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Modernization of DoD’s Pre-War
Buildings masonry buildings can
be significantly less expensive
than new construction.

DoD’s LEED Silver standard can
be met at less cost with
modernization and Pre-War
Buildings can contribute
significantly to DoD’s goals of
lowering GHG emissions.

By leveraging original design
features for thermal comfort
(“original design intelligence”)
with new, energy-efficient
buildings systems, DoD can
modernize Pre-War Buildings to
match the energy performance
of new construction.
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Mission critical facility
requirements can be fulfilled
through the adaptive reuse and
modernization of Pre-War
Buildings.

Historic buildings should be
considered a valuable asset
and their reuse and
modernization should be
integrated into installation
master plans.

Prescriptive and rigid application
of AT/FP and progressive
collapse standards can result in
significantly higher
modernization costs and at
the same time generate higher
levels of Scope 3 GHG
emissions than carefully
specified AT/FP treatments.

Recommended Actions
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Military planners should explore
modernization and repurposing
of Pre-War Buildings before
considering new construction to
meet installation mission
requirements.

Military service procurement
procedures should be reviewed
and revised to ensure selection
and use of contractors with
experience and knowledge of
historic structures.
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DoD’s MILCON and SRM
funding programs should be
reviewed and revised to avoid
piece-meal improvements to
historic structures and instead
provide for full modernization.

Prescriptive and rigid application
of AT/FP and progressive
collapse standards should be
avoided. Greater emphasis on
installation-wide security
measures can lower AT/FP
compliance costs for historic,
and other existing structures.
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Executive Summary

Study Performance Objectives

Overall Objective

The purpose of this Study is to demonstrate how to incorporate environmental costs and benefits
into traditional life-cycle cost analyses (LCCAS) and total ownership cost (TOC) analyses2 for
military construction projects, using two key metrics: life-cycle greenhouse gas (GHG) emissions
and the net present value (NPV) of life-cycle costs with monetized GHG emissions. The Study
focused on buildings constructed before World War 1l (Pre-War Buildings).

Specific Study Performance Objectives
To meet the overall objective of the Study, the Study Team worked with ESTCP staff to formulate
five performance objectives, as follows:

Performance Objective #1. Demonstrate that a planning level building project can reuse
existing buildings (both historic and non-historic) using sustainable design and energy-efficient
building systems on a cost-effective basis compared to new construction, serving the same mission-
critical use and achieving a 15 percent or more NPV cost reduction.

Performance Objective #2. Demonstrate that a planning level building project involving
existing buildings (both historic and non-historic) can achieve GHG reductions exceeding GHG
reductions in new construction by 15 percent or greater reduction in GHGs (broken down by Scope
1, 2, and 3 emissions).

Performance Objective #3. Develop a more complete LCCA that includes the monetary value
of GHG emissions incorporated into the LCCA, demonstrating that reuse of historic or other
existing building can achieve a 5 percent reduction in project NPV due to lower overall GHG
emissions.

Performance Objective #4. Demonstrate that a growing installation’s mission-critical needs
can be met with an older (historic or non-historic) existing building.

Performance Objective #5. Demonstrate comprehensive LCCA framework that more
thoroughly measures both cost and life cycle assessment of carbon footprint reduction in a manner

2
This Study uses the term LCCA for essentially the same analysis that would also fall under the term TOC.
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that can be incorporated into DoD existing MILCON approval process (DD 1391).
Study Context

Legal and Policy Context

The U.S. Congress and Executive Branch have set forth a series of legislative and policy directives
that mandate that the Federal government, including DoD, take measures to achieve significant
levels of reduced energy consumption and GHG emissions. At the same time DoD must fulfill its
obligations to preserve and protect historic properties under the National Historic Preservation Act
and adopt Anti-Terrorism Force Protection measures to protect its personnel and property assets.

DoD’s Real Property Inventory

DoD is one of the world’s largest property owners with a real property inventory of approximately
300,000 owned buildings as of the end of 2006. Among these properties, almost a third
(approximately 32 percent) are 50 years or older. Many are either listed, or eligible for listing, on
the National Register of Historic Places (“historic), while others are considered “non-historic.”
DoD’s building inventory would suggest that a change in energy usage can have a big total impact
on reducing the agency’s overall GHG emissions.

Original Design Intelligence

There has been longstanding perceived policy conflict between Federal mandates to improve
energy efficiency and to preserve historic and non-historic older properties. Recent research,
however, indicates that older buildings, particularly those constructed prior to the mid-1940s (prior
to the widespread use of modern HVAC systems), offer opportunities to improve energy efficiency
when undergoing modernization. These buildings were typically designed to maximize thermal
comfort by incorporating features that provide “passive” or energy conservation through the choice
of building materials and design.

Military Planning Process

As part of funding requests for military construction, military planners are required to prepare
project alternatives and undertake a comprehensive economic analyses of all the costs of ownership
over the life-cycle of the project. This study would introduce a new step in the process: calculating
the GHG emissions associated with construction project alternatives and assigning a monetary
value to GHG emissions.
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Selected Installations and Buildings

The Study Team worked with DoD staff to select three active military installations and two
buildings for study at each installation, as follows:

Fort Bliss — El Paso, Texas
* Buildings 1 and 115

Saint Juliens Creek Annex, Norfolk Naval Shipyard — Chesapeake, Virginia
* Buildings 61 and 168

F.E. Warren Air Force Base —Cheyenne, Wyoming
* Buildings 222 and 323

Building selected were non-residential and “typed” historic/non-historic structures that can be
found at multiple military installations. Use of typed buildings allows the findings and
observations from this Study to be broadly applicable.

Specification of Project Alternatives

The Study Team formulated four Project Alternatives for each selected building. The mission use
for all buildings was general administrative office. The four Project Alternatives were:

o 01-Sustainment/Status Quo — used as a baseline to determine energy savings;

e 02-Demolition and New Construction —the existing building is demolished and replaced
with new construction;

e 03-Modernization with HPS —a strict interpretation of the Secretary’s Standards for
Rehabilitation of Historic Properties is applied and AT/FP and progressive collapse
standards are met with in a manner consistent with HPS, International Building Code, and
ISC Security Design Criteria; and

e 04-Modernization with AT/FP —a less strict interpretation of HPS is applied and AT/FP
and progressive collapse standards are met with customary treatments that reflect
prescriptive and customary approached used by many installations.

All new construction and modernization Project Alternatives were specified to meet a LEED Silver
level, except for one building at F.E. Warren where the Study Team specified a program to reach
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LEED Gold. This exception was made early in the Study period to explore the impact of a higher
level of energy efficiency on life-cycle GHG emissions and NPV costs.

Methodology

Design Standards
As part of the specification of each Project Alternative, the Study Team applied the following key
design standards:

*  Whole Building Design

* UFC 1-200-01 General Building Requirements

* UFC 4-610-01 Administrative Facilities

* UFC 1-900-01 Selection of Methods for the Reduction, Reuse and Recycling of
Demolition Waste

* UFC 3-310-04 Seismic Design for Buildings

* DoD Minimum Antiterrorism Force Protection Standards for Buildings

» Secretary of Interior’s Standards for Rehabilitation of Historic Buildings

Cost Estimation

The Study Team utilized RSMeans CostWorks as the primary source for cost data but also
reviewed project cost records for recently completed projects at each installation and interviewed
local contractors that have had experience at the installation or surrounding market. Demolition
and typical environmental remediation (lead paint and asbestos) costs were included in the cost
estimates for the Project Alternatives.

Structural Assessment

The buildings selected for this Study have experienced modifications, damage, foundation
movement, aging, and exposure to moisture. The Study Team’s evaluation was based on an
approach intended to consider the original structural design, the condition of materials, the effects
of age and past usage, hurricane and other damage, and the requirements for continued service.
The Study Team made on-site observations to visually assess the condition of the structures,
identify the structural system types, and obtain field measurements of primary structural elements.

Energy Consumption Estimates

After initial construction or modernization, GHG emissions are generated by energy consumed
during ongoing building operations, including lighting, heating, and cooling. In order to estimate
these emissions, the Study Team’s mechanical engineering consultant determined the thermal

ESTCP Project Number S1 0931
Page ES-vi



insulation values (known as R- and U- values) of the door, window, roofing, sheathing, and
exterior wall materials specified in each Project Alternative based on industry standards and
professional judgment. These values were then input into Trane’s Trace 700 Building Energy and
Economic Analysis Software Version 6.2 using the TETD-TA1® methodology for cooling load and
the U-factor by area by temperature difference and instantaneous room load calculation method for
heating load.

GHG Emissions Estimation

Definition of Scopes 1, 2, & 3 GHG Emissions

Scope 1 emissions refers to emissions generated by use of energy at the building or building site,
such as natural gas for a boiler. Scope 2 emissions are for purchased energy not controlled at the
site, such as electricity from a utility company. Scope 3 emissions are related to the production and
transport of building materials as well as transportation of waste and demolition debris to an offsite
disposal site.

GHG Calculation Tools

As of the date of this Study there is not currently a single, widely-accepted, publicly-available
GHG calculator that can provide estimates of Scope 1, 2, and 3 GHG emissions. To estimate GHG
emissions, the Study Team reviewed off-the-shelf calculation tools and ultimately utilized the
following:

» Scope 1: World Resources Institute (WRI) GHG Protocol, Emission Factors from Cross-
Sector Tools, Version 1.3.

e Scope 2: EPA eGRID 2012, Version 1.0 Year 2009 GHG Annual Output Emission Rates
» Scope 3: (1) Athena Institute EcoCalculator for Assemblies, Low Rise Structures; and (2)
EIO-LCA: Economic Input-Output Life Cycle Assessment, US 2002 Purchaser Price

Model, adjusted to 2012 dollars.

Having gone through the demonstration process, the overall conclusion of the Project Team is that
without an integrated GHG calculator (whether one model or multiple related models), the process
of estimating GHG emissions by Scope 1, 2, and 3 for MILCON projects will be challenging to
perform in a cost-effective manner since the process would involve multiple steps, knowledge of
multiple calculators and data sources, and considerable care in cross-walking cost estimate data
categories with carbon calculator categories.

COze Pricing
Based on a review of fifteen available public studies, the Study Team determined that the EPA

3
Transfer Function Method for heat gain calculations and Time Averaging Method for room load calculations.
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analysis of the American Power Act (“EPA Analysis”) was the best available source of per CO,e
ton pricing data study since many of the other studies referenced the EPA data as source material.

Life Cycle Cost Analysis (LCCA)
To prepare its LCCA, the Study Team adopted the standards set forth in the USACE’s Manual for
Preparation of Economic Analysis for Military Construction. Key assumptions included:

o 30-year study period, excluding project lead time;
o Current dollar analysis, all in 2012 dollars (e.g., no CPI escalations); and

o Real 30-year discount rate from OMB Circular 94-A, Appendix C.
Findings

Overall Key Findings
Based upon the data from the LCCA analyses, the Study Team can make the following overall
findings:

» Pre-War Buildings can be cost effective compared to new construction on a life-cycle cost
basis, both with and without factoring in the monetized value of GHG emissions;

» Leveraging existing building materials and original design intelligence, modernization of
Pre-War Buildings can achieve comparable levels of energy consumption as new
construction at a LEED Silver level;

* On a life-cycle cost basis, Pre-War Buildings generate less total GHG emissions compared
to new construction -GHG savings from initial construction (Scope 3) is the driver of this
result;

*  While adding monetized GHG emissions to the project cost reflects the true economic cost,
it does not have a significant impact on LLCA project NPV results. The absolute dollar
values of GHG emission differences among Project Alternative was extremely low; and

» Incorporating the monetary value of GHG emissions raised the total project life-cycle costs
across all Project Alternatives by approximately 2 to 3 percent.

Findings Relative to Specific Performance Objectives
The Study Team’s analysis found the following with respect to the five performance objectives set
forth at the commencement of the Study:
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» Performance Objective #1: Achieve a 15 percent cost reduction with modernization
relative to new construction. Five of twelve modernization Project Alternatives met this
objective and two other were within ten percent of the goal. The result was the same with
and without the monetized value of GHG included. Comparing only total initial
construction costs, eight of twelve modernization Project Alternatives were 15 percent less
than new construction.

» Performance Objective #2: Achieve a 15 percent cost reduction in GHG emissions
with modernization relative to new construction, broken down by Scopes 1, 2, and 3
emissions. Every modernization Project Alternative achieved this goal for Scope 3
emission. Scope 1 emissions were calculated only for F.E. Warren and one modernization
Project Alternative met this threshold. For Scope 2, none of the modernization Project
Alternatives performed significantly better than new construction since all new
construction and modernization Project Alternatives specified similar, energy-saving
building systems —and this was an expected result.

» Performance Objective #3: As presented in Table V-8, none of the Project
Alternatives achieved Performance Objective 3 since the dollar values of GHG emissions,
while material as a percent of total life-cycle costs for each Project Alternative, are not
high enough to impact relative total NPV of life cycle costs among Project Alternatives.

* Performance Objective #4: The Study meets this Performance Objective byshowing
that mission requirements can be met with historic/non-historic existing buildings. With
respect to DoD standards, the Study Team relaxed strict interpretations of AT/FP and HPS
standards for the purposes of comparison in Project Alternative 03 and Project Alternative
04, respectively.

» Performance Objective #5: The Study did not meet this objective. The replication of
this Study by Military planners would be difficult for the following reasons: (i) there is no
off-the-shelf, GHG emission calculation tool that integrates Scope 1, 2, and 3 emissions;
(i) existing calculators are oriented to new constructions, not historic rehabilitation or
modernization; and (iii) the Study team found that it was difficult to cross-walk the cost
estimation system categories with the categories of building assemblies and components
found in the GHG emission calculation tools.

Other Findings

» AT/FP and progressive collapse requirements tent to be rigidly and prescriptively applied
by project designers, increasing construction costs and introducing additional Scope 3
emissions.
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e The Study Team observed prior modernization treatments that result in loss of original
energy saving design features (e.g., original design intelligence) in Pre-War Buildings.

Recommendations

Based upon the findings and observations of the Study Team, the following recommendations are
offered to DoD for consideration:

* Incorporate life-cycle GHG emissions analysis into DoD MILCON and SRM programs
with metrics, such as life-cycle CO2e per square foot, and report GHG metrics on
D1391 forms to incent project planners to consider all options.

* Invest in formulation of an integrated GHG emission calculation carbon system of
tools

» Place more emphasis on existing buildings as viable project alternatives to meet
mission requirements and DoD’s energy reduction targets

» Evaluate GHG tradeoffs early in the project formulation process to identify both a
design and mix of building materials (or retained materials) that result in the lowest
Scope 3 emission envelop.

» Identify characteristic strengths and vulnerabilities by class of building rather than
apply prescriptive, “one size fits all” treatments

*  Avoid modernization treatments that result in loss of original energy saving design
features in Pre-War Buildings

* Improve the MILCON procurement process to ensure that construction contractors and
design and engineering professionals with historic preservation experience are engaged
to ensure that DoD has capacity to effectively evaluate its inventory of historic and
other older, existing buildings.
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Glossary

This Study utilizes the following abbreviations and acronyms:

ACHP Advisory Council on Historic Preservation

ASCE American Society of Civil Engineering

ASHRAE American Society of Heating Refrigeration, and
Air Conditioning Engineers

BEES Building for Environmental and Economic
Sustainability

BOMA Building Owners and Managers Association

BOMA EER BOMA Experience Exchange Report

BAH Booz, Allen, & Hamilton, Inc.

BRAC Base Realignment and Closure

BSHF Building and Social Housing Foundation

BTU British Thermal Unit

CCX Chicago Climate Exchange

CFI Carbon Financial Instruments

CERL Construction Engineering Research Laboratory

Cf Cubic feet

CFR Code of Federal Regulations

CO Carbon Monoxide

CO, Carbon Dioxide

CO,e Carbon Dioxide Equivalent

COE Corps of Engineers

CONUS Continental United States

DAU Defense Acquisition University

Demonstration
Plan

Demonstration Plan for ESTCP Project Number
S1 0931

DoD Department of Defense

DoE Department of Energy

EA Economic Analysis

eGRID Emissions & Generation Resource Integrated

Database
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EIA U. S. Energy Information Agency

EISA 2007 Energy Independence and Security Act of 2007

EO Executive Order

EPA U. S. Environmental Protection Agency

ESTCP Environmental Security Technology Certification
Program

EPA Analysis EPA analysis of the American Power Act

FEW F.E. Warren Air Force Base

FY Fiscal Year

FTBL Fort Bliss

GHG Greenhouse Gas

GSF Gross Square Feet

GSHP Ground Source Heat Pump

HVAC Heating, Ventilation and Air Conditioning

HPS Historic Preservation Standards, e.g., Secretary of
the Interior’s Rehabilitation Guidelines and
Standards for the Rehabilitation of Historic
Properties

ISC Interagency Security Committee

kBtu 1,000 British thermal units

kWh Kilowatt hour

LCA Life Cycle Assessment

LCCA Life Cycle Cost Analysis

LEED Leadership in Energy and Environmental Design

LEED AP LEED Accredited Professional

LEED- NC LEED New Construction

MILCON Military Construction

Military U.S. Air Force, U.S. Army, U.S. Navy, and U.S.

Services Marine Corps

MT Metric Ton

MW Mega-watt

NAVFAC Naval Facilities Command

NIST National Institute of Standards and Technology

NRHP National Register of Historic Places

NHL National Historic Landmark
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NHPA National Historic Preservation Act

NPV Net Present Value

O&M Operations and Maintenance

PV Photovoltaic

Q-1 The sum of all necessary restoration and
modernization costs is not greater than 10 percent
of the replacement value of the facility(PRV)

Q-2 Facilities Quality Code- Sum of all restoration and
modernization costs that are greater than 10
percent but not greater than 20 percent of the
replacement value

Q-3 Facilities Quality Code- Sum of all restoration and
modernization costs that are greater than 20
percent but not greater than 40 percent of the
replacement value

Q-4 Facilities Quality Code- Sum of all restoration and
modernization costs that are greater than 40
percent of the replacement value

RECs Renewal Energy Certificates

REPI Real Estate Property Inventory

ROI Return on Investment

Pre-War Existing buildings built prior to 1945

Buildings

PRV Plant Replacement Value

Project A set of alternative facility construction and/or

Alternatives

improvement programs that can meet the mission
requirement and applicable DoD standards

SJCA Saint Juliens Creek Annex, Norfolk Naval
Shipyard

SCF Standard cubic foot (natural gas)

SF Square foot

SIR Savings-to-Investment Ratio

SRM Sustainment, Restoration and Modernization

TOC Total Ownership Cost

TJ Terajoule
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UFC United Facilities Criteria

USACE United States Army Corps of Engineers

USGBC U.S. Green Building Council

WBCSD World Business Council for Sustainable
Development

WRI World Resource Institute
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SECTION I:
PERFORMANCE OBJECTIVES & STUDY
BACKGROUND
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Study Performance Objectives

This Study’s overall objective is to demonstrate how DoD can reduce its carbon “bootprint” by
incorporating environmental metrics, namely GHG emissions, into its life cycle cost analysis
(LCCA) and economic analysis protocols, leading to economically and carbon efficient outcomes.
This Study’s hypothesis is that the reuse and modernization of DoD’s existing buildings,
particularly those constructed prior to World War 11, can help DoD achieve its GHG emission goals
while at the same time preserve historic and cultural resources. To test this hypothesis, the Study
Team formulated five specific performance objectives (Performance Objectives) and success
criteria for this Study, as presented in Table I-1:

Table I-1

Study Performance Objectives and Success Criteria

No. Performance Objective

Success Criteria

1 Demonstrate that a planning level building project
can reuse existing buildings (both historic and
non-historic) using sustainable design and
energy-efficiencies on a cost-effective basis
compared to new construction serving the same
mission-critical use.

2 Demonstrate that a planning level building project
involving existing buildings (both historic and non-
historic) can achieve GHG reductions exceeding
GHG reductions in new construction.

3 Develop a more complete LCCA that includes the
monetary value of carbon offsets incorporated
into the LCCA.

4 Demonstrate that a grow ing installation’s mission-

critical needs can be met with an older (historic
or non-historic) existing building.

5 Demonstrate comprehensive LCCA framew ork
that more thoroughly measures both cost and life
cycle assessment of carbon footprint reduction
in a manner that can be incorporated into DoD
existing MILCON approval process (DD 1391).

Reuse of existing historic and non-
historic buildings achieve a 15 percent or
more NPV cost reduction compared to
new construction.

Reuse of existing buildings demonstrates
a 15% or greater reduction in GHGs
(broken dow n by Scope 1, 2, and 3
emissions) compared to new buildings in
a planning level analysis.

Demonstrate a 5 percent reduction in
project NPV due to carbon offset values.

Full documentation in a checklist format
of reuse building compatibility w ith
mission-critical use requirements.

User survey results that measure the
tool's average user satisfaction at a
minimum of 60 percent, and no fatal
flaw s identified in the tool's application to
the MILCON process.

User survey results that measure
opinions about the compatibility of the tool
w ith LEED certification process at a
minimum average of 60 percent
acceptability.

Source: ESTCP Project SI 0931Demonsttration Plan.
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Policy & Institutional Context

Over the past several years, Congress and the Executive Branch have set forth a series of legislative
and policy initiatives that mandate that the federal government, including DoD, take measures to
achieve significant levels of energy conservation and reduction in GHG emissions. As of the date
of this Study, the following statutes, executive orders, OMB circulars, and DoD regulations and
policies have resulted, collectively, in the need for a new approach to military construction project
planning that considers the economic and environmental values and benefits of reusing the existing
DoD building inventory:

Statutory Mandates:

National Historic Preservation Act of 1966

Section 106 requires Federal agencies to take into account the effects of their undertakings on
historic properties that are owned or controlled by the agency. Section 110(a)(1) sets forth the
duties of Federal agencies as stewards of historic properties as follows:

The heads of all Federal agencies shall assume responsibility for the preservation of
historic properties which are owned or controlled by such agency. Prior to acquiring,
constructing, or leasing buildings for purposes of carrying out agency responsibilities,
each Federal agency shall use, to the maximum extent feasible, historic properties
available to the agency.

Energy Policy Act of 2005 (EPAct2005)

The EPACt2005 is the first modern Federal building energy policy. It requires that all construction
projects use energy star products, fit all buildings — existing and new — with electric meters, and
directs the Department of Energy (DOE) to establish Federal building performance standards.
Specifically, the policy requires a 30 percent building energy consumption reduction below
ASHRAE standard 90.1-2004, which would earn a new construction building seven out of ten
possible points under USGBC LEED Energy and Atmosphere credit 1 (EAc1), Optimize Energy
Performance, and would earn an existing building nine out of ten possible EAc1 points. Finally,
the act requires the Federal government to set goals for renewable energy sources for all new
construction and major renovation projects. This Study uses 2009 LEED for New Construction
and Major Renovations.
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The Energy Independence and Security Act of 2007 (EISA 2007)

This law set energy goals for Federal buildings by mandating a 30 percent reduction in energy
usage by 2015 relative to base year 2005. It required agencies undertaking new construction or
major rehabilitation to achieve a 55 percent reduction in fossil fuel consumption by 2010 and 100
percent by 2030; mandates LCC analyses of major equipment replacements as well as renovations
or expansions of existing facilities; established high performance green building standards; and
amended authorities for Energy Savings Performance Contracts.

Resource Conservation and Recovery Act (RCRA 6002)
Legislation that requires waste reduction and the use of recycled content, and increase use of bio-
based products and construction materials.

2007, 2008, and 2009 Defense Authorization Acts

These laws consolidated and enhance authorities for energy conservation; increased goals for
renewal energy procurement to 25 percent by 2025; mandated use of energy efficient products for
new construction; amended enhanced use leasing statutes for energy related projects; and enhanced
reporting requirements.

Executive Orders and OMB Circulars:

Order 13423 Strengthening Federal Environmental, Energy, and Transportation
Management (January 2007)

This Executive Order (EO) requires Federal agencies to reduce their energy intensity by 3 percent
per year resulting by a 30 percent reduction by 2015 relative to base year 2003 (codified by EISA
2007); mandates increasing use of renewal energy with energy production onsite to the maximum
extent possible; and requires agencies to comply with the 2006 Federal Leadership in High
Performance and Sustainable Buildings Memorandum of Understanding, setting a goal that 15
percent of each agency’s existing building stock incorporate sustainable practices in construction,
lease, operation and maintenance of buildings by 2015.

Executive Order 13514 Federal Leadership in Environmental, Energy and Economic
Performance (October 2009)

This EO directs each agency within 90 days to report a percentage reduction target agency-wide
decrease in direct greenhouse gas emissions from agency owned sources and to formulate a
Sustainability Performance Plan. It also requires that each agency take into consideration
environmental measures as well as economic and social benefits and costs in evaluating projects
and activities based on lifecycle return on investment. Finally, it requires that new construction and
major renovation projects implement high performance sustainable Federal building design,
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construction, operation and management, maintenance, and deconstruction including by: (i)
beginning in 2020 and thereafter, ensuring that all new Federal buildings that enter the planning
process are designed to achieve zero-net-energy by 2030; (ii) ensuring that all new construction,
major renovation, or repair and alteration of Federal buildings complies with the Guiding
Principles for Federal Leadership in High Performance and Sustainable Buildings.

Executive Order 13287 Preserve America (March 2003)

EO 13287 enhances compliance with the NHPA and calls for Federal agencies to manage their
historic properties in such a manner as to promote the long-term preservation and use of historic
assets.

Guiding Principles for Federal Leadership in High Performance and Sustainable
Buildings Memorandum of Understanding (January 2006)

This Memorandum of Understanding sets forth an agreement among major Federal agencies
(including DoD) to adopt integrated design, energy performance, water conservation, indoor
environmental quality, and materials for the purposes of reducing the total ownership cost of
facilities; improving energy efficiency and water conservation; providing safe, healthy, and
productive built environments; and promoting sustainable environmental stewardship.

Relevant DoD Regulations and Policies

The Deputy Undersecretary of Defense for Installations and Environment has indicated that while
combat and operational activities will not be subject to emissions targets, DoD will seek to reduce
emissions from non-combat areas by 34 percent. According to the Obama Administration, the
average Federal-government-wide reduction target is a 28 percent emissions reduction.*

Office of the Secretary of Defense Instructions and Policies:

DoD Instruction 4170.11. This instruction implements energy conservation and sustainable
building design requirements across all Military Services and agencies; encourages participation
under the USGBC’s LEED certification program. Among other items, this Instruction mandates
that DoD:

“Develop programs that result in facility that are designed, constructed, operated,
maintained, and renovated to achieve optimum performance and maximize energy

4
http://solveclimate.com/blog/20100129/federal-government-and-military-reduce-own-emissions-
28-2020
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efficiency according to sustainable principles.”

Unified Facilities Criteria (UFC) 3-400-01 Energy Conservation (with changes of 2008).
This UFC sets minimum energy conservation standards for new construction rehabilitation,
modification of facilities, including facilities offsite that are leased or otherwise acquired. This
UFC focuses on the entire facility lifecycle, e.g., the planning, design, construction and
sustainment, restoration, and/or modernization stages.

UFC 4-010-01 DoD Anti-Terrorism and Force Protection Requirements. This UFC requires
DoD Components to adopt and adhere to common criteria and minimum construction standards to
mitigate antiterrorism vulnerabilities and terrorist threats, including historic properties.

US Air Force Policy

A7C Policy Letter (August 2007). Requires one-hundred percent of MILCON projects meet
LEED Silver requirements, and specifies which credits must be met. The projects need not be
certified, just certifiable as determined by a LEED AP. However, the Air Force requires five to ten
percent of its buildings to be certified (five percent in FY 2009, and ten percent by FY 2010).
Finally, the letter creates a line item on DD 1391 for sustainable design. If the sustainable design
elements cost more than two percent of the primary facility cost, the planner should justify the
reason(s).

Army Policy
SPIRIT to LEED Transition (2006). Requires all new construction and major renovation projects
that enter the planning process in FY 2008 to meet LEED Silver requirements. Exceptions:

e Buildings not climate controlled,;
e Horizontal construction on or under- ground (e.g., airfield, roads, utilities, bridges);

e Overseas Contingency Construction and CONUS interim facilities; and

e Renovation and repair projects that are not defined as major renovation.

Office of the Assistant Secretary of the Army (OASA): Sustainable Design and
Development (SDD) Policy Update — Life-Cycle Costs (2007). All new construction and
major renovation projects that enter the planning process in FY 2008 are required to meet LEED
Silver requirements. Housing facilities are still subject to SPIRIT Gold requirements.

5
See page 7, DoD Instruction 4170.11.
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Army Energy Security Implementation Strategy of 2009. This strategy sets forth goals to
reduce energy consumption, increase energy efficiency, increase use of renewable/alternative
energy, ensure access to energy, and reduce the U.S. Army’s adverse impacts on the environment.

ECB 2008-27 (Sept, 2008). All projects must register with LEED and use LEED templates,
even if they are not certified.

USACE. All design and construction teams must include a LEED AP.

ASHRAE 189.1 Standard. This standard adopted by the Army in December 2010. This
standard is for new construction and major renovations and addresses sustainable sites, water use,
and energy efficiency, and how a building impact the atmosphere, materials, and resources.f

US Navy and Marine Corps Policy

ASN “Energy and Utilities Development in MCON and Special Projects,” (August 2006).
Requires all new construction and major renovation projects to meet the EPAct2005 and achieve at
least Silver-level rating performance.

Engineering and Construction Bulletin (ECB) 2008-01 “Energy Policy Act of 2005
Implementation and USGBC LEED Certification”. All new construction and major renovation
Navy and Marine projects must be LEED certified, and are encouraged to be certified LEED-
Silver. It also discusses the Budget Estimate Summary Sheet (BESS) that summarizes the cost
premium for LEED/EPACt05 features and shows how to transfer this cost premium to DD 1391.
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MILCON Program Overview

All Military Services utilize a planning and assessment process to prioritize and implement
MILCON projects®. MILCON projects encompass:

e Construction, erection, or assembly of a new facility;

e Addition, expansion, extension, alteration, conversion, or replacement of an existing
facility; and

e Relocation of a facility.

The types of projects that are excluded from the MILCON funding program include projects
associated with operations, maintenance, and routine/minor repairs.

Planning, Design & Funding Process

In general, the MILCON process flows from identification of a mission-critical use and its facility
requirements, conducing project planning and prioritization, formulating alternatives for economic
evaluation, selecting the most cost-effective alternative, obtaining MILCON funding for the
projects, and then implementation through a design and build process. Each Military Service
promulgates its own instructions and guidelines for the MILCON program and has different
organizational structures and terminology in some cases for components of the process. A
generalized process is depicted in Figure 1-1 below:

Figure I-1
Generalized MILCON Economic Evaluation Process

e {am  (JEE  E

---- = process improvement intervention points for ESTCP 09 EB-SI16-036

. Determine
~ Mission
Requirements

6
Military construction projects over $750,000 are typically funded through MILCON, with projects
over $1.5 million requiring Congressional approval.
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Determine Mission Requirements

The overall objective of the MILCON facility project planning and budget programming process is
to deliver facilities critical to mission accomplishment. The first step in the planning process,
typically at the Installation Commander level, is to identify the mission requirement and applicable
facility standards.

Project Planning and Prioritization

The goal of project planning is to establish the most effective and economically efficient program
that enables the Installation to meet its mission. After identifying the mission, the Installation
commences a project planning and prioritization process.

Formulation of Alternatives

At this stage in the process, Installation staff formulates a range of alternative facility programs that
can meet the mission requirement and applicable facility standards (“Project Alternatives”).

Project Alternatives typically include:

o Use of existing facilities through alteration, extension, or major/minor
rehabilitation;

e New construction;

e Purchase of new facility outside the Installation;
e Lease of an existing facility outside the Installation; and

e Other arrangements, including use and occupancy of other government facilities.

Installation staff then determines the initial feasibility of the Project Alternatives, indicating
whether some Project Alternatives on their face are not feasible and thus do not merit further
analysis. An example would be an Installation in a remote location where no private market exists
to provide facilities. Hence, a lease or purchase of the required asset would not be feasible.

Evaluate Project Alternatives

For feasible Project Alternatives, the Installation performs a full evaluation of each Project. The
analysis includes an evaluation of how the Project Alternative meets the applicable standards for
the mission as well as a comprehensive economic analysis that indicates the life-cycle costs over
the applicable time horizon. Life-cycle costs include upfront demolition and construction and/or
modernization as well as ongoing costs to use and occupy the facility.
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Select Project Alternative

Once a full evaluation is completed, the Project Alternative that best meets the mission requirement
on an efficient and cost-effective basis is selected and advanced to the Service command
headquarters for funding consideration.

MILCON Budget Request

If the selected Project Alternative involves new construction or modifying an existing asset (that
meets the $750,000 dollar program threshold), the Installation initiates MILCON programming
process by preparing and submitting a DD Form 1391 and other applicable forms and
documentation and the project specifications. The Installation project MILCON request is
reviewed internally by the Service command headquarters as well as by the Office of the Secretary
of Defense. DoD MILCON requests are submitted to the U.S. Office of Management and Budget
and included in the President’s annual budget. Ultimately, the U.S. Congress reviews and approves
MILCON projects over $1.5 million.

Design and Build
After authorization and appropriation of MILCON funding, the Installation project is funded by the
Service (after first obtaining a Certificate of Compliance, which is equivalent to project entitlement
in the private sector).

Strengthening the Economic Analysis of Sustainability in the
MILCON Process

Over the past few years, the U.S. Congress and President have jointly implemented a large policy
shift that mandates that DoD reduce its energy use and GHGs as described above. At present there
is a need to strengthen the parametric cost estimating process and economic analysis of Project
Alternatives in the MILCON planning process to reflect the full potential of existing facilities
(including historic properties) to meet both mission requirements and the new mandates and
standards related to energy consumption and GHGs. Analyses of restoration or modernization of
existing structures should include realistic estimates of energy savings based upon replacement of
relevant building systems and insulation treatments as well as embodied energy associated with
new materials proposed as part of the treatment for the building.”

7

Note that no value will be calculated for embodied energy of existing building materials; this is
treated as a “sunk cost.” The analysis will indicate the relative change in embodied energy
associated with new materials introduced in each Project Alternative.
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In fact, there is some evidence that alternatives for rehabilitation or adaptive reuse of existing
buildings face an uphill analytic challenge compared to new construction. The Army narrowly
described in its guidance document “renovation” as the renovation of the “status quo” facility and
not as the restoration or modernization of other existing and available facilities.? The Navy is
reported to use a 70 percent rule for excluding rehabilitation as a feasible alternative.® These
operating concepts and “rules of thumb” can potentially result in suboptimal decision-making,
particularly if GHG emissions are factored into consideration.

Figure 1-2 illustrates how the Study Team proposes to add a new step to the traditional economic
analyses procedures.

Figure I-2
Proposed New Step for Economic Analysis

Scenario
Specification

Cost Estimation
Capital &
Operating

Life Cycle GHG
Calculation

el

New
Total LLC/TOC

8

See Section 9 of Manual for Preparation of Economic Analysis for Military Construction (And
Base Realignment and Closure (BRAC)), Headquarters, U.S. Army Corps of Engineers, January
2010.

9
Ibid. E.g. if rehabilitation of an existing structure is estimated to cost 70 percent or more of the
cost of new construction.
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Limitations of Existing Analytic Tools such as ECONPAK

Most economic analysis guidance documents issued by Military Services refer to ECONPAK, a
software program developed and maintained by the U.S. Army Corps of Engineers, as a
recommended (but not mandatory) tool to prepare economic evaluations. The ECONPAK software
package enables military facility planners to generate a standardized economic analysis of Project
Alternatives that can be automatically uploaded into Form 1391. This tool provides an economic
impact model to compare the net present values (NPVs) of up to nine Project Alternatives, so that
military planners can choose the most cost effective alternative that meets a given set of mission-
critical requirements. Up to 35 life cycle cost variables can be entered in the software tool for
analysis, but all data entry inputs (and underlying assumptions) are controlled by the planner.

While ECONPAK standardizes the inputs and outputs for economic analysis across Military
Services and project types, the ECONPAK software program, as formulated today, has limitations
that have led the Project Team to propose preparation of a new spreadsheet as a demonstration and
potential use as an alternative recommended template (and/or basis for making improvements to
ECONPAK). These limitations include:

e There is no ability to link inputs to the “Life Cycle Elements” module from external non-
ECONPAK Excel workbooks, so values generated from other programs, models and
calculators must be re-entered by hand; furthermore Life Cycle Elements can only be
dollar values, preventing calculations utilizing non-dollar units within the spreadsheet;

e The cost sensitivity function is constrained by a uniform lower and upper limit of change
on a percent basis that may or may not make sense for all the variables identified for cost
sensitivity analysis; sensitivity analyses for variables external to the ECONPAK Life Cycle
Elements cannot be accommodated:;

e The internal help content offers limited guidance on data sources for operating and
maintenance costs especially for historic properties;

e The internal structure does not explicitly have its users address sustainable design, historic
building reuse, or greenhouse gas reduction goals of the government.

(This space intentionally left blank)
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Background and Study Relevancy

What Are Greenhouse Gases?

Greenhouse gases, abbreviated as “GHG,” are gases in an atmosphere that absorb and emit
radiation.” As GHGs concentrate in the atmosphere, a “greenhouse” effect is triggered resulting in
rising average global temperatures and changes in climate. The primary GHGs in the Earth's
atmosphere are water vapour, carbon dioxide, methane, nitrous oxide, and ozone. Human activities
contribute to the generation of GHGs, as do the natural physical changes that occur on Earth.
People generate GHGs, primarily carbon dioxide (CO,), from the combustion of carbon based
fuels, principally wood, coal, oil, and natural gas.

Contribution of Buildings to Greenhouse Gases

The contribution of residential and commercial buildings to GHG emissions has been well
documented by others. Buildings generate emissions at all points during their life-cycle:
manufacture and transportation of building materials, construction and renovation of building
improvements, building operations during occupancy, and demolition and transport of debris.
According to a statistical summary prepared by the US Environmental Protection Agency (EPA),
the bulillt environment accounts for a major portion of energy use and CO, emissions in the United
States :

39 percent of total energy consumption;

72 percent of total electricity consumption;

38 percent of all carbon dioxide (CO,) emissions;

40 percent of raw materials use;

10
Information for this section is from Wikipedia:
http://en.wikipedia.org/wiki/Greenhouse gas#Greenhouse gases, accessed on December 13, 2012.

