2034 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $8,704,323 $129,623,386 

2035 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $8,925,600 $138,548,986 

2036 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $9,152,503 $147,701,489 

2037 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $9,385,173 $157,086,662 

2038 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $9,623,759 $166,710,421 

2039 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $9,868,410 $176,578,830 

2040 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $10,119,280 $186,698,110 

2041 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $10,376,527 $197,074,638 

2042 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $10,640,315 $207,714,952 
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Year DBFOM-110 RFQ 
Development 

DBFOM-130 RFP 
Development 

DBFOM-170 
Review 

Proposals and 
Select Developer 

DBFOM-210 
Construction of 
Upgrade Work 

DBFOM-215 
ADOT CE During 

Construction 

DBFOM-219 
ICAP During 
Construction 

Total Annual 
Capital Costs 

Total Cumulative 
Capital Costs 

DBFOM Annual 
O&M 

Total Cumulative 
O&M Costs 

2043 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $10,910,808 $218,625,760 

2044 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $11,188,177 $229,813,938 

2045 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $11,472,598 $241,286,536 

2046 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $11,764,249 $253,050,785 

2047 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $12,063,314 $265,114,099 

2048 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $12,369,982 $277,484,082 

2049 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $12,684,446 $290,168,528 

2050 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $13,006,905 $303,175,433 

2051 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $13,337,560 $316,512,993 

2052 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $13,676,621 $330,189,614 

2053 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $14,024,302 $344,213,916 

2054 $0 $0 $0 $0 $0 $0 $0 $74,876,766 $14,380,821 $358,594,737 

2055 
       

$74,876,766 $14,746,404 $373,341,141 

2056 
       

$74,876,766 $15,121,280 $388,462,422 

2057 
       

$74,876,766 $15,505,686 $403,968,108 

2058 
       

$74,876,766 $15,899,865 $419,867,973 

Total $412,253 $1,568,211 $107,086 $60,855,317 $5,412,469 $6,521,429 
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Appendix F 
Debt Service 

 



Outstanding 
Balance Principal Interest Total

Outstanding 
Balance Principal Interest Total

Outstanding 
Balance Principal Interest Total

Series DBB 2018 DBB 2021 DBB 2023
Issued 2018 2021 2023
Project Funds $28.44 $28.66 $33.92
Issuance Cost 0.85% 0.85% 0.85%
Total Issue $28.68 $28.90 $34.21
rate 4.00% 4.00% 4.00%
term 21 18 16

2016
2017
2018 $28.68 $0.90 $1.15 $2.04
2019 $27.78 $0.93 $1.11 $2.04
2020 $26.85 $0.97 $1.07 $2.04
2021 $25.88 $1.01 $1.04 $2.04 $28.90 $1.13 $1.16 $2.28
2022 $24.87 $1.05 $0.99 $2.04 $27.78 $1.17 $1.11 $2.28
2023 $23.82 $1.09 $0.95 $2.04 $26.61 $1.22 $1.06 $2.28 $34.21 $1.57 $1.37 $2.94
2024 $22.73 $1.14 $0.91 $2.04 $25.39 $1.27 $1.02 $2.28 $32.64 $1.63 $1.31 $2.94
2025 $21.59 $1.18 $0.86 $2.04 $24.12 $1.32 $0.96 $2.28 $31.01 $1.70 $1.24 $2.94
2026 $20.41 $1.23 $0.82 $2.04 $22.80 $1.37 $0.91 $2.28 $29.32 $1.76 $1.17 $2.94
2027 $19.18 $1.28 $0.77 $2.04 $21.43 $1.43 $0.86 $2.28 $27.55 $1.83 $1.10 $2.94
2028 $17.91 $1.33 $0.72 $2.04 $20.00 $1.48 $0.80 $2.28 $25.72 $1.91 $1.03 $2.94
2029 $16.58 $1.38 $0.66 $2.04 $18.52 $1.54 $0.74 $2.28 $23.81 $1.98 $0.95 $2.94
2030 $15.20 $1.44 $0.61 $2.04 $16.98 $1.60 $0.68 $2.28 $21.83 $2.06 $0.87 $2.94
2031 $13.76 $1.49 $0.55 $2.04 $15.37 $1.67 $0.61 $2.28 $19.77 $2.15 $0.79 $2.94
2032 $12.27 $1.55 $0.49 $2.04 $13.70 $1.74 $0.55 $2.28 $17.62 $2.23 $0.70 $2.94
2033 $10.72 $1.62 $0.43 $2.04 $11.97 $1.80 $0.48 $2.28 $15.39 $2.32 $0.62 $2.94
2034 $9.10 $1.68 $0.36 $2.04 $10.16 $1.88 $0.41 $2.28 $13.07 $2.41 $0.52 $2.94
2035 $7.42 $1.75 $0.30 $2.04 $8.29 $1.95 $0.33 $2.28 $10.66 $2.51 $0.43 $2.94
2036 $5.67 $1.82 $0.23 $2.04 $6.34 $2.03 $0.25 $2.28 $8.15 $2.61 $0.33 $2.94
2037 $3.86 $1.89 $0.15 $2.04 $4.31 $2.11 $0.17 $2.28 $5.54 $2.71 $0.22 $2.94
2038 $1.97 $1.97 $0.08 $2.04 $2.20 $2.20 $0.09 $2.28 $2.82 $2.82 $0.11 $2.94
2039 $0.00 $0.00 $0.00

