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1. Executive Summary 

Operational and Embodied Carbon Report 
for 

New Mitchell Elementary School 
3550 Pittsview Drive 
Ann Arbor, Mi 48108 

 
A. EXECUTIVE SUMMARY 

This report's objective is to share the results from energy modeling and a whole building 
life cycle assessment for Mitchell Elementary School. Further within this report, the 
projected energy consumption and savings, possible embodied carbon reductions, and 
anticipated CHPS Verified Leader credit compliance are presented. The combined 
operational and embodied carbon calculations are shared at the end of the report. 

The operational carbon section of the report goes over how the project can achieve its 

energy efficiency goals. Energy modeling was used throughout the design to inform the 

project ton various energy reduction measures. The proposed design followed the 100% 

Construction Drawings (CD) and additional coordination with the design team. 

The scope of the operational assessment included creating a proposed design and 

analyzing various energy reduction measures and then comparing the design to an 

ASHRAE 90.1-2016 Appendix G baseline case. The baseline case energy efficiency metric 

used to evaluate percent savings was source energy. 

The embodied carbon section of the report includes the whole building life cycle 
assessment calculations. The impact category (including Global Warming Potential – i.e., 
embodied carbon) calculations were conducted on an entire life-cycle scale (cradle-to-
grave) with OneClick LCA. The proposed designs included in the assessment are 
established based on the 100% CD drawings Issued for Bids on 12th July 2024, and with 
additional coordination with the design team. 

The scope of the whole building life cycle assessment is to compare the anticipated 
embodied carbon impact of the “Current Design” issued for the 100% CD design phase 
to the “Baseline Design” – considered as a steel structure in the initial stage of 
construction. Primary strategies utilized thus far in the life cycle assessment have focused 
on material choice and optimization of the structural elements. This assessment also 
considered specific product selections to assess the possibility for reductions during 
different phases of the project.  
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B. BUILDING INFORMATION 

 

Image Credits: Rendered Image based on Architectural 90% Construction Drawings 

The project building is a two-story new construction Educational Building consisting of 
Accessory storage areas, mechanical equipment rooms, Assemblies, Business Areas, 
Educational areas, Exercise Rooms, Kitchens, Commercial, Library areas, and Locker 
Rooms. The general information of the building pertinent to the assessment is listed in 
the table below.  

 

General Building Information  

Building Type  Education  

New Construction or Existing  New Construction  

Building Area (ft2)  92,139  

Number of Stories   2  

Building Height (ft)  31’-4”  

Required Service Life  Commercial Service Life  

Construction Year  2025 (Anticipated)  

Building Function(s) and service(s)  Assembly (A-2, A-3), Business (B), 
Educational (Most Restrictive - E), Storage (S-
1, S-2)  

Material Scope  Structure and Envelope Materials  

WBLCA Study Duration  60 years  
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C. PROJECT GOALS 

Goal Achievement 

Site EUI of 25 or less 
The project is achieving a Site EUI of 24.4 
before renewables 

Energy efficiency of ≥20% improvement 
over ASHRAE 90.1-2016 

The project is achieving 28.0% source 
energy savings against the 90.1-2016 
Appendix G baseline 

Embodied carbon reduction of ≥10% 
against baseline building 

The project is reaching 33% savings in 
embodied carbon against the baseline 
building. 

CHPS Verified Leader 

The project is pursuing 5 points for the II 
C1.1.2 and II C6.1.3 credits. 
Project is pursuing 14 points for the EE 
C1.1 credit. 

Net-zero ready 

The project is an all-electric design with 
solar photovoltaic on the roof. AAPS has 
also enrolled in DTE’s MIGreenPower 
Program and will receive 100% of their 
electricity through renewables.  
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2. Operational Carbon Assessment 

A. OPERATIONAL CARBON OVERVIEW 

The objective of the analyses was to conduct various energy studies to identify potential 
operational carbon and energy consumption reductions for the Mitchell Elementary 
School located in Ann Arbor, Michigan. Ann Arbor Public Schools has committed to 
achieving the following goals for operational carbon and energy consumption: 

• Site Energy Use Intensity (kBtu/sqft/yr) of 25 or Less 
• Energy Efficiency of at least 20% improvement over ASHRAE 90.1-2016 

Appendix G Baseline case 
• CHPS Verified Leader 

• Net-Zero Ready 

These goals require implementing energy reduction measures to strive for lower 

operational carbon and energy usage. Compliance with ASHRAE 90.1-2016 Appendix G 

and to demonstrate a Performance Cost Index (PCI) below the Performance Cost Index 

Target (PCIt) using the metrics of source energy use intensity (kBtu/sqft/yr). To gain 

CHPS points in the Superior Energy Efficient Design & Zero Net Energy credit to assist 

in achieving CHPS Verified Leader certification. And to set the project up to be Net-Zero 

Ready. 

The various energy simulations were conducted with EnergyPlus version 9.4. The final 

proposed energy model was established based on the Construction Drawings, while the 

baseline energy model complies with ASHRAE 90.1-2016 Appendix G. 

ENERGY MODELING BUILDING DESCRIPTION: 

The project building is a 2-story new construction education building consisting of a 

gymnasium, offices, classrooms, a library, a kitchen, and a cafeteria space. The general 

information on the building is listed in the table below. 

General Building Information 

Project Location  Ann Arbor, Michigan 

Facility Use Type K-12 School 

Floor Area in Energy Model 
(ft2) 

90,596 

Total Number of Floors 2 

Project Utility Rates 

Electricity 0.10 $/kWh 0.029 $/kBtu 

Natural Gas 0.787 $/Therm 0.008 $/kBtu 

Project Emission Rates 

Electricity 0.000551 tons/kWh 0.000161 tons/kBtu 

Natural Gas 0.005300 tons/therms 0.000053 tons/kBtu 
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B. ENERGY MODELING SOFTWARE 

The building was modeled using DesignBuilder with an EnergyPlus version 9.4 engine. 
DesignBuilder is a software package that uses an hourly simulation to calculate the 
various energy uses within a building. The software uses a weather file to simulate the 
typical yearly weather for the project location. The closest weather data available to the 
project location was for Ann Arbor Municipal Airport, Michigan. The weather data was in 
the TMY3 format which represents the weather from a typical meteorological year. 