" See Buildings and Their Impact on the Environment: A Statistical Summary, U.S. Environmental Protection
Agency, Revised April 23, 2009. The same pattern of energy use by structures has been quantified by the
United Nations Environment Program in their publication Buildings and Climate Change: Status, Challenges,
and Opportunities, 2007 and in Buildings and Climate Change: Summary for Decision-Makers, 2009.

Final Report
ESTCP Project Number SI 0931

Page 1-12



e 26 percent of total non-industrial waste output (160 million tons annually); and
e 13 percent of potable water consumption.

These general statistics tell us that any national initiative to reduce energy use and GHGs must
include policies that address the built environment, a point that has been incorporated into energy
efficiency policies and programs at all levels of government.

DoD’s Building Inventory

DoD is one of the world’s largest property owners with a real property inventory of approximately
300,000 owned buildings as of the end of 2006 . Among these properties, almost a third
(approximately 32 percent) are 50 years or older. Many are either listed, or eligible for listing, on
the National Register of Historic Places (“historic”), while others are considered “non-historic.””
Moreover, the proportion of buildings aged 50 years or more in DoD’s inventory will grow larger
in the coming years. By 2025, 67 percent of DoD buildings will be 50 years or older. DoD’s
facilities and operations together account for approximately 80 percent of total Federal government
energy consumption in 2011."

This large and aging building inventory presents both an opportunity and a challenge to DoD, as
the Military Services implement directives to evaluate construction projects in accordance with a
series of recently enacted mandates for energy reduction, whole building design, and greenhouse
gas emission (GHG) reductions. It is an opportunity since DoD’s building inventory would suggest
that a change in energy usage can have a big total impact on reducing GHG emissions. Itis a
challenge because improved energy efficiency cannot come entirely through new construction of
energy-efficient buildings, but also must come through modernization and reuse of DoD’s existing
buildings.

12

Data for this section taken from DoD Cultural Resources Workshop, “Prioritizing Cultural Resources Needs
for a Sound Investment Strategy,” November 2, 2006. It should be noted that since 2005, DoD’s inventory has
been reduced through demolition as well as transfer of properties subject to closure

13
For a definition of “historic” and “non-historic” please refer to Attachment F.

14
Table 1.11 U.S. Government Energy Consumption by Agency, Fiscal Years 1975-2011, Annual Energy
Review 2012, US Energy Information Administration.
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Original Design Intelligence

There has been longstanding perceived policy conflict between Federal mandates to improve
energy efficiency and to preserve historic and non-historic older properties. Recent research,
however, indicates that older buildings, particularly those constructed prior to the mid-1940s (prior
to the widespread use of modern HVAC systems), offer opportunities to improve energy efficiency
when undergoing modernization”. The U.S. Energy Information Agency published a study in 2003
that indicated that the per square foot energy consumption of buildings built before 1920 has been
less than buildings built in later decades until recently when adopting energy saving building
systems and operations has become widespread.16

These buildings were typically designed to maximize thermal comfort.” Van Citters (2010) and
Carroon (2010) have evaluated older buildings and have identified common building features that
provide “passive” or energy conservation through the choice of building materials and design, as
follows:

o Natural ventilation through building siting, operable windows, transoms, and open
staircases;

e Passive solar benefits obtained from building siting, thermally massive construction
materials and shading devices; and

o Natural light enhancement through building siting, use of tall and wide windows, narrow
floor plates, and sloped ceilings, and shading devices.”

While the concepts of environmental sustainability and “green” were not prevalent at the time these
buildings were designed and contracted, the structural elements of these pre-war buildings act as
integrated systems to provide ventilation, heating and cooling, and natural daylight. As indicated
by Van Citters (2010) and Carron (2010), many of these features have been lost or compromised in

® See Maintaining Elements that are Efficient by Design (or What’s Already Greed About Out Historic
Buildings),” DoD Legacy Resource Management Program, Project Number 09-456, July 2010 (Van Critters
2010); and Carroon Jean, Sustainable Preservation: Greening Existing Buildings, John Wiley & Sons, Inc.,
2010 (Caroon 2010)..

16

See U.S. Energy Information Agency, “2003 Commercial Buildings Energy Consumption Survey Detailed
Tables (Table C3, found at: ftp://ftp.eia.doe.gov/consumption/cbecs2003_ce.pdf, accessed December 13, 2012.
17

This study will refer to buildings without modern HVAC systems that were constructed prior to the mid-
1940s as ‘Pre-War Buildings.”

18
These specific bulleted items are taken from Van Critters (2010).
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the course of repair, sustainment or modernization.

Looking forward, when DoD faces a choice to accommodate a new mission through building a new
structure or modernizing an existing building, these two studies recommend, in effect, that military
planners should include restoration, to the extent possible, of these original features for any project
alternative that includes modernization of an existing building. This Study identifies and
incorporates these features in the specification of treatments for existing buildings to demonstrate
this principal.

Prior Research

There have been few studies that have investigated and compared the life-cycle emissions of new
construction with reuse of existing buildings. One of the earliest studies that addressed the GHG
emissions associated with both initial building construction or rehabilitation and operation was
Assessing the Energy Conservation Benefits of Historic Preservation: Methods and Examples,
prepared by Booz, Allen, & Hamilton, Inc. (BAH) and published in 1979 by Advisory Council on
Historic Preservation (ACHP 1979). This pioneering work was prepared at a point in time when
energy conservation policies were driven by the 1970s oil embargoes not climate change. The
study set forth key concepts, such as embodied energy, demolition energy, and operational energy,
still utilized today for the study and evaluation of GHG emissions related to construction projects.
BAH used a case study approach to calculate the embodied energy of materials in historic buildings
and compare that to the energy used to manufacture new building materials for a replacement
building. The study found that the reuse of historic buildings offer energy savings benefits when
comparing rehabilitation with new construction and that rehabilitated historic buildings can achieve
the same energy efficiencies on an operational basis. The study presented a set of formulas for
calculating embodied and operational energy consumption of buildings, anticipating the many
carbon calculators available for use today. Jackson 2005 reports that this study led to the National
Trust for Historic Preservation issuing in 1981 its often-cited New Energy from Old Buildings, a
guide to improving the energy efficiency of historic buildings.

In 2008, the Building and Social Housing Foundation (BSHF) of the United Kingdom published
the results of a study, New Tricks with Old Bricks (BSHF 2008), that compared 50-year life-cycle
emissions of new residential construction with refurbishment of existing homes. The study
evaluated six homes (three new and three existing) and found that over the 50-year period of
analysis, there was no significant difference in terms of total CO, emission generated on a square
meter of space basis (this normalized the results to account for varying home sizes). However,
there was a significant savings in initial CO, emissions with existing homes compared to new
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homes due to the large difference of new building materials used. Offsetting the advantage in CO,
emissions for existing homes was the reported savings in operating CO, emissions for new homes
which resulted in new homes essentially “catching up” with existing homes with the passage of
time. The researchers for this study used Bath University’s Inventory of Carbon and Energy to
calculate embodied energy for building materials and the U.K.’s National Home Energy Rating
assessment to estimate CO, for ongoing operation of the homes. The study excluded CO,
emissions from demolition and transport of construction debris.  While this study did report
construction costs, it did not provide a life-cycle cost analysis in parallel with the CO, emission
analysis. It was uncertain from the published study if the CO, measured in the study was CO.e,
e.g., including all GHGs and normalizing them into a CO, equivalent. The study also indicated as
a limitation that it did not consider the effect on CO, emissions of changes in the future mix of
energy sources.

The Athena Institute, in association with Morrison Hershfield, Ltd., published A Life Cycle
Assessment Study of Embodied Effects for Existing Historic Buildings, a study for Parks Canada in
2009 (Athena 2009). This study was focused on four historic buildings. Similar to this Study,
Athena 2009 sought to incorporate environmental considerations and data into the decision making
process for new-versus-rehabilitation development decisions. The study used Athena’s
EcoCalculator to estimate embodied CO, related to construction of new buildings at the same
location as the existing buildings. To estimate ongoing CO, emissions from operations, Athena
used the Canadian Building Inventive Program Screening Tool sponsored by the National Resource
Canada’s Office of Energy Efficiency. The study found that after renovation, the existing and new
buildings performed similarly with respect to ongoing energy consumption. Similar to BSHF
2008, Athena 2009 found a significant CO,e savings with the reuse of existing buildings compared
to new construction. A drawback to the study, however, was that is excluded the CO,e impacts of
building materials for rehabilitation of the existing historic buildings. Often significant interior
demolition of prior improvements is required to rehabilitate an existing building, so these impacts
could be significant. The study acknowledges the “high mass envelopes typical of historic
buildings” but does not provide a detailed analysis of material and design characteristics that might
boost energy performance of historic buildings.

The most recent similar study to be published was released in June 2010 by the Preservation Green
Lab of the National Trust for Historic Preservation (NTHP), The Greenest Building: Quantifying
the Environmental Value of Building Reuse. This study undertakes a life-cycle analysis approach
over a 75-year period of analysis. The study evaluated the comparative environmental impacts of
rehabilitation versus new construction on four major impact categories: (i) climate change; (ii)
human health; (iii) ecosystem quality; and (iv) resource depletion. The key study findings were
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that building rehabilitation “almost always yields fewer environmental impacts that new
construction when comparing buildings of similar size and functionality.” For a new building that
is 30 percent more energy-efficient than a comparable existing building it would take from 10 to 80
years to overcome the initial GHG emissions associated with building materials for the new
building. Six building typologies where analyzed, including residential uses.

Overall, what distinguishes this Study from the prior studies is its attempt to be comprehensive in
nature by: (i) focusing on CO,e impacts associated with building materials for both new
construction and rehabilitation (e.g., “modernization”); (ii) explicit breakdown of GHG emissions
into widely recognized Scope 1, 2, and 3 categories; (iii) applying a standard energy efficiency
standard, e.g., ASHRAE 90.1 and 189.1 to the rehabilitation and new construction Project
Alternatives; (iv) and testing the application of a monetary value to GHG emissions in traditional
LCCAs to equalize the economic aspects of construction program decision-making.

Final Report
ESTCP Project Number SI 0931

Page I-17






Introduction

In this section, the Study Team presents théhaumlogy and approach to its demonstration of
incorporating GHG into LCCA economic analysesl identifies some of the general issues
encountered in undertaking this demonstration study.

Selection of Installations and
Buildings

As part of the Demonstration Plan, the Study Teah DoD staff selected three installations to
participate in the Study and undertook an initialnd of identifying specific buildings for the
Study.

Installation Selection Criteria

To arrive at the three selected installationsShely Team and DoD staff formulated and applied
the following criteria:

X Installations with near term growth teupport additional office space for operations,
training, and general administration;

X Installations representing the Military Serviceighwbuildings that are similar in design and
construction;

x Installations that represent three differefimatic conditions that might impact overall
energy consumption;

x Installations with large numbers of buildingsitihave been listed or are eligible for listing
on the National Register of Historic Places or are in National Historic Landmarks; and

x Installations with large numbers of non-histobuildings that have been evaluated for
historic significance which are fifty years old or older.

(This space intentionally left blank)
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Installations Participating in the Demonstration
As set forth in the Demonstration Plan, the threallatons that were selected for this Study are:

X Navy - Naval Support Activity, Norfolk Naval Shipyard, St. Juliens Creek Annex,
Chesapeake, VA (SJCA);

X Army - Fort Bliss, El Paso, TX (FTBL); and
x Air Force - F.E. Warren AFB, Cheyenne, WY (FEW).

These three facilities and sites were selectedandination with the Office of the Deputy Under
Secretary of Defense for Installations and Environment, specifically the historic preservation
function of the Environmental Managementdgitorate (OADUSD [ESOH)]) and the facilities
management functions of the Installationgji@eements and Management Directorate (OADUSD

().

These three installations represent each of the Milédgary Services, are located in three different
geographic areas of varying climates, represent gigpwastallations with larg numbers of historic
properties listed or eligible for listing on the tidmal Register of Historic Places and/or have
numerous non-historic properties age 50 years or more. The location of these installations is
shown in Figure II-1. Table II-1 shows summalimate information and Table I1-2 below
presents in summary form key charactarssof the selected installations.

(This space intentionally left blank)
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Figure I1I-1
Location of Selected Military Installations
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Table II-1
Summary Climate Information for Selected Installations

St. Juliens
Climate Metric Creek Annex | Fort Bliss F.E. Warren AFB
Norfolk, VA El Paso, TX Cheyenne, WY
ASHRAE 169-2006 Climate Zone Number 4 Number 3 Number 6
Subtype A Subtype B Subtype B
Avg. January Temperature (degrees 41 44 27
Farenheit)
Avg. July Temperature (degrees Farenhgit) 79 83 69
Avg. Annual Precipitation (inches) 44.8 8.6 14.5
Avg. Annual Evening Relative Humidity 58% 26% 38%
Days Below 32 Degrees Farenheit 53 59 175
Days of Sun per Year 105 193 106

Table II-2
Summary Characteristics ofelected Installations

Facility/Site Selection

Norfolk Naval Shipyard;

Criteria St. Juliens Creek AnneX Fort Bliss F.E. Warren AFB
Military Service Navy Army Air Force
Location Chesapeake, VA El Paso, TX Cheyenne, WY
Near Term Growth Operation readiness of | Joint Team training ang 90" Missile Wing-

US Atlantic Fleet mobilization Home of the Missileer

Common Building Type

Masonry &/concrete
warehouses

Masonry administrative
buildings & barracks

Masonry barracks &
warehouses

Existing Total/Historic
Building Inventory

114 in St. Juliens Creek
Annex

800+ Buildings NRHP
eligible

220 NHL Buildings

Mission Requirement

Administrative office

space

Administrative office

Administrative office

space

space
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Building Selection Criteria

The building selection criteria were based on olagté@ns and discussions with DoD personnel,
mostly facilities and cultural resource managen®oss service lines, with experience documenting
and repurposing existing DoD buildings, includifge-War Buildings. One of these building
selection discussions took place with OSDiltaes and Environmental and ESTCP personnel.
The Study Team was advised to select froenléingest number of “typed” DoD buildings and
focus on one category which was represented-gelaumbers in all of the services and through
the Real Estate Property Inventory was showbe underutilized because of functional
obsolescence.

The DoD uses a condition index code to dephietcapability of existing facilities known as the
Facility Physical Quality Code as defined in Estire 4 of DoD 4245.8-H (Value Engineering).
Table 111-3 presents standard definitions for the classifications:

Table II-3
DoD Facility Physical Quality Codes
Summary Descriptions

Q-1 Sum of all necessary restoration and modernization
costs is nogreater than 10 percentof the
replacement value of the facility(PRV)
Q-2 Sum of all restoration and modernization costs that
aregreater than 10 percent but not greater than
20 percentof the replacement value

Q-3 Sum of all restoration and modernization costs that
aregreater than 20 percent but not greater than
40 percentof the replacement value

Q-4 Sum of all restoration and modernization costs that
aregreater than 40 percentof the replacement
value

(This space intentionally left blank)
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The following additional criteria were appliedgelect buildings for analysis in this Study:
X Non-residential buildings;
x Buildings with a Facility Physical Quality Code of Q-2, Q-3,or Q-4;

X “Typed” DoD buildings with a high level ofepresentation nationwide such as barracks,
hangars, and warehouses;

x Building with cohesive technology (avoid buildings with a series of additions);
x Buildings that are identical or similar in construction; and

x Buildings that are constructed of anchotfaick veneer, concrete, reinforced masonry
bearing or steel frame encased masonry.

The Study Team targeted Q2 through Q4 buildingsesthey are in need of modest to major repair
and modernization.

Building Condition Evaluation

As part of this demonstration, the Studyaireconvened onsite at each of the three selected
installations. At each installation, the Study Tdanred the installation and inspected the selected
buildings. The Study Team identified physicallbuig layouts, materials, and physical condition
issues that would be a factor in preparing dfmtions for Project Alternatives. This process
considered both the needs of the defing@ssion, requiring office space, as well as the
characteristics of available historic/non-historic buildings, to result in the best possible
compatibility between available buildings and theie as office space. The Project Team worked
with installation staff to obtain the most curremtdit plans, operating costs, lists of repairs, prior
modernization data, maintenance logs, andionsxitical use for the building based on the
Installation Master Plan. Individual energy usdgéa for the selected buildings were not available
since buildings were not separately meteredaditition, the Study Team’s cost estimator worked
with the installation staff to identify knowledgealpigvate contractors in the area with project and
construction experience at the installationnform the cost estimation process.
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Specification of Project Alternatives

After installation and building selection, the Projéeam formulated four Project Alternatives for
the Study’s LCCA. As described in SectiofBtudy Purpose, Background, and Performance
Objectives), several project alternatives apdglly formulated for a proposed construction
project. These alternatives can sometimes inciunddysis of leasing space in the community or
moving the mission operation to an alternative ifetian. This Study is limited to only Project
Alternatives involving DoD'’s dirednvestment in new constriien or modernization at one
installation. The four Project Alternative formulated by the Study Team for this demonstration
study are:

X 01-Sustainment/Status Quo;
X 02-Demolition and New Construction;
X 03-Modernization with HPS; and

X 04-Modernization with AT/FP.

Figure II-2 presents a general flow chart of sequence of Study Team members in the Project
Alternative specification process.

Figure 11-2
Overview of Study Team Specification Process
Structural \
Engineer
' Scenario Specifications
A,
Architectural Specs
HVAC Engineer Structural Specs
Architect Y HVAC/Mechanical Systems Specs
¥ Construction Cost Estimate
. Demolition Estimate
Cost Estimator
Weights and Dump Fees

A

Tri-axel Truck Distances

\ 4

Project
Manager j
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DoD Building Treatment Definitions

The management of existing buildings ownedh®syDoD, is guided by a variety of treatment
definitions and standards produced by the has identified three treatments for physical
work on existing buildings at military instafians as part of its Facilities Criteria for the
Sustainment, Restoration and ModernizatiomgPam (SRM Program). These three treatments-
sustainment, restoration and modernizatiorindedifferent approaches to the reuse of DoD
property. The three treatments make no distindtietween using these treatment for historic or
non-historic properties.

Historic Building
An historic building for purposes of this Study istastoric property which is listed on or has been
determined eligible for listing on the National Register of Historic Places.

Non-historic Building

For purposes of this Study, a non-historic buildsxgne which has been constructed prior to
World War Il, and has been determined by thed&gnent of Defense and National Park Service
through application of the National Register eiéganot to be eligible for listing on the National
Register of Historic Places or, through alteratioas lost its integrity and historic fabric causing it
to no longer be eligible for listing on the National Register.

Sustainment
Sustainment means the recurring day to day permdicheduled work required to preserve real
property in such condition that it még used for its designated purpose.

Restoration

Restoration means the restoration of real proferguch a condition that it may be used for its
designated purpose. Restoration includes repagmacement work to restore facilities damaged
by inadequate sustainment, excessive agetalatisaster, fire, accident or other causes.

Modernization
Under DoD terminology, modernization means theration or replacement of facilities solely to

implement new or higher standards to accomrtedaw functions or to replace a building
component that typically lasts more than 8@ng ( such as the framework or foundation.).

ESTCP Project Number SI 0931

Page II-8



01-Sustainment/Status Quo

The Study Team specified and evaluated Prdj#ernative 01-Sustainment/Status Quo primarily
for the purpose of establishing an energy comion benchmark against which the other three
Project Alternatives could be compared for plaepose of determining LEED points for energy
efficiency gains. In the Demonstration Plarhich was prepared prior to selection of the

buildings, the Study Team indicated that it woeddimate the energy efficiency of the existing
structure prior to its demolition or modernization. However, four of the six buildings selected for
the Study were used for uses other than offgesi{e.g., barracks, industrial shop, or warehouse),
making sustainment improvements to maintaaekisting use not meaningful for LCCA purposes
when the ultimate mission use would be as offi@ep To simplify the analysis, the Study Team
modeled the energy usage as if the exidbinigding were office use with 1980s-era HVAC
technolog;l/. The Study Team does report LCCA cost figures for this Project Alternative but does
not discuss them in the narrative.

02-Demolition and New Construction

Under this Project Alternative, the exigjibuilding is demolished and replaced by new
construction in the same general footprint andltgross square feet. The demolition includes
building improvements, foundation, and removingidd utilities. If an active local market for
recycling existed, the Study Team includedatestruction and recyclingf demolition debris and
materials in its costs estimates but otherwise cefiesct demolition debris laeg transported to an
offsite disposal site.

03-Modernization with HPS

For this Project Alternative, the Study Team laspa strict interpretation of the Secretary of
Interior's Standards for Rehabilitation of HidtoProperties or Historic Preservation Standards
(HPS). This Project Alternativepecifies building treatments to meet AT/FP and progressive
collapse that are consistent with and natanflict with HPS following the standards of the
International Building Code, and ISC Securitgdign Criteria. For example, thick blast-proof
windows are not specified under this Project Alteugagéven though that is a customary (but not
mandatory) treatment in DoD modernization pot$. Instead, AT/FP requirements are met by
specifying window film for enhanced protectiomaking this approach allows one to compare the
GHG and cost impacts of a modernization project with and without DoD’s prescriptive and
customary AT/FP and progressive collapse treatsneldtiring periodic review sessions with DoD,

' This is described in more detailthe discussion of the methodolofgy estimating energy consumption.
ESTCP Project Number SI 0931

Page II-9



ESTCP reviewers expressed an interest in Iagrttie additional costs associated with DoD’s
customary AT/FP and progressive collapse treatsn@st appropriate to the selected building).
This Project Alternative also generally involvekigh degree of interior demolition (75 percent),
in order to remove prior building renovation immpements and/or restore some of the original
design intelligence of the buildingzor more information see tidethodology, Cost Estimation
section of this Study).

04-Modernization with AT/FP

This Project Alternative relaxes the HPS staddand relies upon the prescriptive and customary
DoD/USACE implementation of UFC as the basisdost estimates, using documented structural
retrofit approaches regularly used by installatiolkare description of this standard approach for
AT/FP and progressive collapse is presented inbaion 1l (Methodology) under the structural
engineering methodology. A higher level ofdrior demolition (90 percent) is assumed to
accommodate these standard treatments. Asudtythe quantity of demolition and introduced
new building materials is higher under this BabjAlternative than under 03-Modernization with
HPS but less than under 02-Demoilitiand New Construction. There is one except to the Study
Team’s approach to specifying Project Altaive04. For Project Alternative FEW 323-04, the
Study Team specified a modernization prograat tbcused on maximizing the energy efficiency
of the building as well as implementing custoynAil/FP and progressive collapse structural
approaches.

Standards Applied

Performance Objective #4 of the Demonstrafen requires, through qualitative objectives, to
show that a growing installation’s mission critiogleds can be met with an older (historic or non-
historic) existing building. This objective regesrfull correspondence ofeltharacteristics of the
building and its use with the following DepartmefitDefense United Facilities Criteria and other
applicable standards:

X UFC 1-200-01 General Building Requirements;
X UFC 4-610-01 Administrative Facilities;

X UFC 1-900-01 Selection of Methods ttve Reduction, Reuse and Recycling of
Demolition Waste;

X UFC 3-310-04 Seismic Design for Buildings;
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X UFC 4-010-01 Unified Facilities Criteria DoD Minimum Antiterrorism Standards for
Buildings;

X UFC 3-400-01 Energy Conservation;
X Secretary of the Interior’'s Standards for the Treatment of Historic Properties; and

X 2009 LEED Silver for New Comsiction and Major Renovations.

Finally, the Study assumes that no specialrenvinental studies for NEPA compliance will be
required to implement the Project Alternativelsestthan to complete a NHPA Section 106 review
and NEPA checklist. Further, no unique eamimental conditions are assumed that would require
extraordinary remediation costs beyondestbs and lead-based paint abatement.

(This space intentionally left blank)

’ Use of 2009 LEED Silver was a specific requirement of DoD for this Study.
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Construction Cost Estimation

Parametric Cost Estimation at Project Planning Stage

For military construction projects at the earlggts of planning and submitting funding requests,
Military planners formulate parametric cost esttes that are incorporated into the project’s
economic analysis. Parametric cost estimasanprocess of cost estimation that draws upon
databases of historic costs for similar prageantid like building system and components when
detailed design information is limited or not availébl@sing parametric estimating has the
promise of increased efficierd focused on speed and accuracy in producing estimates. This
Study has adopted a parametric cost standgsticagng how Military Services typically would
analyze the Project Alternatives at the early project planning phase.

The accuracy of parametric cost estimation rhddpends on the qualitynd homogeneity of data
in the underlying cost estimati model database. For MilitaBfanners analyzing potential
adaptive reuse and modernization of existing bogdj the challenge is having the ability to work
with a cost estimation model that can accommodate the many unique features and physical
characteristics common to Pre-War Buildings. To estimate construction costs for the six selected
buildings, the Study Team had to identify, depe and input many special cost categories and
units due to the buildings’ various physical ch&astics and condition. Historic and/or archaic
construction systems meant developing unit dostsepairs or perhaps replacement of older
components. Special considerationsifistallation of infrastructure required nelata inputs for
each new situation encountered. A few examplesimfue cost items typically not found in most
estimating systems include but are not limited to:

X Building new structural solid wood jambs to support masonry;
X Repair of existing doors;
x Custom manufacture of new wood flooring eéts for repairs to existing flooring;

X Inserting new beams to replace damaged historic beams (such as top plates);

’ Defense Acquisition Univertsi (“DAU”)defines parametric cost estitian as follows: “p] cost estimating
methodology using statistitrelationships beteen historic costs and other pragr variables such as system
physical or performance characgigs, contractor outpuheasures, or manpower loading.” See DAU’s
ACQuipedia link:https://dap.dau.mil/acquipedia/PagesiéleDetails.aspx?aid=36157b0b-69b4-4a0c-b16d-
2e978b4c425¢taccessed December 27, 2012.
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X Repair or restoration of windows;

x Energy retrofit of existing windows; and

X Repair and/or restoration of porch elements.
For an existing commercial or government-sponseopsd estimation system to be useful for
modernization of existing buildings, the database wbakk to either have storic data related to
these unique cost items, or be flexible to accomneoiti@uts for unique physical characteristics or
system variables.

Cost Estimation Model Selection Criteria

Based upon foregoing, the Study Team establishedtsmh criteria to guide our selection of a cost
estimation model, as follows:

X Available, off-the-shelf estimation system and model,
x Accepted by the government for Federal agency use;
x Flexibility with customization potential;

x Ability to make preliminary budget estates without fully detailed plans and
specifications; and

X Intended for use for adaptive reuse and Sicgniit rehabilitation (or “modernization” in
DoD’s nomenclature).

Survey of Existing Cost Estimation Models

The Study Team through its cost estimator, Preservation Associates, Inc., a firm specializing in
cost estimation for projects involving historic properties, researched cost estimating programs
pertaining to construction activities within the United States. The Study Team reviewed and
evaluated for content and transparency overdazen websites of the most promising cost
estimating programs. The Study Team conduittetbpth reviews of the ten most promising
programs, testing each program for versatility aocluracy and then selected four of the best
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systems for more detailed consideration for in this §tuﬁiyese four cost estimation systems
were:

x CostWorks, a product of RSMeans, a division of Reed Construction Data, Inc.;
x Cost Link/AE, a product of Building Systems Design, Inc.;

x PACES, a product of AECOM, Inc.; and

X Success Estimator, a product of RIB US Cost, Inc.

RSMeans CostWorks, CostLink/AE, PACES, andCIs3t Success Estimator are all available on a
fee basis and all report that many Federal gawent agencies, including DoD, use their cost
estimation systems and data. All four estimatigstems are parametric cost estimation tools.
CostLink/AE and US Cost Success Estimator both use the RSMeans cost database. PACES uses
pre-engineered model parametans! construction criteria to acctely predict construction costs

with limited design information. The PAS model had some emphasis on modernization

projects, potentially an advantage for this prograkdditionally, PACES incorporates area cost
factors developed by the Tri-Service Coageering Committee staffed by Military Service
personnel.

However, even though some of these programs begg in use and development for nearly 15

years old, they still do not have enough infatioato account for the variables in a sensitive
modernization-level program obnstruction to be performexsh an existing building. These
databases appear to be geared to smaller, remodeling level pfro'[d!mtﬂudy Team determined

that the Cost/Link/AE, PACES, and US Cost Success Estimator parametric modeling systems are
not well advanced enough for use in the Studyhich Project Alternatives include complete
modernization projects.

A parametric estimating system requires a greatafdaput into a database to achieve a high level
of homogeneity to encompass all the specigiirements associated with modernizing older
existing buildings. For instance, a hypothetical set of existing wooden windows in an historic

4
For more information pertaining to each of the tapdkoices including a list gfros, cons and Study Team'’s
decisions made to include exclude certain of the tgmograms, see Appendix D.

5
One of the potential findings of this study may be iecommendation to incorporate into a cost estimating

program for use within DoD targeting all levels of wadssible within an existing building population: full or
partial modernization, or status qustinment. It should be noted thatodishe date of this Study, AECOM
is in the process of updating arestructuring its PACES system.
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building needs to be brought up to an operationdlenergy efficient condition. Pricing existing,
deteriorated historic windows for restoration aimeir energy retrofit usually entails a window by
window survey effort. Using a hypothetical set of windows in any given building once meant that
each window had to be surveyed for condition, estep in the restoration process identified and

all steps bid. In a parametric model estimasgpgtem, groups of like costs are measured, averaged
and arithmetically priced in an algorithm. Howeve set up a parametric algorithm, a census of
possible costs must be taken from 2 to 3 peraktite building population to be measured.

While parametric modeling may not be used iralgorithm format during this cost estimating
program effort, the basis for future study of pae#ric modeling can be aeved by incorporating
some of the data derived from the six buildingesteld for study under this program. Many other
buildings would also need to be studied tor@ase the building cost data census within the DoD
community as a basis for formulating a parametigorithm. The older buildings and their
component systems encountered in this Study wdced using the same or similar methods
needed to set up a database for parametric rmgdelinfortunately, the six buildings selected for
this Study would be too small a sampledstablishing an accurate parametric model.

Selected Model: RSMeans CostWorks

After its research and evaluation, the Stuéph selected RSMeans’ CostWorks. The Study
Team’s cost estimator has had extensive egpeée with RSMeans cost estimating systems for
projects involving modernization of existing buildings. RSMeans is a nationally recognized cost
estimating database that enjoys wide recognititthin the construction industry and is accepted
for use by Military Services. RSMeans aladicated that the firm was undertaking a special
project funded by DoD to build a useable modermratiata based cost program for maintenance.
RSMeans offers a high degree of transparencylaritility and also appeared to be the most
suitable for working with existing buildings as lh&s new construction. The RSMeans system
allows for development of new, unique cost itemos currently listed in the RSMeans database
with the ability to store user-specific dataag®d upon these considerations, the Study Team chose
the RSMeans CostWorks data system as the progrése used for this Study. This choice was
validated and accepted by the Director of Facilitetgy and Utilities Privatization of the Office of
the Deputy Under-Secretary of Defense (Installatanmd Environment) after discussions with the
Study Team.

Cost Estimation Process

The Study’s cost estimation process started wittiinslation of architectural and engineering
specifications into detailed cost categoriesr the New Construction Project Alternative, the
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Study Team prepared cost estimates primédyed upon assemblies (e.g., sets of building
components) while for the Status Quo and Madernization Project Alternatives, a mix of
building assemblies and specific buildiogmponents are used as inputs.

When the Study Team lacked RSMeans cost fdata specific building component, the Study

Team conducted field research to establish thepsryainit of each unique item of work or material

not provided for the cost estimation systefile Study Team identified similar construction

recently completed within the installation and fouimdnany but not all cases, similar examples of
recent costs for work performed. A second medrestablishing costs was to locate general
contractors who have recently successfully cletal projects on the target bases who have
estimating departments. In discussion with the kstanators, the Study Team was able to obtain
relevant cost data for certain missing compaosieit third means of establishing unique unit costs

of labor and materials costs was to have the Study Team’s cost estimator actually bid the work per
his legacy experience with similaristing building construction situations.

Benchmarking Cost Estimates

During the onsite visit at each installatiorg thtudy Team'’s cost estimator contacted the
installation facility manager designated to inded with the Study Team identify similar projects
that have been constructed on the base within thiefipa years. To the extent materials were
available, the Study Team collected plans, spetifins, and completed cost data for the recently
completed base projects selected for establishing comparative cost data.

The installation facility manager provided the naraed contact information for three or four
general contractors who had recently complgtajects on the base to obtain project cost
experience data. It was important to locate gemeraractors who are familiar with construction
costs at least pertaining to the base if netdhirrounding region and who have been in the
construction business for 10 years or more andtiéiractively involved in the construction field.
The general contractors were contacted and appeirts made to discuss construction costs with
their in-house cost estimators. The results efitterviews were utilized to make regional cost
adjustment factors and measured against castast generated using the RSMeans CostsWorks
system.

Pricing of LEED Silver Building Features

The Study Team'’s cost estimates for the ProjdieirAatives include costs associated with meeting
DoD’s minimum LEED standard of Silver. While maof the items that generated points to reach

the Silver LEED level do not have costs associati¢il them, such as site selection and regional
priority, certain items, such as geothermal systems as a component of HVAC, do have cost impacts
which are reflected in the cost estimates. Jéeral conditions costs reported for each Project
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Alternative include engagement of a LEERddedited Professional on the planning and design
team. The Study Team'’s cost estimates do mbade the costs to apply for and obtain actual
LEED certification.

Pricing of Anti-terrorism Force Protection Requirements

The Study Team'’s approach to estimating th&scof meeting ATFP requirements consisted of
pricing specific building specifications, including mdt limited to additional steel and concrete as
well as fortified doors, thicker windows, and stiwral modifications to the doors and window
frames. When additional quantities of steel amaceete were requirethe Study Team simply
estimated the additional quantity and applied the per-unit cost to that quantity. For doors and
windows, the Study Team estimated a per-unit cost to that reflected the design specifications for
the item and applied that per-unit cost for thengityindicated. For exterior ATFP improvements,
the Study Team estimated these costs (e.g., itedmsasuballards, reconfigured parking areas, and
lighting) as two percent (2%) of total constrocticosts for each Project Alternative based upon the
experience of the Study Team engineer and cost estimator.

Pricing of Services

At the earliest stages of project planning, beftetailed designs are available, costs for electrical
and plumbing services are typically expressed as a percent of total costs. The Study Team
followed this protocol and identified typical range of electrical and plumbing costs. For electrical,
the industry-accepted range is ten to fifteen pergEivo to 15%) and eight to twelve percent (8%

to 12%) for plumbing. Based upon the its own collective project experience, the Study Team has
assumed that the Project Alternative 02 Demolitiod New Construction wodibe at the low end

of these identified ranges since there would be no retrofitting of systems and that Project
Alternative 03 Modernization with HPS would betla¢ high end of the range since greater labor
effort is typically required to install regtement electrical and plumbing systems without
compromising contributing features of the building (requiring fishing and chasing wires and pipe).
For Project Alternative 04 Modernization wiiTFP, which has a greater level of interior

demolition and new materials, the Study Team mssuthat electrical and plumbing system costs
would fall in the middle of the indicated ranges.

Furniture and Fixtures

The Study did not estimate costs for equipmeut fairnishings since this would generally be a
wash across the Project Alternatives.

Demolition and Remediation

Scope of Demolition. The Study Team prepared detailed demolition costs for three of the four
Project Alternatives: 02 Demolition and New Coustion, 03 Modernizion with HPS, and 04
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Modernization with ATFP. Project Alternaéw2 was figured as a total demolition and site
clearing of the entire building including f@ess and underground utility connections. For
calculating the size and cost of new constructioa,Study Team used one hundred percent of the
gross square foot footprint multiplied by the numbgfloors. For Project Alternatives 03 and 04,
the total square footage used for calcalathe demolition costs depended on the existing
condition of the six selected buildings and the treatment specified under each Project Alternative.
However, for Project Alternatives 03 and O4padition costs were based upon the net square
footage and the percent of interior improversdntbe removed. The percent of interior
demolition also depended on previous interior gesrto the building under consideration (e.g., a
building with substantial interior changes sashbarracks Building 222 at FEW or one with few
interior changes such as warehouse Building BBJ&A. Project Alternative 04 specified a greater
level of removal of interior improvements thBroject Alternative 03 to accommodate customary
ATFP treatments.

Estimated Demolition and Remediation Costs

The Study Team formulated three related sets of demolition costs applicable to all Project
Alternatives; demolition cost per square foegd based paint abatement per square foot and
asbestos abatement per square foot:

x Building Interior Demolition: A very good per square foobst for interior demolition at
FEW was calculated as $10.69/net useable square foot. The number was derived from
studying a small portion of a 2,000 square foifice rehabilitation donen Building 232 in
1998 and updated in 2007 at that installati®he Study Team’s project cost estimator was
able to procure detailed plans for the officeaeation of a small portion of the total size of
adjacent barracks converted to offices agariier date. The original walls, internal
structural members such as posts, floor framing and flooring as well as all original window
and exterior door openings of the barrack wefein original condition. There was no
structural work in that renovation. This prior renovation provided the opportunity to study
a sizable portion of an office “inserted” irdostanding structure and to undertake a
detailed take-off of all the materials neededthe new office complex. The materials
added to the original structure formed tteav office, hall, bathroom and storage walls,
insulation, ceilings, floor finishes, interior deptrims, paints, and mechanical systems as
it applied to that specific renovated spacem@d with a detailed and accurate list of the
materials, sizes and components used forghevation of the new office space, the project
cost estimator was able to calculate the d#imo costs for the entire space. The estimator
then divided the total demolition figure byetequare footage of the space demolished and
arrived at a per square foot price of $9pet square foot for interior demolition. The
original structural components were left in place and were not figured in the demolition
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cost figure. Ten percent (10%) was addeth&éoraw demolition per square foot figure to
allow for inflation, continuing cost increasestire short term and cost differences between
the base locations of FEW, SJCA and FTBience, the final number used for a per-
square-foot demolition cost at all thriestallations is $10.69 per square foot.