$28.68 $14.2 $42.9 $28.90 $12.2 $41.1 $34.21 $12.8 $47.0

DBB Assumption DBB Assumption DBB Assumption



Outstanding 
Balance Principal Interest Total

Series DB 2017
Issued 2017
Project Funds $71.81
Issuance Cost 0.85%
Total Issue $72.42
rate 4.00%
term 22

2016
2017 $72.42 $2.11 $2.90 $5.01
2018 $70.30 $2.20 $2.81 $5.01
2019 $68.10 $2.29 $2.72 $5.01
2020 $65.82 $2.38 $2.63 $5.01
2021 $63.44 $2.47 $2.54 $5.01
2022 $60.97 $2.57 $2.44 $5.01
2023 $58.39 $2.68 $2.34 $5.01
2024 $55.72 $2.78 $2.23 $5.01
2025 $52.93 $2.89 $2.12 $5.01
2026 $50.04 $3.01 $2.00 $5.01
2027 $47.03 $3.13 $1.88 $5.01
2028 $43.90 $3.26 $1.76 $5.01
2029 $40.65 $3.39 $1.63 $5.01
2030 $37.26 $3.52 $1.49 $5.01
2031 $33.74 $3.66 $1.35 $5.01
2032 $30.08 $3.81 $1.20 $5.01
2033 $26.27 $3.96 $1.05 $5.01
2034 $22.31 $4.12 $0.89 $5.01
2035 $18.19 $4.28 $0.73 $5.01
2036 $13.91 $4.45 $0.56 $5.01
2037 $9.45 $4.63 $0.38 $5.01
2038 $4.82 $4.82 $0.19 $5.01
2039 $0.00

$72.42 $37.8 $110.2

Design Build Assumption



Outstanding 
Balance Principal Interest Total

Series DB 2017
Issued 2017
Project Funds $70.06
Issuance Cost 0.85%
Total Issue $70.66
rate 4.00%
term 22

2016
2017 $70.66 $2.06 $2.83 $4.89
2018 $68.59 $2.15 $2.74 $4.89
2019 $66.45 $2.23 $2.66 $4.89
2020 $64.22 $2.32 $2.57 $4.89
2021 $61.90 $2.41 $2.48 $4.89
2022 $59.48 $2.51 $2.38 $4.89
2023 $56.97 $2.61 $2.28 $4.89
2024 $54.36 $2.71 $2.17 $4.89
2025 $51.65 $2.82 $2.07 $4.89
2026 $48.82 $2.94 $1.95 $4.89
2027 $45.89 $3.05 $1.84 $4.89
2028 $42.83 $3.18 $1.71 $4.89
2029 $39.66 $3.30 $1.59 $4.89
2030 $36.35 $3.44 $1.45 $4.89
2031 $32.92 $3.57 $1.32 $4.89
2032 $29.35 $3.72 $1.17 $4.89
2033 $25.63 $3.86 $1.03 $4.89
2034 $21.77 $4.02 $0.87 $4.89
2035 $17.75 $4.18 $0.71 $4.89
2036 $13.57 $4.35 $0.54 $4.89
2037 $9.22 $4.52 $0.37 $4.89
2038 $4.70 $4.70 $0.19 $4.89
2039 $0.00