Energy modeling is a tool used to compare results when adjusting a building’s 
characteristics. It should not be interpreted as a tool to predict the actual energy use of 
a building. Actual energy use is significantly affected by several factors that energy 
modeling cannot predict, e.g. poor building construction, poor maintenance and 
operation, loss of control calibration, unusually severe weather, and varying occupancy 
schedules. 

C. PROJECT ENERGY CONSERVATION MEASURES 

The following are energy efficiency measures specified in the design that yield savings 
against the ASHRAE 90.1-2016 Appendix G baseline: 

1. Geothermal Field as heat source/sink 

2. Decoupled HVAC systems 

3. Energy Recovery 

4. Well Insulated Envelope – Exterior Walls, Roof, and Windows 

5. Low Lighting Power Density LEDs 

6. Daylighting and Occupancy Sensors 

7. High Efficiency Bidirectional Cascading Chiller 

8. Photovoltaic Array on the Roof 

 
 

D. DESIGN PHASE ITERATIONS 

During the design of the project multiple energy conservation measures and design 
decisions were made. Below are the various design phases and some measures 
evaluated during these phases. 

SD Phase Iterations: 

Three different mechanical systems were evaluated at the early stages of the Schematic 

Design (SD) phase. These systems were: 

• Fan coil units with a dedicated outdoor air unit served by a geothermal field. 

• Distributed water source heat pumps with a dedicated outdoor air unit served by 

a geothermal field. 



 

 
Operational and Embodied Carbon Report for  

Mitchell Elementary School 
IMEG #21002712.00 

July 26, 2024 
Page 6 of 32 

• Active chilled beams with a dedicated outdoor air unit served by a 

geothermal field. 

The active chilled beam option showed the lowest potential EUI and 

operational carbon. At this point, no mechanical option was removed as an 

option. 

Following the building programming moving and a brief project hold the 

mechanical system was reevaluated. The following options were evaluated: 

• Fan coil units with a dedicated outdoor air unit served by a heat 

recovery chiller with a geothermal field. 

• Fan coil units with a dedicated outdoor air unit served by a hybrid 

geothermal field (50% of the load covered by the geothermal field, 

50% covered by a cooling tower and electric boilers) 

• Fan coil units with a dedicated outdoor air unit served by a heat 

recovery chiller and cooling tower and electric boilers. 

• Fan coil units with a dedicated outdoor air unit served by a heat 

recovery chiller and cooling tower and natural gas boilers. 

The options without the geothermal field were used as comparison options to show the 

results of more traditional systems. During this iteration the option with the full 

geothermal field showed the lowest potential EUI and operational carbon. Following the 

options being presented no option was removed from consideration. 

In addition to the mechanical system being evaluated, an envelope sensitivity analysis 

was conducted. This analysis evaluated the exterior wall insulation, roof insulation, 

window glazing thermal insulation, and window glazing solar heat gain coefficient. The 

point of diminishing returns was found for each metric and reported.  

DD Phase Iterations: 

With the start of the Design Development (DD) phase, an emphasis was placed on 
selecting a mechanical system. The six different mechanical systems evaluated in the SD 
phase were reevaluated and reviewed based on operational carbon, energy, and energy 
cost metrics. The operational carbon metric was evaluated on a 30-year Time Value of 
Operational Carbon using the projected emissions rates of DTE Energy. The energy usage 
of the options was refined and compared amongst all options. There were three different 
energy cost rate structures evaluated to show the potential cost of each structure. 

These options were also compared against the ASHRAE 90.1-2016 Appendix G baseline 

case system. This system being a variable air volume air handling unit with hydronic 

reheat served by gas fired boilers and direct expansion cooling.  

In addition to comparing the mechanical systems, a path to the projects goal of an EUI of 

25 was set up with different energy cost measures evaluated. These include: 

• Mechanical system selection of distributed heat pumps withe geothermal  

• Installing high efficiency process and receptacle equipment 
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• Increasing the effectiveness of the energy recovery device within the dedicated 

outdoor air unit 

• Install high efficiency heat pumps. 

• Domestic hot water on the geothermal loop 

Choosing By Advantage: 

Through the DD and CD phases of the design, the project utilized the Choosing By 
Advantage framework to consider various aspects of the design, including the glazing 
types, exterior wall insulation, exterior wall structural system (as mentioned above), 
exterior cladding options, roof membrane options, interior wall systems, and exterior door 
types. Please see Appendix C for the specific matrices provided through the Choosing By 
Advantage framework. 

CD Phase Iterations:  

During this stage of design, a mechanical system was selected, the fan coil unit with 
dedicated outdoor air unit with a heat recovery chiller and geothermal field. To provide 
additional savings potential a bidirectional cascade chiller was evaluated to replace the 
typical heat recovery chiller model and implemented into the project. 

Further refinement of the proposed energy model occurred during this phase as the 
various aspects of the design were finalized by the design team. 
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E. ENERGY MODELING INPUTS 

The following table shows the important modeling inputs for the final energy modeling 
analysis.  