To double check its demolition cost number, the Study Team referred to the Reed
Industries RSMeans 2010 Building Constrastand Cost Data manual and the 2010

Repair and Remodeling Manual by Meansdomparison data. A square foot listing

found for Selective Demolition, minimumterior demolition, was 0241 19.21 1000 as

called for by the architect in his specification. The cost per square foot listed was set by
RSMeans at $6.85 per square foot total. Add to that an upcharge of fifty percent (50%) for
selective nature of the interior demolition calfedby the architect and the cost per square
foot came to $10.28 per square foot. The RSMeans and architect upcharge is within four
percent (4%) of the actual cost calculated per square foot. The project cost estimator
selected the higher cost per square foobiecregional differencdsetween locations and
any costs missed in the calculation.

Lead-based Paint Removal: The Study Team’s demolition number did not include the
costs to remove and dispose of any hazardmtsrials such as asbestos or for lead based
paint abatement. The lead based paint albeiteand disposal cost per square foot was
taken from a pricing award sheet for the contract let to modernize Building 236 at FEW. A
reliable number was taken from the Contract Award Pricing Schedule directly from the
contract awarded for the renovation of Building 236 at FEW. Ten percent (10%) was
added to cover for inflation, regional pricariations between bas and for short term
future cost increases. The per-square-fost w@s calculated as $7.98 per square foot
with ten percent (10%) added equaling an gigieint ($0.80) per square foot increase to
the base number. The unit price cost for leased paint abatement is $8.78 per square
foot.

Asbestos Abatement: The Study Team'’s demolition number did not include asbestos
abatement. All costs for asbestos abateraedtdisposal for Building 222 were calculated,
including costs for containerizing, loading, and hauling to the dump. The cost per square
foot was averaged from actual asbestos abatement and removal costs per square foot for
FEW modernizations of Buildings 220, 228, and 236. The averaged cost to abate the
asbestos between the three building renovainas$11.49 per gross square foot. Ten
percent (10%) was added to cover any shom grice increases, regional cost variations
between the three bases and inflation. The toie¢ prer square foot to be used for all three
bases is $12.64 per net useable square foot.
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Structural Assessment

The buildings selected for this Study haxperienced modifications, damage, foundation
movement, aging, and exposure to moisturke Study Team’s evaluation was based on an
approach intended to consider the original strattdesign, the condition of materials, the effects
of age and past usage, hurricane and other daraadehe requirements for continued service. In
assessing older existing structures, the Study Teaepretation of the observations, available
data, and analysis was necessarily based upproifisssional experience with similar projects and
the judgment of the engineers on the Study Team.

Document Review

The Study Team reviewed the following documentisen available for each installation and the
selected buildings:

x DoD Master Site Files and Site Inventory Forms;
x Original architectural and structural drawings; and
X Historical reports and photos.

Condition Assessment

The Study Team made on-site observationsgoally assess the condition of the structures,
identify the structural system types, and obtairdfifeeasurements of primary structural elements.
In all cases, the Study Team had access to aneas of the buildings, either in the specific
targeted building or in a similar building undemirenovations at the time. The Study Team did
not typically have an opportunity to assess hiddenditions, such as beamjoist ends in

masonry. But generally, our assessment of baiting type and conditowas comprehensive.

Past Modifications

The Study Team noted significant past modificatitbras have affected the structural integrity of
the buildings. For the most part, the originallding walls and interior framing were still intact,
but had undergone some past modificationsr ekample, at Building 323 at F.E. Warren, the
most significant structural modifications have been the removal of the horse stalls, and the
replacement of the bottom half of the interior timbelumns with steel pipes. The original stalls
probably provided most of the lateral resigte of the building, as the frame has no other
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transverse bracing. It is likely that the timleetumns required repair due to decay, which led to
the installation of the steel pipe columns, big tthange left them somewhat weaker than the
original timber columns.

Soils

Specific geotechnical information was not typicaliailable for the building sites. The Study
Team made use of historical soil surveys forgaeeral vicinity from the United States Geological
Survey reports. The Study Team also, in seases, found good original documentation of the
foundation types.

Load Capacity Evaluation

The Study Team analyzed the load capacitypeffloor systems for the purpose of determining
appropriate occupancies. The analysis wagdan preliminary structural calculations using
information obtained from the available documefitdd observations, and our experience with
similar construction. For allowable strength wduthe Study Team used the notional material
strengths from team members’ previous experigvitie similar construction and historic data from
various published sources, as well asplermitted strengths published in 8606 International
Existing Building Code

Hazards Analysis

The Study Team also evaluated the buildifogghe identified risk categories below:

Seismic

The Study Team performed a preliminary seisevaluation in accordance with the provisions of

the Handbook for the Seismic Evaluation of Buildings (ASCE 31). The Tier 1 evaluation identifies
components of the building that may requiresgithening pending further investigation and

analysis.

DoD Anti-Terrorism and Force Protection

The Study Team analyzed each building for compliance with UFC 4-010-01 DoD Minimum
Antiterrorism Standards for Buildings. Underri@nt policy, where any DoD building undergoes
renovations, modifications, repgjrand restorations and the costs exceed 50-percent of the
replacement cost of the building, implementation of UFC 4-010-01 standards to bring an entire
building into compliance is mandatory. The 50gest cost threshold is exclusive of the costs
required to meet the ATFP standards. Where theesfent threshold is not met, compliance with
these standards is recommended.
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Wind, Hurricane and Flood

Wind analysis of the buildings was based onABEE 7-05vind loads, assuming a regularly-
shaped masonry building. Using building dimens and site conditions, an average net shear
force (pounds/foot and pounds/square inch) anavanage uplift was calculated, and compared
against the general resistance of the buildifge Study Team assessed the buildings for
vulnerability to hurricane and flood hadain accordance with FEMA guidelines.
Recommendations for rehabilitation are based on the FEMACaastal Construction Manuand
the team members’ experience with hurricane retrofit of existing structures.

Standoff Distance

For all of the buildings in the study, the Sguteam concluded that operational controls are
feasible. In some cases, greatly improsedurity conditions can be obtained through
comprehensive site planning, rather than buildigghuilding ad hoc controls. Note that the UFC
does not require a controlled perimeter around eaibdiitogi in order to establish control of parking
areas and access roads (Webster et al ERDC/LAB TR-06-23).

Progressive Collapse

Regardless of standoff distance, where the building is three stories or more, the progressive
collapse provisions ddtandard @n the UFC must be applied. As such, the Study Team
considered Progressive Collapse mitigation f&. WVarren Building 222 and Ft. Bliss Building 1
because they have three-stories of occupied sp&oe.Project Alternative 04, we assumed a
major retrofit consistent with customary D@actice which is based on more-or-less standard
details used by the USACE. This retrofit cortdepolves a steel frame embedded in the historic
masonry and application of the Tie-Force method (UFC 4-023-03).

The customary Tie-Force approach with embedsteel frame is difficult and expensive to
implement in existing buildings. The UFC dodlewa for use of the Alternative Load Path and
Enhanced Local Resistance options, which takeantage of the natural redundancy of load-
bearing masonry, and have a much lower andtare less intrusive than the Tie-Force me?thod
So for Project Alternative 03, we developecttofit approach that, in contrast, uses the

Alternative Path and Enhanced Local Resistanptons. We used the ISC for alternative window
upgrades, by allowing film for an improvement in blast performance.

° UFC 4-023-03 Commentary.
7
Applied to the perimeter corner and penultimate cokiamd load-bearing walls of the first story above grade
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Energy Consumption Estimation

After initial construction or modernization, GHgnissions are generated by energy consumed
during ongoing building operations, including lightitggating, and cooling. In order to estimate
these emissions, the Study Team’s mechanical engineering consultant determined the thermal
insulation values (known as R- and U- values) of the door, window, roofing, sheathing, and
exterior wall materials specified in each RaijAlternative based dndustry standards and
professional judgment. These values were then input into Trane’s Trace 700 Building Energy and
Economic Analysis Software Version 6.2 using the TETD-¥#gthodology for cooling load and

the UTAD’ method for heating load.

The Study Team selected the Trane Trace 700 Building Energy and Economic Analysis Software
since it is widely used in industry and is apgd by the U.S. Green Building Council for LEED
energy modeling. This software accounts fer¢imate region, size, and orientation of each
building to generate site-specific outputs. Hindahe mechanical engeer inputted the HVAC
system type as specified for eadternative in order to gendesan annual energy consumption

total for each Project Alternative. It shouldrmged that analysis of building energy consumption
at FTBL and SJCA does not include natural gsed to power building water-heaters, as water
heating demands are not materially affedig@ building’s composition and were thus not

included in this Study’s analysisThis study parameter also resulted in low Scope 1 emissions
estimates, if any, because water heating isdfie primary or only source of on-site fuel
combustion in most buildings. The Study Telaaal made such estimates for FEW and determined
that the impact of Scope 1 was negligible eemliired a high level of effort to specify for
parametric LCCA purposes and was dropped fronaitadysis of Project Alternatives at FTBL and
SJCA.

For the one new construction and two modaation Project Alternatives, the HVAC system
selected was a ground source heat pump (GSHP) geothermal system. Unlike traditional
geothermal energy, which relies on geologic conagaaif heat from the Earth’s core to certain
locations on the Earth’s surface to produce electricity, contemporary GSHP Geothermal HVAC
systems can be used in nearly any location. tlt@system selected by the Study Team, a loop of
refrigerant is continually cycled throughsgstem of copper tubing underground and up to the
HVAC system’s heat pump above ground. Th&d$tTeam assumed that vertical bores, between
200 to 400 feet, would be used for the geothetowd field and heat transfer water would be

8

Transfer Function Method for heat gain calculatiang Time Averaging Method for room load calculations.
9

U-Factor by Area by Temperature Difference and instantaneous room load calculations.
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pumped through high density polyethylene piping to transfer heat to and from the ground as
required for heating and cooling. Because thehEasurface maintains more stable temperature
throughout the year relative to the air temperature, this system uses the ground temperature to
absorb excess heat from the refrigerant loop in wamonths and to provide additional heat to the
loop in cooler months.

These systems require substantially less energyovide heating and cooling services than a
conventional above-ground system and have besthatsmany DoD installations, including F.E.
Warren. In Project Alternative 01 Sustainmei@tatus Quo, an energy consumption total was
estimated using the same software anchodlogy, but assuming a conventional 1980’s era
HVAC system in each building using the insulatiofuea of existing materials. This system type
was chosen by the Study Team to reflectalder HVAC systems present in most existing DoD
office buildings with a Q2 through Q4 Facilities Quality Code.

The energy savings reported in the Study for datmg LEED points to reach the Silver Standard
under 2009 LEED for New Construction and Mdrenovations were then calculated as the
difference between this hypothetical consumphbaseline and the estimated consumption for each
non-sustainment Project Alternative. All Projétternatives yielded a substantial energy savings
from the status quo due to the superior enefigiency of GSHP HVAC systems compared to
conventional systems, while Project Alternatives tadlied for the preservation of historic exterior
wall materials yielded even greater savﬁ)lgs

This approach (comparing the difference betwibenhypothetical consumption baseline Project
Alternative 01 Sustainment- Status Quo and ex#ihconsumption for the new construction and
modernization Project Alternatives) achieveftha-grained, site specific output that was
appropriate for the analysis ingtStudy. However, the approach also presented drawbacks. First,
the software used is proprietary and a cost dibel incurred to use it. Second, the mechanical
engineer had to specify thermal zones within dadlding alternative to produce accurate results.
This can be a challenge when planning projects at a conceptual level since it is not always known
what the ultimate interior layout will belhe Study Team had to make generic assumptions
regarding interior zones in order to utilize tbel effectively. Finally, the use of a GSHP
geothermal system requires very precise sizimjiastallation in order to function efficiently,
meaning that the0 estimates generated bas#dudstechnology are more vulnerable to being
compromised in construction than a conventional system.

* See discussion of ScopeGHG emissions for each of the six sedeldbuildings for mee information.
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GHG Emission Estimation

Overall Approach

The Study Team has treated the embodied enerpeigelected existing historic and non-historic
buildings at the three installations as “sunk” energyenditures. Sunk energy expenditures refer
to energy that was used in thast to produce materials, tsgort them, and construct existing
buildings from which energy cannot be recovergdllowing the economic concept of sunk costs,
the Study Team only quantified the prospectivergn expenditures associated with each treatment
formulated in the Project Alternatives. Henites Study Team did not attempt to calculate the
embodied energy contained in the six selected existing structures. The Study Team'’s fundamental
approach is to identify, specify, and quantify tieav energy expenditures over the life-cycle of the
six buildings over the 30-year period of analy$®sospective, new expenditures of energy will be
triggered by the construction or modernizationhaf buildings under each Project Alternative.

With respect to Scope 1 and 2 emissions, theaggprof the Study is to measure the reduction
from a baseline and identify any differences in Scope 1 and 2 emissions among the new
construction and modernitzan Project Alternatives.

Greenhouse Gas Protocol

The Project Team has calculated GHG emissions by Scope 1, Scope 2, and Scope 3 emissions
following the Greenhouse Gas (GHG) Protocol fotaed by the World Resources Institute (WRI)
and World Business Council for Sustainable Development (WBCSD). The GHG Protocol is
widely utilized, serving as the foundation for fgavery GHG standard and program undertaken
by both business and governmé&ntThe three scope levels are defined as follows for this Study:

X Scope 1: all direct GHG emissions (i.e., sions by or for the building from sources that
the base owns or controls);

X Scope 2: indirect GHG emissions from purchaseergy (primarily electricity) to service
the building; and

x Scope 3: Other indirect emissions not incluge8cope 2, including emissions related to

" For more information regarding the Greenhouse Gas Protocohtgegwww.ghgprotocol.org/standards
accessed December 13, 2012. Note that the Intemaht@yganization for Standardization (ISO) adopted the
GHG Protocol, Corporate Standaas the basis for t$O 14064-I: Specification with Guidance at the
Organization Level for Quantification and Refing of Greenhouse Gas Emissions and Removals
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the supply chain for purchased materials, tmesion, demolition andebris removal and
transportation of building componeﬁzts.

GHG Calculators

As of the date of this Study there is not cothea single widely-accepted, publicly-available GHG
calculator that can provide estimates of Scope 1, 2, and 3 GHG emissions. One requirement of this
Study was that any data source be available frégetgeneral public. Available calculators with
widely-accepted protocols and methodologiesdgity focus on one aspect of GHG accounting

and do not take into account the life cycle impacts of a building: design, construction, use,
maintenance, and end-of-life phases. Sonmutzors focus on GHG emissions generated from
building operations while others calculate imbedded emissions contained within building
materials. Therefore, to calculate the life eyemissions from the six selected buildings, the Study
Team designed an interface that allowed theofisemix of existing data sources to make GHG
emission estimates on a life cycle basis by Scopean®3. At the outset of the Study, the Study
Team had identified several GHG data sourcescinaid be utilized as shown in Table II-4.

During the course of the Study Team’s work, it wasessary to change the mix of data sources for
the Scope 3 calculations.

It was known at the outset of the Study that mldtgata sources would have to be utilized to
cover all components under the Project Altéxes to ensure that GHG emissions are captured
fully. Only one GHG data source was used ppetgf assembly or matatiand detailed reporting
of which data source was used for which compomeprovided in Appendix B of the Study for
one of the Project Alternatives. The Projecaifeendeavored to make the application of GHG
data sources transparent for the purposesrdy/irg accuracy of the estimates and avoiding
inadvertent omissions or double countings#G emissions. GHG emissions have been
calculated and reported by scope (e.g., Scogednd 3) in the LCCA summary and supporting
detailed spreadsheets.

(This space intentionally left blank)

12
Note that Scope 3 emissions are broader than we present here and can also include emissions from, say, the
operation of military aircraftyessels, and other equipment.
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Table lI-4

Identification and Actual Use of GHG Calculators By Scope of GHG

Scope of GHG Emissions

Carbon Calculator Sources

Demonstration Plan

Actual Use

Scope 1: Direct energy onsite

Scope 2: Purchased energy

not controlled onsite

Scope 3: New building materials

Scope 3: Transportation for

WRI GHG Protocol

WRI GHG Protocal

Building for Environmental and
Economic Sustainability (BEES)
Athena Institute, EcoCalculator

Carnegie Mellon University's
Economic Input-Output Life
Cycle Assessment Model (EIO-
LCA)

WRI GHG Protocol

WRI GHG Protocol, Emission
Factors from Cross-Sector
Tools, Version 1.3

EPA eGRID2012 Version 1.0
Year 2009 GHG Annual Output
Emission Rates

Not used

F.E Warren: Athena
EcoCalculator for Assemblies,
Version 3.5.2 US Average,
ASHRAE Climate Zone 6, Low -
rise Structures (up to 4 stories);
for St. Julien's and Fort Bliss:
Version 3.71 US Average,
ASHRAE Climate Zone 3, Low -
rise Structures (up to 4 stories)

EIO-LCA: Economic Input-Output
Life Cycle Assessment (EIO-
LCA), US 2002 Purchaser Price
Model

WRI GHG Protocol Mobile

Combustion GHG Emissions
Calculation Tool, Version 2.3

demolition and w aste disposal

Sources: Center for Resource Solutions; BAE, 2012.

Having gone through the demonstration processyvkeall conclusion of the Project Team is that
without an integrated GHG calculator (whether ar@del or multiple related models), the process
of estimating GHG emissions by Scope 1, 2| arior MILCON projects will be challenging to
perform in a cost-effective manner since thecpss would involve multiple steps, knowledge of
multiple calculators and data sources, and corsidieicare in cross-walking cost estimate data
with carbon calculator categories. A more dethdiscussion of these issues follows for each of
the three GHG emission scopes.
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Detailed Approach to Scopes 1, 2, and 3 GHG Estimation

For all GHG emission calculations, the Study Tdwas expressed results in kilograms and metric
tons of carbon dioxide equivalent (@), a common unit for different GHEs

Scope 1

Based upon its estimate of building energy usage, the Study Team estimated Scope 1 emissions by
utilizing the World Resources Institute, GHG Protocol, Emission Factors from Cross-Sector Tools,
Version 1.3 (Aug 2012')4. The Study Team'’s Scope 1 analysis included only the six primary GHGs
(carbon dioxide, methane, nitrous oxidedtofluorocarbons, perfluorocarbons and sulfur

hexafluoride) and used the follow equivalencies:

X 1 Therm = 100,000 British thermal units (“BTU");
x 1 Standard cubic foot (“SCF") natural gas = 1.02 kBTU;

X 1 Metric ton = 2,204.62 pounds; and

x

1 Terajoule (“TJ") = 947,816.98 kBtu.

Scope 2

Following the WRI GHG Protocol and using estit@s of building energy usage for the Project
Alternatives, the Study Team estimated Scope 2 emnissn the first year in the analysis period by
utilizing the U.S. Environmental Protection &y (EPA)'s Emissions & Generation Resource
Integrated Database (“eGRID”). eGRIDaglatabase providing information regarding the
environmental characteristics of electrical pogenerated in the United States. Data reported
include air emissions rates; net getierg resource mix; and other attributesThe estimates are
calculated using the emissions data providedhfereGRID subregion in which each installation is
located. Different regions of the country haveemner or dirtier mix for their electrical grid.
Hence, for eGRID regions with a high emissiorddg Scope 2 savings can be very important.
The eGRID database is the best availabta daurce for subregional average emission
rates/emissions factors for electricity generation and use of these emissions factors in Scope 2
GHG calculations is considered standard practige.consistent with WRI guidance and WRI
calculation tools also utilize eGRID emissions factors for U.S. Scope 2 calcufations

° Note that one metric ton is equivalent to tmr@ne or one short ton (it does not equal a long ton).

B This is available onlinéhttp://www.ghgprotocol.org/caulation-tools/all-tools

° See'http://www.epa.gov/cleanenergy/documentsfiips/eGRID2012V1 0 ye@9 GHGOutputrates.pdf
b See “Indirect CO2 Emissions from tBensumption of Purchased ElectygiHeat, and/or Steam, Guide to
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The Study Team used the average emissionsrféamtthe applicable eGRID subregion for each
installation. Local electric service providersgas the Western Area Power Administration for

F.E. Warren, were contacted for a utility specd#finissions factor, but the Study Team was told

that they have not yet calculated emission factors. Hence, actual utility emissions factors may be
higher or lower than what the Study Team hasneded. For example, considering that WAPA's

fuel mix is nearly all hydropower, its emissidiastor may be significantly lower than the eGRID
regional average used for F.E. Warren.

Since the Study’s period of analysis is thirgays, the Study Team had to make projections of
Scope 2 emissions factors over time to refleetekpectation that the mix of emissions would
change. To make these estimates, the StedynTfirst obtained forecasted changes in national
emissions for electricity from U.S. Energy Infortioa Agency (EIA) and then applied that trend to
the eGRID subregion for each installation.

Overall, the Study Team'’s Scope 2 calculations assumed that the data provided is for electricity
consumption for the building, as opposed to disticte or base-wide meter data. Metered energy
usage data at the building level were not abglaalthough the Study Team notes that DoD is
implementing a building meteringgmgram across the Military Services to better control its energy
usage. Although some of the bases have onaimwvable energy, such as wind at F.E. Warren, it
covers a small portion of the base’s electric loadl @nnot be all attributed to one building and it

is unclear in some cases whether they keepnasgciated renewal energy certificates (RECs) since
these are typically owned and operated by private third parties under a long-term lease agreement
with the Military Service owner.

Scope 3

In its Demonstration Plan, the Study Team ¢atied that it would use the Athena Institute’s
EcoCalculator for as many items as possibie ase the BEES and EIO-LCA calculators for any
remaining construction materials that were notuded in EcoCalculator, as shown in Table fi-3.

calculation worksheets (January 2007) v 1.2, A WHBCSD GHG Protocol Initive calculation tool:”
http://www.ghgprotocol.org/files/ghgp/toolsAiitricityHeatSteamPuhase guidancel.2.pdf

! What this means is that Scope 2 emissions may be overstated across all Scenarios for F.E. Warren and as a
consequence, the impact of Scopendssions on the LCCA analysis wotid less than if Scope 2 emissions
reflected an energy mix dominated by hydroelectricqromith a lower level of emissions over the 30-year

1study period.

’ EIA data sources can be foundlatp://www.eia.gov/analysis/pection-data.cfm#annualprand
http://www.eia.gov/foreasts/aeo/pdf/0383%282012%29.pdf

19
There is an inherent problem with mixing carbon dalous since the two calcutas do not give the same
estimate for any given matatisince each calculatoresdifferent algathms to estimat&HG emissions. The
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For the first installation, F.E. Warren, tBeudy Team used Athena’s EcoCalculator for
Assemblies, Version 3.5.2 US Average, ASHRBEMate Zone 6, Low-rise Structures (up to 4
stories). For St. Juliens and Fort Bliss, $tedy Team used the same Athena calculator but
Version 3.71, ASHRAE Climate Zone 3, Low-riseustures (up to 4 stories). It should be noted
that St. Juliens was not located within the efaetprint of the publically available Athena
calculator but was very close to Climate Z@&wand so Climate Zone 3 was used for both St.
Juliens and Fort Bliss. For filling specific Project Alternative components not included in the
Athena calculator, the Study Team used Cambtgllon University’s EIO-LCA: Economic Input-
Output Life Cycle Assessment (EIO-LCA), 2802 Purchaser Price model. The WRI GHG
Protocol Mobile Combustion GHG Emissions Ca#tign Tool, Version 2.3 was used for Scope 3
demolition and transport of wasteCost estimates for each projeltemative were used as inputs.

The Study Team started its estimation workdwihg the layout of the Athena calculator.
Athena’s publically available calculator is an dierat tool for new buildings, particularly since it
is quantity-based instead of cost-based. Howetvisrmore challenging to use Athena when
dealing with rehabilitating existing structures,iniyabecause one is often replacing a portion of a
given material. For example, for roofs, Athena includes many components within one
line/calculation, but the user/planner may wartrity replace one of the components in Athena’s
line item. As the project progressed, more items \ickmatified that needed to be calculated using
the EIO-LCA calculator tool.

When EIO-LCA calculations were made, the Studgmeused the closest sector available for each
material and the estimated cost in dollars thasmodel input. The 2002 version of the EIO-LCA
Purchaser model was the latest model availalé the Study Team formulated an adjustment
factor to account for inflation between 2002 and 20¢hen material cost data was available and
given, we used the material data as the ingotEO-LCA. Based upon the cost estimator’s
experience with historic and older, non-histdagldings, the Study Team assumed 25 percent
material cost for existing buildings and 33 peraeaterial cost for new buildings to reflect an
anticipated higher labor cost associated with\Weg-Buildings if material cost data were not
available or given. This particular assumption may introduce a bias into the analysis when
construction specifications are similar for negnstruction and the two modernization Project
Alternatives since a greater proportion of the @dst building component, such as HVAC system,
is allocated to materials that generate GHG@seimns or when construction cost components are
calculated as percents to total costs as is ofbee for electrical and plumbing systems. At the

Study Team applied the same calculdatothe same Project Alternaticemponents at eac¢hstallation to
ensure that the effect would be a wash across the Project Alternatives. Formulation of a new carbon calculator
to resolve these issues was beyond the scope of this Study.

20
The Study Team assumed a heavy duty vehicle articulated diesel from “Year 1960 to present” category in the
calculation tool.
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early project planning stage that is typical for completing economic analysis of proposed MILCON
projects, project design is at a very basic lewal electrical and plumbing specification detail is

not always provided. More work needs to baalto investigate this potential bias and pursuing it
further was beyond the scope of this Study. Tdsse can be avoided by using quantity based
inputs, rather than price-based inputs, in Scope 3 calculator tools.

The Study Team encountered inconsistent ingldnaterial category definitions between RS

Means and the carbon calculators. RS Meangdsranon tool used by estimators and, for the

reasons presented earlier in this Study, the Study utilized RS Means for estimating, status quo, new
construction and modernization costs for the Prdjdétetrnatives. However, none of the existing

carbon calculators have input categories defineddtth RS Means. There are many categories

that are not available in the versions of theekta EcoCalculator that we used. Based upon its
experience, the Study Team recommends thagldpers and sponsors of carbon calculators

formulate and provide tools that are organizedategories similar to RS Means or other prevalent

cost estimation software packages.

It should be noted that the carbon results fgg@endix B for a representative analysis) for the
Project Alternatives are from existing calculatarsl the spreadsheet used by the Study Team is
not meant to serve as a replacement for the Athena EcoCalculator or EIO-LCA calculators. The
Study Team recommends that either a new,dagbon calculator is developed and/or the DoD
considers using available calculators that are provided on a fee basis.

Finally, the Study Team notes that a number of factors were not included in the Scope 3 analysis,
including but not limited to:

X Construction equipment other than trucks used for demolition materials;
x Transit access;

x Covered parking;

X Water consumption;

X Neighborhood development impacts; and

x Traffic flow impacts.

21
Costs for non-truck construction equipment are inaudehe cost estimatémit not Scope 3 GHG emission
estimates due to the paranielevel of analysis.
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The omission of these items is appropriate sinceeittey do not apply due (i) the generally
small scale of the Project Alternatives as meashyestjuare feet; (ii) location at a closed military
installation; or (iii) the item would constitutewash (e.g., no materidifference) across the
Project Alternatives for any of the dixildings analyzed in the Study.

Carbon Pricing

To incorporate the monetary value of GHG emissions into the LCCA, the Study Team had to
formulate a value assumption and approach to pricing over time. In the Demonstration Plan, the
Study Team proposed using data drawn from tdirig of Carbon Financial Instruments from the
Chicago Climate Exchange (“CC)ég’,)or other sources to be identified during the Study. The
Study Team conducted a review of carbon prigogrces and projections for carbon pricing, and
investigated the source material for the projectiodBased on a review of fifteen available public
studies, the Study Team determined that the BRalysis of the American Power Act (“EPA
Analysis”) was the best available study since mainyre other studies referenced the EPA data as
source material.

The EPA analysis modeled the multi-sector cap-and-trade program, the alternative compliance
program for the transportation fuels and redipetroleum products sectors, the competitiveness
provisions, and many of the energy efficiency provisions of the proposed but un-adopted American
Power Act. It also includes a lengthy compamiso the modeled impacts for legislation proposed

in 2009." The EPA Analysis set forth several scermtlmat were utilized by the Study Team for

low, medium, and high pricing assumptié%st?rojections for the medium and high cases were

given in 5-year increments, and we interpoldietiveen these numbers to give a year-by-year
projection. This Study used EPA’s medium pscenario in its LCCA. Interpolated prices were
applied to the corresponding @Oestimate on an annual basis. More detailed information

regarding the assumptions for the Study’$oarpricing may be found in Appendix C.

22
Although there is not currently a U.S.-wide complian@@ket for carbon, there was an existing, established
national voluntary market and regional compliance markethe U.S. The CCX market closed in 2010.

23
See Sourcevww.epa.gov/climatechange/econigs/economicanalyses.htmaccessed December 26, 2012.

“ The legislation was the American QteBnergy and Security Act of 2009, anergy bill in the 111th United
States Congress (H.R. 2454) that wawdde established an emiigns trading plan simitao one operated by
the European Union. The HouseR¥presentatives approved the billlame 26, 2009 but the legislation was
defeated in the Senate.

* The low scenario is based upon the IGEM model Sceddridghe EPA Analysis. The medium scenario is
based upon the Core Policy Case (ADAGE model Sceianidghe EPA Analysis. The high scenario is based
upon the EPS’s ADAGE model Scenario 7.
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Life Cycle Cost Estimation

Definition of Life Cycle Cost Analysis (LCCA) and Standards
Applied

LCCA is an analytic tool that takes into account all costs related to the planning, design,
construction, operation, and disposal of a buildinguilding system over the course of its useful
life.” As formulated in this Study, LCCA is estially the same as a total ownership cost (TOC)
analysis. LCCA is an appropriate tool whea groject has a performance requirement that can be
met through different project alternatives withryiag initial investment and operating costs. A
LCCA is part of the economics analysis (EA) required for MILCON projects. To prepare its
LCCA, the Study Team adopted tharsflards set forth in the USACB¥anual for Preparation of
Economic Analysis for Military Construction

Inputs to LCCA

For each Project Alternative, the Study Team areg a LCCA analysis that followed the ACOE

standard but included reporting of GHG emission§bgpe and incorporated the monetary value

of GHG into the LCCA initial and ongoing costiesates. Key inputs and assumptions included:
x 30-year study period, excluding project lead time;

x Current dollar analysis, all in 2012 dollars (e.g., no CPI escalations);

x Real 30-year discount rate from OMB Circular 94-A, Appendix C;

28
x 55-year building life for new constructi@md modernization Project Alternatives

26

This definition is consistent wittihe Whole Building Design Guide; see
http://www.wbdg.orgresources/Icca.phfor further information. Note that the LCCA tool can be applied to
many types of projects, notguconstruction of facilities.

Smlgel Donna, lead MILCORconomist, Headquarters US Army Corps of Enginédesjual for
Preparation of Economic Analysis for Militaryo@struction (And Base Realignment and Closure (BRAC)),
January 4, 2010.

28

To simplify the analysis, the Study Team assuthatithe overall durability of new construction and
modernized Pre-War Buildings would be the safealuating the durability of new building materials
introduced compared to existing materials in histarid non-historic Pre-War Buildings was beyond the scope
of this Study but merits further research.
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X One-time Expenses associated with daadject Alternative as prepared per the
Construction Cost Estimation:

Sustainment costs for 01: Sustainment/Status Quo

Construction costs for 02 Demolition and New Construction

Construction costs for 03 Modernizatiaith HPS and 04 Modernization with
AF/TP

Demolition and debris transportation costs

X Recurring Expenses:

Maintenance and repairs

Utilities

Grounds and parking

Cleaning services

Maintenance and operations personnel

X Residual Value, based on straight-line de@amn of building invetment over a 55-year
life of building for new construction and modernization; 15 to 20 years for improvements
made under Project Alternative 01 Sustainment — Status Quo;

x

Scope 1, 2, and 3 GHG emissions, calculated per GHG Emission Estimation; and

Initial and Future Carbon CreditiBe, per GHG Emission Estimation.

x

Building Maintenance and Other Operating Expenses

For building operating costs other than utilitieg 8tudy Team used building operating expense
data from the Building Owners Magers Association InternationalExperience Exchange Report
database (BOMA EEIS) BOMA EER reports actual operating costs for office buildings for most
metropolitan areas in the United States. Dasaipplied by BOMA EER members, including
owners and managers of offibaildings occupied by government agencies. BOMA EER is
prepared annually and the Study Team used BTKA EER Report data for this Study. The
Study Team adjusted the 2012 BOMA EER daltéch is actually based upon 2011 BOMA EER
participant submittals to account for inflatiomhese adjustments were made on a regional basis
using the US All Consumers Consumer Price Index.

29
For further information, seéttps://www.bomaeer.com/Boa/main_landing.aspxaccessed December 28,
2012.
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BOMA ERR'’s online interface permits the user to select metropolitan areas and apply a number of
screens, including size, number of stories, and age of structure. In formulating selection criteria,
the Study Team had to balance narrowing BOMA ERR selection criteria to most reflect the
characteristics of the selected DoD buildilagsl proposed treatments under the Project

Alternatives with applying a similar selection critedcross all three installations and yielding at

least five reporting buildings which is atdaonfidentiality requirement of BOMA.

The Study applied a size cap of 50,000 squeeeger reporting building for FTBL and SJCA and
a 100,000 square feet cap for FEW. In the cag&V, an insufficient number of buildings were
reported for Cheyenne, WY so Denver, CO tale added to expand the pool of reporting
buildings to meet the five-building minimunThe Study Team applied an age screen to pull
reporting buildings less than 30-years old fiter the new construction and modernization
treatments in the Project Alternatives. Intbnew construction and modernization, treatments
included new building systems, such as HVA@c#gical, and plumbing, that drive maintenance
costs. HVAC is a particular major repair andintenance cost component. Hence, the overall
maintenance profile for the new construction andienoization Project Alternatives will be closer
to a pool of buildings constructed more recettign for an older stock of buildings.

In the end, the Study Team used BOMA ERR diataix buildings (totaling 248,000 square feet;
average of 41,333 square feet per repoibinitding) in the Norfolk/Virginia Beach, VA

metropolitan area for SJCA, eleven (11) building$aling 258,00&quare feet; average of 23,500
square feet per reporting building) in theF&lso TX/Las Cruces, NM metropolitan area for FTBL;
and fifteen (15) buildings (totaling 735,800 squiaet; average of 49,000 square feet per reporting
building) for FEW from the Denver CO and CheyenVY combined metropolitan areas. This
represented the best data available to esérbuilding operating costs. By using these
standardized ERR data, the Study Team effetimssumed that the maintenance cost profile
between new construction andernization Project Alteatives would be equivale3?1t

Utility Expense

Water and sewer utility costs were taken from BOMA EER sample for each installation.
Electrical costs did not use BOMA EER datastéad, the Study Team applied the average per
KWh rate charged by the local electric poywesvider to the installation to the total KWh
consumed annually by the building as estiméedhe GHG Scope 2 analysis. The Study Team
shows the effective electric utility rate per seuoot in the full LCCA analyses presented in
Appendix F.

30

The Study Team contacted a knowledgeable official at the National Park Service, Golden Gate National
Recreation Area who has facilitated renous high dollar value modernizatiprojects with both historic and
non-historic structures to confirm theasonableness of this assumption.
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Model Outputs
Based upon these assumptions and inputs, the $tain calculated for each Project Alternative:

X Net Present Value of all costs to be incuroedr the 30-year period of analysis with and
without GHG emission monetary values;

x Total GHG emissions generated by Scope oveBthyear period of analysis expressed in
total CQe metric tons, Cé kilograms, and C£ per square foot.

The LCCA involved running 24 different LCCAs, four for each of the six buildings. The full
analyses are provided in Appendix F.
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SECTIONI:
PROJECALTERNATNANALYSES




Ft Bliss | EI Paso, TX

Installation Description

Fort Bliss is a 1.1 million acre United States Arimstallation located adjacent to the city of El

Paso, TX with land holdings in both TexasldNew Mexico. (See Figure llI-1). The base is

currently home to the Army’s*Armored Division, 3% Army Air and Missile Defense

Command, and the El Paso Intelligence Center. The base has grown from 10,000 to some 34,000
soldiers since 2005 due to BRAC realignmamdl contains approxiately 20.7 million gross

square feet of non-housing permanent building sp&bés total is projected to grow to roughly

1
31,000,000 GSF by 2016.

Environment and Energy Sources

Fort Bliss’ location is in the arid southwesthere monthly temperatures range from an average

low of 33 degrees Fahrenheit (0.5 C) in January to an average high of 96 degrees (35.5 C) in July.
Average annual precipitation at the sitegisd than nine inches and annual evening relative
humidity averages at 26 percent. In fisoahy2010, Fort Bliss puraesed and consumed 312,582
MWh of electricity and this total is expecttalincrease to up to 500,000 MWh by 2015. The
electricity provider serving Fort Bliss is E&Bo Electric, an investor-owned utility serving
approximately 380,000 retail and wholesale cusianover a 10,000 square mile service area in
both Texas and New Mexico. El Paso Electric owns three natural gas power stations in Texas
featuring steam-electric and combined-cycle units for a combined capacity of 569 MW and two
wind turbines with a capacity of roughly 1.5 M\Whe electricity provider also owns a 15 percent
interest (or 633 MW) in the Palo Verde nuclearplin Arizona and a seven percent interest (or

108 MW) in the Four Corners coal plant in New Mexico. Thus, roughly half of the fuel mix
providing electricity to Fort Bliss is comprisefinuclear generation, with another 45 percent
coming from natural gas, and eight percent and less than one percent from coal and wind power,
respectively. Fort Bliss purchased and corsti®00,824 MMBtu of natural gas in fiscal year

2010, the equivalent of roughly 264,000 MWh fomparison. Fort Bliss purchases its natural gas
from Texas Gas Service, a large natural gasiloigbr serving some 600,000 customers statewide.
In 2011, Fort Bliss was designated a Pilot Integgidiiet Zero Installation. This means that the

2
installation has adopted a target of net zero energy by 2015

' Fort Bliss Garrison, Déctorate of Public works. Fort BE, TX — Fact ShéeAugust 8, 2011.