$70.66 $36.9 $107.6

Design-Build-Operate-Maintain 



Series DBFOM 2017 Equity 
Issued 2017 2017
Private Financing $64.52 $7.17
Issuance Cost 0.50% $0.32
Reserve Fund 8.00% $5.16
Underwriter's Discount 2.00% $1.29
Capitalized Interest $7.92 $2.26
Total Issue $79.22 $9.43

rate 5.00% 12.00%
term 20 20

Outstanding 
Balance Principal Interest Total

Outstanding 
Balance Principal Interest Total

2016
2017
2018
2019 $79.22 $2.40 $3.96 $6.36 $9.43 $0.13 $1.13 $1.26
2020 $76.83 $2.52 $3.84 $6.36 $9.30 $0.15 $1.12 $1.26
2021 $74.31 $2.64 $3.72 $6.36 $9.16 $0.16 $1.10 $1.26
2022 $71.67 $2.77 $3.58 $6.36 $8.99 $0.18 $1.08 $1.26
2023 $68.90 $2.91 $3.44 $6.36 $8.81 $0.21 $1.06 $1.26
2024 $65.98 $3.06 $3.30 $6.36 $8.60 $0.23 $1.03 $1.26
2025 $62.93 $3.21 $3.15 $6.36 $8.37 $0.26 $1.00 $1.26
2026 $59.71 $3.37 $2.99 $6.36 $8.11 $0.29 $0.97 $1.26
2027 $56.34 $3.54 $2.82 $6.36 $7.82 $0.32 $0.94 $1.26
2028 $52.80 $3.72 $2.64 $6.36 $7.50 $0.36 $0.90 $1.26
2029 $49.09 $3.90 $2.45 $6.36 $7.14 $0.41 $0.86 $1.26
2030 $45.18 $4.10 $2.26 $6.36 $6.73 $0.46 $0.81 $1.26
2031 $41.09 $4.30 $2.05 $6.36 $6.27 $0.51 $0.75 $1.26
2032 $36.78 $4.52 $1.84 $6.36 $5.76 $0.57 $0.69 $1.26
2033 $32.27 $4.74 $1.61 $6.36 $5.19 $0.64 $0.62 $1.26
2034 $27.52 $4.98 $1.38 $6.36 $4.55 $0.72 $0.55 $1.26
2035 $22.54 $5.23 $1.13 $6.36 $3.84 $0.80 $0.46 $1.26
2036 $17.31 $5.49 $0.87 $6.36 $3.03 $0.90 $0.36 $1.26
2037 $11.82 $5.77 $0.59 $6.36 $2.13 $1.01 $0.26 $1.26
2038 $6.05 $6.05 $0.30 $6.36 $1.13 $1.13 $0.14 $1.26
2039 $0.00

$79.22 $47.9 $127.1 $15.8

ASSUMPTIONS ASSUMPTIONS
90% Financing 10% Equity
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Project Overview 
 



 PROJECT: Arizona Department of Transportation 
(ADOT) is considering converting all freeway lighting in 
the Phoenix Maintenance District from high pressure 
sodium (HPS) to light emitting diodes (LED) through a 
Public Private Partnership (P3). 

 PURPOSE: This presentation summarizes the results of  
analyses of ADOT’s total lifecycle cost in two steps:  
o The cost and benefit of implementing the Project at all  
o A preliminary value for money (VfM) analysis of four 

alternative delivery methods: 
• Design-Bid-Build (DBB) 
• Design-Build (DB) 
• Design-Build-Operate and Maintain (DBOM) 
• Design-Build-Finance-Operate and Maintain (DBFOM) 

 
 

Summary 
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 Replace all HPS lighting with LED 
 Reconfigure Deck Park Tunnel lighting to meet current 

standards. 
 Design and implement electronic control system to 

monitor and control each fixture 
 Work with utilities to provide capability of measuring 

power consumption for use in monthly payments 
 Project does not include: 

o Relocation of light poles or replacement of slip-base style 
poles 

o Any new fiber optic cable 
o Replacement lighting for roadway signs and signals 