Climate Zone: 5A Baseline: ASHRAE 90.1-2016 App G Proposed Design 

Envelope Construction    

Exterior Walls U-0.084 U-0.050 (R-20) 

Roof U-0.063 U-0.031 (R-32) 

Slab on Grade F-0.73 F-0.52 

Windows  
U-0.57; SHGC: 0.39 

Skylight: U-0.69; SHGC: 0.39 
GL-1: U-0.28; SHGC: 0.26 

Skylight: U-0.42; SHGC: 0.25 

Window to Wall 
Ratio 

22.0% 10.6% 

Electrical Systems     

Lighting (W/sqft) 1.20 0.76 

Receptacle Power 
(W/sqft) 

1.25 1.25 

Mechanical and Plumbing Systems   

HVAC System 
Types 

System 5 - Packaged VAV with Reheat 
(1st Floor) 

 System 5 - Packaged VAV with 
Reheat (2nd Floor) 

FCUs with DOAS (DOAS-1) 
 FCUs with DOAS (DOAS-2) 
 FCUs with DOAS (DOAS-3) 
 VAV Rooftop Unit (RTU-1) 
 Make-up Air Unit (MAU-1) 

Cooling 
Performance 

Air Cooled Dx - 9.0 EER (1st Floor) 
 Air Cooled Dx - 9.0 EER (2nd Floor) 

Heat Recovery Chiller (CH-1 & 2) – 

0.7654 kW/ton 

(Geo Field Sized for 100% Load) 

Heating 
Performance 

Hot Water Boiler – 80% 

Heat Recovery Chiller (CH-1 & 2) – 

1.759 kW/ton 

(Geo Field Sized for 100% Load) 

Domestic Water 
Heating 

Gas Water Heater - 80% Electric Water Heater 
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F. RENEWABLES 

The project is incorporating a solar photovoltaic system on the roof of 150.0 kW AC. This 
system is estimated to generate 245,864 kWh energy to the grid.  

In addition, Ann Arbor Public Schools will receive 100% of their electricity through 
renewable power generation by the end of 2024 by enrolling in DTE Energy’s 
MIGreenPower program. More information on the program can be found here: DTE 
CleanVision MIGreenPower 

 

G. CHPS CREDITS 

The following shows the estimated CHPS points for utilizing energy modeling and 
pursuing the Energy Efficient Design (EE P1.0) and Superior Energy Efficient Design & 
Zero Net Energy (EE C1.1) credits. 

II EE P1.0 Energy Efficient Design (Prerequisite) 

The proposed design demonstrates compliance with ASHRAE 90.1-2016 Appendix G 
using source energy as the metric. 

II EE C1.1 Superior Energy Efficient Design & Zero Net Energy (30 available points) 

The proposed design demonstrates an energy reduction following ASHRAE 90.1-2016 
Appendix G Performance Cost Index, using source energy as the metric, of 28.0%. This 
correlates with 14 points. 

 

H. ENERGY MODELING RESULTS 

The energy analysis demonstrated the proposed design could attain an annual energy 
cost of $64,835, a Site EUI of 24.4 and Source EUI of 68.4, and a yearly GHG emission 
total of 357.1 metric tons. 

The baseline ASHRAE 90.1-2016 Appendix G results are listed below for reference.  

Savings values listed below are before the Performance Cost Index (PCI) Calculation and 
should only be used as reference points. The PCI calculation can be found in ASHRAE 
90.1-2016 Section 4.2.1.1. 

It should be noted the results only reflect the current design assumptions and energy 
usage may increase or decrease on actual building operation. 

  

https://solutions.dteenergy.com/dte/en/Products/DTE-CleanVision-MIGreenPower/p/MIGPGREEN
https://solutions.dteenergy.com/dte/en/Products/DTE-CleanVision-MIGreenPower/p/MIGPGREEN
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Iteration 

Energy Cost Site Energy CO2 Source Energy 

($/yr) 
% 

Savings 
(kBtu/sqft/y

r) 
% 

Savings 
(metric 
tons) 

% 
Savings 

(kBtu/sqf
t/yr) 

% 
Savings 

Baseline: ASHRAE 
90.1-2016 App G 

$91,108 - 56.3 - 528.1 - 105.1 - 

Proposed Design $64,835 28.8% 24.4 56.6% 357.1 32.4% 68.4 34.9% 

 

Simulation Source Energy (PCI) % Savings 

Baseline: 90.1-2016 App G 0.56 - 

Proposed Design with PV 0.40 28.0% 
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The proposed design achieved a site Energy Use Intensity (kBtu/sqft/yr) of 24.4. This 

achieves the project goals of attaining a Site EUI of 25 or less. 

The energy analysis determined the proposed design can achieve a Performance Cost 
Index (PCI) percent improvement for source energy of 28.0% when compared against 
the ASHRAE 90.1-2016 Appendix G Baseline. This is greater than the 20% energy 
efficiency improvement goal.  

The source energy percent improvement of 28.0% also corresponds to 14 points in 
CHPS, helping to reach the projects goal of being CHPS Verified Leader certified. 
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3. Whole Building Life Cycle Assessment 

A. WBLCA OVERVIEW 

The objective of the analyses was to conduct a whole building life cycle assessment to 
identify potential embodied carbon reductions for the Mitchell Elementary School located 
in Ann Arbor, Michigan. Ann Arbor Public Schools has committed to achieving the 
following goals for embodied carbon: 

• Embodied carbon reduction of ≥10% against baseline building 
• CHPS Verified Leader 

These goals require implementing material choices and design optimization measures to 

strive for lower embodied carbon. To gain CHPS points in the Advanced Design Modeling 

credit and the Low Embodied Carbon Materials credit to assist in achieving CHPS Verified 

Leader certification. 

The various iterations of the WBLCA were conducted with One Click LCA. The Current 

Design was established based on proposed design presented in the 100% CD drawings 

Issued for Bids on 12th July 2024, while the Baseline Design was established based on 

the assumptions of a steel building, typical of schools in the region. The Scope of the 

Assessment is from cradle-to-grave, which includes the Production Stage (Modules A1-

A3), Construction Stage (A4-A5), Use Stage (B3-B5), End-of-Life Stage (C1-C4), and 

biogenic carbon, calculated separately. This scope allows the project to achieve a 

comprehensive understanding of the embodied carbon emissions throughout the lifetime 

of the building. The duration of the study is 60 years, which is the industry typical duration 

for WBLCA calculations. 