2
Even though the installation is desitgthas a Pilot Integrated Net Zénstallation, the Study Team did not
specify the Project Alternatives to achieve net zemrder to allow comparisons across installations.
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Figure 111-1
Location of Fort Bliss

El Paso, Texas
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Historic Significance

Fort Bliss was originally established as anfamtry post in the 1850s following the Mexican-
American War and played a key role in the US involvement in the Mexican Revolution in the
early 20h century, when US troops engaged Panchilla’s cross-border raiders in 1916 and
again in 1919. During World War |, Fort Bliss sed as a major training site for US troops and
became home to the 3t Cavalry Division after the warDuring this time, dozens of stout
masonry buildings were constructed. Most remain &ort Bliss and are listed on or eligible for
the National Register of Historic Places. The base remained an important training facility
throughout US involvement in World War Il and the Cold War and continues to serve as an
important missile defense and intelligence installation.

In consultation with installation managers, th Study Team selected Building 1 and Building
115 for study. (See Figures 2 and 3.) Building 1 was constructed in 1904 as the base hospital
and is one of six buildings that are part of the FoBliss Main Post Historic District built during
the Interim Period (1900-1912). Building 115 was constructed in 1915 and is one of fifty
buildings constructed during the First Expansion Period (1913-1917), which is part of the Fort
Bliss Main Post Historic District. It is one #fie buildings constructed at the time when Fort
Bliss transitioned from serving as an infantry @b into a cavalry installation. Building 115 is

an example of Army standardized plans for conan building types suchas barracks, quarters,
hospitals, storehouses, offices ath guardhouses. Standardized phs began to be used at Fort
Bliss in 1910 and Building 115 is an examm@ of a standardized plan for Enlisted Men’s
Barracks CQM-341 represented by Buildings 11, 12, and 112-118 at Fort Bliss. This
standardized plan has hundreds of examplesationwide at DoD installations. The
installation’s Master Plan identified a need to use these structures as office space.

(This space intentionally left blank)
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Figure 111-2
Photos of Building 1
Fort Bliss, El Paso TX

Building 1- Typical Entry Building 1 - Exterior

Building 1- Typical Window Building 1 — Site Context
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Figure 111-3
Photos of Building 115
Fort Bliss, El Paso TX

Building 115 — Front on Pershing Road Building 115 — Site Context

Building 115 — Window & Eave Building 115 — Basement Entry
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Fort Bliss Building 1 Analysis

Existing Conditions

Building Description . Fort Bliss Building 1 (FTBL 001) is a three-story (two stories with

partial basement) cross-plan building constructed in 1904 as the base hospital. It occupies a
footprint of 15,256 square feet and containstal tof 22,842 gross square feet). Floor-to-ceiling
heights are 9 feet for the basement, 11 feet on the ground floor, and 12 feet 8 inches on the second
floor. The building was constructed in a simiglif Colonial Revival style with a limestone and

stucco foundation, brick masonry walls, andesigéible and hipped roofs and a gabled center

section flanked by wings with hip-roofs. Threénasheys project above the steeply pitched roofline
and double-hung wood sash windows contain two-owverlights and screens. Both wings contain
exterior concrete steps with pipe railings and iotdire stairs, which were added later for egress
from the second floor. The building includes algimal projecting one-story center porch. The

lower floor of the building was rehabilitated in the 1950s and again in 2008. The second floor was
rehabilitated in the 1990s. The building is cathgused for administrative office use.

Historic Significance . This building, originally constrcted as the base hospital and then
converted into administrative space in 1911, isséohic property and contributes to the historic
and architectural significance of the fort as one of six buildings constructed during the Interim
Period of 1900-1912 of the Fort Bliss HistoricsBict, which is listed on the National Register of
Historic Places. The primary exterior charactefining features are the shape and mass of the
building including the brick walls, front projectiqgprch, historic windows and doors, central stair,
masonry chimneys, and roof form and roof ventiatdHistoric character-defining interior finishes
that have survived past renovations include woiod &and plaster walls and a narrow floor plan.

Original Design Intelligence . The historic design of the building includes a variety of original
design intelligence features that promote effitemergy usage in the itding. These features
include:

x Solid historic brick walls that provide aghier thermal value than contemporary brick;

Plaster walls with horsehair or pig hair for increased insulation;

x Building orientation perpendicular torsmer winds and operable main floor windows
provide for natural cross ventilation;

X Building orientation and windows located high the roof to enhance amount and quality
of natural light year-round;

X Roof and attic openings prale for added ventilation;

X Masonry chimneys and open staircase provide a stack effect which allows hot summer air
to escape;

x Deep front porch provides natural shading;

x Basement provides cool airflow through convection currents;

x Narrow floor plan/externally loaded;

x
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x Tall, wide windows that provide solar lighting;
x Sloped interior ceiling facilitates interior solar lighting; and
X Open floor plan on second ldyeermits air circulation.

Not all these features have continued functigras designed due to prior renovations. For
example, the staircase from the basemenb ionger open to provide convection currents to
higher floors, the ventilators on the roof are no longer functioning. These features, properly
maintained and integrated into any future relitabon or modernization projects in the building,
can help meet occupant comfort expeotatiwhile contributing to energy efficiency.

Project Alternatives

For each Fort Bliss Building 1 Project Alternative (FTBL 001-01 through FTBL 001-04), the Study
Team estimated construction cost and constmigelated (scope 3) GHG emissions as well as
Scope 2 emissions for ongoing building operatiofisese estimated outputs were then used to
calculate the life cycle cost in dollars, carbon dioxide equivalenigC&nissions, and monetized
CO.e emissions to evaluate the relative costemdronmental performance of each alternative

over a 30-year period with a standard two perd&tount rate. Table IlI-1 summarizes the key
assumptions and construction costs for eacleBrdjlternative at Fort Bliss Building 1.

Table IlI-1
Summary of Fort Bliss Project Alternatives — Building 1

Project Alternative Building GSF 3uilding Feature ¢ Construction Cost
Total Footprint LEED AT/FP Total Per SF
FTBL 001-01: Sustainment-Status Quo 22,842 15,256 n/a No  $ 1,413,053 $ 62
FTBL 001-02: Demolition and New Construction 22,842 15,256 52 Yes $ 8,707,799 $ 381
FTBL 001-03: Modernization w ith HPS 22,842 15,256 58 Yes  $ 7,030,562 $ 308
FTBL 001-04: Modernization w ith AT/FP 22,842 15,256 58 Yes+ $ 7,639,083 $ 334

Note:
+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

FTBL 001-01: Sustainment — Status Quo

The Sustainment-Status Quo alternative is rtai@construction alternative, but rather a rough
approximation of standard repairs and upgrades that would likely occur in the building in the
absence of a full modernization over the period of analysis. Full system overhauls of HVAC,
plumbing, and electrical systems, for example, are not included in this Project Alternative.

In order to establish an energy performance basé&inFort Bliss Building 1 that is consistent
with other buildings evaluated in this Studlye Project Team assumed a hypothetical 1980s-era
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HVAC system with no substantial overhauls amodeled the energy performance of the building

based on that system operating ie tuilding’s current state. No historic energy consumption data
were available since the installation has beemetered. Using the methodology set forth for

energy consumption, the Study Team estimated an energy consumption baseline of 8,493,404 kBtu
of energy consumption, all of it accounted for by electricity consumption (note: water heating
technology was not considered in this study as it is unaffected by building design and

construction). This baseline is used to deterrttivadegree of energy savings achieved by Project
Alternatives FTBL 001-02, FTBL 001-03, and FTBL 001-04 for the purposes of calculating LEED
points for energy efficiency gains.

FTBL 001-02: DEMOLITION AND NEW CONSTRUCTION

This Project Alternative includes the full demolitiohthe existing structure, and the removal of
the foundation and extant utility, drainagadather system hookups and replacement with a
modern one-story office building with a basemmattching the extant footprint of approximately
15,300 square feet. The demolition cost estirfatéhis Project Alternative is $733,500 and this
cost includes asbestos and lead-based pairgrakat and demolition material hauling and tipping
fees. Site preparation costs for the replacerneihding are included in the building site work
estimate category.

Construction Costs.The new building will also be cotmacted on a raised foundation to
accommaodate the site flood line. The building Wwél constructed to meet LEED Silver standards
for new construction and incorporate AT/FP security enhancement features, including blast
resistant windows and doors, reinforced structsted! shell, and building sitework to increase
standoff distance from the building exterior. Thineated total construction cost for this Project
Alternative is $8,708,000, or $381 peusre foot. As shown in Table IlI-the largest single cost
category for this alternative is the servicesdhtation cost of $2,110,000, accounting for roughly

24 percent of total cost. This cost includes installation of new HVAC, plumbing, electrical, fire
suppression, communications, and security systems as well as the installation of two passenger
elevators. The shell cost of $1,971,000 accounts for roughly 23 percent of total cost and includes
the construction of concrete noasy unit walls with reinforced steel and a brick veneer cladding as
well as the costs of installing AT/FP compliant windows and steel exterior doors.

LEED Points CalculationThe new building will be designed #&dtain a LEED score of 52 points,
achieving a LEED Silver level of performance. gkown in Table 1lI-3, the bulk of these points
are earned in the Energy and Atmosphere category due to the 32 percent reduction in energy
consumption from the status quo baseline andisieeof a geothermal ground source heat pump
HVAC system (see Table 11I-4 below). The next most significant category is the Indoor
Environmental Quality category, where points wesened for providing enhanced air and light in
the building’s interior space t@duce energy consumption.
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FTBL 001-03: FULL MODERNIZATION WITH HPS

This Project Alternative includes the full modization of the existing structure for office space
within a strict interpretation of the Secretantloé Interior's Standards for the Rehabilitation of
Historic Properties or Historic Preservation Standards (HPS). These standards call for the
preservation of the building’s interior and extercharacter-defining historic features, which
include but are not limited to the original tkimasonry walls, and chimeys, window arrangement
and orientation to maximize natutight and moderate solar gaincgaremaining historic wood trim
and plaster. The two-story historic brick masonry shell and core structural features, including
chimneys, stairways, and intermediate floors alllbe retained, while all non-historic interior
finishes dating from past partial renovations willdagted. Historic windows will be retained and
rehabilitated as much as possible and any non-gedlde historic windows will be replaced with
windows matching the historic dimensions anthposition. Blast performance for the windows
will be enhanced by using a film. CustomarylDAT/FP and progressive collapse treatments will
not be included in this modernization Project Alternative, as certain customary AT/FP treatments,
including blast-proof windows and doors and ste#iforced concrete walls, are not compatible
with the historic preservation standards for pragsgrexterior and interior character-defining
features. Instead, alternative load path andmsdthlocal resistance improvements are specified
as permitted under the UFC.

Construction Costs The total construction cost of this preservation-focused modernization is
estimated at $7,031,000, or $308 per sqt@we As shown in Table IlI-2 suppression,
communications, and security systems are vigudintical to those installed in the new
construction Project Alternative. Roughly 1#gant of total cost is made up of work on the
building’s shell including rehabilitation and seige replacement of historic window and door
units, selective repairs to the historic brick waltsboth the interior and exterior and replacement
of selected fenestration elements. Gutting and thedetemolition costs in this Project Alternative
total just over $467,600 and include asbestmslead-based paint abatement costs.

LEED Points CalculationThe modernized historic building would meet a LEED Silver standard
with an estimated score of 58 points, as showsummary Table 11l1-3. These points include most
of those earned by the new construction ProjdigtrAative as well as additional points for reuse of
existing structural and non-structural buildingreknts and for the historic building’s somewhat
higher energy performance, due primarily to ltiigther thermal insulation value of the historic
brick shell.

FTBL 001-04: FULL MODERNIZATION WITH AT/FP

In contrast, Project Alternative FTBL001-04 specifies a full modernization of Building 1, but
without strict adherence to HPS standards g@pdi@ation of customary DoD treatments for AT/FP
and progressive collapse. While the historigllshnd core structural elements will all be
maintained, as in Project Alternative FTBL 001-08s Project Alternative will not prioritize the
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preservation of interior and exterior charactefiuing historic features over other priorities,
including AT/FP and contemporary standards fmrupant comfort. For instance, all historic
windows and exterior doors will be replaced with/BF blast resistant windows and steel doors in
the same locations as in the existing building.lI¥V&ill also be reinforced with steel beams for
further strengthening, as historic brick does not protect against a direct blast. The remaining
interior finishes will be more liberally gutlahan in FTBL 001-03 and replaced with modern
finishes, though some key characteritiefy elements will be preserved.

Construction Costs These AT/FP and other additional modernization features are estimated to
total to a construction cost of $7,639,000, 884 per square foot. As in the other Project
Alternatives, Table 11l-2 shows services installatimsts make up the largest share of total cost,
owing to the installation of entirely new HVAC, plumbing, electrical, fire safety, and
communications systems in the historic buildir@hell costs make up approximately 19 percent of
the total due to the high cost of installialnew AT/FP compliant windows and doors and other
upgrades to the existing shell. Gutting and sieaclemolition costs total an estimated $623,000
and include all asbestos and lead-based paint abatement costs.

LEED Points CalculationT his modernization Project Alteative FTBL 001-04 will achieve the
same green building performance as the modatioiz with HPS in FTBL 001-03, attaining a
LEED Silver standard with 58 points. As showwTable I1I-3 the bulk of these points are derived
primarily from the modernized building’s superior energy performance relative to status quo
baseline that is a result of the specificatiba geothermal ground source heat pump HVAC
system as well as to the reuse of extant structural and non-structural elements.

FTBL 001: ALTERNATIVES COMPARISON

Project Alternative FTBL 001-02 has the highesinested construction cosff any construction
alternative for Fort Bliss Building 1, whilgternatives FTBL 001-03 and FTBL 001-04 are
estimated to cost roughly 19 and 12 percent less Table 111-2). The most substantial drivers for
the cost difference between the new constonciind both modernization alternatives are the
demolition, substructure, shell and site worktspas Project Alternative FTBL 001-02 called for
demolition of the entire building and replacementhaf building, buildingpad, and related site
elements. Services installation and interiost€@are comparable across three alternatives, as
substantial interior gutting andIfueplacement of core building services systems were included in
both of the modernization scenarios. The @pal drivers for the difference in estimated
construction cost between the two modernaatProject Alternatives come in the demolition,
shell, and interiors costs. These costs were hifgind°roject Alternative FTBL 001-04 due to the
less stringent preservation of interior character-degifieatures and the more costly installation of
AT/FP compliant windows, doors, and steel reinforced walls. Both modernization Project
Alternatives do show slightly higher costshiath interiors and services work than the new
construction alternative, owing to the added cbststallation in an existing brick building.
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However, the overall cost increase in the new trangon alternative in the building’s demolition,
shell, and substructure costs are more théficgunt to make either modernization Project
Alternative more economical in the construction phase.

Energy Consumption

As shown in Table llI-4, the two modernizati Project Alternatives, FTBL 001-03 and FTBL 001-
04, slightly outperform the new construction RatjAlternative FTBL 001-02, in terms of ongoing
energy consumption. While all three Projatternatives were treatiewith identical ground-

source heat pump geothermal HVAC system$]d Hl-4 shows that both modernization Project
Alternatives will consume slightly less energgch year (measured in kBtu) than the new
construction Project Alternative. Compatedhe baseline energy consumption scenario
represented by the FTBL 001-01 Sustainment/StQuwo Project Alternative, all three new
construction and modernizationdprct Alternatives are estimated to achieve a 32 to 33 percent
reduction in energy consumption.

{This space intentionally left blank)
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Table 111-2

Summary of Construction Costs
FTBL 001: All Project Alternatives

Cost Estimate

01. 02. Demolition 03. 04.

Sustainment - and New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Demolition $ - $ 733,457 $ 467,586 $ 623,448
Substructure $ 25,200 $ 611,156 $ 96,075 $ 96,075
Shell $ 468,688 $ 1,970,836 $ 1,198,916 $ 1,434,634
Interiors $ 289,724 $ 555,379 $ 558,420 $ 592,859
Services $ 219,443 $ 2,109,824 $ 2,241,489 $ 2,238,235
Sitew ork $ - $ 643,075 $ 328,375 $ 320,428
Special Construction $ - $ 18,666 $ 18,666 $ 29,391
Hard Cost Subtotal $ 1,003,055 $ 6,087,014 $ 4,909,527 $ 5,335,070
General conditions (25%) $ 250,764 $ 1,545,306 $ 1,246,996 $ 1,355,570
Security escalation (2%) $ - $ 94,210 $ 82,197 $ 87,656
USACE design (7%) $ 87,767 $ 540,857 $ 436,449 $ 474,450
USACE SOH (5.7%) $ 71,468 $ 440,412 $ 355,394 $ 386,337
Soft Cost Subtotal $ 409,999 $ 2,620,785 $ 2,121,035 $ 2,304,013
Construction Cost Total $1,413,053 $ 8,707,799 $ 7,030,562 $ 7,639,083
Construction Cost PSF $62 $ 381 $ 308 $ 334
% Difference from FTBLO : -84% N/A -19% -12%
Sources: Preservation Associates; BAE Urban Economics Inc. 2012.

Table I1I-3
Summary of LEED Points Calculation
FTBL 001: All Project Alternatives
02 03 04
Demo and New Modernization Modernization Maximum

Category Construction with HPS with ATFP Points
Sustainable Sites 11 11 11 26
Water Efficiency 2 2 2 10
Energy and Atmosphere 19 21 21 35
Materials and Resources 4 9 9 14
Indoor Environmental Quality 14 13 13 15
Innovation and Design Proces: 1 1 6
Regional Priority Credits 1 1 4
Total 52 58 58 110
Certification Level Silver Silver Silver NA

Sources: Center for Resource Solutions; Comfort Design; BAE Urban Economics, 2012.
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Table 11l-4
Summary of Energy Consumption, Building Operations
FTBL 001: All Project Alternatives

02:
01: Demolition and 03: 04:

Sustainment- New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Primary heating 429 4,823 850 2,924
Primary cooling 1,401,085 920,778 876,520 918,676
Auxiliary 1,008,974 956,937 944,635 958,687
Lighting 4,866,333 2,676,483 2,676,483 2,676,483
Receptacle 1,216,583 1,216,583 1,216,583 1,216,583
Cogeneration 0 0 0 0
Total kBtu/yr ! 8,493,404 5,775,604 5,715,071 5,773,353
Energy Savings from N/A 32.00% 32.71% 32.03%
Baseline 2
Notes:

LAll energy consumption reported in annual kBtu of Source Energy. Source energy accounts for all recurring
energy costs associated with building operations.

2Scenario FTBL: 001-01 serves as the baseline building performance rating for energy consumption

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions Estimates

Table IlI-5 reports the estimated GHG emissim®ulting from the construction-related Scope 3
emissions of each Project Alternative for ForsBIBuilding 1. Overall, Project Alternative FTBL
001-02 would generate almost 48 percent n@is emissions than the modernization Project
Alternative FTBL 001-03 and almost 40 percerore than under Project Alternative FTBL 001-
04. The total GHG emissions saved with the mmaernization Project Alternatives over the new
construction alternative was betan approximately 626,000 and 754,000,€Kllograms. On a

per square-foot basis, new constructicould generate approximately 69 Kg &(per square foot
compared to 36 Kg C@ per square foot for FTBL 001-03 and 42 Kg.€@er square foot for
FTBL 001-04.

The GHG emissions calculated for the substmecawe significantly higher in the Project

Alternative FTBL 001-02 due to the requirement tstafi an entirely new substructure. In the two
modernization Project Alternatives, FTBL 001-#@®3d FTBL 001-4, only light treatments were
required to reuse the existing substructure.il&rhy, GHG emissions for construction of a new
building shell are higher for Project Alternagi#¥ TBL 001-02 since it introduces the most new
building materials. Interior GHG emissions are higher in Project Alternatives FTBL 001-03 and
FTBL 001-04 than for FTBL 001-02 due to the wagttpaint is treated in the GHG calculators as
opposed to materials for new construction thatlidelpaint. Services GHG emissions are higher
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in FTBL 001-02 than for the two modernizatioroject Alternatives due to a requirement of
having a HVAC system that has a slightly largmmage than in the other two modernization
Project Alternatives. The total GHG emissions saved with the two modernization Project
Alternatives was between approximately 626,000 and 754,000 KilOgrams.

Table III-5
Summary of Scope 3 GHG Emissions
FTBL 001: All Project Alternatives

01: 02: 03: 04:
Sustainment- Demo and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Substructure 3.2 210.1 5.8 3.2
Shell 81.6 719.4 307.2 432.6
Interiors 33.9 107.1 135.2 140.9
Services 83.4 410.0 346.9 346.9
Equipment & Furnishings - - - -
Special Construction - 1.9 1.9 1.9
Building Sitew ork 0.1 136.2 33.8 33.3
Collateral Equipment - - - -
Total MT CO2e 202.2 1,584.7 830.9 958.9
Total Kg CO2e * 202,160 1,584,749 830,938 958,853
Kg CO2e per SF 8.86 69.43 36.41 42.01
% change from 02 -87.2% NA -47.6% -39.5%
Notes:

11 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Table 111-6 presents GHG emission estimates for Scopes 2 and 3 over the 30-year period of
analysis. Scope 1 was not calculated since the usatafal gas for heating water is considered a
“wash” across the alternatives and would alsarreaterial compared to Scope 2 and Scope 3
emissions. Scope 2 emissions are much larger 8tope 3 emissions since Scope 2 emissions are
the result of ongoing consumption of energy dgrthe period of building use and occupancy while
Scope 3 emissions are a one-time expendituemefgy for construction and transportation of
debris. Scope 2 emissions are similar actiossiew construction andodernization Project
Alternatives since in all three of these Projglternatives new efficient HVAC systems are
installed. Looking over the &re 30-year period of analysithe total GHG emissions generated

by the modernization Project Alternatives rafigen 6.3 to 8.5 percent less than total emissions
generated by the new constiioa Project Alternative.

(This space intentionally left blank)
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Table 111-6
Summary of GHG Emissions Scope 1, 2, & 3
FTBL 001: All Project Alternatives

_ oL: 02: 03: 04:
o Sustainment- Demo and New  Modernization Modernization

Emissions Scope * Status Quo Construction with HPS with AT/FP
Scope 1 - - - -
Scope 2 12,301.2 8,364.9 8,277.3 8,361.7
Scope 3 202.2 1,584.7 830.9 958.9
Total MT CO2e 12,503.3 9,949.7 9,108.2 9,320.5
Total Kg CO2e 2 12,503,343 9,949,676 9,108,230 9,320,547
Kg CO2e per SF 547 436 399 408
% change from 02 25.7% N/A -8.5% -6.3%

Notes:
1 Represents cumulative scope emissions over 30 year life cycle.
21 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Life-cycle Cost Analysis Results

The Study Team prepared a full LCCA for HTBO1 incorporating initial construction and
demolition costs and operating costs associatedesith Project Alternative over the 30-year
period of analysis. The full LCCA is presethie@ Appendix F. Tables IlI-7 and 11I-8 provide a
summary of these LCCA across the Project Alternatives.

As shown in Table IlI-7, FTBL 001-03 shows thevkst net present value (NPV) among the three
scenarios. New construction and full modeation with AT/FP each have a total NPV of
approximately $8.0 million without consideratiofithe value of GHG emissions and $8.3 million
with GHG emissions of the project life-cycle morzeti and incorporated into the LCCA analysis.
The NPV for new construction was 13.7 percent higher at $9.3 million without GHG factored into
the NPV and $9.6 million with monetized GHG esims included. Project Alternative FTBL
001-04 registered a NPV of approximatelyZ&hillion without monetized GHG and $8.8 million
with GHG, approximately 5.7 percenghier than FTBL 001-03. The average£®alue per

metric ton in 2012 dollars was $37.36. The kayatrof these results is the lower initial capital
investment associated with the Project Alterregtihe operating cost profile for building under the
new construction and both modernization Profdttrnatives varies only slightly due to
differences in energy consumption.

In Table I11-8, breaks out the contribution obrretizing GHG emissions to the NPVs reported in
Table IlI-7. Overall the NPV of monetized GHG raises the total project NPVs by approximately
three percent across Project AlternatiF@®8L 001-02 through FTBL 001-04. Note that
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comparing the GHG component NPV of the nemstruction Project Alternative with the two
modernization Project Alternatives, the NPWioé GHG component is approximately 12.2 percent

less for Project Alternative FTBL 001-03, and 8.2 percent less for Project Alternative FTBL 001-
04.

(This space intentionally left blank)
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Table I11I-7: Life Cycle Cost Analysis Summary: FTBL 001

Non Discounted Costs by Component Total Costs

Initial Discounted - Discounted -
Project Alternative Investment Recurring Residual Value Non Discounted No GHG Factor w/GHG
FTBL 001-01: Sustainment-Status Quo $ 1,413,053 $ 4,412,233 $ - $ 5,825,286 $ 4,633,189 $ 4,957,645
FTBL 001-02: Demolition and New Construction $ 8,707,799 $ 3,934,495 $(3,769,689) $ 8,872,605 $ 9,314,907 $ 9,592,548
FTBL 001-03: Modernization w ith HPS $ 7,030,562 $ 3,923,858 $(3,102,498) $ 7,851,923 $ 8,038,442 $ 8,282,166
FTBL 001-04: Modernization w ith AT/FP $ 7,639,083 $ 3,934,102 $(3,316,482) $ 8,256,703 $ 8,522,780 $ 8,777,667
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.36
Base Date: 10/01/12

Sources: Preservation Associates; BAE Urban Economics, 2012.

Table 111-8: Gree nhouse Gas Valuation Summary: FTBL 001

GHG Emissions by Scope (MT CO2e) GHG Value
Non

Project Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
FTBL 001-01: Sustainment-Status Quo - 12,301.18 202.16 12,503.34 $ 467,078 $ 324,456
FTBL 001-02: Demolition and New Construction - 8,364.93 1,584.75 9,949.68 $ 371,050 $ 277,641
FTBL 001-03: Modernization w ith HPS - 8,277.29 830.94 9,108.23 $ 339,946 $ 243,725
FTBL 001-04: Modernization w ith AT/FP - 8,361.69 958.85 9,320.55 $ 347,822 $ 254,887
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.36
Base Date: 10/01/12

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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Fort Bliss Building 115 Analysis

Existing Conditions

Building Description.Building 115 is a two-story (with partial basement) rectangular structure
with a footprint of approximately 5,700 squdeet and 9,351 gross square feet that was
constructed as enlisted men’s barracks in 1915. Floor-to-ceiling heights are 9 feet in the basement
and 11 feet on the ground floor and second flotire building was constructed with a poured-
concrete foundation, brick walland a brick belt course abote second floor windows and is
covered with a medium double-pitchkipped roof. An open, two-story full-width porch is located
on the west side of the building and includedemthe building’s hipped roof. Double-hung wood
sash windows with six-over-six lights and screens are used throughout the building. The lower
floor of the building was rehabilitated in the5D® and the second floor in the 1990s, and it is
currently used for admistrative office space.

Historic Significance.This building was constructed as cavalry barracks during the Army
expansion of Fort Bliss in response to the bordels by Pancho Villa from Mexico beginning in
1911. It contributes to the significance of the Bii$s Historic District as an example of enlisted
men’s barracks based on a standardized Army quaaster plan and is one of fifty buildings built
during the First Expansion Period of 1913-1917e Phimary exterior character-defining historic
features are the shape and mass of the buildistprid fired red brick exterior walls, and roof
form. Historic character-defining interior featgrthat have survived past renovations include
wood trim, ceiling heights, historic doors, tsmms, windows and plaster walls, non-mechanical
vents, and a narrow floor plan.

Original Design IntelligenceThe historic design of the building includes a variety of original
design intelligence features that promote theroatfort in the building. These features include:

x Solid historic brick walls that providehagher thermal value than contemporary brick

Plaster walls with horsehair or pig hair for increased insulation

x Building orientation perpendicular to summer winds and operable windows provide for
natural cross ventilation and quglif natural light year-round

x Deep two-story porch on west side amde over-hanging eaves throughout provide
natural shading

X Non-mechanical vents in foundation and reehtilators provide cool airflow through
convection currents

x Transoms which bounce light from the eideto the interior of the building

X

These features can be found still intact in the ingléind should be maintained and integrated into
any future rehabilitation or modernization progeitt the building since they can help meet
occupant comfort expectations whdentributing to energy efficiency.

ESTCP Project Number SI 0931
Page 111-18



Project Alternatives

The Study Team estimated construction caost@onstruction-related Scope 3 GHG emissions as
well as Scope 2 emissions for ongoing building openatfor the four Project Alternatives. These
estimated outputs were then used to calculkedife cycle cost in dollars, carbon dioxide

equivalent (C@e) emissions, and monetized g&@missions to evaluate the relative costs and
environmental performance of each Project Altéwesover a 30-year period at a two percent real
discount rate. Table Ill-Summarizes the key assumptions and construction costs for each Project
Alternative at Fort Bliss Building 115.

Table I11-9
Summary of Fort Bliss Project Alternatives — Building 115

Building GSF Building Features Construction Cost
Project Alternative Total Footprint LEED AT/IFP Total Per SF
FTBL 115-01: Sustainment-Status Quo 9,351 5,700 n/a No $ 613,479 $ 66
FTBL 115-02: Demolition and New Construction 9,351 5,700 52 Yes  $5166,222 $ 552
FTBL 115-03: Modernization w ith HPS 9,351 5,700 54 Yes  $3,625554 $ 388
FTBL 115-04: Modernization w ith AT/FP 9,351 5,700 54 Yes+ $3,905,689 $ 418

Note:
+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

FTBL 115-01: SUSTAINMENT — STATUS QUO

The Sustainment-Status Quo Project Alternativeoisa true construction alternative, but rather a
rough approximation of standard repairs and upgrégsvould likely occur in the building. Full
system overhauls of HVAC, plumbing, and electriyatems, for example, are not included in this
Project Alternative.

In order to establish an energy performance baskdiméort Bliss Building 115 that is consistent

with other buildings evaluated in this Studlye Project Team assumed a hypothetical 1980s-era
HVAC system with no substantial overhauls amodeled the energy performance of the building
based on that system operating ie tuilding’s current state. No historic energy consumption data
were available since the installation has beemetered. Using the methodology set forth for
energy consumption, the Study Team estimated an energy consumption baseline of 2,845,283 kBtu
of energy consumption, all of it accounted for by electricity consumption (note: water heating
technology was not considered in this study as it is unaffected by building design and
construction). This baseline is used to deterrttivadegree of energy savings achieved by Project
Alternatives FTBL 115-02, FTBL 115-03, and FTBL 115-04 for the purposes of calculating LEED
points.
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FTBL 0115-02: DEMOLITION AND NEW CONSTRUCTION

This construction Project Alternative includes fall demolition of the existing structure, and
demolition of the foundation and extant uyilidrainage, and other system hookups and
replacement with a modern two-story office builglinith a basement matching the extant building
envelope of approximately 9,@a@quare feet. The demolition cost estimate for this Project
Alternative is $300,000 and this cost inasdasbestos and lead-based paint abatement and
demolition material hauling and tipping fees. Siteparation costs for the replacement building
are included in the building site work estimate category.

Construction Costs.The new building will be constructed toeet LEED Silver standards for new
construction and incorporate AT/FP securithancement features, including blast resistant
windows and doors, reinforced structural steellsind building site work to increase standoff
distance from the building exterior. The estiethtotal construction cost for this Project

Alternative is $5,166,000, or $552 peusre foot. As shown in Table IlI-1the largest single

cost category for this Project Alternative ig thell cost of $1,346,000, which accounts for
approximately 26 percent of total cost and inekithe construction of concrete masonry unit walls
with reinforced steel and a brick veneer cladding as well as the cost of installing AT/FP compliant
windows and steel exterior doors. The services installation cost of $1,172,000 accounts for slightly
less than 23 percent of total cost and includswllation of new HVAC, plumbing, electrical, fire
suppression, communications, and security systems as well as the installation of one passenger
elevator.

LEED Points CalculationThe new building will be designed #&dtain a LEED score of 52 points,
achieving a LEED Silver level. As shown in Tablel2, the bulk of these points are earned in the
Energy and Atmosphere category due to the 48goé reduction in energy consumption from the
status quo baseline and the use of a geothermal ground source heat pump HVAC system for over
seven percent of the building’s tbemergy consumption. The next most significant category is the
Indoor Environmental Quality category, where psiwere earned for providing enhanced air and
light in the building’s interior space to reduseergy consumption. Appendix E provides more
detailed information and demoresties the LEED point calculations.

FTBL 115-03: FULL MODERNIZATION WITH HPS

This Project Alternative includes the full modization of the existing structure for office space
within a strict interpretation of the Secretantié Interior's Standards for the Rehabilitation for
Historic Properties or historic preservation standards (HPS). These standards call for the
preservation of the building’s interior and extercharacter-defining historic features, which
include the original brick masonry walls,wdiows, window arrangement and orientation to
maximize natural light and modéeasolar gain and remaining historic wood trim and plaster. The
two-story historic brick masonry shell and cstauctural features, stairways and intermediate
floors will all be retained, while all non-historinterior finishes dating from past partial
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renovations will be removed. Historic windowdl be retained and rehabilitated as much as
possible and any non-salvageable historic windows will be replaced with windows matching the
historic dimensions and composition. Blastfpenance of the windows will be enhanced by using

a film. As with FTBL: 001, customary DoD AT/FP and progressive collapse treatments will not be
included in this modernization Project Altative, as certain customary AT/FP treatments,

including blast-proof windows and doors and stegiforced concrete walls, are not compatible

with HPS for preserving exterior and interior chagaaefining features. Instead, alternative load
path and enhanced local resistance imprargmare specified as permitted under the UFC.

Construction Costs The total construction cost of this preservation-focused modernization is
estimated at $3,625,500, or $388 PSF. As shown in Table Heafy one-third of this cost stems
from the installation of modern HVAC, plumbing, electrical, fire suppression, communications,
and security systems identical to those installatiénew construction alteative. Approximately
one-fifth of total cost is made up of waok the building’s shell including rehabilitation and
selective replacement of historic window and doatsyselective repairs to the historic brick walls
on both the interior and exterior and replacenaésielected fenestration elements. Gutting and
selective demolition costs in this Project Alteima total $144,000 and include asbestos and lead-
based paint abatement costs.

LEED Points CalculationThis modernized historic building would qualify for LEED Silver
certification with an estimated score of 54 points (see Table IlI-11). These points include most of
those earned by the new construction Project Adtiera as well as additional points for reuse of
existing structural and non-structural buildingrakents and for the historic building’s slightly

better energy performance, due primarily to the higiermal insulation value of the historic brick
shell. Appendix E provides more detailatbrmation and demonstrates the LEED point
calculations.

FTBL 115-04: FULL MODERNIZATION WITH AT/FP

In contrast, Project Alternative FTBL 115-04 specifies a full modernization of Building 115, but
without strict adherence to HPS standardsamdpliance with AT/FP standards applying DoD’s
customary, prescriptive treatments. While the histehigll and core structural elements will all be
maintained, as in Project Alternative FTBL 115-08s Project Alternative will not prioritize the
preservation of interior and exterior character-de§jrhistoric features in order to apply customary
AT/FP and progressive collapse treatments. Hfoject Alternative, all historic windows and
exterior doors will be replaced with AT/FP blassistant windows and steel doors in the same
locations as in the existing building. Walls wilsalbe reinforced with steel beams for further
strengthening, as historic brick does not protect against a direct blast. The remaining interior
finishes will be more liberally gutted thanHTBL 115-03 and replaced with modern finishes,
though some key character-defining elements will be preserved.
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Construction Costs.These AT/FP and other additional modernization features are estimated to
total to a construction cost of $3,906,000, 41 & per square foot. As in the other Project
Alternatives, Table 111-10 shows services installattosts make up the largest share of total cost
owing to the installation of entirely new HVAC, plumbing, electrical, fire safety, and
communications systems in the historic buildirghell costs make up approximately 22 percent of
the total due to the high cost of installialynew AT/FP compliant windows and doors and other
upgrades to the existing shell. Gutting and sdeaemolition costs total an estimated $192,000
and include all asbestos and lead-based paint abatement costs.

LEED Points CalculationThis modernization alternativeilvachieve the same green building
performance as the modernization with HPS in ETB>-03, attaining a LEED Silver level with 54
points. As shown in Table IlI-11, these points include most of those earned by the new
construction alternative as well as additionahpofor reuse of existing structural and non-
structural building elements and for the histdruilding’s superior energy performance, due
primarily to the higher thermal insulation valuetioé historic brick shell. Appendix E provides
more detailed information and denstrates the LEED point calculations.

FTBL 115: ALTERNATIVES COMPARISON

Project Alternative FTBL 115-02 New Consttionn and Demolition has the highest estimated
construction cost of any construction alteéiveafor Building 115. Modernization Project
Alternatives FTBL 115-03 and FTBL 115-04 are estgdab cost roughly 30 and 24 percent less,
respectively (see Table 111-9). The most substhdtiaers for the cost difference between the new
construction and both modernizatiProject Alternatives are the demolition, substructure, and shell
costs, as Project Alternative FTBL 115-02 calls for demolition of the entire building and
replacement of the building, building pad, aathted site elements. Services installation and
interiors costs are comparable across all threg&rAlternatives, as substantial interior gutting
and full replacement of core building services systemare included in both of the modernization
Project Alternatives.

The principal drivers for the difference @stimated construction costs between the two
modernization Project Alternatives come in thendéition, shell, and interiors costs. These costs
were higher for Project Alternative FTBL 115-04 due to the less stringent preservation and greater
replacement of interior character-defining features and the more costly installation of customary
AT/FP treatments for windows, doors, and steelfoeced walls. Both modernization Project
Alternatives do show slightly higher costsservices work than the new construction Project
Alternative owing to the added cost of installing new systems in an existing brick building.
However, the overall cost increase in the newstruction Project Alternative in the building’s
demolition, shell, and substructure costs are rtfzae sufficient to make either modernization

Project Alternative more economical thae tiew construction Project Alternative.
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Table 1lI-10
Summary of Construction Costs
FTBL 115: All Project Alternatives

Cost Estimate

02. 03. 04.