Proposed Project 
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Assumptions 
 



 Anticipated lamp life: 
o HPS – 3 years 
o Ballast for HPS – 6 years 
o LED – 15 years 

 Power cost with LED is 35% less than HPS. 
 Power cost savings calculated at a rate of $0.10 per 

kilowatt hour. 
 Freeway lights on an average of 12.5 hours per day. 
 Tunnel lights always on. 
 ADOT third party claims related to lighting levels - 

base cost $100,000 per year currently, reduce to 
$25,000 per year after lighting upgrade 

 
 
 

 
 
Operations and Maintenance 
Assumptions 
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 Analysis period is from January 1, 2015 to December 
31, 2038 for all delivery methods 

 

VfM Assumptions – Project Costs 

Delivery Method Responsibility for 
O&M 

Compensation 
for Capital Costs 

DBB ADOT Progress or 
Milestone Payments 
Financed by ADOT 

DB ADOT 

DBOM Developer (20 years) 

DBFOM Developer (20 years) Availability Payments 
Paid by ADOT (After 
Construction) 
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VfM Assumptions – Compound 
Escalation Rates (YOE) 

Year Construction and O&M Design and CM 

2015 1.83% 3.06% 

2016 2.04% 3.61% 

2017 2.27% 3.81% 

2018 2.30% 4.36% 

2019 2.27% 4.41% 

2020 2.27% 3.54% 

2021 2.27% 4.27% 

2022 2.27% 3.31% 

2023 2.44% 2.36% 

2024 2.61% 2.36% 

2025 2.61% 2.36% 

2026 2.61% 2.36% 

2027 2.61% 2.36% 

2028 2.59% 2.36% 

2029 2.56% 2.36% 

2030 2.56% 2.36% 

2031 2.56% 2.36% 

2032 2.56% 2.36% 

2033 2.55% 2.36% 

2034 - 2038 2.54% 2.36% 5 



VfM Assumptions – Financing 
DBB DB DBOM DBFOM 

Project Activities 
Financed 

• Design of Freeway Lighting 
Upgrade & Energy Audit 

• Construction 

• Design of Freeway 
Lighting Upgrade & 
Energy Audit 

• Construction 

• Design of Freeway 
Lighting Upgrade & 
Energy Audit 

• Construction 

• Design of Freeway Lighting 
Upgrade & Energy Audit 

• Construction 

Public Financing  • Term: 2017 Issue 22 yrs 
• Term: 2021 Issue 18 yrs 
• Term: 2023 Issue 16 yrs 
• Interest Rate: 4.0% 
• Issuance Costs: 0.85%  

• Term: 2017 Issue 22 yrs 
• Interest Rate: 4.0% 
• Issuance Costs: 0.85% 

• Term: 2017 Issue: 22 yrs 
• Interest Rate: 4.0% 
• Issuance Costs: 0.85% 

Private Financing :  
90% Financing / 10% 
Equity 

Financing Share Assumptions 
• Issued in 2017  
• 2 years capitalized interest 
• Interest Rate: 5% 
• Term: 22 years 
• Issuance Cost: 2.5% 
• Reserve Fund: 8.0% 
Equity Share Assumptions 
• Funding in 2017  
• 2 years capitalized interest 
• 12% Return on Investment 
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Cost Estimates & 
Analysis 



Risk-Adjusted Delivery Schedules 

DBB

DB

DBOM

DBFOM

Project development and procurement

Design and implementation of Project

Operations and maintenance

20382021 2022 2023 2024 20252015 2016 2017 2018 2019 2020
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Base Capital Cost  Estimate  (2015$) 

8 

DESCRIPTION DBB DELIVERY DB   DELIVERY
DBOM  

DELIVERY 
DBFOM 

DELIVERY
Freeway Lighting Upgrade

Construction $38,039,100 $35,736,493 $33,433,887 $33,433,887
Design 

Percent of Construction Cost 10% 5% 5% 5%
Cost $3,803,910 $1,786,825 $1,671,694 $1,671,694

Construction Engineering
Percent of Construction Cost 15% 14% 10% 10%
Cost $5,705,865 $5,003,109 $3,343,389 $3,343,389