WBLCA BUILDING DESCRIPTION: 

The project building is a 2-story new construction education building consisting of a 

gymnasium, offices, classrooms, a library, a kitchen, and a cafeteria space. The general 

information on the building is listed in the table below. 

General Building Information  

Building Type  Education  

New Construction or Existing  New Construction  

Building Area (ft2)  92,139  

Number of Stories   2  

Building Height (ft)  31’-4”  

Required Service Life  Commercial Service Life  

Construction Year  2025 (Anticipated)  

Building Function(s) and service(s)  Assembly (A-2, A-3), Business (B), Educational 
(Most Restrictive - E), Storage (S-1, S-2)  

Material Scope  Structure and Envelope Materials  

WBLCA Study Duration  60 years  
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WBLCA PROCESS: 

The diagram below shows the process of WBLCA during all the project phases from the 
start to the current phase. 

 

 

 

  

Baseline Design

Development of Initial LCA keeping Steel Structural 
Frame as Baseline and suggesting better Sturctural 
Systems to reduce carbon 

Schematic Design Phase Comparison

Initial Proposed Designs (four options) vs. Baseline Design 
Comparison

Design Development 

Proposed Design Vs. Baseline Design Comparison along 
with analyzing emissions from using two different 
thicknesses of CLT deck

90% Construction Documentation

Updated WBLCA with detailed Materials Product Data 
Preparation of Documentation to show reductions 
compared to Baseline Design

100% Construction Documentation  (Bid Phase)
Added quantities from updated Drawings with detailed 
Materials Product Data, Preparation of final report with 
detailed Hot Spot Analysis and EPDs
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B. WBLCA MODELING SOFTWARE 

The assessment has been conducted with One Click LCA software. The software holds 
11 third party certifications and complies with over 30 certifications and standards for Life 
Cycle Assessment and Life Cycle Costing, including all versions of LEED and BREEAM. 
The software includes curated and verified global and local databases. The up-to-date list 
of integrated databases can be found here:  

https://www.oneclicklca.com/support/faq-and-guidance/documentation/database/  

One Click LCA has been third party verified by ITB for compliancy with the following LCA 
standards: EN 15978, ISO 21931–1 and ISO 21929, and data requirements of ISO 14040 
and EN 15804. The full compliancy documentation is available at: 

https://www.oneclicklca.com/support/faq-and-guidance/documentation/compliancy-and-
certifications/. 

ITB is a certification organization and a Notified Body (EC registration nr. 1488) to the 
European Commission designated for construction product certification. Polish 
Accreditation Board assures the independence and impartiality of ITB services 
(Accreditation Certificates are AB 023, AC 020, AC 072, AP 113). ITB activities are 
conducted in accordance with the requirements of the following assurance standards: 
ISO 9001, ISO/IEC 27001, ISO/IEC 17025, EN 45011, and ISO/IEC 17021. 

The tool supports CML characterization methodology as well as TRACI characterization 
methodology. All the datasets in the tool comply with ISO 14040/14044 and in most part 
also EN 15804 standard. 

The purpose of the analysis is to be a tool for comparison of embodied carbon calculations 
when adjusting for the specific build. The whole-building LCA option considers a wide 
range of effects. These include global warming potential, stratospheric ozone depletion, 
acidification of land and water sources, eutrophication, formation of tropospheric ozone, 
and depletion of nonrenewable energy sources. This LCA software and related datasets 
are fully compliant with ISO 14044. The impact assessment method used is TRACI 2.1. 
This LCA methodology is third party verified. 

 

C. LIFE CYCLE ASSESSMENT METHODOLOGY  

Whole Building Life Cycle Assessment is a science-based methodology for measuring 
environmental performance. It is based on international standards and rigorously defined 
public methodologies for quantifying environmental impacts, expressed in form of 
potential harm caused by activities to the biosphere, including atmosphere, soil, and water 
bodies. Those impacts are expressed as “equivalent to” normalized unit, for example, 
one kilogram of carbon dioxide in case of global warming potential.  

Life Cycle Assessment considers the whole life cycle of the building, including 
manufacturing, transport, use, and final disposal of the resources required for the delivery 
of the building functions for the whole period which the assessment covers. 

https://www.oneclicklca.com/support/faq-and-guidance/documentation/database/
https://www.oneclicklca.com/support/faq-and-guidance/documentation/compliancy-and-certifications/
https://www.oneclicklca.com/support/faq-and-guidance/documentation/compliancy-and-certifications/
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The most common impact category covered by LCA is the global warming potential, also 
referred to as the carbon footprint. It quantifies the impact of greenhouse gases heating 
the planet. Other common impact categories are ozone depletion, acidification, 
eutrophication, and smog formation. 

What is not included in this WBLCA that should be included in the future, as industry 
information becomes available, is the embodied carbon of the MEP systems. 
Unfortunately, at the time of the generation of this report, there is not enough data 
available in the United States to be able to include this information. 

 

D. PROJECT EMBODIED CARBON REDUCTION STRATEGIES 

The following are embodied carbon reduction measures specified in the design that 
yield savings against the steel baseline structure: 

1. Mass Timber CLT floorplate and roof plate (compared to composite concrete 

deck) 

2. Decrease in brick cladding – highlighted in select areas of the building 

3. Structural steel framing with high recycled content 

4. Portland Limestone Cement utilization in concrete mixes 

5. Optimization of CLT floor and roof plates combined with steel framing 

6. Low embodied carbon façade components 

7. Combination of CMU and cold-formed steel framed exterior walls 

 

E. FINAL WBLCA SYSTEM DEFINITIONS 

The following details the Baseline Design and Current Design, as they are reflected in 
the WBLCA calculation currently. 