01. Sustainment - Demolition and Modernization Modernization

Category Status Quo New Construction with HPS with AT/FP
Demolition $ - $ 300,261 $ 144,142 $ 192,178
Substructure $ 39,040 $ 301,890 $ 13,040 $ 13,040
Shell $ 188,982 $ 1,345,742 $ 707,346 $ 855,655
Interiors $ 76,815 $ 172,760 $ 131,440 $ 140,104
Senices $ 130,640 $ 1,172,127 $ 1,188,715 $ 1,174,583
Sitework $ - $ 305,088 $ 338,584 $ 343,702
Special Construction $ i} $ 9,333 $ 9,333 $ 9,333
Hard cost subtotal $ 435,477 $ 3,607,201 $ 2,532,599 $ 2,728,596
Genera| Conditions (25%) $ 108,869 $ 916,810 $ 643,399 $ 693,113
Security escalation (2%) $ - $ 60,037 $ 40,997 $ 43,854
USACE design (7%) $ 38,104 $ 320,883 $ 225,190 $ 242,589
USACE SOIH (5.7%) $ 31,028 $ 261,291 $ 183,369 $ 197,537
Soft cost subtotal $ 178,001 $ 1,559,021 $ 1,092,955 $ 1,177,093
Construction cost total $ 613,479 $ 5,166,222 $ 3,625,554 $ 3,905,689
Construction cost PSF $ 66 $ 552 $ 388 $ 418
% Difference from 02 -88% N/A -30% -24%

Sources: Presenvation Associates; BAE Urban Economics Inc. 2012.

(This space intentionally left blank)
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Table Ill-11
Summary of LEED Points Calculation
FTBL 115: All Project Alternatives

02 03 04

Demo and New Modernization Modernization Maximum
Category Construction with HPS with ATFP Points
Sustainable Sites 11 11 11 26
Water Efficiency 2 2 2 10
Energy and Atmosphere 19 17 17 35
Materials and Resources 4 9 9 14
Indoor Environmental Quality 14 13 13 15
Innovation and Design Process 1 1 1 6
Regional Priority Credits 1 1 1 4
Total 52 54 54 110
Certification Level Silver Silver Silver NA

Sources: Center for Resource Solutions; Comfort Design; BAE Urban Economics, 2012.

Energy Consumption

As shown in Table 11I-12, the two moderniican Project Alternatives, FTBL 115-03 and FTBL
115-04, also slightly outperform the new couastion Project Alternative, FTBL 115-02, in terms
of ongoing energy consumption. While all thRy®ject Alternatives were treated with identical
ground-source heat pump geothermal HVAC systémable 11I-12 shows that both modernization
Project Alternatives will consume slightly lessegy each year (measured in kBtu) than the new
construction Project Alternative. Compatedhe baseline energy consumption Project
Alternative FTBL 115-01 Sustainment — StatusoQall three construction and modernization
Project Alternatives are estimated to achieve pet8ent reduction in energy consumption. The
slight reduction in total energy consumptiorthie two modernization Project Alternatives are
primarily due to difference in the therm@boperties of specified building materials.

(This space intentionally left blank)
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Table IlI-12
Summary of Energy Consumption Building Operation
FTBL 115: All Project Alternatives

02:
01: Demolition and 03: 04:

Sustainment- New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Primary heating 0 0 0 0
Primary cooling 804,572 256,988 246,093 252,076
Auxiliary 306,209 255,374 253,114 252,332
Lighting 1,387,602 763,181 763,181 763,181
Receptacle 346,900 346,900 346,900 346,900
Cogeneration 0 0 0
Total kBtufyr 2 2,845,283 1,622,443 1,609,288 1,614,489
Energy Savings from N/A 43% 43% 43%
baseline *
Notes:

! Primary heating electricity consumption is included in the primary cooling category due to electric heat pump
configuration.

2All energy consumption is reported in annual kBtu of Source Energy. Source energy accounts for all recurring
energy costs associated with building operations.

3 Scenario 01 senes as the baseline building performance rating for energy consumption.

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions Estimates

Table 11l-13 reports the estimated GHG emissimsilting from the construction-related Scope 3
emissions of each Project Alternative for Folis8 Building 115. Overall, Project Alternative
FTBL 115-02 would generate almost 56 percante GHG emissions than the modernization
Project Alternative FTBL 115-03 and almostg&cent more under Project Alternative FTBL 115-
04. The total GHG emissions saved with the taarlernization Project Alternatives was between
approximately 443,100 G® kilograms and 530,300 G&kilograms. On a per square-foot basis,
new construction would genéesapproximately 107 Kg C® per square foot compared to 47 Kg
COs,e per square foot for FTBL 115-03 and almost 57 KgeQé&r square foot for FTBL 115-04.

The GHG emissions calculated for the substmecawe significantly higher in the Project
Alternative FTBL 115-02 due to the requirement tstafi an entirely new substructure. In the two
modernization Project Alternatives, FTBL 115-#&3d FTBL 115-4, only very light treatments
were required to reuse the diig substructure. Similarly, GH&missions for building shell are
higher for Project Alternative FTBL 001-02 sinténtroduces the most new building materials.
Interior GHG emissions are similar acrossrtieg/ construction and two modernization Project
Alternatives due to similar levels of new bulg materials introduced. Services GHG emissions
are higher in FTBL 115-02 than for the two modernization Project Alternatives due to a
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requirement of having a HVAC system that has a slightly larger tonnage than in the other two
modernization Project Alternatives.

Table 111-13
Summary of Scope 3 GHG Emissions
FTBL 115: All Project Alternatives

01: 02: 03: 04:

Sustainment- Demolition and Modernization Modernization

Category Status Quo New Construction with HPS with AT/FP
Substructure 4.2 50.1 1.6 1.6
Shell 12.7 593.6 157.7 243.5
Interiors 7.1 29.0 23.9 25.4
Senices 48.4 226.0 181.1 181.1
Equipment & Furnishings - - - -
Special Construction - 1.0 1.0 1.0
Building Sitework - 109.8 77.8 77.8
Collateral Equipment - - - -
Total MT CO2e 72.4 1,009.5 443.1 530.3
Total KG CO2e * 72,440 1,009,510 443,088 530,259
Kg CO2e per SF 7.75 107.96 47.38 56.71
% change from 02 -92.8% N/A -56.1% -47.5%

Notes:

11 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Table I1I-14 presents GHG emission estimatesSitopes 2 and 3 over the 30-year period of
analysis. Scope 1 was not calculated since the usatwfal gas for heating water is considered a
“wash” across the alternatives and would alsinbreaterial compared to Scope 2 and Scope 3

emissions. Scope 2 emissions are much larger tope 3 emissions since Scope 2 emissions are
the result of ongoing consumption of energy dgrhe period of building use and occupancy while

Scope 3 emissions are a one-time expendituemefgy for construction and transportation of
debris. Scope 2 emissions are similar actiossiew construction andodernization Project
Alternatives since in all three of these Projglternatives new efficient HVAC systems are
installed. Looking over the &re 30-year period of analysithe total GHG emissions generated

by the modernization Project Alternatives rangenfrbd.6 to 17.4 percent less than total emissions

generated by new construction.
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Table llI-14
Summary of GHG Emissions Scope 1, 2, & 3
FTBL 115: All Project Alternatives

o1: 02: 03: 04:

Sustainment- Demo and New Modernization Modernization
Emissions Scope ! Status Quo Construction with HPS with AT/FP
Scope 1 - - - -
Scope 2 4,120.9 2,349.8 2,330.8 2,338.3
Scope 3 72.4 1,009.5 443.1 530.3
Total MT CO2e 4,193 3,359 2,774 2,869
Total Kg CO2e 2 4,193,341 3,359,325 2,773,860 2,868,566
Kg CO2e per SF 448 359 297 307
% change from 02 24.8% N/A -17.4% -14.6%

Notes:
1 Represents cumulative scope emissions over 30 year life cycle.
21 MT CO2e = 1,000 Kg CO2e

Sources: Center tor Resource Solutions; BAE Urban Economics, 2012.

Life-cycle Cost Analysis Results

The Study Team prepared a full LCCA for HTB15 incorporating initial construction and
demolition costs and operating costs associatedesith Project Alternative over the 30-year
period of analysis. The full LCCA is presethie@ Appendix F. Tables IlI-15 and 111-16 provide a
summary of these LCCA across the Project Alternatives.

As shown in Table IlI-15, FTBL 115-03 shows thevést net present value (NPV) among the three
scenarios. Full modernization with HPS shows a total NPV of approximately $3.7 million without
consideration of the value of GHG emissions 8@ million with GHG emissions of the project
life-cycle monetized and incorporated into theQ&analysis. The NPV for new construction was
23.5 percent higher at $4.9 million without GH&tored into the NPV and $5.0 million with
monetized GHG emissions included. Projgiternative FTBL 115-04 registered a NPV of
approximately $3.9 million without monetiz&HG and $4.0 million with GHG, approximately

5.4 percent higher than FTBL 115-03. The averagge@alue per metric ton in 2012 dollars was
$37.36. The key driver of these results is theeloinitial capital investment associated with the
Project Alternative; the operating cost profibe building under the new construction and two
modernization Project Alternatives varies only slighttlye to differences in energy consumption.

Table I1I-16 breaks out the contribution of ménamg GHG emissions to the NPVs reported in

Table 11I-15. Overall the NPV of monetized GHGses the total project NPVs by approximately

two percent across Project Alternatives FTBL 115-02 through FTBL 115-04. Note that comparing
the GHG component NPV of the new constructionjéut Alternative with the two modernization
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Project Alternatives, the NPV of the GHG component is approximately 22.7 percent less for
Project Alternative FTBL 115-03, and 18.0 pemt less for Project Alternative FTBL 115-04.

(This space intentionally left blank)
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Table llI-15: Life Cycle Cost Analysis Summary: FTBL 115

Non Discounted Costs by Component Total Costs
Discounted -
Initial No GHG Discounted -

Project Alternative Investment Recurring Residual Value  Non Discounted Factor w/GHG Factor
FTBL 115-01: Sustainment-Status Quo $ 613,479 $ 1,695,225 $ - $ 2,308,704 $ 1,848,623 $ 1,957,488
FTBL 115-02: Demolition and New Construction $ 5,166,222 $ 1,480,271 $ (2,300,273) % 4,346,220 $ 4,857,655 $ 4,956,278
FTBL 115-03: Modernization with HPS $ 3,625,554 $ 1,477,960 $ (1,645,759) $ 3,457,755 $ 3,715,117 $ 3,791,391
FTBL 115-04: Modernization with AT/FP $ 3,905,689 $ 1,478,874 $ (1,755,478) % 3,629,085 $ 3,928,686 $ 4,009,546
NOTES:

Study Period (years): 30

Real Discount Rate: 2.00%

Average CO2e Value/MT (undiscounted) $ 37.36

Base Date: 10/01/12

Sources: Preservation Associates; BAE Urban Economics, 2012.

Table lll-16: Greenhouse Gas Valuation Summary: FTBL 115

GHG Emissions by Scope (MT CO2e) GHG Value
Non

Project Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
FTBL 115-01: Sustainment-Status Quo - 4,120.90 72.44 4,193.34 $ 156,646 $ 108,865
FTBL 115-02: Demolition and New Construction - 2,349.82 1,009.51 3,359.33 $ 125,068 $ 98,622
FTBL 115-03: Modernization with HPS - 2,330.77 443.09 2,773.86 $ 103,444 $ 76,274
FTBL 115-04: Modernization with AT/FP N 2,338.31 530.26 2,868.57 $ 106,944 $ 80,860
Notes:

Study Period (years): 30

Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.36

Base Date: 10/01/12

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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St. Juliens Creek Annex

Norfolk, VA

Installation Description

St. Juliens Creek Annex (SJCA) is a 490-acre faglityated at the confluence of St. Juliens Creek
and the south branch of the Elizabeth Rivehin City of Chesapeakimcated in southeastern
Virginia. The Norfolk Naval Shigard is located approximatelySlmiles to the north. The current
primary mission of SJCA is to provide a radesting range and administrative and warehousing
facilities for nearby Norfolk Naval Shipyard dother local Naval activities. SJCA also

provides administrative office spadight industrial shops and storage facilities for several tenant
commands; including Space and Naval Warfystems Command, Defense Revitalization and
Marketing Office, Mid-Atlantic Regional Matenance Center; and a cryogenics school. The

1
installation is part of Naval Station Norfolk

Environment and Energy Sources

St. Juliens Creek Annex is located in a maritcimmate on the Atlantic Ocean on the east coast of
the United States with high humidity in the sumraed a moderate freeze-thaw cycle in the
winter. Monthly temperatures range from aerage low of 41 degrees Fahrenheit (5 C) in
January to an average high of 79 degrees (26 @)lyn Average annual precipitation at the site is
approximately 45 inches and annual evening reddtivmidity averages at 58 percent. The Annex
purchases its electricity from Dominion Power jarestor-owned utility vith an over 27,000 MW
portfolio serving wholesale and retail energy custisnin 15 states. Dominion owns and operates
over 35 power generation facilities across the Atldntic region, Midwest, and New England,
with over half of all facilities located in Virgia. These generation stations provide electricity
from a variety of fuel sources, with 47 percBoitn burning coal and 35 percent from nuclear
generation, including the North Anna Nuclear Po@tation located roughly 100 miles northwest
of St. Juliens. Fourteen percent of Dominion eieity is sourced from burning natural gas, with
an increasing amount of that gas being sourcadhyiraulic fracturing technology from domestic
shale gas deposits. Hydroelectric, wind, methane recapture, biomass, and solar energy sources
make up less than four percent of the total geiveranix. Natural gas for water heating at St.
Juliens is also purchased from Dominion, thouggséhcosts are not considered in this Study, as
explained in the Methodology section.

' Information taken from Naval Facié$ Command (NAVFAC) fact sheet.
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Figure 111-4
Location of St. Juliens Creek Annex
Chesapeake, Virginia
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Historic Significance

The St. Juliens Creek Annex Historic Distrigbiresents an integrated military-industrial complex
associated with the production and storage of Imauaitions duringWorld War I. The St. Juliens
Creek Annex was established as St. Juliensdvliag in 1897 and served as a naval ordinance
assembly facility and ammunition piat until 1975. It is locatedne mile to the south of the
Norfolk Naval Shipyard and is now a division oétNaval Station Norfolk. Its period of historic
significance spans 1897 to 1919, encompassing adtimieg which St. Juliens helped produce the
majority of the Mark VI mines used in the Noi$ea Mine Barrage. All of the surviving World
War I-era buildings were determined to be assediatith this historic event. According to a
December 2008 Historical Overview of the St. Juliens Creek Annex Historic District Report
completed for the Commander, Navy Region Mi-Atlantic Norfolk, VA:

“The St. Juliens Creek Historic District is a remarkably consistent complex of mainly
industrial buildings whose efficient design fElewed for continuous use for nearly a
century. The district is characterized lepngthy rows of large, low-rise warehouses and
magazine aligned along a regular street gaid railroad tracks. The warehouse buildings
are generally long, linear structures wikbw-pitched roofs and loading docks. The
interiors of the warehouses are spare and atilén, with exposed structural components
such as concrete and masonry walls, steelooden roofs and ceiling beams and trusses,
and wood or concrete floors. The unusually wide spacing between the warehouses and
magazines, another typical feature of the distnvas dictated by safety considerations.”

The complex contains both historic and non-histbtiddings which are more than 50 years old,
and represents one of the few surviving US gdamof a military-industrial development directly
associated with World War I. Currently the primanission-critical use of the facility is to provide
a radar-testing range, as well as administrativet warehousing facilities for Norfolk Naval
Shipyard and other local Navy activities.

In consultation with installation managers, thedytTeam selected Building 61 and Building 168.
Currently both buildings are underutilized and daf® and Q2, respectively, and would require
different levels of treatment for modernizatidinese two buildings were chosen from a site with
over thirty warehouses in various states of coodifiom Q2 to Q4. The Installation Master Plan
has identified a need for nesffice space for the environmental management staff at the
installation; this mission-critical use will be thaélxgect of the Project Alternatives analyzed at this
base.

(This space intentionally left blank)
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Figure 111-5
Photos of Buildings 61 and 168
St. Juliens Creek Annex, Chesapeake VA

Building 61

Building 168
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Figure 111-6
Photos of Building 61
St. Juliens Creek Annex, Chesapeake VA

Building: 61: Exterior Building 61: Interior

Building 61: Clay Tile Walll Building 61: Window
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St. Juliens Creek Annex Building 61 Analysis

Existing Conditions

Building Description.Building 61 is part of a group of ten buildings within the St. Juliens Creek
Annex Historic District which were constructedlifl?7. The building is a rectangular one-story
structure with terra cotta masonry unit (hollowayctile) exterior walls reinforced with steel

columns and trusses. Pilasters of terra cotsamry units encase the columns and project 4 inches
from the interior and exterior surfaces of the siddswaAt the top of the exterior side walls is a
projecting stuccoed masonry spandrel thatusHlwith the outer face of the pilasters.

The pilasters and spandrel visually frame the watiels of each structural bay. The terra cotta
masonry units in the walls, including the pilastand spandrel are stuccoed on the exterior and

their fluted interior faces are left exposed. Tlable parapets are capped with glazed terra cotta

wall copings, some of which are missing. The building measures 199 feet long by 52 feet wide at a
ceiling height of 14 feet with a gable roof reagha total of 26 feet with six round metal

ventilators mounted along the ridge.

A loading platform is located along the sou#si/side with a cantilevered canopy spanning the
platform and a non-original structural concret@paat one end. Twenty-seven of twenty-eight
original industrial steel windows remain and there are currently four steel door frames in the
locations of the original doors. There are additional hollow metal doors near the ends of the
building and a 14-by-14 foot upward coiling steel service door in the northwest end. The interior
of the building is relatively unchanged sin@mstruction and remains open warehouse space with
unfinished walls and no interior portioning, electrical, or plumbing systems.

The roof was replaced in 1955 with corrugatstiestos ceiling panels and the floor is an
unfinished concrete slab foundation rising to ffaet above grade. The condition of the stucco,
clay masonry units, and concrete slab is sdyateteriorated. The building, containing 10,251
gross square feet is currently in use as rel@use and has been identified for conversion to
administrative office use in order to accomplish mission requirements.

Historic Significance.This building is a historic propertydhcontributes to the significance of the
history and architecture of the St. Juliens Cr&pkex Historic District, which is listed on the
National Register of Historic Places. The history of the Annex is recognized because of its
function as a general warehouse or magazinegubie period of significance (1897-1919). lItis
described as a magazine on an October 29, 1917 map of the Warehouse district.

Character Defining Featuresthe primary character-defining features are the shape and mass of
the building including the steel columns andrfilag which enable large open interior space,
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stuccoed exterior walls, the original windomesnaining behind masonry fill panels, the five
remaining pairs of shutters, the roof form inchglthe canopy, the loading platform and the large
circular ventilators.

Original Design IntelligenceThe historic design of the building includes a variety of original
design intelligence features that promote thewoatfort in the building. These features include:

X Aerated mass construction with hollow clay tiles for increased insulation;

X Window orientation pattern and operabledows provide for natural cross ventilation;
x Skylight windows located high on the roof to provide interior lighting;

X Roof openings at ventilatogovide added ventilation;

x Internal airflow is enhanceitirough open floor plan; and

X Long elevation of the building sited perpendicular to summer winds.

Properly maintained and integrated into any feittehabilitation or modernization projects, these
features can help meet occupant comfort expieaswhile contributing to energy efficiency.

Project Alternatives

For each SJCA Project Alternative SJICA 061#¥bugh SJCA 061-04, the Study Team estimated
construction costs and consttion-related Scope 3 GHG emissions as well as Scope 2 GHG
emissions from ongoing building operations. These astichoutputs were then used to calculate

the life cycle cost in dollars, carbon dioxide equivalent g&@missions, and monetized £0
emissions to evaluate the relative costs andrenmental performance of each alternative over a
30-year period with a two percent real discount rate. Table 11lI-17 summarizes the key assumptions
and construction cost for each Project Alternative for SICA Building 61.

(This space intentionally left blank)
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Table IlI-17
Summary of SJICA Project Alternatives — Building 61

Building GSF 3uilding Feature ¢ Construction Cost
Project Alternative Total Footprint LEED AT/FP Total Per SF
SJCA 061-01: Sustainment - Status Quo 10,251 10,251 n/a No $2,242,713 $ 219
SJCA 061-02: Demolition & New Construction 10,251 10,251 53 Yes $4,570,115 $ 446
SJCA 061-03: Modernization w ith HPS 10,251 10,251 59 Yes $ 3,812,517 $ 372
SJCA 061-04: Modernization w ith AT/FP 10,251 10,251 59 Yes+  $4,260,220 $ 416

+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

SJCA 061-01: SUSTAINMENT - STATUS QUO

The Sustainment-Status Quo Project Alternativeotsa true construction alternative, but rather a
rough approximation of standard repairs and upgrémsvould likely occur in the building in the
absence of a full modernization over the period of analysis. Full system overhauls of HVAC,
plumbing, and electrical systems, for example, are not included in this Project Alternative.

In order to establish an energy performance bastElim8JCA Building 61 that is consistent with
other buildings evaluated in this Study, thejct Team assumed a hypothetical 1980s-era HVAC
system with no substantial overhauls and matithe energy performance of the building based on
that system operating in the building’s currentestdilo historic energy consumption data were
available since the installatidras been unmetered. Using thethodology set forth for energy
consumption, the Study Team estimated aggneonsumption baseline of 2,978,177 kBtu of
energy consumption, all of it accounted for by electricity consumption (note: water heating
technology was not considered in this study as it is unaffected by building design and
construction). This baseline is used to deterrthieadegree of energy savings achieved by Project
Alternatives SJICA 061-02, SJCA 061-03, an@5D61-04 for the purposes of calculating LEED
points.

SJCA 061--02: DEMOLITIGMD NEW CONSTRUCTION

This construction Project Alternative inckeslthe full demolition of the existing building,

demolition of the foundation and extant wilidrainage, and other system hookups, and
replacement with a modern one-story office buidivith a basement matching the extant footprint
of approximately 10,251 square feet. The denmlitiost estimate for this alternative is $329,000
and this cost includes asbestosl lead-based paint abatement and demolition material hauling and
tipping fees. Site preparation costs for theaepinent building are included in the building site
work estimate category.
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Construction Costs. The new building will be constructed taeet LEED Silver standards for new
construction and incorporate AT/FP securihancement features, including blast resistant
windows and doors, reinforced structural steellsind building site work to increase standoff
distance from the building exterior. The estiathtotal construction cost for this Project
Alternative is $4,570,000, or $446 pegusre foot. As shown in Table IlI-1the largest single

cost category for this Project Alternative ig tervices installation cost of $1,008,000, which
accounts for just over than 22 percent of totat @md includes the installation of new HVAC,
plumbing, electrical, fire suppression, communications, and security systems. The next highest
cost is the shell construction cost of $935,8@ich includes the constrtion of concrete masonry
unit walls with reinforced steel and a brick veneladding as well as the costs of installing AT/FP
compliant windows and steel exterior doors. The brick veneer cladding was chosen for this
material’'s greater durability in the humid climate.

LEED Points CalculationThe new building will be designed &ttain a LEED score of 53 points,
qualifying for LEED Silver certification. As shown in Table 111-19 the bulk of these points are
earned in the Energy and Atmosphere catedae to the 43 percent reduction in energy
consumption from the status quo baseline andisieeof a geothermal ground source heat pump
HVAC system. The next most significant category is the Indoor Environmental Quality category,
where points were earned for the use of low-emitting floor, wall, and ceiling finishes and the
installation of controllable lighting systenenong other features. Appendix E provides more
detailed information and demoresties the LEED point calculations.

SJCA 061--03: FULL MODERNIZATION WITH HPS

This Project Alternative includes the full modesation of the existing structure for office space
within a strict interpretation of the Secretantloé Interior's Standards for the Rehabilitation of
Historic Properties, or Historic Preservation Standards (HPS). These standards call for the
preservation of the building’s interior and exteigbaracter-defining historic features. As Building
61 has remained in its historic use as a warehows®e spith minimal interior finishes, the bulk of
preserved features were exterior or in the lmgjcghell, including the preservation of existing
window orientation and pattern, and placemenbof ventilators. The existing exterior loading
platform will also be retained and repaired exiexlg with epoxy and sealant treatments. Historic
windows will be retained and rehabilitated as mastpossible and any non-salvageable historic
windows will be replaced with windows matching thistoric dimensions and composition. Blast
performance for the windows will be enhancedubing a film to meet AT/FP standards.
Prescriptive and customary insertion of blast-preiofdows and doors will not be included in this
modernization alternative, as they would notbmpatible with the Secretary’s standards for
preserving exterior and interior character-defirfiegtures. However, because the exterior walls
will be clad with a replacement of the histostacco and concrete sealant treatments, the existing
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hollow clay masonry units will be replaced witbncrete masonry units for enhanced blast
resistance without compromising thdexior character of the building.

Construction Costs The total construction cost of this preservation-focused modernization Project
Alternative is estimated at $3,812,500, or $8é2 square foot. As shown in Table Ill-d8arly 30
percent of this cost stems from the installation of modern HVAC, plumbing, electrical, fire
suppression, communications, and security systems that are generally similar to those installed in
the new construction Project Alternative. Roughly-6ifte of total cost is made up of work on the
building’s shell including rehabilitation and seige replacement of historic window and door

units, replacement of hollow clay tiles with concnetasonry units, and replacement of the exterior
stucco finish. Gutting and selective demolition casthis alternative are low, at just under

$20,000 owing to the minimal amount of interior feat to be removed as part of modernization.

LEED Points CalculationThe modernized historic building would qualify for LEED Silver
certification with an estimated score of 59 points (see Table 11I-19). These points include most of
those earned by the new construction Project Adtitra as well as additional points for reuse of
existing structural and non-structural builds elements. Appendixovides more detailed
information and demonstrates the LEED point calculations.

SJCA 061-04: FULL MODERNIZATION WITH AT/FP

In contrast, Project Alternative SJICA 061-04 specifies a full modernization of Building 61, but
without strict adherence to HPS and applaaof customary DoD treatments for AT/FP and
progressive collapse. This difference is a®pronounced owing to the open and unfinished
character of the historic warehouse structurethigalternative, the interior improvements will be
entirely removed and replaced with modern imtefinishes. This Project Alternative will not
prioritize the preservation of interior or exterior character-defining historic features over other
priorities, such as AT/FP. While the histofozindation, roof, and sel beam shell will be
retained, the existing terra cotta masonry unitiénexterior walls will be replaced with concrete
masonry units for blast prevention and progressbllapse in line with DoD’s customary
treatments to meet AT/FP standards. All histaricdows and exterior doors will be replaced with
AT/FP blast resistant windows and steel doors irstilee locations as in the existing building.

Construction Costs.These AT/FP and other additional modernization features are estimated to
total to a construction cost of $4,260,220, or $B8F. As in the other alternatives, Table I1I-18
shows services installation costs make up the lasiese of total cost, owing to the installation of
entirely new HVAC, plumbing, electrical, fire safety, and communications systems in the historic
building. Shell costs make up approximately 24peet of the total in this Project Alternative due

to the wholesale replacement of existing claghkunits with concretenasonry units and the

addition of a brick veneer exterior treatment. This treatment was chosen, as in the new

ESTCP Project Number SI 0931

Page I11-39



construction Project Alternative, both to referehistoric brick buildings in the vicinity and for
this material’s improved durabiitin the humid climate. As iRroject Alternative SJICA 061-03,
gutting and selective demolition costs are estimatdre $22,000 owing to the minimal interior
finishes. This cost includes all asbestos lead-based paint abatement costs.

LEED Points CalculationThis modernization alternativeifvachieve the same green building
performance as the modernization with HPS in SJCA 061-03, qualifying for LEED Silver
certification with 59 points. As shown in Talll-19 the bulk of these points are derived from the
inclusion of a geothermal ground source heat puMBEl system as well as to the reuse of extant
structural and non-structural building elememg@pendix E provides more detailed information
and demonstrates the LEED point calculations.

SJCA 061: ALTERNATIVES COMPARISON

Project Alternative SJCA 061-02 New Constio and Demolition has the highest estimated
construction cost of any construction alternafeBuilding 61, while Project Alternatives SICA
061-03 and 061-04 are estimated to cost apprdgigna7 and 7 percent less (see Table 111-18).
This cost differential is relatively low, givendlsubstantial amount ofalh substructure, and
interiors renovation work allowed in a histobailding with very minimal interior character-
defining features and because the building’s cudetdriorated condition required a substantial
amount of repair work, even in Project Alternat8JCA 061-03. The most substantial drivers for
the cost difference between the new construaimhboth modernization Project Alternatives are
the demolition, substructure, and shell coassProject Alternative SJICA 061-02 called for
demolition of the entire building and replacementhef building, buildingpad, and related site
elements. Services installation and interasts are comparable across all three Project
Alternatives, as substantial ini@ gutting and full replacemenf core building services systems
were included in both of the modernization BmjAlternatives. The principal drivers for the
difference in estimated construction cost betwidertwo modernization Project Alternatives come
in the substructure and shell costs. Thesesamste higher for Project Alternative SJICA 061-04
due to the less stringent preservation standaedsattow for the installation of costlier AT/FP
compliant windows and doors, and the addition o&sterior brick veneer. Both modernization
Project Alternatives do show slightly higherst®in services work than the new construction
alternative, owing to the added cost of instginew systems in an existing historic building.
However, the overall cost increase in the newstruction Project Alternative in the building’s
demolition, shell, and substructure costs are rtfwar sufficient to make either modernization
Project Alternative more economical in the construction phase.

(This space intentionally left blank)
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Table I1I-18
Summary of Construction Costs
SJCA 061: Project Alternatives

Cost Estimate

01. 02. Demolition 03. 04.

Sustainment - and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Demolition $ - $ 329,160 $ 19,555 $ 21,738
Substructure $ 1,239,602 $ 344,080 $ 122,560 $ 186,560
Shell $ 56,842 $ 935,110 $ 745,847 $ 1,011,800
Interiors $ 64,309 $ 267,828 $ 325,465 $ 324,813
Services $ 385,160 $ 1,008,470 $ 1,112,653 $ 1,093,885
Sitew ork $ - $ 326,362 $ 347,314 $ 348,942
Special Construction $ - $ 10,800 $ 10,800 $ 10,800
Hard cost subtotal $ 1,745,913 $ 3,221,809 $ 2,684,194 $ 2,998,628
General conditions (25%) $ 261,887 $ 818,284 $ 682,635 $ 762,797
Security escalation (2%) $ - $ 51,326 $ 46,346 $ 52,559
USACE design (6%) $ 120,468 $ 245,485 $ 204,791 $ 228,839
USACE SOH (5.7%) $ 114,445 $ 233,211 $ 194,551 $ 217,397
Soft cost subtotal $ 496,800 $ 1,348,305 $ 1,128,323 $ 1,261,592
Construction cost total $2,242,713 $ 4,570,115 $ 3,812,517 $ 4,260,220
Construction cost PSF $219 $ 446 $ 372 $ 416
% Difference from 02 -51% N/A -17% -7%

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

Table 111-19
Summary of LEED Points Calculation
SJCA 061: Project Alternatives

02 03 04
Demo and New Modernization Modernization Maximum

Category Construction with HPS with ATFP Points
Sustainable Sites 11 11 11 26
Water Efficiency 2 2 2 10
Energy and Atmosphere 20 22 22 35
Materials and Resources 4 9 9 14
Indoor Environmental Quality 14 13 13 15
Innovation and Design Proces: 1 1 1 6
Regional Priority Credits 1 1 1 4
Total 53 59 59 110
Certification Level Silver Silver Silver NA

Sources: Center for Resource Solutions; Comfort Design; BAE Urban Economics, 2012.
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Energy Consumption

As shown in Table 111-20, the energy consumptiottgra for Building 61 differs slightly from that
seen at other installations. Here, the mwewstruction Project Alternatives SJCA 061-02
Demolition and New Constructiomd SJCA 061-04 Modernization with AT/FP are estimated to
consume and equal amount of total annualgnevhile Project Alternative SJICA 061-03
Modernization with HPS, very slightly outperforiosth. This pattern is primarily a result of the
exterior wall and window treatments applied. Sabsally thicker windows are installed in both
the SJICA 061-02 and SJCA 061-ternatives and a thick single pane of glass permits greater
heat transfer than a dual pane glass window.

Table 111-20
Summary of Energy Consumption, Building Operations
SJCA 061: Project Alternatives

02:
01: Demolition 03: 04:
Sustainment- and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Primary heating* 0 0 0 0
Primary cooling 621,041 200,046 194,497 200,046
Aucxiliary 125,785 67,515 65,099 67,515
Lighting 1,785,081 981,794 981,794 981,794
Receptacle 446,270 446,270 446,270 446,270
Cogeneration 0 0 0 0
Total kBtufyr 2 2,978,177 1,695,625 1,687,660 1,695,625
Energy Savings f r N/A 43% 43% 43%
baseline 3
Notes:

1 Primary heating electricity consumption is included in the primary cooling category, due to electric
heat pump configuration.
2All energy consumption is reported in annual kBtu of Source Energy. Source energy accounts for

all recurring energy costs associated w ith building operations.
3 Scenario 01 serves as the baseline building performance rating for energy consumption.

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions Estimates

Table 11l1-21 reports the estimated GHG emissimsilting from the construction-related Scope 3
emissions of each Project Alternative for SJCAldnog 61. Overall, Project Alternative SJCA
061-02 would generate almost 44 percent @i emissions than the modernization Project
Alternative SJICA 061-03 and almost 30 percent ntlmae@ under Project Alternative SJCA 061-04.
The total GHG emissions saved with the twodernization Project Alternatives over the new
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construction alternative was betan approximately 280,600 and 441,000.€Kllograms. On a
per square-foot basis, new constructicould generate approximately 92 Kg &(per square foot
compared to 52 Kg C@ per square foot for SICA 061-03 and 64 Kg&er square foot for
SJCA 061-04.

The GHG emissions calculated for the substmectue significantly higher in the Project
Alternative SJCA 061-02 due to the requiremenhstall an entirely new foundation compared to
the two modernization Project AlternativesC8J061-03 and SCJA 061-4, for which less-energy
consuming materials were required to reuseeitigting substructure. Similarly, GHG emissions
for construction of a new building shell are higfsr Project Alternative SJCA 061-02 since it
introduces the most new building materia®oject Alternative SJCA 061-04 shows higher GHG
emissions for shell work due to the instatla of blast-proof-doors and windows. The two
modernization Project Alternatives have slightigher interior GHG emissions due to the way that
paint is treated in the GHG calculators as oppésadaterials for new construction that include
paint.

Table IlI-21
Summary of Scope 3 GHG Emissions
SJCA 061: All Project Alternatives

02:
01: Demolition 03: 04:
Sustainment- and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Substructure 19.5 200.6 33.8 75.2
Shell 8.1 384.4 162.6 251.7
Interiors 13.3 80.0 82.9 82.7
Services 26.5 176.3 160.3 160.3
Equipment & Furnishings - - - -
Special Construction - 11 11 11
Building Sitework - 98.2 89.0 89.0
Collateral Equipment - - - -
Total MT CO2e 67.4 940.7 529.7 660.1
Total Kg CO2e * 67,416 940,681 529,687 660,050
Kg CO2e per SF 6.58 91.76 51.67 64.39
% change from 02 -92.8% N/A -43.7% -29.8%
Notes:

11 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Table I11-22 presents GHG emission estimated for Scopes 2 and 3 over the 30-year period of
ESTCP Project Number SI 0931

Page 111-43



analysis. Scope 1 was not calculated since thefusatural gas for heating water is considered a
wash across the Project Alternatives and would ladsan immaterial quantity compared to Scopes
2 and 3. As would be expected, Scope 2 emissimnsuch larger than Scope 3 emissions since
Scope 2 emissions are the result of ongoing copsamof energy during the period of building
use and occupancy while Scope 3 emissions anedime expenditure of energy for construction
and transportation of debris. Scope 2 emissiasimilar across the new construction and
modernization Project Alternatives since Ihtlaree new highly efficient HYAC systems are
installed. Looking over the &@re 30-year period of analysigtal GHG emissions generated by
the modernization Project Alternatives ranffesn 9.1 to 13.7 percent less than the new
construction Project Alternative.

Table I11-22
Summary of GHG Emissions Scope 1, 2, & 3
SJCA 061: All Project Alternatives

02:
01: Demolition and 03: 04:
Sustainment- New Modernization Modernization
Emissions Scope * Status Quo Construction with HPS with AT/FP
Scope 1 - - - -
Scope 2 3,755.2 2,138.0 2,128.0 2,138.0
Scope 3 67.4 940.7 529.7 660.1
Total MT CO2e 3,823 3,079 2,658 2,798
Total Kg CO2e 2 3,822,595 3,078,684 2,657,645 2,798,054
Kg CO2e per SF 373 300 259 273
% change from 02 24.2% N/A -13.7% -9.1%
Notes:

1 Represents cumulative scope emissions over 30 year life cycle.
21 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Life-cycle Cost Analysis Results

The Study Team prepared a full TOC analysisS&CA 061 incorporatingitial construction and
demolition costs and operating costs associatedasith Project Alternative over the 30-year
period of analysis. The full TOC analysipi®sented in Appendix FTables 111-23 and I1I-24
provide a summary of these TOC analyses across the Project Alternatives.

As shown in Table 111-23, SJICA 061-03 shows lilveest net present value (NPV) among the three
scenarios. This Project Alternative, Modeation with HPS, shows a NPV of $3.9 million
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without consideration of the value of GHG esions and $4.0 million with GHG emission of the
project life-cycle monetized and incorporatetb the LCCA analysis. The NPV for new
construction Project Alternative SICA 061-02sM.3.8 percent higher at approximately $4.6
million without GHG emissions considereddaapproximately $4.7 with monetized GHG
emissions included. Modernization with AT/FRoject Alternative SJCA 061-04 registered a NPV
of approximately $4.3 million both witand without consideration of GHG emissionghe

average Cge value per metric ton in 2012 dollars was 837. The key driver of these results is
the lower initial capital investment associatethwhe Project Alternative SICA 061-03; the
operating cost profile for building under tieew construction and both modernization Project
Alternatives varies only slightly due to minifrdifferences in energy consumption.