Contingency
Subtotal Freeway Lighting Upgrade $47,548,875 $42,526,427 $38,448,970 $38,448,970
Deck Park Tunnel Lighting Upgrade

Construction $14,325,600 $13,408,160 $12,490,720 $12,490,720
Design 

Percent of Construction Cost 12% 7% 7% 7%
Cost $1,432,560 $938,571 $874,350 $874,350

Construction Engineering
Percent of Construction Cost 15% 14% 10% 10%
Cost $2,148,840 $1,877,142 $1,249,072 $1,249,072

Contingency
Subtotal Deck Park Tunnel Lighting Upgrade $17,907,000 $16,223,874 $14,614,143 $14,614,143
Subtotal Capital Cost $65,455,876 $58,750,301 $53,063,112 $53,063,112
Developer G&A and Profit

Percent of subtotal 0.0% 0.0% 7.0% 9.5%
Cost $0 $0 $3,714,418 $5,040,996

TOTAL ESTIMATED DIRECT COST $65,455,876 $58,750,301 $56,777,530 $58,104,108
ADOT Procurement Cost* $200,000 $500,000 $1,600,000 $1,800,000
ICAP Allocation (10% of Total Cost) $6,565,588 $5,925,030 $5,837,753 $5,990,411

TOTAL FREEWAY LIGHTING UPGRADE COST $72,221,463 $65,175,331 $64,215,283 $65,894,519
*Assumes no stipend

Added in Cost-Risk Assessment

Added in Cost-Risk Assessment



Conversion of Base Capital Cost  Estimate  (2015$) to 
Risk-Adjusted Capital Cost Estimate (YOE$) 

2015 Base Capital Cost 

YOE Total Risk-
Adjusted Capital Cost 

Escalation Factor 
Applied Within the Risk 

Model 

Project Contingency 

2015 Total Risk-
Adjusted Capital Cost 
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 $94.7 M (YOE $) 

Risk-Adjusted Capital Cost:  DBB Delivery 
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 $74.3 M (YOE $) 

Risk-Adjusted Capital Cost:  DB Delivery 
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 $73.0 M (YOE $) 

Risk-Adjusted Capital Cost:  DBOM Delivery 
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 $74.9 M (YOE $) 

Risk-Adjusted Capital Cost:  DBFOM Delivery 
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Base O&M Cost Estimate (2015$, thousands) 

DBB & DB DBOM & DBFOM
2015 2025 2019

Staff costs $471 $431 $421
Contract cost $1,800 $800 $800
Closures of Deck Park Tunnel for cleaning $200 $200 $180
Replacement of luminaire lamps and ballast $877 $0 $0
Other material and supplies $800 $800 $640
Electric power $3,161 $2,149 $2,041
Management and Administration $78 $78 $78
Profit (P3 only) -   -   - -   -   - $106
ADOT oversight (P3 only) -   -   - -   -   - $81
Claims related to lighting $100 $25 $25
TOTAL ANNUAL O&M COST $7,487 $4,483 $4,372

AFTER CONVERSION*EXISTINGDESCRIPTION

* Typical for first five years.  Increases gradually after that. 
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Risk-Adjusted Annual O&M Costs 
Year No Action DBB DB DBOM DBFOM
2015 $7.6 $7.7 $7.7 $7.7 $7.7
2016 $7.7 $7.8 $7.8 $7.9 $7.9
2017 $7.9 $8.0 $6.3 $5.2 $5.2
2018 $8.1 $7.9 $5.3 $4.7 $4.5
2019 $8.3 $7.6 $5.0 $4.8 $4.8
2020 $8.5 $7.5 $5.1 $4.9 $4.9
2021 $8.7 $7.6 $5.2 $5.0 $5.0
2022 $8.9 $6.2 $5.3 $5.1 $5.1
2023 $9.1 $6.3 $5.4 $5.4 $5.5
2024 $9.3 $5.5 $5.8 $5.6 $5.6
2025 $9.6 $5.8 $6.0 $5.7 $5.7
2026 $9.8 $5.9 $6.2 $5.9 $5.9
2027 $10.1 $6.1 $6.3 $6.0 $6.0
2028 $10.3 $6.5 $6.5 $6.7 $6.7
2029 $10.6 $6.6 $7.4 $7.7 $7.7
2030 $10.9 $7.0 $8.7 $7.9 $7.9
2031 $11.1 $7.4 $8.9 $8.1 $8.1
2032 $11.4 $7.6 $9.2 $8.3 $8.3
2033 $11.7 $8.5 $9.4 $8.5 $8.5
2034 $12.0 $9.6 $9.6 $8.7 $8.7
2035 $12.3 $9.9 $9.9 $8.9 $8.9
2036 $12.6 $10.1 $10.1 $9.1 $9.2
2037 $13.0 $10.4 $10.4 $9.4 $9.4
2038 $13.3 $10.7 $10.7 $9.6 $9.6