Baseline Design: All Steel superstructure  

• Corrugated Metal Deck with Concrete topping in Roof Deck and Floor Slab 
• 4” thick Concrete Slab with Reinforcement, Concrete Footings with 

Reinforcement 

• Steel Columns and Beams 
• Internal load bearing 6” Concrete walls. 
• The Baseline Design assumes a combination of brick cladding and Metal 

Frame Wall System composed of steel stud framing, insulation, gypsum 
plaster board and Oriented Strand Board (OSB) for the exterior wall assembly.  

See “Baseline Design Material Inputs” section of Appendix A for detailed description of 
material EPDs and Input Quantities of Materials mapped in OneClick LCA based on the 
Carbon Designer 3D Tool. 
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Current Design: CLT (Cross Laminated Timber) Floor and Roof Deck with Steel Support 

• 6-7/8” CLT Roof Deck, 1-1/2” Steel Roof Deck 
• 2-1/8" Gypsum Topping with Sound matt over 6-7/8" CLT Floor Slab, 4” thick 

Concrete Topping over 6-7/8” CLT Floor Slab, 3" thick Concrete Topping on 2" 
composite Steel Deck 

• 5” thick Concrete Slab with Reinforcement, Concrete Footings with 
Reinforcement 

• Steel Columns and Beams 
• Internal load bearing 8” CMU Walls 
• The Current Design considers the wall assemblies based on Architectural 

Drawings for 100% CD drawings Issued for Bids on 12th July 2024. It is 
combination of elements such as Prefinished Metal Wall Panel, Cold-formed 
Metal Stud Framing Layer, Mineral Wool Insulation, Wood Plastic Composite 
Wall Panels, High Pressure Laminate Wall Panels, Sheathing and Gypsum 
Board.  

See “Current Design Material Inputs” section of Appendix A for detailed description of 
material EPDs and Input Quantities of Materials mapped in OneClick LCA based on 100% 
CD Architectural and Structural Revit Models and Drawings. 

 

F. DESIGN PHASE ITERATIONS 

Multiple scenarios were considered in the life cycle assessment throughout the different 
design phases. Shown in the following are the different phase iterations of the WBLCA 
that compared the baseline design to the current design as it stood at the applicable phase 
of design. 

SD Phase Iterations: 

During the SD phase of the design, the emphasis was put on comparing major elements 
in the building’s superstructure. To that end, four different configurations that combined 
various materials were considered. These options were: 

1. Hybrid Design: CLT Floorplate with Steel Beams and Columns 
a. Mass timber (CLT) floorplate supported by steel beams and columns 

throughout the entire building. 
2. Hybrid Design: CLT Floorplate with Steel Framing Typical & Full Mass Timber at 

the Gym, Theater, Dining Area, and Heart  
a. Mass timber (CLT) floorplate supported by steel beams and columns 

throughout the entire building except at the specific areas noted, which 
were framed fully with mass timber support elements instead. 

3. Steel Structure: Composite Decking with Steel Framing Typical 
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a. Composite concrete floor deck supported by steel beams and columns 
throughout the entire building. 

4. Steel Structure: Composite Decking with Steel Framing Typical & Full Mass 
Timber at the Gym, Theater, Dining Area, and Heart 

a. Composite concrete floor deck supported by steel beams and columns 
throughout the entire building except at the specific areas noted, which 
were framed fully with mass timber support elements instead. 

For the four superstructure options, both embodied carbon and carbon sequestration 
were analyzed. Much emphasis was put on this comparison to help define the proposed 
design going forward. Option 2 showed the lowest carbon emissions and highest amount 
of carbon sequestration due to its CLT floorplate and full mass timber framing in the 
designated areas. The composite steel superstructure (Option 3) became the baseline 
design as it was determined that this would be most likely typical school construction in 
the local area. Through two separate charrettes, Option 1 was ultimately determined to 
be the proposed design for the school. This effectively provided a 1% savings in the 
embodied carbon but provided over 1350 metric tons CO2e of biogenic carbon. 

DD Phase Iterations: 

By the start of the DD phase of design, now with the baseline and proposed designs set, 
the focus of the WBLCA turned to design optimization through materials. This meant 
looking at two different options for the proposed design, considering either thicker CLT 
or thinner CLT floor decks and comparing CMU vs. cold-formed steel exterior wall 
support. These two options are defined as follows, with primary differences noted for 
each: 

1. Proposed Design: Thicker CLT, Less Steel 
• 2nd Floor CLT floor plate thickness: 9.6”  

• Baseline steel volume 

• 8” CMU exterior walls 
2. Proposed Design: Thinner CLT, More Steel 

• 2nd Floor CLT floor plate thickness: 5.5” 

• Slightly higher than baseline steel volume (+8%) 
• Cold-formed steel walls over 5' tall CMU wall at base of first floor 

Additionally, both designs in the 100% DD Phase assume a combination of brick cladding 
and MCM (Alucobond) panels for the cladding components and Polyisocyanurate 
insulation for the exterior wall assembly. 

This comparison’s results showed that by thinning up the CLT and adding a nominal 
increase in amount of steel framing to support the floor deck’s now shorter maximum 
spans, the embodied carbon emissions of the floor deck would decrease by just under 
7%. This analysis helped inform the structural design and was incorporated into the 
drawings for the next submittal. 
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Choosing By Advantage: 

Throughout the DD and CD phases of the design, the project utilized the Choosing By 
Advantage (CBA) framework to consider various project aspects, including glazing types, 
exterior wall insulation, exterior wall structural system (as mentioned above), exterior 
cladding options, roof membrane options, interior wall systems, and exterior door types. 
The CBA matrices helped the project finalize choices – through discussions with the 
project team – for materials that then were modeled in the whole building life cycle 
assessment to match. Please see Appendix C for the specific matrices provided through 
the Choosing By Advantage framework. 