Table 111-24 breaks out the contribution of monetizing GHG emissions to the total NPVs that are
reported in Table I1I-23. Overall, the NPV mionetized GHG raises the total project NPVs by
approximately two percent across Project Aligives SJCA 061-02 through SJICA 061-04. Note
that comparing the GHG component NPV of the mewstruction Project Alternative with the two
modernization Project Alternatives, the NPWioé GHG component is approximately 18.0 percent
less for Project Alternative SJICA 061-03, and JdeBent less for Project Alternative SJCA 061-
04.

2
Due to rounding, the approximated values reppas $4.3 million; there is an $80,300 difference
between the two figures ashown on Table [11-23.
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Table 111-23: Life Cycle Cost Analysis Summary: SJCA 061

Non Discounted Costs by Component Total Costs
Initial Residual Non No GHG w/GHG
Alternative Investment Recurring Value Discounted Factor Factor
SJCA 061-01: Status Quo - Sustainment $ 2,242,713 $ 1,953,301 $ - $ 4,196,014 $ 3,620,942 $ 3,720,197
SJCA 061-02: Demolition and New Construction $ 4,570,115 $ 1,645,186 $(2,004,815) $ 4,210,485 $ 4,562,966 $ 4,653,509
SJCA 061-03: Modernization with HPS $ 3,812,517 $ 1,645,186 $(1,793,037) $ 3,664,666 $ 3,937,295 $ 4,011,507
SJCA 061-04: Modernization with AT/FP $ 4,260,220 $ 1,645,186 $(2,003,646) $ 3,901,760 $ 4,256,812 $ 4,337,150
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.25
Base Date: 10/01/12
Source: BAE Urban Economics, 2012.
Table 111-24: Greenhouse Gas Valuation Summary: SJCA 061
GHG Emissions by Scope (MT CO2e) GHG Value
Non
Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
SJCA 061-01: Status Quo - Sustainment - 3,755.18 67.42 3,822.60 $ 142,795 $ 99,255
SJCA 061-02: Demolition and New Construction - 2,138.00 940.68 3,078.68 $ 114,612 $ 90,543
SJCA 061-03: Modernization w ith HPS - 2,127.96 529.69 2,657.65 $ 99,064 $ 74,212
SJCA 061-04: Modernization with AT/FP - 2,138.00 660.05 2,798.05 $ 104,252 $ 80,338
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.25
Base Date: 10/01/12

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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St. Juliens Creek Annex Building 168 Analysis

Existing Conditions

Building Description.Building 168 is identical to Building 61 in most respects except condition
where it is in better overall condition, rated QZantrast to Q4 for Building 61. A rectangular
one-story elongated warehousecohcrete masonry unit exterior walls with a concrete sealant
finish, the building measures 199 feet by 52 faat occupies a footprint of roughly 10,251 gross
square feet. The building has a gabled roof reaching a maximum height of 26 feet with 14 foot
ceilings at the exterior walls. A concrete loaditgtform runs the length of the northwest side of
the building with a cantilevered canopy spannirggtatform, similar to Building 61. Large
freight doors line the loading platform. The interfinishes are minimal, and, like Building 61, it
is currently used as a warehouse. The Inglthas been designated for conversion to
administrative office space in order to accomplish mission requirements.

Historic Significance.Building 168 was built during World War Il as a general warehouse.
Though it was built more than 50 years ago, Bugdi®8 is located just outside the boundaries of
the St Juliens Creek Annex Historic District and is not a historic property.

Original Design IntelligenceThough it is not deemed a contributing structure to the Historic
District, Building 168 does include some originakayn intelligence features that promote efficient
energy usage in the building. These features include:

X Aerated mass construction with a steel frame;
x Narrow floor plan that is externally loaded;
X A crawl space with piers to provide ventilation;
X Roof openings at ventilatogovide added ventilation;
X Long elevation of the building sited perpendicular to summer winds; and
x Sloped roof allows for increasedtueal light from rooftop vents.
Properly maintained and integrated into any feittehabilitation or modernization projects in the

building, these features, still intact, can hekpetmoccupant thermal comfort expectations while
contributing to energy efficiency.
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Project Alternatives

For each SJCA Building 168 Project Alternati¢S8JCA 168-01 through SJCA 168-04), the Study
Team estimated construction cost and coietitvn-related Scope 3 GHG emissions as well as
Scope 2 emissions for ongoing building operatimnghe four Project Alternatives. These
estimated outputs were then used to calctledife cycle cost in dollars, carbon dioxide
equivalent (C@e) emissions, and monetized £@missions to evaluate the relative costs and
environmental performance of each Project Alitre over a 30-year period with a standard two
percent discount rate. Table IlI-25 summarizesktyeassumptions and construction costs for each
SJCA 168 Project Alternative and the cost &HiG emissions of each Project Alternative.

Table 111-25
Summary of St Juliens Creek Annex Project Alternatives — Building 168

Building GSF Building Features Construction Cost
Project Alternative Total Footprint LEED AT/FP Total Per SF
SJCA 168-01: Sustainment - Status Quo 10,251 10,251 n/a No $ 359,745 $ 35
SJCA 168-02: Demolition & New Construction 10,251 10,251 53 Yes $ 4,807,667 $ 469
SJCA 168-03: Modernization with HPS 10,251 10,251 59 Yes  $ 3537950 $ 345
SJCA 168-04: Modernization with AT/FP 10,251 10,251 59 Yest  $ 3525624  $ 344

Note:
+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

SJCA 168-01: SUSTAINMENT — STATUS QUO

The Sustainment-Status Quo Project Alternaveot a true alternative, but rather a rough
approximation of standard repairs and upgrades that would likely occur in the building. Full
system overhauls of HVAC, plumbing, and electriygtems, for example, are not included in this
Project Alternative.

In order to establish an energy performance bastim®JCA Building 168 that is consistent with
other buildings evaluated in this Study, Btedy Team assumed a hypothetical 1980s-era HVAC
system with no substantial overhauls and matld#le energy performance of the building based on
that system operating in the building’s currentestdtio historic energy consumption data were
available since the installatidras been unmetered. Using thethodology set forth for energy
consumption, the Study Team estimated anggneonsumption baseline of 3,075,000 kBtu of
energy consumption, all of it accounted for by electricity consumption (note: water heating
technology was not considered in this study as it is unaffected by building design and
construction). This baseline is used to deterrttivedegree of energy savings achieved by Project
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Alternatives SJICA 168-02, SJICA 168-03, an@4168-04 for the purposes of calculating LEED
points.

SJCA 168-02: DEMOLITION AND NEW CONSTRUCTION

This construction alternative includes the full déitran of the existing structure, removal of the
foundation and extant utility, draage, and other system hookups, and replacement with a modern
one-story office building with a basement matching the extant footprint of approximately 10,251
square feet. As shown in Table I1I-26, the demmiittost estimate for this Project Alternative is
$329,000 and this cost includasbestos and lead-based paint abatement and demolition material
hauling and tipping fees. Site preparation €dst the replacement building are included in the
building site-work estimate category.

Construction Costs.The new building will be constructed meeet LEED Silver standards for new
construction and incorporate AT/FP securitfhhancement features, including blast resistant
windows and doors, reinforced structural steellshnd building site-work to increase standoff
distance from the building exterior. The estimatgel construction cost for this alternative is
$4,808,000, or $469 per squdoet. As shown in Table IlI-26he largest single cost category for
this alternative is the services installation asttmate at $979,000, which includes the installation
of new HVAC, plumbing, electrical, fire suppression, communications, and security systems. The
next highest cost is the shell cost of $88D, which accounts for the brick veneer cladding
specified for the building’s conde2masonry unit exterior walls as well as the costs of installing
AT/FP compliant windows and steel exterior doofse brick veneer cladding was chosen for this
material’s greater durability in the humid climate.

LEED Points CalculationThe new building will be designed #&dtain a LEED score of 53 points,
achieving a LEED Silver certification. As shown in Table IlI-27 the bulk of these points are
earned in the Energy and Atmosphere catedae to the 43 percent reduction in energy
consumption from the status quo baseline and the use of a GSHP HVAC system. The next most
significant category is the Indoor Environmentala@y category, where points were earned for

the use of low-emitting floor, wall, and ceiling féhies and the installation of controllable lighting
systems, among other features. Appendix Eiges/more detailed information and demonstrates
the LEED point calculations.

SJCA 168-03: FULL MODERNIZATION WITH HPS

This Project Alternative includes the full modesation of the existing structure for office space
subject to application of the Secretary of therintés Standards for the Rehabilitation for Historic
Properties, or historic preservation standkiRS). Though Building 168 is not a historic
property eligible for listing on the National RegistéHistoric Places, it is a World War Il-era
building over 50 years old and, for the puses of this Study, preservation standards were
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generally applied for the purposes of comparito SJCA 0168-04 and conserving materials for
reuse, though the building does not include sulbisieinterior or exterior character-defining
historic features.

As Building 168 has remained in its histotise as a warehouse space with minimal interior
finishes, the bulk of preserved features wereredter in the building shell, including the
preservation of existing freigkibors, and replacement with replicas where needed and the
placement of roof ventilators. The existing exdetoading platform will also be retained and
repaired as needed. Existing windows will beinetd and rehabilitated as much as possible and
any non-salvageable existing windows will bplaeed with windows matching the existing
dimensions and composition. Blast performancéte windows will be enhanced by using a film
to meet AT/FP standards. Prescriptive andauaaty insertion of blast-proof windows and doors
will not be included in this modeization alternative, as they would not be compatible with the
application of HPS. Existingooicrete masonry walls will be rétad and will be clad with a
stucco and concrete sealant treatment similar to the extant cladding treatment.

Construction Costs The total construction cost of thisnservation-focused modernization is
estimated at $3,538,000, or $345 parasg foot. As shown in Table Ill-2&arly one-third of this
cost stems from the installation of modern HVAC, plumbing, electrical, fire suppression,
communications, and security systems identicdhose installed in the new construction
alternative. Approximately 17 @rcent of total cost is made up of work on the building’s shell
including rehabilitation and selective replacenmarxisting window and door units, selective
repairs to the existing concrete masonry unit watid replacement of the exterior stucco and
sealant finish. Gutting and selective demolition costhis alternative are low, at $31,000 owing
to the minimal amount of interior features to be removed in the modernization.

LEED Points CalculationThis modernized older building would qualify for LEED Silver
certification with an estimated score of 59 points (see Table I11-27). These points include most of
those earned by the new construction Project Adiera as well as additional points for reuse of
existing structural and non-structural builgielements. Appendix E provides more detailed
information and demonstrates the LEED point calculations.

SJCA 061-04: FULL MODERNIZATION WITH AT/FP

In contrast, Project Alternative SJCA 168-04 specifies a full modernization of Building 168, but
without application of HPS. Again, in the caseBoiilding 61, this difference is not as pronounced
owing to the open and unfinished character of this-historic warehouse structure. In this Project
Alternative, the interior will be entirely guttedéreplaced with modern interior finishes. This
Project Alternative will not prioritize the preservatiof interior or exterior character-defining
historic features over other priorities, includia@/FP. While the existing foundation, roof, and
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steel beam shell with concrete masonry unitshe retained, AT/FP blast resistant windows and
steel doors will be installed in a pattern similar to Building 61.

Construction Costs.These prescriptive and customary AT/FP treatments and other additional
modernization features are estimated to total tonstruction cost of $3,525,624, or $344 per
square foot. As in the other alternatives, €hl26 shows services installation costs make up the
largest share of total cost, owing to theaitistion of entirely new HVAC, plumbing, electrical,

fire safety, and communications systems in thaker, existing building. Shell costs make up
nearly 25 percent of the total in this Projatternative due to the addition of a brick veneer
exterior treatment and the installation of blpsiof windows and doors. This treatment was
chosen, as in the new construction Project Altieraaboth to reference historic brick buildings
elsewhere at the installation and for this materiatigroved durability in the humid climate. As in
Project Alternative SJCA 061-03, gutting andesélve demolition costs are estimated at a low
$35,000 owing to the minimal interior finishes. iFbost includes all asbestand lead-based paint
abatement costs.

LEED Points CalculationAs shown in Table IlI-27this modernization Project Alternative will
achieve the same green building performanc®J&A 168-03, qualifying for LEED Silver
certification with 59 points. Appendix E providemre detailed information and demonstrates the
LEED point calculations.

SJCA 061: ALTERNATIVES COMPARISON

Project Alternative SJCA 168-02 New Constroie and Demolition has the highest estimated
construction cost of any construction alternafiveBuilding 168, while Project Alternatives SJCA
168-03 and SJCA 168-04 are estimated to aasihlly 26 and 27 percent less. respectively (see
Table 11I-26). This cost differential is primarilyriven by the substantially lower amount of
demolition and replacement costs involved ia thodernization Alternatives than in new
construction. The key driver for the minimal cost difference between these two modernization
Project Alternatives is the slightly higher costsefvices installation in Project Alternative SJCA
168-03. =No strict preservation standardssd for these Project Alternatives. Both
modernization Project Alternatives do show slighiigher costs in serges work than the new
construction Project Alternative, owing to the adidest of installing new systems in an existing
building. However, the overall cost increaséha new construction Project Alternative in the
building’s demolition, shell, and substructurestsoare more than sufficient to make either
modernization Project Alternative more economical in the construction phase.

(This space intentionally left blank)
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Table IlI-26
Summary of Construction Costs
SJCA 168: Project Alternatives

Cost Estimate
01. 02. 03. 04.
Sustainment- Demolition and Modernization Modernization

Category Status Quo New Construction with HPS with AT/FP
Demolition $ - $ 329,160 $ 31,275 $ 34,775
Substructure $ 66,000 $ 395,787 $ 63,960 $ 127,960
Shell $ 28,830 $ 961,102 $ 626,067 $ 613,731
Interiors $ 77,248 $ 267,828 $ 339,650 $ 339,650
Senices $ 85,573 $ 978,953 $ 1,104,111 $ 1,048,060
Sitework $ - $ 322,787 $ 273,487 $ 265,633
Special Construction $ - $ 10,800 $ 51,636 $ 51,636
Hard cost subtotal $ 257,651 $ 3,266,417 $ 2,490,186 $ 2,481,445
General conditions (25%) $ 64,413 $ 934,234 $ 633,474 $ 631,267
Security escalation (2%0 $ - $ 60,490 $ 43,708 $ 43,621
USACE design (6%) $ 19,324 $ 280,270 $ 190,042 $ 189,380
USACE SOIH (5.7%) $ 18,358 $ 266,257 $ 180,540 $ 179,911
Soft cost subtotal $ 102,094 $ 1,541,250 $ 1,047,764 $ 1,044,178
Construction cost total $ 359,745 $ 4,807,667 $ 3,537,950 $ 3,525,624
Construction cost PSF $ 35 $ 469 $ 345 $ 344
% Difference from 02 -93% N/A -26% -27%

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.
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Table IlI-27
Summary of LEED Points Calculation
SJCA 168: Project Alternatives

" 02 " 03 " 04

Demo and New Modernization Modernization Maximum
Category Construction with HPS with AT/FP Points
Sustainable Sites 11 11 11 26
Water Efficiency 2 2 2 10
Energy and Atmosphere 20 22 22 35
Materials and Resources 4 9 9 14
Indoor Environmental Quality 14 13 13 15
Innovation and Design Process 1 1 1 6
Regional Priority Credits 1 1 1 4
Total 53 59 59 110
Certification Level Silver Silver Silver NA

Sources: Center for Resource Solutions; Comfort Design; BAE Urban Economics, 2012.

Energy Consumption

As shown in Table 111-28, the energy consuraptpattern for Building 168 differs slightly from
that seen at other installations and is similaBudding 61 at SICA. Here, the new construction
Project Alternatives SJCA 169-02 Demaditiand New Construction and SJCA 168-04
Modernization with AT/FP are estimated to com& and equal amount of total annual energy,
while Project Alternative SJCA 168-03 Modernipatiwith HPS, very slightly outperforms both.
This pattern is primarily a result of the extenall and window treatments applied. Substantially
thicker windows are installed in both the SJ@#1-02 and SJCA 061-04 alternatives and a thick
single pane of glass permits greater heat transfer than a dual pane glass window.

(This space intentionally left blank)
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Table 11I-28
Summary of Energy Consumption, Building Operations
SJCA 168: All Project Alternatives

02:
01: Demolition 03: 04:
Sustainment - and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Primary heating* 0 0 0 0
Primary cooling 641,502 206,471 200,335 206,471
Auxiliary 134,520 72,413 69,449 72,413
Lighting 1,839,081 1,011,496 1,011,496 1,011,498
Receptacle 459,770 459,770 459,770 459,770
Cogeneration 0 0 0 0
Total kBtu/yr 2 3,074,873 1,750,150 1,741,050 1,750,152
Energy Savings f r N/A 43% 43% 43%
baseline 3
Notes:

1 Primary heating electricity consumption is included in the primary cooling category, due to electric
heat pump configuration.
2All energy consumption is reported in annual kBtu of Source Energy. Source energy accounts for

all recurring energy costs associated w ith building operations.
3 Scenario 01 serves as the baseline building performance rating for energy consumption.

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions

Table 111-29 reports the estimated GHG emissi@silting from the construction-related Scope 3
emissions of each Project Alternative for SIBilding 168. Overall, modernization Project
Alternative SJCA 168-03 would gera¢e almost 48.7 percent less GHG emissions than the Project
Alternative SJCA 168-02, and madé&ation Project Alternative SJCA 168-04 almost 47.9 percent
less than under new construction Project ridédive SICA 168-02. The total GHG emissions

saved with the two modernization Project Alimes over the new construction alternative was
between approximately 437,000 and 430,00QeCkograms. On a per square-foot basis, new
construction would generaégpproximately 88 Kg C& per square foot compared to 45 Kg,€0

per square foot for SJICA 168-03 and 46 Kg.€@er square foot for SICA 168-04.

The GHG emissions calculated for the substmecawe significantly higher in the Project
Alternative SJCA 168-02 due to the requirementstall an entirely new foundation compared to

the two modernization Project AlternativesC®J168-03 and SCJA 168-4, for which less-energy
consuming materials were required to reuseettigting substructure. Similarly, GHG emissions
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for construction of a new building shell are higfer Project Alternative SJCA 168-02 since it
introduces the most new building materials.e To modernization Project Alternatives have
slightly higher interior GHG emissions due to the way that paint is treated in the GHG calculators
as opposed to materials for new constructioniti@dtide paint. Services GHG emissions are

higher in SJCA 168-02 than for the two moderti@aProject Alternatives due to a requirement of
having a HVAC system that has a slightly largemage than in the other two modernization

Project Alternatives.

Table 111-30 presents GHG emission estimatesSitopes 2 and 3 over the 30-year period of
analysis. Scope 1 is not reported for the reasons discussedvettiedology, GHG Emissions
Estimationsection. Scope 2 emissions are muchdatigan Scope 3 emissions since Scope 2
emissions are the result of ongoing consumptioenefrgy during the period of building use and
occupancy while Scope 3 emisiss are a one-time expenditure of energy for construction and
transportation of debris. Scope 2 emissiargssimilar across the new construction and
modernization Project Alternatives since in atkth of these Project Alternatives new efficient
GSHP HVAC systems are installed. Looking otrer entire 30-year period of analysis, the total
GHG emissions generated by the modernizatiajeBr Alternatives range from 13.9 to 13.3
percent less than total emissigenerated by new construction.

(This space intentionally left blank)
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Table I11-29

Summary of Scope 3 GHG Emissions
SJCA 168: All Project Alternatives

02:
01: Demolition and 03: 04:
Sustainment- New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Substructure 4.0 197.1 6.2 10.9
Shell 4.2 357.3 114.0 115.9
Interiors 11.3 75.9 88.1 88.1
Services 24.5 167.5 156.0 156.2
Equipment & Furnishings - - - -
Special Construction - 11 7.5 7.5
Building Sitework - 98.7 89.0 89.0
Collateral Equipment - - - -
Total MT CO2e 43.9 897.6 460.8 467.7
Total Kg CO2e * 43,934 897,601 460,778 467,660
Kg CO2e per SF 4.29 87.56 44.95 45.62
% change from 02 -95.1% N/A -48.7% -47.9%
Notes:
11 MT CO2e = 1,000 Kg CO2e
Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
Table I11-30
Summary of GHG Emissions Scope 1, 2, & 3
SJCA 168: All Project Alternatives
02: Demolition 03: 04:
01: Sustainment - and New Modernization Modernization
Emissions Scope 1 Status Quo Construction with HPS with AT/FP
Scope 1 - - - -
Scope 2 3,877.1 2,206.5 2,195.4 2,206.8
Scope 3 43.9 897.6 476.5 483.4
Total MT CO2e 3,921 3,104 2,672 2,690
Total Kg CO2e 2 3,921,025 3,104,090 2,671,896 2,690,114
Kg CO2e per SF 383 303 261 262
% change from 02 26.3% N/A -13.9% -13.3%

Notes:

1 Represents cumulative scope emissions over 30 year life cycle.
21 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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Life-cycle Cost Analysis Results

The Study Team prepared a full TOC analysisS&CA 168 incorporatingpitial construction and
demolition costs and operating costs associatedasith Project Alternative over the 30-year
period of analysis. The full TOC analysipi®sented in Appendix FTables 111-31 and I1I-32
provide a summary of these TOC analyses across the Project Alternatives.

As shown in Table I1I-31, SJICA 168-03 shows lilvgest net present value (NPV) among the three
scenarios. This Project Alternative, Moderti@a with HPS, shows a NPV of $3,753,000 without
consideration of the value of GHG emissiamsl $3,827,000 with GHG ession of the project
life-cycle monetized and incorporated into tH@CA analysis. The NPV for new construction
Project Alternative SJCA 168-02 was 34 perdegher at approximately $5,034,000 without GHG
emissions considered and apgmately $5,129,000 with monetized GHG emissions included.
Modernization with AT/FP Project Alternative GA 168-04 registered a NPV of approximately
$3,751,000 without GHG emissiomalued and $3,827,000 withH& emissions. The average
COse value per metric ton in 2012 dollars was $37.2be key driver of these results is the higher
initial capital investment assoogt with the Project AlternativSJCA 168-02; the operating cost
profile for building under the new constructiomdaboth modernization Project Alternatives varies
only slightly due to minimal differences in energy consumption.

Table 111-32 breaks out the contribution of monetizing GHG emissions to the total NPVs that are
reported in Table I1I-31. Overall, the NPV mionetized GHG raises the total project NPVs by
approximately two percent across Project Aliives SJICA 168-02 through SJCA 168-04. Note
that comparing the GHG component NPV of the mewstruction Project Alternative with the two
modernization Project Alternatives, the NPWioé GHG component is approximately 22.4 percent
less for Project Alternative SJCA 168-03, and 2fefcent less for Project Alternative SICA 168-
04.
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Table I11-31: Life Cycle Cost Analysis Summary: SJCA 168

Non Discounted Costs by Component Total Costs
Initial Residual Non No GHG w/GHG
Alternative Investment Recurring Value Discounted Factor Factor
SJCA 168-01: Status Quo - Sustainment $ 359,745 $ 1,976,528 $ - $ 2,336,274 $ 1,810,253 $ 1,911,792
SJCA 168-02: Demolition and New Construction $ 4,807,667 $ 1,658,285 $(2,117,113) $ 4,348,840 $ 4,741,864 $ 4,832,630
SJCA 168-03: Modernization w ith HPS $ 3,537,950 $ 1,656,126 $(1,657,701) $ 3,536,374 $ 3,753,056 $ 3,827,062
SJCA 168-04: Modernization w ith AT/FP $ 3,525,624 $ 1,662,772 $(1,650,219) $ 3,538,177 $ 3,751,201 $ 3,826,888
Notes
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.27
Base Date: 10/01/12
Source: BAE Urban Economics, 2012.
Table 111-32: Gree nhouse Gas Valuation Summary: SJCA 168
GHG Emissions by Scope (MT CO2e) GHG Value
Non
Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
SJCA 168-01: Status Quo - Sustainment - 3,877.09 43.93 3,921.02 $ 146,484 $ 101,539
SJCA 168-02: Demolition and New Construction - 2,206.49 897.60 3,104.09 $ 115,580 $ 90,766
SJCA 168-03: Modernization w ith HPS - 2,195.42 476.47 2,671.90 $ 99,620 $ 74,005
SJCA 168-04: Modernization with AT/FP - 2,206.76 483.36 2,690.11 $ 100,297 $ 75,687
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.27
Base Date: 10/01/12

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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FE Warren AFB | Cheyenne, WY

Installation Description

F.E. Warren Air Force Base (FEW) is the oldest continuously active installation of the United
States Air Force. The installation measures roufjidysquare miles and is located three miles
west of Cheyenne, WY. (See Figure II-7)tdHdished in 1867, it is home to the"dlissile Wing
and Headquarters of the®@ir Force Space Command.

Environment and Energy Sources

F.E. Warren is located in the arid western plasubject to a snowy mountain climate with severe
freeze-thaw exposure and hot dry summers. Mpnérhperatures range from an average low of
18 degrees Fahrenheit (-8 C) in January to arageenigh of 83 degrees F (28 C) in July. The
location experiences an average of 175 days below freezing each year. Average annual
precipitation at the site is approximately lihéhes and annual evening relative humidity averages
at 38 percent.

The installation supplies its energy needs thraughix of on- and off- site sources. For building
heating, the installation operates a district heating system that distributes steam generated by a
natural gas boiler. Natural gas is purchdasech the Cheyenne Light, Fuel and Power Co.
Electricity for the installation is purchastdm the Western Area Power Administration, an
agency of the US Department of Energy th#is sdectricity generated by federal hydroelectric
projects in 11 western states. While this nseifwat no carbon emissions for electricity generation
can be directly attributed to operationg-d. Warren, affecting carbon accounting for Scope 2
Greenhouse Gas emissions, it should be remembeatedltielectricity in the western grid is
ultimately sourced from all generation facilities feedimim that grid and so any efficiency gains in
electricity consumption at F.E. Warren witillsresult in indirect Greenhouse Gas savings.
Emissions from the installation’s oitesnatural gas heating system are directly attributable to the
installation’s Scope 1 emissions profile.

Historic Significance

Originally named for Civil War General David Russell, F.E. Warren was established in 1867 to
provide defense for the construction of trenscontinental railroad from indigenous Native
American tribes. Fort Russell initially stationed th& &&avalry, which participated in the Great
Sioux Indian War, most notably remembered for the defeat of troops commanded by Lt. Col.
George Custer. In 1885, the pass reassigned to house eight infantry divisions and the Army
built 27 red brick buildings and planted thousaafisees. From 1885 to 1930, more than 220
brick buildings were comnsicted and all remain in service tgdarlhe installation was renamed in
honor of Wyoming Governor ar@ivil War veteran Francis E. Warren in 1930. The base was
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transferred to Air Force jurisdiction after WaoiWar 1l in 1947 and ultimately came to house the
90" Missile Wing and Headquarters of thé"28ir Force Space Command. Because of the lasting
integrity of the base’s historic brick structuresldistoric architectural and landscape setting, the
base was listed on the National Register ofdflistPlaces in 1975. The base was designated a
National Historic Landmark.

In consultation with installation managers, 8tedy Team selected Building 222 and Building
323. Building 222 is currently in use as barsaalile Building 323 serves as a wood shop. The
Installation Master Plan has identified a néadnew office space for the environmental
management staff at the installation; this missiotieal use will be the subject of the Project
Alternatives analyzed at this base.

(This space intentionally left blank)
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Figure 111-7
Location of Francis E. Warren Air Force Base
Cheyenne, Wyoming
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Figure 111-8
Photos of Building 222
F.E. Warren, Cheyenne WY

Building 222 - Front

Building 222 — Wing at Rear

Building 222 — Porch Detail
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Figure 111-9
Photos of Building 323
F.E. Warren, Cheyenne WY

Building 323 - Front

Building 323 - Rear

Building 323 — Side Detail
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F.E. Warren Building 222 Analysis

Existing Conditions

Building Description. Building 222 is one of six three-story (including basement) red brick
masonry structures that frame one side of theiigsparade ground. By were constructed as
enlisted men’s barracks between 1906 and 1910. U-sisaped, gable-roofed edifice consists of a
main transverse section measuring 150 by 29%ie@two brick rear ellsA two-tiered veranda
extends fully across the front facades andipgpsrted by white-painted wooden Doric columns
linked by black-painted iron pipe rails. Kdiows are two over two sash with stone sills and
segmental brick arches. The structure occupiesxamt footprint of 10,842 square and contains a
total of 32,526 gross square feet. The histimtierior of the building was substantially gutted
within the last twenty years and replaced veitbontemporary drywall and asbestos tile interior
supported by steel framing, though the histbrick exterior, porches, windows, and doors are
intact. The building is currently in use asraaks and has been identified for conversion to
administrative office space.

Historic Significance.Building 222 was built as a part of the original set of red brick buildings
constructed beginning in 1885. The buildingiisommon type of barracks structure designed by
the Army Quartermaster in the late™@entury. There are hundreds of examples of this building
type still in existence at other Army installationsioiwide. Despite the changes to the interior of
Building 222, this structure is a historic property that contributes to the significance of the history
and architecture of the F. E. Warren National Historic Landmark District. Exterior character-
defining features include the shape and masseobtiidings, red brick exterior walls, two-story

open porch, pitched roof form, and original windows.

Original Design IntelligenceDespite the changes to the interof Building 222, the historic
design of the building still includes a varietyasfginal design intelligence features that could
promote thermal comfort and improve energy edficy in the building. These features include:

X Solid mass brick wall with high thermal inertia;
x Natural ventilation from operable windows;

x Cross ventilation window orientation pattern;
X Roof openings/attic ventilation;

X Masonry chimney that provides stack effect;

X Long elevation of the building sited perpendicular to summer winds;
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x Tall wide windows/foundational windows to provide solar lighting;
X Sloped ceiling to provide farior solar lighting;

x Deep two-story porch to use as shading device;

X Building orientation to enhance amount and quality of light; and
x Basement to provide cool airflow through convection currents.

These features, properly maintained and integratedany future rehabilitation or modernization
project in the building, could provide energy sms while meeting occupant comfort expectations.

Project Alternatives

Construction cost and consttiom-related (Scope 3) GHG emissions were estimated for both
baseline Project Alternatives FEW 222-01 Sustainment-Status Quo and FEW 222-02 Demolition
and New Construction and botlodernization Project Alternatives FEW 222-03 Modernization
with SOIS and FEW 222-04 Modernization with /&P. These estimated outputs were then used
to calculate the life cycle cost in dollars, carbon dioxide equivalente)Gnissions, and

monetized C@ emissions to evaluate the relativetsand environmental performance of each
alternative over a 30-year period with a twogaet real discount rate. Table I11-33 summarizes

the key assumptions and cost estimates for Baaject Alternative for Building 222 at F.E.

Warren.

Table 111-33
Summary of FEW Project Alternatives — Building 222
Building GSF Building Features Construction Cost
Project Alternative Total Footprint LEED AT/FP Total Per SF
FEW 222-01: Sustainment-Status Quo 32,526 10,842 n/a No $ 2,799,729 $ 86
FEW 222-02: Demolition and New Construction 30,200 10,920 51 Yes  $ 9426338  $ 312
FEW 222-03: Modernization with HPS 32,526 10,842 53 Yes $ 7,623,391 $ 234
FEW 222-04: Modernization with AT/FP 32,526 10,842 53 Yes+ $ 8,558,230 $ 263

Note:

+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

FEW 222-01: SUSTAINMENT - STATUS QUO
The Sustainment-Status Quo Project Alternativeoisa true construction alternative, but rather a
rough approximation of standard repairs and upgrégsvould likely occur in the building. Full

ESTCP Project Number SI 0931
Page I11-65



system overhauls of HVAC, plumbing, and electrydtems, for example, are not included in this
Project Alternative.

In order to establish an energy performanaseline for F.E. Warren Building 222 that is
consistent with other buildingssaluated in this Study, the Project Team assumed a hypothetical
1980s-era HVAC system with no substantial oveldhrand modeled the energy performance of the
building based on that system operating in thiding's current state. No historic energy
consumption data were available sinceittstallation has been unmetered. Using the
methodology set forth for energy consumption, the Study Team estimated an energy consumption
baseline of 8,892,000 kBtu of energy consumptamtounted for by both electricity consumption
and natural gas consumption for building tivea(note: water heating technology was not
considered in this study as it is unaffected bjding design and construction). This baseline is
used to determine the degree of energyngmvachieved by Project Alternatives FEW 222-02,
FEW 222-03, and FEW 222-04 for the purposesatdéulating LEED points for energy efficiency
gains.

FEW 222-02: DEMOLITION AND NEW CONSTRUCTION

This Project Alternative includes the full demaditi of the existing structure, and razing of the
foundation and extant utility, draage, and other system hookups and replacement with a modern
two-story office building with a basement with a footprint of 10,920 square feet and containing a
total 30,200 gross square feet, within 10 percetii@extant footprint of 10,842 square feet and
extant size of 32,500 gross square feet. Hsvi in Table 111-34, the demolition cost estimate for
this Project Alternative is approximately $1,13H) and this cost includes asbestos and lead-based
paint abatement and demolition material haulingtguing fees. Site preparation costs for the
replacement building are included in the building site-work estimate category.

Construction Costs.The new building will be constructed toeet LEED Silver standards for new
construction and incorporate AT/FP securithhancement features, including blast resistant
windows and doors, reinforced structural steellshnd building site-work to increase standoff
distance from the building exterior. The estiethtotal construction cost for this Project
Alternative is $9,426,000, or $312 peusre foot. As shown in Table IlI-3the services
installation cost of approximately $2,308,000 accounts for just under 25 percent of total
construction cost and includes the installation@i geothermal HVAC, plumbing, electrical, fire
suppression, communications, and security systems. Remaining non-demolition hard costs total
$3,501,000 and are accounted for primarily for bngdshell work using@ncrete masonry units
reinforced with steel columns and clad withrack veneer as well as the installation of AT/FP
compliant blast resistant windows and doors (note: due to the structure of the architectural
specifications applied to FEW, construction saste summarized in broader categories than in
other installations where the standard®&ans construction categorization was applied
consistently). The brick veneer cladding whesen to reference the historic red brick that
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dominates the historic district.

LEED Points CalculationThe new building will be designed &ttain a LEED score of 51 points,
qualifying for a LEED Silver certification. Asewn in Table 111-35, the bulk of these points are
earned in the Energy and Atmosphere catedae to the 31 percent reduction in energy

consumption from Project Alternative FEW 222 0Bktainment - Status Quo baseline and the use

of a geothermal ground source heat pump HVAC system The next most significant category is the
Indoor Environmental Quality category, where points were earned for the use of low-emitting

floor, wall, and ceiling finishes and the instaltettiof controllable lighting systems, among other
features. Appendix E provides more detailddrmation and demonstrates the LEED point
calculations.

FEW 222-03: MODERNIZATION WITH HPS

This Project Alternative includes the full modization of the existing structure for office space
within a strict interpretation of the Secretantioé Interior's Standards for the Rehabilitation of
Historic Properties, or historic preservation standards (HPS). These standards call for the
preservation of the building’s interior and ex¢ercharacter-defining historic features, which
include the original brick masonry walls, androheys, window arrangement and orientation to
maximize natural light and modéessolar gain and remaining historic wood trim and plaster. The
two-story historic brick masonry shell and coneistural features, including chimneys, stairways,
and intermediate floors will all be retained, whalénon-historic interior finishes dating from past
partial renovations will be gutted. Historicnwiows will be retained and rehabilitated as much as
possible and any non-salvageable historic windows will be replaced with windows matching the
historic dimensions and composition. Blastfpenance of the windows will be enhanced by using
a film. Customary interpretations of UFC for AP and progressive collapse will not be included
in this modernization Project Alternative,thg customary treatments, including blast-proof
windows and doors and steel reinforced concretisyare not compatible with HPS for preserving
exterior and interior character-defining featurbsstead, alternative load path and enhanced local
resistance improvements are specified as permitted under the UFC.

Construction Costs The total construction cost of this preservation-focused modernization is
estimated at $7,623,000, or $234 per squaoe fAs shown in TablllI-34 approximately 34

percent of this cost stems from the installation of modern HVAC, plumbing, electrical, fire
suppression, communications, and security systems identical to those installed in the new
construction Project Alternative. Remaiginon-demolition hard costs total to $2,480,000
accounted for primarily by work on the buildis shell including rehabilitation and selective
replacement of historic window and door unitsesgVe repairs to the historic brick masonry unit
walls and historic porch as well as AT/FP treatments. Gutting and selective demolition costs are
estimated at just over $800,000.
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LEED Points CalculationThe modernized historic building will attain a LEED Silver certification
with an estimated score of 53 points (see Table I1I-35). These points include most of those earned
by the new construction alternative as well as agltti points for reuse of existing structural and
non-structural buildings elements and for the historic building’s slightly better energy performance.
Appendix E provides more detailed informatemd demonstrates the LEED point calculations.

FEW222-04: MODERNIZATION WITH AT/FP

In contrast, Project Alternative FEW 222-04 specifies a full modernization of Building 222, but
without strict adherence to HPS standards gpdi@ation of customary DoD treatments for AT/FP
and progressive collapse. While the historielishnd core structural elements will all be
maintained, as in Project Alternative FEW 2224085 Project Alternative will not prioritize the
preservation of interior and exterior charactefiting historic features over other priorities,
including AT/FP and contemporary standards fmupant comfort. For instance, all historic
windows and exterior doors will be replaced with/BF blast resistant windows and steel doors in
the same locations as in the existing building.lI$\a&ill also be reinforced with steel beams for
further strengthening, as historic brick does not protect against a direct blast. The remaining
interior finishes will be more liberally guttedan in FEW 222-03 and replaced with modern
finishes, though some key characteridiefy elements will be preserved.

Construction Costs These AT/FP and other additional modernization features are estimated to
total to a construction cost of $8,558,000, 8% per square foot. As in the other Project
Alternatives, Table 111-34 shows services installattmsts make up the largest share of total cost,
owing to the installation of entirely new HVAC, plumbing, electrical, fire safety, and
communications systems in the historic buildirRemaining non-demolition hard costs total to
$3,049,000 accounted for primarily by work thie building’s shell including rehabilitation and
selective replacement of historic window and dawits, selective repairs to the historic brick
masonry unit walls and historic porch. Guttengd selective demolition costs are estimated at
$888,000.