Total $242.6 $184.2 $178.3 $166.8 $166.7
-$58.5 -$64.4 -$75.8 -$75.9Comparison to No Action 
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Benefits Analysis 
Results 
 



When Would Cumulative O&M Cost Savings Cover Capital 
Costs? 
 DBB Payback Period: 

2019–2050 (31 years) 

 DB Payback Period:  
2017–2042 (25 years) 

 DBOM Payback 
Period: 2017–2038 (21 
years) 

 DBFOM Payback 
Period: 2017–2038 (21 
years) 
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Qualitative Benefits: 
 Brings lighting in Deck Park Tunnel up to full 

standard 
 Reduced energy consumption  
 Improved measurement of power consumption 
 Improved safety and security 
 Improved monitoring of light outages 
 Increased control of light distribution patterns 
 More control over lighting levels 
 Less hazardous waste generated by less frequent 

replacement of luminaires. 

Should ADOT Proceed With 
This Project? 
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Total Uses YOE $ (millions) NPV YOE $ (millions) NPV YOE $ (millions) NPV YOE $ (millions) NPV
ADOT Costs $318.0 $204.9 $289.1 $187.8 $144.2 $101.3 $36.8 $29.9

Annual O&M Costs1 $184.2 $120.7 $178.3 $113.9 $34.8 $27.9 $34.8 $27.9
Capital Costs

ADOT Procurement Activities 1 $2.1 $1.9 $0.6 $0.5 $1.9 $1.8 $2.1 $2.0
Repayment of Principal $91.8 $55.0 $72.4 $45.7 $70.7 $44.6
Finance Costs / Interest $39.9 $27.3 $37.8 $27.7 $36.9 $27.1

Payment to Developer $136.5 $83.2 $288.8 $191.4
Annual O&M Costs $136.5 $83.2 $136.4 $83.1
Equity Investment

Repayment of Principal $9.4 $5.9
Finance Costs / Interest $15.8 $12.0

Private Financing
Repayment of Principal $79.2 $53.3
Finance Costs / Interest $47.9 $37.1

Total Uses $318.0 $204.9 $289.1 $187.8 $280.7 $184.5 $325.7 $221.3

Comparision to DBB -$17.1 -$20.4 $16.3
% Savings 8.3% 10.0% -8.0%

Preliminary VfM Analysis ($ in millions)
NPV at 3.5% 

DBB Delivery DBFOM DeliveryDB Delivery DBOM Delivery 

Which Delivery Method Provides ADOT the Best Value? 

Net Present Value @ 3.5% 

Note: 1 Assumes ADOT would use available cash 
18 



Which Delivery Method Provides ADOT the Best Value? 

Preliminary VfM  
 Net present value (NPV) 

calculation reflect 3.5% 
discount rate 

 
 NPV provides a comparison 

of total costs over the 2015 to 
2038 period in present dollars  
 

 DBOM  provides the largest 
savings compared to DBB 
Delivery: $20 M  or 10% 

Preliminary Value For Money Results 
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Is the DBOM Delivery Approach Affordable? 

 In total, between 2019 and 2025 
would require $5.2 M in 
additional funding (approx. $0.75 
M per year) 
 

 Beginning in 2026, annual DBOM 
costs would be less than No 
Action 

Compared to No Action 
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Questions / Next 
Steps 



Next Steps 

 
 Assemble Freeway Lighting Information 

 
 Begin Business Case development 

 
 Begin RFQ 
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