50% CD Phase:  

At this stage in the design, emphasis was placed on capturing the modeled elements and 
matching to materials. Carefully consideration was put into the product selection within 
the material database to match as many materials as possible to their representative 
environmental product declarations (EPDs). Where matching EPDs were not able to be 
located, industry average or the next closest material EPD was matched, instead. For the 
generic elements modeled in the Architectural Revit Model, assumptions were 
considered for material selection.  

90% CD Phase: CLT Floor and Roof Deck with Steel Support 

The 90% CD milestone in the WBLCA stands for the near-complete design. Again, care 
was taken to ensure all materials in the WBLCA matched both the quantities shown in 
the architectural and structural Revit models as well as the proper mappings. 90% CD 
phase models have the wall assemblies and roof assemblies finalized, which was not 
available earlier in the 50% CD model. Embodied Carbon reductions in this phase resulted 
by mapping this precisely to match the materials. The analysis had another iteration 
completed and the results presented to follow are based on this set.  

Façade Material Comparison: 

Additionally, an additional embodied carbon analysis was completed to compare the as-
designed cladding layout to one that was approximately 70% brick instead. This analysis 
showed that if the cladding were to have 70% brick, this would result in approximately 
10% higher relative embodied carbon emissions for this element of the design. Please 
see Appendix D for the issued memorandum. 

100% CD Phase - Current Design:  

Current Design is based on 100% CD drawings Issued for Bids on 12th July 2024. In this 
phase, care was taken to review the changes of the material quantities compared to the 
90% CD phase. Changes were made based on latest Revit model and the mappings were 
completed in OneClick LCA. The current results are based on all the available elements 
from Architectural and Structural drawings, and it includes the emissions from the Rebar 
Quantities as well (which is not usually modeled in the Structural Revit Model). This gave 
the latest iteration of the WBLCA, which is comparing the Current Design to the Baseline 
Design.  
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G. WBLCA INPUTS 

As described in the Design Phase Iterations section, multiple scenarios were considered 
in the life cycle assessment from the Baseline Design to the Current Design of the 100% 
CD phase. Baseline Design Inputs were based on Carbon Designer 3D tool within One 
Click LCA. The included elements for the WBLCA inputs are provided in the following 
table for the Current Design Phase.  

BUILDING MATERIAL SCOPE:  

Element  Included Comment 

Standard foundations Yes Quantities Based on Structural Revit Model 

Special foundations No Not the part of Project Scope 

Slab on Grade  Yes Quantities Based on Structural Revit Model 

Basement excavation  No Not the part of Project Scope 

Basement Walls  No Not the part of Project Scope 

Columns  Yes Quantities Based on Structural Revit Model 

Beams  Yes Quantities Based on Structural Revit Model 

Floor Construction  Yes Quantities Based on Structural Revit Model 

Floor / Ceiling 
Finishes 

No Not Considered as it is part of Interior Finishes 

Roof Construction  Yes Quantities Based on Structural and Architectural 
Revit Models 

Exterior and Semi-
exterior Walls from 
cladding to finishing  

Yes Quantities Based on Structural and Architectural 
Revit Models 

Exterior Windows  Yes Quantities Based on Architectural Revit Model 

Exterior Doors  Yes Quantities Based on Architectural Revit Model 

Roof Coverings  Yes Quantities Based on Architectural Revit Model 

Roof Openings  Yes Quantities Based on Architectura3l Revit Model 
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Element  Included Comment 

Load-Bearing 
partitions  

Yes Included Masonry Shear Walls based on Structural 
Revit Model 

Other Partitions  No - 

Interior Doors No - 

Optional Fittings  No - 

Stair Construction  Yes Quantities Based on Structural Revit Model 

Stair Finishes  No - 

Wall finishes  Yes Quantities Based on Architectural Revit Model  

For included walls only  

Parking structures  No Not the part of Project Scope 

Parking lots No - 

 

Wall assemblies include elements such as: Prefinished Metal Wall Panel, Cold-formed 
Metal Stud Framing Layer, Mineral Wool Insulation, Wood Plastic Composite Wall Panels, 
High Pressure Laminate Wall Panels, Sheathing and Gypsum Board. These elements are 
utilized in different combinations and considered in WBLCA based on the architectural 
drawings. All storefront and Curtain wall glazing with Laminated Glass consisting of layers 
of Glass with Clear Plastic Interlayer and Rectangular Mullions are considered. 

The Current Design includes a combination of steel beams and steel columns. All doors 
and windows are taken into consideration based on the architectural Revit model.  

Please see Appendix A for all specific material inputs for the material quantities and 
selections for both the Baseline and the Current Design.   
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H. CHPS CREDITS  

The following shows the estimated CHPS points for utilizing a WBLCA in the manner of 
an integrated design process. 

II C1.1.2 Advanced Design Modeling (2 available points) 

For using a whole building life cycle assessment utilizing One Click LCA to 
facilitate calculation of embodied carbon emissions 

The project is pursuing 2 points for this credit for the whole building life cycle 
assessment addressed in this report. 

II C6.1.3 Low Embodied Carbon Materials (3 available points) 

For selecting low carbon structural and other major materials through an 
assessment of embodied carbon using whole building life cycle assessment. 
Categories currently tracking: Concrete, Steel, Timber, Insulation  

The project is pursuing 3 points for this credit utilizing concrete (Type 1L cement), 
steel (high recycled content), and timber (mass timber floor and roof decks).  
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I. WBLCA RESULTS 

The life cycle assessments results are summarized in the following tables.