LEED Points CalculationThis modernization Project Alternative will achieve the same green
building performance as the strict historioaernization on FEW 222-03, attaining 53 LEED

points, sufficient to qualify for Silver certificatn. As shown in Table I1I-35 the bulk of these

points are derived from the inclusion of a geothermal ground source heat pump HVAC system, the
reuse of extant structural and non-structurairgnts, as well as the modernized building’s slightly
better energy performance compared to newtcactson. Appendix E provides more detailed
information and demonstrates the LEED point calculations.

FEW 222: ALTERNATIVES COMPARISON
Alternative FEW 222-02 New Construction andniition has the highest estimated construction
cost of any construction alternative for Building 222, while Project Alternatives FEW 222-03 and
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FEW 222-04 are estimated to cost roughly 19 and nine percent less, respectively (see Table 111-34).
This cost differential is relatively low, givenetsubstantial amount ofalh substructure, and

interiors renovation work allowed in a historic bung with very minimal intact interior character-
defining features.

The most substantial drivers for the costalence between the weconstruction and both
modernization alternatives are the demolition sinell costs, as Project Alternative FEW 222-02
called for demolition of the entire building angbl@cement of the building, building pad, and
related site elements. Services installationiatetiors costs are comparable across all three
alternatives, as substantial intergutting and full replacement core building services systems
were included in both of the modernization Project Alternatives.

The principal drivers for the difference @stimated construction cost between the two
modernization Project Alternatives come in the diioa, shell, and interiors costs, where Project
Alternative FEW 222-04 allowed for greater guttangd replacement of interior finishes and also
specified more costly customary AT/FP treatsefor windows and doors. Both modernization
alternatives do show slightly higher costs invgars work than the new construction alternative,
owing to the added cost of installing new systemen existing historic building. However, the
overall cost increase in the new constructiorradtive in the building’s demolition, shell, and
substructure costs are more than sufficient tkengather modernization scenario more economical
in the construction phase.
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Table 11I-34
Summary of Construction Costs
FEW 222: All Project Alternatives

02. Demolition 03. 04.
01. Sustainment - and New Modernization Modernization

Category Status Quo Construction with HPS with AT/FP
Demolition $ 584,365 $ 1,334,808 $ 800,898 $ 887,748
Senices $ 227,144 $ 2,308,390 $ 2,572,655 $ 2,536,472
Other Costs $ 1,318,498 $ 3,500,607 $ 2,480,203 $ 3,048,837
Hard cost subtotal $ 2,130,006 $ 7,143,805 $ 5,853,755 $ 6,473,057
General conditions (25%) $ 409,617 $ 1,451,993 $ 1,125,722 $ 1,326,446
Security escalation (2%) $ 40,962 $ 116,159 $ 90,058 $ 106,116
USACE design (6.6%) $ 102,404 $ 383,326 $ 297,191 $ 350,182
USACE SOIH (5.7%) $ 116,741 $ 331,054 $ 256,665 $ 302,430
Soft cost subtotal $ 669,723 $ 2,282,533 $ 1,769,635 $ 2,085,173
Construction cost total $ 2,799,729 $ 9,426,338 $ 7,623,391 $ 8,558,230
Construction Cost per SF $ 86 $ 312 $ 234 $ 263
% Difference from 02 -70% N/A -19% -9%

Sources: Preservation Associates; BAE Urban Economics Inc. 2012.

Table 111-35
Summary of LEED Points Calculation
FEW 222: Project Alternatives
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Energy Consumption

As shown in Table 111-36, the two moderniizan Project Alternatives, FEW 222-03 and FEW 222-
04, also slightly outperform the new constructitnoject Alternative, FEW 222-02, in terms of
ongoing energy consumption. While all three BcoAlternatives were treated with identical
ground-source heat pump geothermal HVAC systémable 111-36 shows that both modernization
Project Alternatives will consume slightly lessegy each year (measured in kBtu) than the new
construction Project Alternative. Compatedhe baseline energy consumption Project
Alternative FEW 222-01 Sustainment — Status({the three construction and modernization
Project Alternatives are estimated to achievigben a 31 to 32 percent reduction in energy
consumption. The slight reduction in total egyeconsumption in the two modernization Project
Alternatives are primarily due to differencetire thermal properties of specified building
materials.

Table 111-36
Summary of Energy Consumption, Building Operations
FEW 222: All Project Alternatives

02:
01: Demolition 03: 04:

Sustainment- and New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Primary heating 12,431 266,132 254,308 258,663
Primary cooling 809,167 401,722 395,186 399,112
Auxiliary 1,182,666 653,150 612,511 615,203
Lighting 5,740,822 3,676,333 3,676,333 3,676,333
Receptacle 1,146,937 1,146,937 1,146,937 1,146,937
Cogeneration 0 0 0 0
Total kBtu/yr * 8,892,023 6,144,274 6,085,275 6,096,248
Energy Savings from N/A 31% 32% 31%
Baseline 2
Notes:

LAll energy consumption reported in annual kBtu of Source Energy. Source energy accounts for all recurring
energy costs associated with building operations.

235cenario 01 serves as the baseline building performance rating for energy consumption

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions Estimates

Table 111-37 reports the estimated GHG emissi@stilting from the construction-related Scope 3
emissions of each Project Alternative for FEWI&ng 222. Overallmodernization Project
Alternative FEW 222-03 would generate almB3tpercent less GHG emissions than Project
Alternative FEW 222-02 and Project AlternaiFEW 222-04 would generate approximately 38
percent less than under Project Alternative FEW-@22 The total GHG emissions saved with the

ESTCP Project Number SI 0931
Page IlI-71



two modernization Project Alternativess between approximately 834,000 £@ilograms and
1,141,000 C@e kilograms. On a per square-foaisis, new construction would generate
approximately 72 Kg Cé per square foot compared to 32 Kg.€Per square foot for FEW 222-
03 and approximately 41 Kg G®per square foot for FEW 222-04.

The GHG emissions calculated for the substmecéue significantly higher in the Project

Alternative FEW 222-02 due to the requirement to install an entirely new foundation. In the two
modernization Project Alternatives, FEW 222-08 &EW 222-4, only very light treatments were
required to reuse the existing substructure.il8itg, GHG emissions for building shell are higher

for Project Alternative FEW 222-02 since it introdgdhe most new building materials. Interior

GHG emissions are similar across the new construction and two modernization Project Alternatives
due to similar levels of new building materials introduced.

Table 111-37
Summary of Scope 3 GHG Emissions
FEW 222: All Project Alternatives

02:

01: Demolition 03: 04:
Sustainment- and New Modernization Modernization
Category Status Quo Construction with HPS with AT/FP
Substructure 6.5 121.1 83.0 31.9
Shell 74.4 1,405.9 454.5 788.5
Interiors 20.8 119.4 46.6 65.8
Senvices 59.8 458.9 444.3 449.0
Equipment & Furnishings - - - -
Special Construction - - - -
Building Sitework 2.6 67.6 3.8 4.0
Collateral Equipment - - - -
Total MT CO2e 164.1 2,172.8 1,032.3 1,339.2
Total Kg CO2e ! 164,098 2,172,830 1,032,279 1,339,186
Kg CO2e per SF 5.05 71.95 31.74 41.17
% Change from 02 -92.4% N/A -52.5% -38.4%
Notes:

11 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Table 111-38 presents GHG emission estimatesSitopes 2 and 3 over the 30-year period of

analysis. Scope 1 emissions were calculated by the Study Team for FEW but were essentially
immaterial. Scope 2 emissions are much larger than Scope 3 emissions since Scope 2 emissions
are the result of ongoing consumption of enatgsing the period of building use and occupancy
while Scope 3 emissions are a one-time expenditueaergy for construction, building materials

and transportation of debris. Scope 2 emissarassimilar across the new construction and
modernization Project Alternatives since in afkth of these Project Alternatives new efficient
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HVAC systems are installed. Looking over trgire 30-year period of analysis, the total GHG
emissions generated by the two modernizatiajelet Alternatives ranges from 10.6 to 14.5
percent less than total emissigenerated by new construction.

Table 111-38
Summary of GHG Emissions Scope 1, 2, & 3
FEW 222: All Project Alternatives

02:

01: Demolition 222-03: 222-04:

Sustainment- and New Modernization Modernization

Emissions Scope ! Status Quo Construction with HPS with AT/FP
Scope 1 10.1 5.0 3.2 5.6
Scope 2 8,951.0 6,120.6 6,062.9 6,072.4
Scope 3 164.1 2,172.8 1,032.3 1,339.2
Total MT CO2e 9,125.2 8,298.5 7,098.4 7,417.2
Total Kg CO2e 2 9,125,216 8,298,506 7,098,389 7,417,223
Kg CO2e per SF 281 255 218 228
% change from 02 10.0% N/A -14.5% -10.6%

Notes:
1 Represents cumulative scope emissions over 30 year life cycle.
21 MT CO2e = 1,000 Kg CO2e

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Life-cycle Cost Analysis Results

The Study Team prepared a full LCCA for FEA22 incorporating iitial construction and
demolition costs and operating costs associatedesith Project Alternative over the 30-year
period of analysis. The full LCCA is presethie@ Appendix F. Tables I1I-39 and 111-40 provide a
summary of these LCCA across the Project Alternatives.

As shown in Table 111-39, FEW 222-03 shows theest net present value (NPV) among the three
scenarios. The full modernization with HR®ws a total NPV of approximately $9,767,000
without consideration of the value of GHG &sions and $9,951,000 with GHG emissions of the
project life-cycle monetized and incorporatetb the LCCA analysis. The NPV for new
construction was 11.1 percent higher at $10@&®without GHG factored into the NPV and
$11,196,000 with monetized GHG esitns included. Project Alternative FEW 222-04 registered
a NPV of approximately $10,448,000 dtut monetized GHG and $10,657,000 with GHG,
approximately 6.6 percent higher than FEW 222-03. The averagevade per metric ton in

2012 dollars was $36.61. The key driver of theseilts is the lower initial capital investment
associated with the Project Alternative; theragiag cost profile for building under the new
construction and two modernizati Project Alternatives varies only slightly due to differences in
energy consumption.

ESTCP Project Number SI 0931
Page 111-73



Table I11-40 breaks out the contribution of mtimeg GHG emissions to the NPVs reported in
Table 111-39. Overall the NPV of monetized GHGses the total project NPVs by approximately

2 10 2.2 percent across Project Alternatives FEW 222-02 through FEW 222-04. Note that
comparing the GHG component NPV of the n@msiruction Project Alternative with the two
modernization Project Alternatives, the NPWioé GHG component is approximately 18.2 percent

less for Project Alternative FEW 222-03, and 1j2e@cent less for Project Alternative FEW 222-
04.

(This space intentionally left blank)
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Table 11I-39: Life Cycle Cost Analysis Summary: FEW 222

Non Discounted Costs by Component Total Costs
Initial Discounted - Discounted -

Project Alternative Investment Recurring Residual Value Non Discounted No GHG Factor w/GHG Factor
FEW 222-01: Sustainment-Status Quo $ 2,799,729 $ 6,052,421 $ - $ 8,852,150 $ 7,203,043 $ 7,444,412
FEW 222-02: Demolition and New Construction $ 9,426,338 $ 5,239,738 $ (3,825,087) $ 10,840,989 $ 10,958,636 $ 11,195,962
FEW 222-03: Modernization with HPS $ 7,623,391 $ 5,551,534 $ (3,225,178) $ 9,949,746 $ 9,756,497 $ 9,950,588
FEW 222-04: Modernization with AT/FP $ 8,558,230 $ 5,553,184 $ (3,626,046) $ 10,485,368 $ 10,447,755 $ 10,656,506
Notes:

Study Period (years): 30

Real Discount Rate: 2.00%

Average CO2e Value/MT (undiscounted) $ 36.61

Base Date: 10/01/12

Sources: Preservation Associates; BAE Urban Economics, 2012.

Table IlI-40: Greenhouse Gas Valuation Summary: FEW 222

GHG Emissions by Scope (MT CO2e) GHG Value
Non

Project Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
FEW 222-01: Sustainment-Status Quo 10.13 8,950.99 349.07 9,310.19 $ 340,880 $ 241,369
FEW 222-02: Demolition and New Construction 5.03 6,120.65 2,319.78 8,445.46 $ 309,102 $ 237,326
FEW 222-03: Modernization with HPS 3.17 6,062.94 1,069.66 7,135.77 $ 264,763 $ 194,091
FEW 222-04: Modernization with AT/FP 5.59 6,072.45 1,445.60 7,523.64 $ 276,540  $ 208,752
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Awerage CO2e Value/MT (undiscounted) $ 36.61 ESTCP Project Number S| 0931
Base Date: 10/01/12 page 1-75
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F.E. Warren Building 323 Analysis

Existing Conditions

Building Description. Building 323 is one of a dozen onexy rectangular-shaped red brick
masonry structures at FEW that were constrdubtween 1906 and 1909. The building features a
gabled roof with an elevated monitor to providghtiand ventilation to the interior of the building.
There are two large segmentally arched doublesdabeach end and one near the center of each
side, originally used to move horses into andadubhe structure. Six-over-six sash window with
stone sills and segmental brick arches are loaatdtie east and west facade of the building and
the first two bays of the building on the north and south ends. The remainder of the bays on the
north and south sides are occupied by smalletetindows to provide natal light and ventilation

to the horse stalls. The building occupies a faotmf 10,385 square feet and contains 13,485
gross square feet. Though the building interas heen altered considerably with the removal of
the horse stalls to serve as a woodshop, the externains little changed, and the building has
now been identified for conversion to admirasitve office use in order to accomplish mission
requirements.

Historic Significance Building 323 was constructed originally to serve as a stable and it played a
key role in FEW's role as an early cavalry posth@ American West. This building is a historic
property that contributes to the significance @& tistory and architecture of the F. E. Warren
National Historic Landmark District as an example of a standardized Army plan for a stable which
was built during the period of significance of thetdct. Character defining features include the
shape and mass of the building including the interior wood framing which enable large open
interior spaces, red brick exterior walls, thgiral windows and doors, chimney and the roof

shape.

Original Design IntelligenceDespite the changes to the interddBuilding 323, the historic
design of the building still includes a varietyarfginal design intelligence features that promote
efficient energy usage in theilsing. These features include:

X Solid mass brick wall with high thermal inertia;

x Natural ventilation from operable windows;

x Cross ventilation from window orientation pattern;

X Windows located high on the wall and in the roof monitor to provide interior lighting;
X Roof openings/attic ventilation;
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X Masonry chimney that provides stack effect;

x Narrow floor plan/externally loaded;

X Sloped ceiling to provide tarior solar lighting;

X Building orientation to enhance amount and quality of light; and

X Non-mechanical vents.

These features, properly maintained and integratedany future rehabilitation or modernization
projects, can help meet occupant comfort exqiemts while contributing to energy efficiency.

Project Alternatives

The Study Team estimated construction cast@nstruction-related Scope 3 GHG emissions as
well as Scope 2 emissions for ongoing building openatfor the four Project Alternatives. These
estimated outputs were then used to calculedife cycle cost in dollars, carbon dioxide
equivalent (C@e) emissions, and monetized £@missions to evaluate the relative costs and
environmental performance of each Project Altéweaover a 30-year period at a two percent real
discount rate.

For Building 323, the Study Team specified a pholtavo system for the structure as part of the
04-Modernization with AT/FP Project Alternativebe eligible for a Gold LEED certification and

to explore the impact on adding a renewal eneogyce to the analysis. This approach had been
proposed in the original Demonstration Plan but was eliminated for the other buildings due to the
complexity of adding in another variable iritee demonstration of calculating life-cycle GHG
emissions as well as the desire by DoD studyestaklers to investigate the impact of AT/FP
treatments on costs and GHG emissions. Ideally, a renewal energy source would be subject to its
own cost-benefit analysis as part of the specificagirocess. For this particular specification, no
independent cost-benefit analysis wampteted due to scope limitations.

Table llI-41summarizes the key assumptions and constmuctbsts for each Project Alternative at
FEW Building 323.

(This space intentionally left blank)
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Table 111-41
Summary of FEW Project Alternatives — Building 323

Building GSF Building Features Construction Cost
Project Alternative Total Footprint  LEED AT/FP Total Per SF
FEW 323-01: Sustainment - Status Quo 13,485 10,385 n/a No $ 1,184,186 $ 88
FEW 323-02: Demolition, New Construction 13,485 10,385 54 Yes $ 4,134,303 $ 307
FEW 323-03: Modernization w ith HPS 13,485 10,385 57 Yes $ 2,999,326 $ 222
FEW 323-04: Modernization w/ AT/FP + PV System 13,485 10,385 63 Yes+ $ 4,326,110 $ 321

Note:
+ Current prescriptive practices and treatments.

Sources: Preservation Associates; Center for Resource Solutions; BAE Urban Economics, 2012.

FEW 323-01: SUSTAINMENT - STATUS QUO

The Sustainment-Status Quo alternative is rtai@construction alternative, but rather a rough
approximation of standard repairs and upgrades that would likely occur in the building. Full
system overhauls of HVAC, plumbing, and electreydtems, for example, are not included in this
alternative.

In order to establish an energy performanaseline for F.E. Warren Building 323 that is
consistent with other buildingssaluated in this Study, the Project Team assumed a hypothetical
1980s-era HVAC system with no substantial ovelhand modeled the energy performance of the
building based on that system operating in thtgding's current state. No historic energy
consumption data were available sinceittstallation has been unmetered. Using the
methodology set forth for energy consumption, the Study Team estimated an energy consumption
baseline of 2,564,000 kBtu of energy consumptamtounted for by both electricity consumption
and natural gas consumption for building tivega(note: water heating technology was not
considered in this study as it is unaffected bjding design and construction). This baseline is
used to determine the degree of energyngmvachieved by Project Alternatives FEW 323-02,
FEW 323-03, and FEW 323-04.

FEW 323-02: DEMOLITION AND NEW CONSTRUCTION

This construction alternative includes the full déittan of the existing structure, and razing of the
foundation and extant utility, draage, and other system hookups and replacement with a modern
one-story office building with a basement with a footprint of 10,385 square feet and containing a
total 13,485 gross square feet. As indicate@iahble 111-42, the demolition cost estimate for this
alternative is $536,000 and this cost ings@sbestos and lead-based paint abatement and
demolition material hauling and tipping fees. $iteparation costs for the replacement building
are included in the building site-work estimate category.
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Construction Costs.The new building will be constructed maeet LEED Silver standards for new
construction and incorporate AT/FP securithhancement features, including blast resistant
windows and doors, reinforced structural steellshnd building site-work to increase standoff
distance from the building exterior. The estimatgel construction cost for this alternative is
$4,134,000, or $307 per squdnet. As shown in Table llI-42he services installation cost of
$1,015,000 accounts for about 25 percent of tatastuction cost and includes the installation of
new HVAC, plumbing, electrical, fire suppression, communications, and security systems.
Remaining non-demolition costs total to $1,588,806 are accounted for primarily for building
shell work using concrete masonry units reinforati steel columns and clad with a brick veneer
as well as the installation of AT/FP compliant blast resistant windows and doors. The brick veneer
cladding was chosen to reference the historic red brick that dominates the historic district.

LEED Points CalculationThe new building will be designed #&dtain a LEED score of 54 points,
achieving a LEED Silver certification. As shown in Table [1I-43 the bulk of these points are
earned in the Energy and Atmosphere catedae to the 38 percent reduction in energy
consumption from the status quo baseline andiseeof a geothermal ground source heat pump
HVAC system. The next most significant category is the Indoor Environmental Quality category,
where points were earned for the use of low-emitting floor, wall, and ceiling finishes and the
installation of controllable lighting systenm@anong other features. Appendix E provides more
detailed information and demoresties the LEED point calculations.

FEW 323-03: MODERNIZATION WITH HPS

This alternative includes the full modernizatiortloé existing structure for office space within a
strict interpretation of the Secretary of the tites Standards for the Rehabilitation of Historic
Properties, or historic preservation standard33H These standards call for the preservation of
the building’s interior and exterior character-defmhistoric features, which include the original
brick masonry walls, and chimneygindow arrangement and orietiten to maximize natural light
and moderate solar gain and remaining histeood trim. The one-story historic red brick
masonry shell and core structural features, inalgidhimneys, stairways, and intermediate floors
will all be retained, while all non-historic interifinishes dating from past partial renovations will
be gutted. Historic windows will be retainedd rehabilitated as much as possible and any non-
salvageable historic windows will be replaceithvwindows matching the historic dimensions and
composition. Blast performance of the windowh e enhanced by using a film. Customary
interpretations of UFC for AT/FP and progressiafiapse will not be included this modernization
Project Alternative, as the customary treatragmicluding blast-proof windows and doors and
steel reinforced concrete walls, are not compatilile HPS for preserving exterior and interior
character-defining features. Instead, altByedoad path and enhanced local resistance
improvements are specified as permitted under the UFC.

Construction Costs The total construction cost of this preservation-focused modernization is
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estimated at $2,999,000, or $222 PSF. As shown in Table dird?one-third of this cost stems

from the installation of geothermal HVAC, plumbing, electrical, fire suppression, communications,
and security systems identical to those instatidtie new construction alternative. Remaining
non-demolition hard costs total to $1,048,000 actexlifor primarily by work on the building’s

shell including rehabilitation and selective replaeat of historic window and door units and
selective repairs to the historic brick magounit walls. Gutting and selective demolition costs

are estimated at $131,000.

LEED Points CalculationThe modernized historic building will attain a LEED Silver certification
with an estimated score of 57 points (see Table 11I-43). These points include most of those earned
by the new construction alternative as well as amiuiti points for reuse of existing structural and
non-structural buildings elements. AppenHiprovides more detailed information and

demonstrates the LEED point calculations.

FEW 323-04: MODERNIZATION WITH AT/FP AND PV SYSTEM

In contrast, alternative 323-04 specifies a full modmtion of Building 323, but without strict
adherence to SOIS standards. While the hissiréd| and core structural elements will all be
maintained, as in alternative 323-03, this altBweawill not prioritize the preservation of interior
and exterior character-defining historic features over other priorities, including applying
prescriptive and customary AT/FP and progressive collapse treatments. For instance, all historic
windows and exterior doors will be replaced with/BF blast resistant windows and steel doors in
the same locations as in the existing building.lI$\a&ill also be reinforced with steel beams for
further strengthening, as historic brick does not protect against a direct blast. The remaining
interior finishes will be more liberally guttedath in 323-03 and replaced with modern finishes,
though some key character-defining elements will be preserved.

As explained earlier in the summary of Projettematives for Building 323, Project Alternative
FEW 323-04 specifies achieving a LEED Gold standard by incorporating a rooftop solar
photovoltaic (PV) system. The assumptions for this system are as follows with sources noted:
System Size and Configuration:

x Assumed 9,838 square feet of usablef space for a solar PV system;

X The National Renewable Energy Laboratory BRdeveloped PVWatts, an online tool to
estimate energy production from gridmmected solar PV systems (source:
http://www.nrel.gov/rredc/pvwatt9/

X An average 4 kW system covers 377 square feet of roof space (source:
http://www.nrel.gov/rredc/pvwattshanging_parameters.html);
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X

The building is oriented north-south, angtediard the northeast at about a 15 degree
angle and the roof is sloped and faces east and west —this translates to a 104.45 kW system;

Calculations were made using PVWatts for ksittes of the roof at 52.2 kW each (source:
http://rredc.nrel.gov/solar/calculatorSR/ATTS/version1/US/code/pvwattsvl.¢pgand

PVWatts assumptions: (i) data were fore@anne, WY:; (ii) 4/12 pitched roof (18.4

degrees); (iii) azimuth angle of 105 degrees for the east facing roof and 285 degrees for the
west facing roof; and (iv) 246,651 kWh per year electrical energy consumption (per the
Study Team’s Scope 2 calculations).

Solar PV Output:

X

65,272 kWh per year for the east-facing roof;
55,937 kWh per year for the west-facing roof;
121,209 kWh total per year produced for the building; and

49.1% of annual electricity consumption can be covered by the solar PV system.

Solar PV Costs:

X

Solar PV prices have been dramatically dropping in the past few years;

$4.27 per watt was the average installest anthe U.S. for Quarter 4, 2012
Source: Solar Energy Industries Association (SEWR://www.seia.org/research-
resources/us-solar-market-insight-2012-year-revyiew

Assuming the system is 104.45 kW, the estimated installed cost is $446,022; and

This translates to $45.34 per square foot.

Construction Costs These AT/FP and other additional modernization features, including a
substantial investment in a solar PV systerapeified above, are estimated to total to a
construction cost of $4,326,000,$821 per square foot. Asiine other alternatives, Table 111-42
shows services installation costs make up theefrghare of total cost, accounting for nearly 35
percent of total project cost in this Project Aftative. This cost includes the installation of

entirely new HVAC, plumbing, electrical, fire safety, and communications systems in the historic
building in addition to the solar photovoltaic systeRemaining non-demolition hard costs total to
$1,862,000 accounted for primarily by work tve building’s shell including rehabilitation and
selective replacement of historic window and doatsuend selective repairs to the historic brick

ESTCP Project Number SI 0931
Page 111-81



masonry unit walls. Gutting and selecttlemolition costs are estimated at $74,000.

LEED Points CalculationThis modernization Project Alteative will achieve a substantially
higher green building performance than either the strict historic modernization in Project
Alternative FEW 323-03 or new construction FigijAlternative FEW 323-02, attaining a LEED
Gold certification with 63 points. This level bEED exceeds DoD’s Silver standards. As shown
in Table 111-43, the bulk of these points are dedifeom the modernized building’s superior energy
performance relative to new construction and &ititlusion of a geothermal ground source heat
pump HVAC system along with the use of solar pliottaic electricity system. The reuse of
extant structural and non-structural elementsiacldsion of water-saving technologies also boost
the building’s green building performance in Project Alternative FEW 323-04. Appendix E
provides more detailed information adeémonstrates the LEED point calculations.

FEW 323: ALTERNATIVES COMPARISON

Project Alternative FEW 323-04 Modernization wiil/FP and Solar PV System has the highest
estimated construction cost of any Project Alternative for FEW Building 323, owing to the expense
of the solar PV system. Note that the otherdttoflternatives do not have a solar PV system so

the comparison for Building 323 is less meaningfTihis Project Alternative cost approximately

five percent more than the new construction &bAlternative FEW 323-02 and 44 percent more
than Modernization with HPS Project Alternatives FEW 323-03. (See Table I11-42).

Comparing Demolition and New Construction Project Alternative FEW 323-02 with
Modernization with HPS Project Alternative FE}¥3-03, the modernization with HPS project
would cost approximately 27 percent less. et substantial drivers for the cost difference
between the new construction and FEW 323-03 mmigiation Project Alternatives are demolition,
substructure, and shell costs.

(This space intentionally left blank)
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Table 11I-42
Summary of Construction Costs
FEW 323: All Project Alternatives

Cost estimate

04
01 02 Demolition 03 Modernization
Sustainment - and New Modernization with AT/FP plus
Category Status Quo Construction with HPS Solar PV(a)
Demolition $ 29,293 $ 535,911 $ 131,080 $ 73,596
Services $ 348,681 $ 1,014,985 $ 1,144,756 $ 1,496,761
Other Costs $ 566,739 $ 1,587,779 $ 1,047,568 $ 1,862,071
Hard cost subtotal $ 944,713 $ 3,138,675 $ 2,323,404 $ 3,432,428
General conditions (25%) $ 146,467 $ 643,171 $ 405,229 $ 746,601
Security escalation (2%) $ 14,647 $ 51,454 $ 81,046 $ 59,728
USACE design (6%) $ 36,617 $ 154,361 $ 97,255 $ 44,796
USACE SOH (5.7%) $ 41,743 $ 146,643 $ 92,392 $ 42,556
Soft cost subtotal $ 239,474 $ 995,629 $ 675,922 $ 893,682
Construction cost total $1,184,186 4,134,303 2,999,326 4,326,110
Construction Cost per SF $ 88 $ 307 $ 222 $ 321
% Difference from 02 -71% NA -27% 5%
Notes:
@ FEW 323-04 costs reflects inclusion of rooftop solar PV system..
Sources: Preservation Associates; BAE Urban Economics Inc. 2012.
Table 111-43
Summary of LEED Points Calculation
FEW 323: All Project Alternatives
02 03 04
Modernization
Demo and New Modernization with ATFP plus Maximum
Category Construction with HPS Solar PV Points
Sustainable Sites 11 11 11 26
Water Efficiency 2 2 2 10
Energy and Atmosphere 21 20 25 35
Materials and Resources 4 9 9 14
Indoor Environmental Quality 14 13 13 15
Innovation and Design Process 6
Regional Priority Credits 4
Total 54 57 63 110
Certification Level Silver Silver Gold NA

Note: 2009 LEED fro New Construction and Major Renovations Project Checklist

Sources: Center for Resource Solutions; Comfort Design; BAE Urban Economics, 2012.
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Energy Consumption

As shown in Table I1I-44, the two moderniican Project Alternatives, FEW 323-03 and FEW 323-
04, also slightly outperform the new constructitnoject Alternative, FEW 323-02, in terms of
ongoing energy consumption. While all three BcoAlternatives were treated with identical
ground-source heat pump geothermal HVAC systémable 111-44 shows that both modernization
Project Alternatives will consume slightly lessegy each year (measured in kBtu) than the new
construction Project Alternative. Compatedhe baseline energy consumption Project
Alternative FEW 323-01 Sustainment — StaQueo, the constructioand two modernization
Project Alternatives are estimated to achievigrben a 38 to 40 percent reduction in energy
consumption. The slight reduction in total gyeconsumption in the two modernization Project
Alternatives are primarily due to differencetire thermal properties of specified building
materials.

Table IlI-44
Summary of Energy Consumption, Building Operations
FEW 323: All Project Alternatives

02 04
01 Demolition 03 Modernization
Sustainment - and New Modernization with AT/FP
Category Status Quo Construction with HPS plus Solar PV
Primary heating 14,420 30,537 28,245 20,080
Primary cooling 519,724 181,544 143,398 183,944
Aucxiliary 576,229 416,524 381,176 387,000
Lighting 2,419,280 1,330,605 1,330,605 1,330,605
Receptacle 604,820 604,820 604,820 604,820
Cogeneration 0 0 0 0
Total kBtu/yr * 4,134,473 2,564,030 2,488,244 2,526,449
Energy Savings from N/A 38% 40% 39%
Baseline 2
Notes:

1All energy consumption reported in annual kBtu of Source Energy. Source energy accounts for all
recurring energy costs associated w ith building operations.
2Scenario 01 serves as the baseline building performance rating for energy consumption

Sources: Comfort Design; BAE Urban Economics, 2012.

GHG Emissions Estimates

Table 111-45 reports the estimated GHG emissi@ssilting from the construction-related Scope 3
emissions of each Project Alternative for FBMIding 323. When compared to the new
construction Project Alternative, the Moderniaa with HPS Project Alternative FEW 323-03 is
approximately 56.5 percent lower in terms of £@missions; the Modernization with AT/FP FEW
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323-04 is 44.0 percent lower than the n@nstruction Project Alternative. The total GHG
emissions saved with the two modernizatiooj€ut Alternatives was between approximately
456,000 and 585,000 GO®kilograms. On a per squamot basis, new construction would
generate approximately 77 Kg @per square foot compared to 33 Kg,€@er square foot for
FEW 323-03 and approximately 43 Kg @&per square foot for FEW 323-04.

The GHG emissions calculated for the substmecawe significantly higher in the Project
Alternative FEW 323-02 due to the requirement to install an entirely new foundation. In the two
modernization Project Alternatives, FEW 323-08 &EW 323-4, only very light treatments were
required to reuse the existing substructure.il&ry, GHG emissions for building shell are higher
for Project Alternative FEW 323-02 since itrmduces the most new building materials.

FEW 323: All Project Alternatives

Table 11I-45
Summary of Scope 3 GHG Emissions

04

01 02 Demolition 03 Modernization

Sustainment - and New Modernization with AT/FP
Category Status Quo Construction with HPS plus Solar PV
Substructure 6.1 65.1 11.2 19.7
Shell 56.6 580.8 150.3 230.3
Interiors 7.7 36.2 18.9 30.3
Services 48.6 338.4 268.7 298.6
Equipment & Furnishings - - - -
Special Construction - - - -
Building Sitew ork 0.0 15.3 14 0.9
Collateral Equipment - - - -
Total MT CO2e 119.0 1,035.8 450.4 579.7
Total Kg CO2e * 119,047 1,035,793 450,420 579,732
Kg CO2e per SF 8.83 76.81 33.40 42.99
% change from 02 -88.5% N/A -56.5% -44.0%

Notes:

11 MT CO2e = 1,000 Kg CO2e
Sources: Center for Resource Solutions; BAE Urban Economics, 2012.

Table 111-46 presents GHG emission estimatesSitopes 2 and 3 over the 30-year period of
analysis. Scope 1 emissions were calculated by the Study Team for FEW but were essentially
found to be immaterial at the parametric projeanping stage. Scope 2 emissions are much larger
than Scope 3 emissions since Scope 2 emissierth@result of ongoing consumption of energy
during the period of building use and occapawhile Scope 3 emissions are a one-time
expenditure of energy for construction, buildingtenels and transportat of debris. Scope 2
emissions are similar across the FEW 32Z0@ FEW 323-03 Project Alternatives with FEW
323-03 performing slightly better due to the higimsulation value of existing materials. FEW
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323-04 Modernization with AT/FT plus Solar R¥tains a large reduction in Scope 2 emissions
due to the effect of the solar PV system whiats emissions nearly in half. Looking over the
entire 30-year period of analysis, the total Gef@issions generated by the two modernization
Project Alternatives ranges from 18.4 to 48.Zpat less than total emissions generated by new
construction, although the impact of FEW 323-0das comparable due to its specification of a
solar PV system. One question that is not addraagdis analysis is whether new construction
would have resulted in the ability to install a largelar PV system than specified in FEW 323-04.
Clearly, had a solar PV system been specitied~EW 323-02, the Scope 2 difference would have
been greatly reduced, if not eliminated, andttheal difference across all Scopes would have been
less. The experiment with FEW 323-04 does indithat a historic structure can achieve very
significant GHG emissions reductions, especially when renewable energy is maximized at the

building or site.

Table 111-46
Summary of GHG Emissions Scope 1, 2, & 3
FEW 323: All Project Alternatives

04

01 02 Demolition 03 Modernization

Sustainment- and New Modernization with AT/FP

Emissions Scope * Status Quo Construction with HPS plus Solar PV
Scope 1 16.4 1.2 25 1.2
Scope 2 4,203.6 2,555.4 2,478.0 1,281.3
Scope 3 119.0 1,035.8 450.4 579.7
Total MT CO2e 4,339.1 3,592.4 2,930.9 1,862.2
Total Kg CO2e 2 4,339,058 3,692,425 2,930,884 1,862,241
Kg CO2e per SF 322 266 217 138
20.8% N/A -18.4% -48.2%

% change from 02

Notes:

1 Represents cumulative scope emissions over 30 year life cycle.

21 MT CO2e = 1,000 Kg CO2e

Sources: Center tor Resource Solutions; BAE Urban Economics, 2012.

Life-cycle Cost Analysis Results

The Study Team prepared a full LCCA for FEB23 incorporating iitial construction and
demolition costs and operating costs associatedesith Project Alternative over the 30-year

period of analysis. The full LCCA is presethie@ Appendix F. Tables IlI-47 and 111-48 provide a
summary of these LCCA across the Project Alternatives.

As shown in Table IlI-47, FEW 323-03 shows tb@est net present value (NPV) among the three
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scenarios. The full modernization with HR®ws a total NPV of approximately $3,870,000
without consideration of the value of GHG ssions and $3,950,000 with GHG emissions of the
project life-cycle monetized and incorporatetb the LCCA analysis. The NPV for new
construction was 19.5 percent higher at $4 @00 without GHG factored into the NPV and
$4,906,000 with monetized GHG emissions includBdbject Alternative FEW 323-04 registered a
NPV of approximately $4,645,000 withomonetized GHG and $4,700,000 with GHG,
approximately four percent lower than FEW 323ed2n with the cost burden of the solar PV
system specified for this Projegtternative. The average G®value per metric ton in 2012
dollars was $37.35. The key driver of thessults is the lower initial capital investment
associated with the Modernization with HP®jBct Alternative FEW 323-03 and the recurring
cost savings obtained by AT/FP plus SolariRYProject Alternative FEW 323-04 (although it
should be noted that no separate cost-benefit aaalgs performed for the solar PV system).

Table 111-48 breaks out the contribution of mtimeg GHG emissions to the NPVs reported in

Table 111-47. Overall the NPV of monetized GHGses the total project NPVs by approximately

1.2 to 2.0 percent across Project AlternativE®V 323-02 through FEW 323-04. The increase is

less with FEW 323-04 (e.g., 1.2 percent comp#ne?i0 percent for the other two) since FEW 323-

04 generates half as much GHG emissions. Note that comparing the GHG component NPV of the
new construction Project Alternative with the tmodernization Project Alternatives, the NPV of

the GHG component is approximately 23.4 petrtess for Project Alternative FEW 323-03, and
approximately 47.7 percent less for Project Alternative FEW 323-04.