Baseline LCA Results 

Life 
Cycle 
Stage  

Result 
Category  

Global 
Warming 
Potential  

(kg CO2e)  

Ozone 
Depletion  

(kg 
CFC11e)  

Acidification  
(kg SO2e)  

Eutrophi-
cation  
(kg Ne)  

Formation of 
Tropospheric 

Ozone  
(kg O3e)  

Depletion of 
Nonrenewable 

Energy  
(MJ)  

Biogenic 
Carbon 
Storage  

(kg 
CO2e 
bio)  

A1 – 
A3  

Product stage  4,042,978.56 1.88 12,088.89 3,339.21 213,641.11 20,315,241.22 66,721.7 

A4  Transportation 
to Site  

239,130.68 0.05 485.35 168.18 8,393.42 3,921,756.22 - 

B3  Repair  0 0 0 0 0 0 - 

B4 – 
B5  

Material 
Replacement 
and 
Refurbishments  

152,246.82 0 947.52 62.17 15,531.23 2,032,358.98 - 

C1 – 
C4  

End of Life  133,015.68 0.02 5,848.32 80.18 873.48 249,136.06 - 

  Total  4,567,371.73 1.95 19,370.09 3,649.74 238,439.23 26,518,492.47 66,721.7 

 

Current Design LCA Results 

Life 
Cycle 
Stage 

Result 
Category 

Global 
Warming 
Potential 
(kg CO2e) 

Ozone 
Depletion 

(kg 
CFC11e) 

Acidification 
(kg SO2e) 

Eutrophi-
cation 
(kg Ne) 

Formation of 
Tropospheric 

Ozone 
(kg O3e) 

Depletion of 
Nonrenewable 

Energy 
(MJ) 

Biogenic 
Carbon 
Storage 

(kg CO2e 
bio) 

A1 – 
A3 

Product stage 2,720,861.81 0.08 11,906.65 1,646.9 172,082.47 38,638,195.29 1,628,294.43 

A4 Transportation 
to Site 

135,772.63 0.03 366.61 97.85 7,907.28 2,525,697.43 - 

B3 Repair 0 0 0 0 0 0 - 

B4 – 
B5 

Material 
Replacement 
and 
Refurbishments 

154,950.68 0.01 750.4 265.95 10,209.9 1,385,880.78 - 

C1 – 
C4 

End of Life 55,420.57 0.01 2,440.28 297.76 4,666.98 109,927.5 - 

 Total 3,067,005.68 0.13 15,463.93 2,308.47 194,866.63 42,659,701.01 1,628,294.43 

 
Current Design – Reductions from Baseline Design 

 
All Total 33%    93% 20% 37% 18% -61% -2300% 
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Therefore, with a Global Warming Potential reduction of 33%, the Current Design meets and 
exceeds the project goal of a 10% embodied carbon reduction against the baseline project. 

Please see Appendix B for the Summary of Results for the Baseline Design and the Current 
Design from OneClick LCA. 

Results Comparison: Baseline to Current Design 

 

Global Warming Potential (kgCOe) is decreased by 33%, which is shown in the graph above: 
Results Comparison for Baseline and Current Design. Reductions were achieved with the help 
of the strategies described in Design Phase Iterations section (Section 3.F) of this report. The 
largest contributing stage for Global Warming is the A1-A3 Stage (Material), which is contributing 
around 89% of total emissions for Baseline and Current Design. This is a common occurrence 
for projects of this type, so strategies around material selection were considered seriously and 
subsequently incorporated into the WBLCA once decisions were made. 

Reduction in Ozone Depletion, Acidification, Eutrophication and Formation of Tropospheric Ozone 
can be seen based on the graph above. We can see a significant increase in Biogenic Carbon 
Storage, which is achieved mainly with the use of the CLT floor decking. 

Most of the increase in Depletion of Nonrenewable Energy (MJ) is observed in the Current 
Design are due to three major contributors, i.e., CLT, Glulam and LVL, Steel, Aluminum and 
Concrete. They are contributing to more than 74% of total value of Nonrenewable Energy.  

Comparison of Global Warming Potential by elements and material types is discussed more 
broadly in the following section. 
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Percent Difference in Global Warming Potential by Element: 
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-49% +44% -71% -73% +13% -58% +61% -57% -96% 

 

Considering Structural and Architectural Elements in the WBLCA, reductions in Global Warming 
Potential for most categories are achieved, except for three element types. Slab-on-Grade 
emissions increased because the Baseline Design considers a 4” thick concrete slab whereas 
the Current Design includes a 5” thick concrete slab. Floor decks, slabs, and toppings also 
increased because concrete topping and gypsum topping are present in the Current Design along 
with CLT Deck. The Baseline Design wall assembly is more generic compared to the Current 
Design. Exterior wall cladding and finishing include glass layers, metal panel, brick, and wood 
plastic composite panel, high pressure laminate wall panels, which contribute to the increase in 
emissions in Current Design.  
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Material Embodied Carbon Contribution 

The chart below shows a summary of the materials included in this report and demonstrates 
their relative contributions to the embodied carbon emissions of the Current Design, which is 
based on the 100% CD submittal.  

 

Concrete used in the foundation, walls and floors is the highest contributing factor for overall 
emissions. Structural steel sections of beams and columns is second most contributing material 
for embodied carbon. Recommendations were made during the Construction Documentation 
phase for material selections and selection of wall assemblies. Sourcing materials from near the 
project site is a strategy that has been investigated to significantly reduce carbon emissions 
during the Transportation Stage. 

Hotspot Analysis 

It is essential to break down environmental impacts by building component, material type, and 
life cycle stage. Visualizing these results helps identify which building components or materials 
contribute significantly to embodied carbon.  