(This space intentionally left blank
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Table 111-47: Life Cycle Cost Analysis Summary: FEW 323

Non Discounted Costs by Component Total Costs

Initial Discounted - Discounted -
Project Alternative Investment Recurring Residual Value Non Discounted No GHG w/GHG
FEW 323-01: Sustainment - Status Quo $ 1,184,186 $ 2,594,721 $ - $ 3,778,907 $ 3,068,097 $ 3,181,223
FEW 323-02: Demolition, New Construction $ 4,134,303 $ 2,308,859 $ (1,701,058) $ 4,742,104 $ 4,800,549 $ 4,905,532
FEW 323-03: Modernization w ith HPS $ 2,999,326 $ 2,295,437 $ (1,355,898) $ 3,938,864 $ 3,869,683 $ 3,950,019
FEW 323-04: Modernization with AT/FP plus Solar PV~ $ 4,326,110 $ 2,087,882 $ (2,010,279) $ 4,403,712 $ 4,645,392 $ 4,700,302
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.35
Base Date: 10/01/12
Sources: Preservation Associates; BAE Urban Economics, 2012.
Table 111-48: Greenhouse Gas Valuation Summary: FEW 323

GHG Emissions by Scope (MT CO2e) GHG Value
Non

Project Alternative Scope 1 Scope 2 Scope 3 Total Discounted Discounted
FEW 323-01: Sustainment - Status Quo 16.38 4,203.63 119.05 4,339 $ 162,074 $ 113,126
FEW 323-02: Demolition and New Construction 1.24 2,555.39 1,035.79 3,592 $ 133,719 $ 104,983
FEW 323-03: Modernization w ith HPS 2.47 2,478.00 450.42 2,931 $ 109,216 $ 80,336
FEW 323-04: Modernization with AT/FP plus Solar PV 1.24 1,281.26 579.73 1,862 $ 69,323 $ 54,911
Notes:
Study Period (years): 30
Real Discount Rate: 2.00%
Average CO2e Value/MT (undiscounted) $ 37.35
Base Date: 10/01/12

Sources: Center for Resource Solutions; BAE Urban Economics, 2012.
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Introduction

In this final section, the Study Team presetst$indings and recommendatis related to our having
undertaken this demonstration of a revised LCCAyamimmwhich quantifies life cycle costs with the price
of GHG emissions included. Our findings are déd into two broad categories: (i) findings that
specifically address the Performance Objectives set &itie beginning of the Study; and (ii) other
relevant findings that the Study Team made while perifog this Study. Finally, the Study Team offers
a number of recommendations regarding potentiaigésto how DoD prepares economic analysis and
funding requests for MILCON and modernization projects.

Findings: Performance Objectives

Performance Objective #1

As presented earlier in Table I-1 and repeated inefable 1V-1, the Study Team set forth Performance
Objective #1 as follows:

Table V-1
Performance Objective #1

No. Performance Objective Success Criteria
1 Demonstrate that a planning level building Reuse of existing historic and non-
project can reuse existing buildings (both historic buildings achieve a 15 percent
historic and non-historic) using sustainable or more NPV cost reduction compared
design and energy-efficiencies on a cost- to new construction.

effective basis compared to new construction
sening the same mission-critical use.

The results for all the buildings by Project Alternatare presented in Tables 1V-2 and IV-3. Table IV-2
shows the NPV of project life cycle costs in a tradiéiofashion without the incorporation of monetized
GHG values. Table IV-2 incorporates GHG edun the NPV of life cycle costs.

Overall Result

Overall, based upon the specifications and cdshates prepared for each Project Alternative, a 15
percent Net Present Value life cycle cost savingmbgernizing existing buildgs compared to new
construction was achieved in five of twelve modzation Project Alternatives. The two modernization
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Project Alternatives for Building 115 at FTBL andiBling 168 at SJCA reach the 15 percent targeted
NPV cost reduction. At FEW, Project Alternai@23-003 (Modernization with HPS) also reaches the 15
percent target. The NPV reduction in life-cycle sdst modernization Project Alternatives for Building
1 at FTBL, Building 61 at SJICA, and Building 222F&8W did not make the 15 percent target, although
Project Alternative FTBL 001-3 and SJCA 061-03 werthiw ten percent of the goal with a 13.7 percent
cost reduction relative to new construction. BuigdP222, which had the most interior demolition and
replacement requirements under the modernizatior&rajternatives only reach a 11 percent NPV cost
savings under Project Alternative FEW 222-03 afidpércent under Project Alternative FEW 222-04.
These results (i.e., the number and identity of Pr@jéietnatives meeting the 15 percent threshold) are
the same with and without incorporating GHG esin values into the LCCA Analysis as shown in
Tables IV-2 and IV-3.

Sensitivity and Key Observations

Existing Pre-War Building can be cost-effective witempared to new construction but cost-savings are
sensitive to the level of interior improvements jpuplace with the modernization project and how one
approaches compliance with AT/FP and progressiveps#laequirements. Since greater costs frequently
are incurred meeting security an@gressive collapse standards,ygsdally interpreted byDoD project
planners and designers, in the Modernization WIEH-P Project Alternatives, the overall life cycle NPV
savings are diminished in comparison with tModernization with HPS and AT/FP treatments
specifically tailored to the structure. Second, asld be expected, buildings with a high level of

existing prior interior improvements (subsequerthi original construction) may cost more to

modernize than existing buildings with intactginal interiors or open interiors.

By specifying building treatments that result in LEEDver for the new construction and modernization
Project Alternatives, the operating cost profiléhe Project Alternatives converge and result in similar
energy consumption and operating expense patt&inge energy costs are a significant portion of a
building’s life-cycle costs, any pegnt difference in project NPV cost attributable to construction cost
differences is diminished as one adds similarltegéoperating costs to the LCCA NPV totals.

Table IV-4 shows that the actual construction sastings associated with modernization Project
Alternatives when compared to new constructionscestuld meet a 15 percent cost reduction target in
eight of the twelve modernization Project Alternativ For the modernization Project Alternatives that
do not make this targeted reduction, the primtegson is the increased costs of AT/FP treatrhents

(This space intentionally left blank)

! Note that for FEW 323-04, the Project Alternative atstudes a solar PV system that contributes to a higher
overall life-cycle NPV cost compared other Project Alternatives.
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Table V-2
Summary of Results for Performance Objective #1
NPV of Life Cycle Costs without Factoring GHGs

Life Cycle Cost

% Difference

Net Present from New
Installation/Building/Project Alternative Value (a) Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction $ 9,314,907 NA
FTBL 001-03: Modernization w ith HPS $ 8,038,442 -13.7%
FTBL 001-04: Modernization w ith AT/FP $ 8,522,780 -8.5%
Building 115
FTBL 115-02: Demolition and New Construction $ 4,857,655 NA
FTBL 115-03: Modernization w ith HPS $ 3,715,117 -23.5%|(b)
FTBL 115-04: Modernization w ith AT/FP $ 3,928,686 -19.1%|(b)
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction $ 4,562,966 NA
SJCA 061-03: Modernization with HPS $ 3,937,295 -13.7%
SJCA 061-04: Modernization with AT/FP $ 4,256,812 -6.7%
Building 168
SJCA 168-02: Demolition and New Construction $ 4,741,864 NA
SJCA 168-03: Modernization w ith HPS $ 3,753,056 -20.9%|(b)
SJCA 168-04: Modernization w ith AT/FP $ 3,753,056 -20.9%|(b)
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction $ 10,958,636 NA
FEW 222-03: Modernization w ith HPS $ 9,756,497 -11.0%
FEW 222-04: Modernization w ith AT/FP $ 10,447,755 -4.7%
Building 323
FEW 323-02: Demolition, New Construction $ 4,800,549 NA
FEW 323-03: Modernization with HPS $ 3869683 [ -19.4%]|(b)
FEW 323-04: Modernization w ith AT/FP plus Solar PV $ 4,645,392 -3.2%

Notes:
(a) Excludes CO2e monetary value.

(b) Achieved 15% NPV Cost Reduction Target = :l

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Table V-3
Summary of Results for Performance Objective #1
NPV of Life Cycle Costs with Monetized GHGs

Life Cycle Cost

% Difference

Net Present Value from New
Installation/Building/Project Alternative with GHG (a) Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction $ 9,592,548 NA
FTBL 001-03: Modernization w ith HPS $ 8,282,166 -13.7%
FTBL 001-04: Modernization w ith AT/FP $ 8,777,667 -8.5%
Building 115
FTBL 115-02: Demolition and New Construction $ 4,956,278 NA
FTBL 115-03: Modernization w ith HPS $ 3,791,391 -23.5%|(b)
FTBL 115-04: Modernization w ith AT/FP $ 4,009,546 -19.1%| (b)
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction $ 4,653,509 NA
SJCA 061-03: Modernization w ith HPS $ 4,011,507 -13.8%
SJCA 061-04: Modernization w ith AT/FP $ 4,337,150 -6.8%
Building 168
SJCA 168-02: Demolition and New Construction $ 4,832,630 NA
SJCA 168-03: Modernization w ith HPS $ 3,827,062 -20.8%| (b)
SJCA 168-04: Modernization w ith AT/FP $ 3,826,888 -20.8%| (b)
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction $ 11,195,962 NA
FEW 222-03: Modernization w ith HPS $ 9,950,588 -11.1%
FEW 222-04: Modernization with AT/FP $ 10,656,506 -4.8%
Building 323
FEW 323-02: Demolition, New Construction $ 4,905,532 NA
FEW 323-03: Modernization w ith HPS $ 3950019 [ -19.5%](b)
FEW 323-04: Modernization with AT/FP plus Solar PV $ 4,700,302 -4.2%

Notes:
(a) Incorporates CO2e monetary value on a per MT basis.
(b) Achieved 15% NPV Cost Reduction Target =|

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Table IV-4
Construction Cost Comparisons

Total % Difference
Construction from New
Installation/Building/Project Alternative and Demolition Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction $ 8,707,799 NA
FTBL 001-03: Modernization with SOIS $ 7030562 [ -19.3%](b)
FTBL 001-04: Modernization w ith AT/FP $ 7,639,083 -12.3%
Building 115
FTBL 115-02: Demolition and New Construction $ 5,166,222 NA
FTBL 115-03: Modernization w ith HPS $ 3,625,554 -29.8%|(b)
FTBL 115-04: Modernization w ith AT/FP $ 3,905,689 -24.4%|(b)
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction $ 4,570,115 NA
SJCA 061-03: Modernization with HPS $ 3812517 [ -16.6%|(b)
SJCA 061-04: Modernization w ith AT/FP $ 4,260,220 -6.8%
Building 168
SJCA 168-02: Demolition and New Construction $ 4,807,667 NA
SJCA 168-03: Modernization with HPS $ 3,537,950 -26.4%|(b)
SJCA 168-04: Modernization with AT/FP $ 3,525,624 -26.7%|(b)
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction $ 9,426,338 NA
FEW 222-03: Modernization with HPS $ 7,623,391 (b)
FEW 222-04: Modernization w ith AT/FP $ 8,558,230 -9.2%
Building 323
FEW 323-02: Demolition, New Construction $ 4,134,303 NA
FEW 323-03: Modernization with HPS $ 2,999,326 ()
FEW 323-04: Modernization with AT/FP plus Solar PV~ $ 4,326,110 4.6%

Notes:
(a) Excludes CO2e monetary value.
(b) Achieved 15% NPV Cost Reduction Target =|

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Performance Objective #2

As presented earlier in Table I-1 and repeatedinefable 1V-5, the Study Team set forth Performance
Objective #2 as follows:

Table IV-5
Performance Objective #2

No. Performance Objective Success Criteria
2 Demonstrate that a planning lewel building Reuse of existing buildings
project involving existing buildings (both historic demonstrates a 15% or greater reduction
and non-historic) can achieve GHG reductions in GHGs (broken down by Scope 1, 2,

exceeding GHG reductions in new construction.  and 3 emissions) compared to hew
buildings in a planning level analysis.

The results for all the buildings by Project Alteima are presented in Table V-6, displaying total life
cycle CQe in metric tons broken down by Scopes 1, 2 and 3.

Overall Result

Overall, every modernization Project Alternataghieves the 15 percent target reduction for Scope 3
emissions, reflecting the differences among PrajMtetrnatives from introduced new building materials
and transportation of demolition debris. The targ@tt met for Scope 2 emissions and this is an
expected result since each Project Alternative dessgned to meet LEED Silver standards primarily
from energy efficiency gains. Results for Scomgd available for F.E. Ween buildings and the 15
percent standard is met for Projédternative FEW 222-03. With all C#© emission considered, the 15
percent target is achieved indwf twelve modernization scenarios and within ten percent of the
objective in three other Project Alternatives. Tduggests that reuse of existing Pre-War Buildings can
offer significant Scope 3 G® emission savings (e.g., avoidedvreamissions) and similar Scope 2
emissions as new construction.

Sensitivity

The LCCA GHG analysis is highly sensitive to how Eheject Alternatives are specified with respect to
building materials and systems. The Study Team took the approach of specifying a full modernization
with new HVAC and other building systems that nthetenergy performance standards for obtaining
LEED Silver level. Similar systems were speciffednew construction Project Alternatives and the

result was a highly similar pattern of Scope 2 GHGssians. Project planners can increase (or decrease)
the relative energy efficiency of the Project Altetimes and obtain different Scope 2 results. The point

of the Study Team’s specification approach & fore-War Buildings can realize a robust energy
efficiency standard and contributeDoD meeting its GHG reduction goals.
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Key Observations

Scope 1 emissions, as shown in the case of the twarlgsldt FEW, tend to be non-material factors in
total CQe mission§ Scope 2 and Scope 3 gemissions account for 99 percent of totab€@etric

tons for all new construction amdodernization Project Alternatives. The Study Team found that Pre-
War Buildings can achieve similar energy constiompresults as new construction by leveraging the
building’s original design intelligeze and incorporating energy-effioieHVAC and other systems as part
of the modernization scope of work. FEW 323-04ghiincluded a solar PC system, demonstrates that
existing historic structures can be modernized to aehaelditional Scope 2 redimns with onsite energy
generation as would also bestbase with new construction,

(This space intentionally left blank)

2 The Study Team acknowledges monitoring and reducing Scope 1 emissions are important for ongoing building
operation; this statement is made in the context whet & effort is appropriate when preparing parametric
economic and GHG analysis of project alternativeduinding under MILCON or other facility improvement
programs.
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Table IV-6
Performance Objective #2
GHG Reduction In Metric Tons by Scope

MT CO2e Emissions (a)

% Difference % Difference % Difference % Difference
from New from New from New from New
Installation/Building/Project Alternative (b) Scope 1 (c) Construction Scope 2 (d) Construction Scope 3 (e) Construction TOTAL Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction - NA 8,365 NA 1,585 NA 9,950 NA
FTBL 001-03: Modernization w ith HPS - - 8,277 -1.0% 831 -47.6%| (f) 9,108 -8.5%
FTBL 001-04: Modernization w ith AT/FP - - 8,362 0.0% 959 -39.5%|(f) 9,321 -6.3%
Building 115
FTBL 115-02: Demolition and New Construction - NA 2,350 NA 1,010 NA 3,359 NA
FTBL 115-03: Modernization with HPS - - 2,331 -0.8% 443 -56.1%)] (f) 2,774 ()
FTBL 115-04: Modernization w ith AT/FP - - 2,338 -0.5% 530 -47.5%| (f) 2,869 -14.6%
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction - NA 2,138 NA 941 NA 3,079 NA
SJCA 061-03: Modernization with HPS - - 2,128 -0.5% 530 -43.7%| (f) 2,658 -13.7%
SJCA 061-04: Modernization with AT/FP - - 2,138 0.0% 660 -29.8%|(f) 2,798 -9.1%
Building 168
SJCA 168-02: Demolition and New Construction - NA 2,206 NA 898 NA 3,104 NA
SJCA 168-03: Modernization w ith HPS - - 2,195 -0.5% 476 -46.9% | (f) 2,672 -13.9%
SJCA 168-04: Modernization with AT/FP - - 2,207 0.0% 483 -46.2%| (f) 2,690 -13.3%
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction 5.0 NA 6,121 NA 2,320 NA 8,445 NA
FEW 222-03: Modernization w ith HPS 3.2 () 6,063 -0.9% 1,070 -53.9%] (f) 7,136 0
FEW 222-04: Modernization w ith AT/FP 5.6 11.2% 6,072 -0.8% 1,446 -37.7%|(f) 7,524 -10.9%
Building 323
FEW 323-02: Demolition, New Construction 1.2 NA 2,555 NA 1,036 NA 3,592 NA
FEW 323-03: Modernization w ith HPS 25 98.1% 2,478 -3.0% 450 -56.5%| (f) 2,931 -7.8%
FEW 323-04: Modernization w ith AT/FP plus Solar PV 1.2 0.0% 2,517 -1.5% 720 -30.5%|(f) 3,238 -4.2%
Notes:

(a) MT CO2e is metric tons of carbon dioxide equivalent GHG emissions.

(b) Excludes Project Alternative 01 Sustainment-Status Quo.

(c) Broken into Scope 1 for FEW Project Alternatives only. Represents energy usage controlled at building.

(d) Represents emissions associated w ith purchased electricity for building operation.

(e) Represents emissions associated w ith the manufacture and transportation of building materials; transportation of debris in demolition.
(f) Achieved 15% GHG reduction target = |:| set forth in Performance Objective #2.
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Performance Objective #3

As presented earlier in Table I-1 and repeatedinefable 1V-7, the Study Team set forth Performance
Objective #3 as follows:

Table IV-7
Performance Objective #3

No. Performance Objective Success Criteria
3 Dewvelop a more complete LCCA that includes Demonstrate a 5 percent reduction in
the monetary value of carbon offsets project NPV due to carbon offset values.

incorporated into the LCCA.

Overall Results

As presented in Table IV-8, none of the Projelteatives achieved Performance Objective 3 since the
dollar values of GHG emissions, while material, moehigh enough to impact relative total NPV life
cycle costs among Project AlternativeEhe dollar value of the life-cycle G®is shown as a separate
item and the GHG difference of Project Alterna8\03 and 04 are calculated against the Project
Alternative 02 base. The GHG differences are then stamaa percent of the total NPV costs for Project
Alternative 04. The contribution of monetized GHEGNPYV life cycle cost reduction ranges from just
over one fifth to one-half a percéntAs shown on Table V-9, the differences in life-cycle GHG
emissions between Project Alternatives 03 and 04 ag&rgject Alternative 04 are large (all are over 5
percent) but impact of these differences is greatlyaeduvhen set against total life-cycle NPV. In other
words, big differences among small numbers had litifgact on relative total NPV life cycle costs.

The overall cost significance of monetized £®alues and incorporating them into the TOC Analysis is
shown in Table 1V-9. Monetizing G® MTs increased total project NPV costs between approximately

1.9 and 2.9 perceht Although the specific percent reduction target of Performance Objective 3 is not

met, the true economic cost, including environmentsiss@f each Project Alternatives is better reflected
by incorporating these values into the LCCA Analysis.

Sensitivity

The Study Team investigated the overall sensitivity of the LCCA tge@@icing. The LCCA analyses
utilized the medium forecastederage price of $36.92 per @xon for Scope 3 emissions and point
forecast prices for Scope 1 and 2 emissions (e.g.byeaear forecasted pricegere used for the Scopes
1 and 2 emissions generated in that forecast year). Increasing #hep@€e schedule to the high

% This range excludes FEW 323-04.
* FEW 323-04 shows lower cost impact due to the savingisgifrom the onsite electrical generation. This result
is not included since the Project Alternative FEW 323-02 and 03 did not have a similar system.
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scenario that would apply a $88.70 per,€®n for Scope 3 emissions and high point estimates for
Scopes 1 and 2 would not change the LCCA resutts iegpect to this Performance Objective #3. The
overall monetized Cg cost as a percent of total life-cytl@V costs, however, would be increased
significantly to approximately four to six percent.

Key Observations

For the MILCON process, incorporation of monetized,€@alues will likely not have a material impact
on the results of economic analysis completed gopa project’'s LCCA. However, it would be

valuable to document the life-cycle @Qmpacts on a metric ton or kilogram basis and report it so that it
can be considered as part of the project altemmaelection criteria for the purpose of minimizing new
GHG Scope 3 emissions associated with military construction programs.

In other words, Military planners could calculate a,E€@er square foot, for example, to rank project
alternatives. So the project selection decision would then seek to minimize both economic costs (total
NPV life cycle costs) with lowest environmental impact (per square fog €Qission, for example).

Table 1V-10 shows what the Project Altetinas in this Study would look like on a G&kilogram per
square foot basis. The Study Team will discussdbigept in further detail in the recommendations
section of this Study.

(This space intentionally left blank)
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Table IV-8
GHG Contribution to Total NPV Cost Reduction

Contribution of GHG to NPV Life Cycle Cost

Reduction
NPV Life Cycle $ Difference GHG Difference
Costs with NPV of Life from New as % of Total
Installation/Building/Project Alternative Monetized GHG (a) Cycle CO2e  Construction New
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction $ 9,592,548 $ 277,641 NA NA
FTBL 001-03: Modernization w ith HPS $ 8,282,166 $ 243,725 $ (33,916) -0.354%
FTBL 001-04: Modernization with AT/FP $ 8,777,667 $ 254,887 $ (22,754) -0.237%
Building 115
FTBL 115-02: Demolition and New Construction $ 4,956,278 $ 98,622 NA NA
FTBL 115-03: Modernization w ith HPS $ 3,791,391 $ 76,274 $ (22,349) -0.451%
FTBL 115-04: Modernization with AT/FP $ 4,009,546 $ 80,860 $ (17,763) -0.358%
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction $ 4,653,509 $ 90,543 NA NA
SJCA 061-03: Modernization w ith HPS $ 4,011,507 $ 74,212 $ (16,331) -0.351%
SJCA 061-04: Modernization with AT/FP $ 4,337,150 $ 80,338 $ (10,205) -0.219%
Building 168
SJCA 168-02: Demolition and New Construction $ 4,832,630 $ 95,368 NA NA
SJCA 168-03: Modernization w ith HPS $ 3,827,062 $ 74,005 $ (21,363) -0.442%
SJCA 168-04: Modernization with AT/FP $ 3,826,888 $ 75,687 $ (19,681) -0.407%
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction $ 11,195,962 $ 237,326 NA NA
FEW 222-03: Modernization w ith HPS $ 9,950,588 $ 194,091 $ (43,234) -0.386%
FEW 222-04: Modernization w ith AT/FP $ 10,656,506 $ 208,752 $ (28,574) -0.255%
Building 323
FEW 323-02: Demolition, New Construction $ 4,905,532 $ 104,983 NA NA
FEW 323-03: Modernization w ith HPS $ 3,950,019 $ 80,336 $ (24,646) -0.502%
FEW 323-04: Modernization with AT/FP plus Solar PV~ $ 4,700,302 $ 54911 $ (50,072) -1.021%

Notes:
(a) Incorporates CO2e monetary value on a per MT basis.

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Table IV-9
GHG Contribution to Total NPV Project Alternative Costs

Life Cycle Cost

Total Project Life Cycle Costs Monetized GHG Cost Impact
Monetized % Difference
NPV with CO2e as % of NPV of Life from New
Installation/Building/Project Alternative Monetized GHG Project NPV Cycle CO2e  Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction $ 9,592,548 2.894% $ 277,641 NA
FTBL 001-03: Modernization w ith HPS $ 8,282,166 2.943% $ 243,725 -12.2%
FTBL 001-04: Modernization w ith AT/FP $ 8,777,667 2.904% $ 254,887 -8.2%
Building 115
FTBL 115-02: Demolition and New Construction $ 4,956,278 1.990% $ 98,622 NA
FTBL 115-03: Modernization w ith HPS $ 3,791,391 2.012% $ 76,274 -22.7%
FTBL 115-04: Modernization w ith AT/FP $ 4,009,546 2.017% $ 80,860 -18.0%
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction $ 4,653,509 1.946% $ 90,543 NA
SJCA 061-03: Modernization w ith HPS $ 4,011,507 1.850% $ 74,212 -18.0%
SJCA 061-04: Modernization with AT/FP $ 4,337,150 1.852% $ 80,338 -11.3%
Building 168
SJCA 168-02: Demolition and New Construction $ 4,832,630 1.973% $ 95,368 NA
SJCA 168-03: Modernization w ith HPS $ 3,827,062 1.934% $ 74,005 -22.4%
SJCA 168-04: Modernization with AT/FP $ 3,826,888 1.978% $ 75,687 -20.6%
F.E. Warren
Building 222
FEW 222-02: Demolition and New Construction $ 11,195,962 2.120% $ 237,326 NA
FEW 222-03: Modernization w ith HPS $ 9,950,588 1.951% $ 194,091 -18.2%
FEW 222-04: Modernization w ith AT/FP $ 10,656,506 1.959% $ 208,752 -12.0%
Building 323
FEW 323-02: Demolition, New Construction $ 4,905,532 2.140% $ 104,983 NA
FEW 323-03: Modernization w ith HPS $ 3,950,019 2.034% $ 80,336 -23.5%
FEW 323-04: Modernization w ith AT/FP plus Solar PV $ 5,384,413 1.718% $ 92,531 -11.9%

Notes:
(a) Incorporates CO2e monetary value on a per MT basis.

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Table IV-10
CO.e Kilograms per Square Foot by Project Alternative

% Difference

Total Life CO2e KG from New
Installation/Building/Project Alternative Cycle CO2e KG  per Sqg. Ft. Construction
Fort Bliss
Building 1
FTBL 001-02: Demolition and New Construction 9,949,676 436 NA
FTBL 001-03: Modernization w ith HPS 9,108,230 399 -8.5%
FTBL 001-04: Modernization w ith AT/FP 9,320,547 408 -6.3%
Building 115
FTBL 115-02: Demolition and New Construction 3,359,325 359 NA
FTBL 115-03: Modernization w ith HPS 2,773,860 297 -17.4%
FTBL 115-04: Modernization w ith AT/FP 2,868,566 307 -14.6%
St. Juilens Creek Annex
Building 61
SJCA 061-02: Demolition and New Construction 3,078,684 300 NA
SJCA 061-03: Modernization w ith HPS 2,657,645 259 -13.7%
SJCA 061-04: Modernization with AT/FP 2,798,054 273 -9.1%
Building 168
SJCA 168-02: Demolition and New Construction 3,104,090 303 NA
SJCA 168-03: Modernization w ith HPS 2,671,896 261 -13.9%
SJCA 168-04: Modernization w ith AT/FP 2,690,114 262 -13.3%
F.E Warren
Building 222
FEW 222-02: Demolition and New Construction 8,298,506 275 NA
FEW 222-03: Modernization w ith HPS 7,098,389 218 -14.5%
FEW 222-04: Modernization w ith AT/FP 7,417,223 228 -10.6%
Building 323
FEW 323-02: Demolition, New Construction 3,592,425 266 NA
FEW 323-03: Modernization w ith HPS 2,930,884 217 -18.4%
FEW 323-04: Modernization w ith AT/FP plus Solar PV 1,862,241 138 -48.2%
Notes:

(a) Excludes CO2e monetary value.

Sources: Seraph LCC; BAE Urban Economics, Inc., 2012.
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Performance Objective #4

As presented earlier in Table I-1 and repeated hefahire IV-11, the Study Team set forth Performance
Objective #4 as follows:

Table IV-11
Performance Objective #4

No. Performance Objective Success Criteria

4 Demonstrate that a grow ing installation’s mission-  Full documentation in a checklist format
critical needs can be met with an older (historic of reuse building compatibility w ith
or non-historic) existing building. mission-critical use requirements.

Source: ESTCP Project SI 0931Demonsttration Plan.

Overall Results

The Study meets this Performance Objective overalhbstrelaxed strict application of AT/FP and HPS
standards for the purposes of comparison indetdjlternative 03 and Project Alternative 04,
respectively. This objective requires full correspondencéhef characteristics of the building and its use
with the following Department of Defense Unitédcilities Criteria and other applied standards as
appropriate for the chosen alternative:

xX X

X X X X X X

X

UFC 1-200-01 General Building Requirements;

UFC 4-610-01 Administrative Facilities;

UFC 1-900-01 Selection of Methods for tReduction, Reuse and Recycling of Demolition
Waste;

UFC 3-310-04 Seismic Design for Buildings;

UFC 4-010-01 Unified Facilities Criteria DoD Mmum Antiterrorism Standards for Buildings;
UFC 3-400-01 Energy Conservation;

Anti-terrorism Force Protection Standards;

The Secretary of the Interior's Standardstfee Rehabilitation of Historic Buildings ;
Minimum Silver certifiable LEEDS level prmance per 2009 LEED Silver for New
;Construction and Major Renovations; and

Guiding Principles for Federal LeadershifHigh Performance and Sustainable Buildings.

The Study Team prepared a master checklist Ptioject Alternatives. For calculating LEED points,

® The only exception is for Project Alternative FEW8324 under which a solar PV system was added to the
specifications in addition to customary AT/FP treatments;uhriation was made to study the effect on Scope 2
emissions of obtaining a LEED Gold level through onsite energy generation.
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the Study Team prepared a detailed LEED cheakditstg the 2009 LEED Silver for New Construction
and Major Renovations; these checklists are providégeippendix. The Study Team conferred with
installation managers as part of the LEED checklisparation to determine eligibility of the proposed
Project Alternatives for points.

Key Observations

The mission use for this Study was general adnatise office space and the Study has found that a
variety of existing Pre-War Buildings can be adapyivelused for this use. However, the findings for
this Performance Objective #4 suggest that Militaryupéas should carefully and fully consider the reuse
and modernization of existing buildja for other types of uses as well.

The Study Team identified original design intelligefe&tures in all of the existing buildings. The Study
Team found that these features can promote effici@rggrusage in the building and, if still functional
or recoverable through the modernization, may ridoute significantly to lowering the Scope 2 emissions
when combined with current technology availaolemodernization of existing buildings. Original
design intelligence features should be viewed as armyst building design features that work with the
Pre-War building to lower GHG emissions. Originakifn intelligence features vary between buildings
but can include solid brick walls with a higher therwelue than contemporary brick, externally loaded
narrow floor plans, over-hanging eves, and buildirigntation perpendicular to prevailing winds.
Military planners should approach their formulat@frproject alternatives with the idea of leveraging
these design features in mind.

One issue that arose during the $tigdthe cost-effectiveness of tgpl AT/FP and progressive collapse
treatments observed by the Study Team for Pre-WariBg#d Military Services are currently investing
a significant portion of their installation faciliudgets on complying with AT/FP and progressive
collapse standards. As part of their projeanping and design, military planners, engineers and
architects strictly interpret these standards inesqiptive and rigid manner. The result can be a piece-
meal, expensive investment for a single building wadrigher security payback might be to invest these
same funds for security improvements for a clustdyudiflings or installation-wide. Since there is
currently no nationally recognized code for nevexisting buildings that specifically address security
issues, one could argue that AT/FP standards shoutefdrenulated to permit flexibility and a range of
improvement options to meet security objectives.

Added flexibility with AT/FP couldéad to cost-effective solutions to eteecurity standards. Often,
considerable sums are expended to meet the tdttbe standards without consideration to cost-
effectiveness or identifying and pursuing apgptate design exceptions or meeting the AT/FP
requirements through site planning. Exampletuide compliance with stand-off requirements or
requirements triggered when going from two storiethtee stories. Moreover, building treatments
intended to meet the AT/FP standards at times doesattrin providing additional force protection, and,
in some cases, actually may weaken an existing strudtaedlittle attention is given to the inherent force
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protection capability of the existing structure and for historic properties AT/FP treatments are often
irreversible. The overall impact of meeting AT/FRrstards related to modernizing existing historic or
non-historic facilities could be significant as the cost and GHG data for Project Alternative 04 indicate.

Traditional project planning approaches and ta@mforced by DoD’s MILCON and Sustainment,
Restoration and Maintenance funding, focus oreimantal investments typically on a building-by-
building basis without focusing on clusters of like &rig structures and/or an installation-wide approach
as part of the installation master plan to meet ATgb&ls. It was apparent to the Study Team that there
is a need to determine how to apply risk manageim&sed decisions to historic and existing facilities,
design, operations, and security. Such an analymisdwnclude TOC life cycle and cost benefit analysis
evaluating high probability hazard /threat events amddmbability hazard/threavents with the costs

and benefits of providing public access and force pratectAt the installation level, master planning
guidelines and instructions do not mandate an economichemefit analysis as part of the evaluations of
plan alternative and formulation of a preferredraltdéive. The foregoing notwithstanding, DoD at the
same time seeks to make wise and financially prualéotations of its Congressional appropriation in
order to meets its mission in a cost-effective manner. Ultimately, smart security is extremely process
dependent and site specific and what are needethaster planning and project planning tools that
deliver cost-effective AT/FP improvements rath&an rigid prescriptive building requirements.

Performance Objective #5

As presented earlier in Table I-1 and repeated heFatite 1V-12, the Study Team set forth Performance
Objective #5 as follows:

Table IV-12
Performance Objective #5

No.  Performance Objective Success Criteria
5 Demonstrate comprehensive LCCA framew ork User survey results that measure the
that more thoroughly measures both cost and life  tool's average user satisfaction at a
cycle assessment of carbon footprint reduction minimum of 60 percent, and no fatal
in a manner that can be incorporated into DoD flaw s identified in the tool's application to
existing MILCON approval process (DD 1391). the MILCON process.

User survey results that measure
opinions about the compatibility of the tool
w ith LEED certification process at a
minimum average of 60 percent
acceptability.

Source: ESTCP Project SI 0931Demonsttration Plan.
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Overall Results

This objective was not met due to complexityesfimating GHG emissions. To complete the GHG
emission analysis, the Study Team had to use diffeadatilators with different underlying algorithms to
estimate Scope 1, 2, and 3 emissibris.addition, to calculate Scope 3 emissions for new building
materials, the Study Team used both the Ather@Calculator and the ECI-LCA using different
calculators for both different Scopmvels and different aggregatioogbuilding materials. If a whole
building assembly was specified, the EcoCalculatas used. If specific building components on a
subassembly basis were not available in the EcoCadcuthe Study Team used the EIO-LCA calculator.
In order for this demonstration technology toused by Military planners in the MILCON project
formulation and analysis process, a simpler, morgrated carbon calculator is needed. In addition, the
Study Team encountered challenges when tranglatiilding construction specifications from RSMeans
to the carbon calculators. Building components anenads did not line up clearly between the cost
estimates and existing carbon calculator input fiel@aie to the many challenges encountered to
implement this demonstration, it was not practicalgk field Military planners to attempt to use or
evaluate this process. Existing, off-the-shedfls are simply not ready for widespread use.

Key Observations

There is a need for a one-stop carbon calculator padkegstimate Scope 1, 2 and 3 emissions. Carbon
calculators should be organized with the samikeling component categories and naming conventions
utilized by the more commonly used cost estimatiomso such as RSMeans. riher, there is a need

for a carbon calculator which delineates the emisdionaork and materials commonly used and
repaired in the modernization of existing binlgs rather than just for new construction.

(This space intentionally left blank)

®The Study Team previously had identified that this would be the case in its Demonstration Plan.
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Recommendations

Based upon the findings from this Study, the Stlidgm offers the following recommendations for
consideration by DoD:

DoD MILCON Planning Process

Integration of CO ,e Metrics into Project Planning Process

Integrate new C& metric into MILCON construction projeetonomic evaluation of life-cycle costs,
such as a Cg kilograms per square foot measure and repose@@issions in parallel with economic
analysis in project funding requests on forms sudch@®1301. Figure IV-1 illustrates this concept.
Incentivize project planners to select low £@roject alternatives by requiring @Oemissions reporting
on project summary forms, such as the D1391s atgatised to prioritize projects in the MILCON
budgeting process.

Figure IV-1
Add GHG Emissions As Decision Factor for Project Funding
DoD Form 1391
T SR FY MILITARY CONSTRUCTION o ke 1
PROJECT DATA DD-A&T(A)1610
3. INSTALLATION AND LOCATION 4. PROJECT TITLE
5. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)
)-/—\
Life cycle CO2 metric
Total CO2e andfor CO2e PSF
L 1 ,‘
9. COST ESTIMATES —
ITEM UM QUANTITY UNIT COST ggg;}
0.00
0.00
0.00
0.00
0.00
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More Emphasis on Existing Buildgs as Viable Project Alternative

DoD’s Pre-War Buildings offer opportunities ascommodate new mission requirements and meet
energy efficiency goals of DoD. DoD’s Pre- YWaasonry buildings are an underutilized resource for
meeting DoD GHG carbon reduction goals. Economidyeses prepared for proposed MILCON projects
should carefully examine the potential of existingdings for modernization and adaptive reuse since
they can often offer opportunities to save energf boterms of GHG emissions associated with initial
construction and ongoing energy consumption wigserving important historic resources at the same
time. DoD should consider prioritizing the modertiza of historic buildings with intact interiors
(original design intelligence) to meet mission regedduce construction costs and reduce GHG at all
DoD installations.

Evaluate GHG Tradeoffs Early in the Project Formulation Process

When formulating building specifications and treatise Military planners should evaluate the GHG
emission tradeoffs of proposed new buildings malkeand treatment options early in the conceptual
design process to minimize overall Scope 3 impasignificant differences in Scope 3 results are found
among different building materials and treatmemis the project planning process should emphasize low
COse impact choices prior to the LCCA phase of project analysis.

Design Guidelines

DoD-wide and Military Services design guidelineswsld include specifications for minimum Scope 3
footprint and reinforce the importance of selection of lows&Ruilding specifications. Design
guidelines could also provide information to project planners regarding a structure’s original design
intelligence and how to leverage itrteet DoD’s energy conservation goals.

MILCON Contracting and Procurement

Military Service procurement for architecturplanning, and engineering services should include
requirements for qualified historic architects, ergirs and the development of accurate planning level
specifications (or firms as subcontractors) to ensurecthrdtactors have the internal capacity to fully and
accurately evaluate Pre-War Buildings as well &goblder, existing buildings. This would help
overcome the institutional bias foew construction that can be found at many firms providing
architectural and engineering services to the govamhnféost estimates and construction bid requests
should ask for material quantities in addition to cestthat GHG impacts can be evaluated or validated.
Small business set-asides for architectural firms with a strong historic preservation practice could be
provided as contract opportunities.

(this space intentiotig left blank)
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AT/FP Standards

Meeting Anti-terrorism and Force Protection Standards

Military Services are currently investing a significgortion of their installation facility budgets on
complying with Anti-terrorism Force Protection (ATFP) standards. It is recommended that Military
planners identify and document current practiceglitifary Services related to installation master
planning and modernizing existimgstoric under ATFP standards by reviewing a sample of completed
master plans and projects. Further, it would be vemgtigial to formulate an installation master planning
tool that provides a risk-adjusted cost/benefalgsis of alternative ATFP compliance treatments
(addressing the site-wide versus building specific AgtaRdard compliance issues), with accompanying
suggestions to revising current installation mast@nihg guidance documents and instructions. Finally,
it is suggested that Military planners formulate @jget-specific parametric ndeling tool that permits
planners, engineers, and architects to evaluatedkt-benefit of alternative building treatments and
inherent force protection capability to optimiz& AP performance while maintaining historic building
integrity. Identifying and reusing the originasign intelligence of the Pre-War buildings provides long
term energy efficiencies and lowers GHG emissions.
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