There were different scenarios considered for the Hotspot Analysis. One such scenario can be 
understood from Figure A and B. These figures presents the reductions made during the 100% 
DD phase, to compare two different Design Options, i.e., Thicker CLT, Less Steel and Thinner 
CLT, More Steel. It can be seen based on the charts below that the Thicker CLT design option 
emitts more embodied carbon compared to the Thinner CLT design option.  
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Figure A: 100% DD Phase: Thicker CLT Option 

 

Figure B: 100% DD Phase: Thinner CLT Option 
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In this first reduction comparison, the CLT, glulam, and LVL materials emit lower emissions in 
the Thinner CLT Option due to the lower volume of materials. That being said, the embodied 
carbon emissions of the steel in this Option did rise by a small percentage, but this slightly higher 
increase in emissions was cancelled out by the relatively larger decrease in emissions from the 
CLT, glulam, and LVL materials. This is a practical way of seeing design optimization in a hybrid 
steel/mass timber structure to achieve lower embodied carbon emissions. 

Another comparison of reductions focused on wall assemblies and can be understood from 
Figure C. These figures presents the reductions made during the 50% CD phase to 100% CD 
Phase. It can be seen based on the chart below that the embodied carbon of the Exterior Walls 
reduced from 50% CD phase to 100% CD phase as the assemblies were updated in the 
Architectural Model.  

  

Figure C: GWP of Exterior Walls throughout different project phases 
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J. DATA SOURCES 

Data Type Data Source 

Material 

Quantities 

(A1-A3) 

Construction drawings, bills of quantities, and BIM models 

as delivered by  

the client and the designers acting on the clients' behalf. 

Material Transport 

Distances 

(A4) 

Regionally applicable transportation scenarios from One 

Click LCA. Those represent regionally typical transportation 

distances and methods for product types, which are 

relevant when no decisions on suppliers are made. 

Construction and 

Installation 

(A5) 

Impacts are based on conservative default values from One 

Click LCA. 

Material Impacts 

in Use 

(B1-B5) 

Material service lives are based on the typical values for the 

materials in question, which have been reviewed for 

relevance for the project. The values have been adjusted 

where necessary. Material maintenance and repair activities 

have not been included in the scope; materials have been 

assumed to be replaced in their entirety at the end of their 

service life. 

Use Phase Energy 

Consumption 

(B6) 

Impacts are omitted from this analysis – see Section 1 of 

this report for Energy Modeling analysis. 

Use Phase Water 

Consumption 

(B7) 

Impacts are omitted from this analysis. 

End of Life 

Impacts 

(C1-C4) 

End of life impacts are based on One Click LCA's scenarios 

which represent the typical end of life processing for 

material types in compliance with the requirements of EN 

15804+A1. 
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K. SYSTEM BOUNDARY 

The International Standard ISO 21930 and European Standard EN 15804 set out a 
common life-cycle model for building and construction works. The life-cycle model 
includes modular definitions for the life-cycle stages, allowing each stage to be compared 
in isolation with other projects. 

The product stage information (A1 – A3) is always represented combined for building level 
assessments, as are end of life stages (C1 – C4) in most cases, including in this 
assessment. Depending on the purpose of the LCA, other stages may be omitted or be 
replaced with a scenario in absence of detailed information. 

The actual life cycle stages used in the report can be found in the WBLCA results section. 

 

L. METHODOLOGY AND IMPACT CATEGORIES 

LCA results are obtained using methodology called characterisation, which describes 

environmental impact of a given emission. One Click LCA implements multiple 

characterisation methodologies. When no specific methodology is mandated, One Click 

LCA implements for North American customers the TRACI 2.1. methodology defined by 

United States Environmental Protection Agency. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
Operational and Embodied Carbon Report for 

 Mitchell Elementary School 
IMEG #21002712.00 

July 26, 2024 
Page 30 of 32 

 
Impact category  Unit(s) Description 

Global warming 

potential 

kgCO2 eq Describes changes in local, regional, or global 

surface temperatures caused by an increased 

concentration of greenhouse gases in the 

atmosphere. Greenhouse gas emissions from 

fossil fuel burning is strongly correlated with 

acidification & smog. Called “carbon footprint”. 

Acidification 

potential 

kgSO2 eq Describes the acidifying effect of substances in 

the environment. Substances such as carbon 

dioxide dissolve readily in water, increasing the 

acidity and leading to damage to water 

ecosystems. 

Eutrophication 

potential 

CML: 

kgPO4-eq 

TRACI: 

kgNeq 

Describes the effect of adding mineral nutrients 

to soil or water, which causes certain species to 

dominate an ecosystem, compromising the 

survival of other species and sometimes resulting 

in die-off of entire animal populations. 

Ozone 

depletion 

potential 

kgCFC11eq Describes the effect of substances in the 

atmosphere to degrade the ozone layer, which 

absorbs and prevents harmful solar UV rays from 

reaching Earth’s surface. 

Formation of 

ozone of lower 

atmosphere 

(“tropospheric”) 

CML: 

kgC2H4eq 

TRACI: 

kgO3eq 

Describes the effect of substances in the 

atmosphere to create photochemical smog. Also 

known as summer smog. 
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4. CONCLUSION 

The proposed designs included in the whole building life cycle assessment and energy 

analyses are established based on the 100% CD drawings Issued for Bids on 12th July 

2024 and additional coordination with the design team.  

The scope of the whole building life cycle assessment is to compare the anticipated 

embodied carbon impact of the “Current Design” issued for the 100% CD design phase 

to the “Baseline Design”. Strategies utilized in the life cycle assessment have focused 

on material choice and optimization of the structural elements. This assessment also 

considered specific product selections to assess the possibility for reductions during 

different phases of the project. These strategies allowed the project to reach an embodied 

carbon reduction of 33% with all materials accounted for. 

The energy analyses scope was to compare the potential source energy and operational 

carbon impact of the proposed design against an ASHRAE 90.1-2016 Appendix G baseline 

case. Energy reduction measures were then analysed to reduce the operational carbon 

and source energy usage of the project.  

 
A. OPERATIONAL AND EMBODIED CARBON COMBINED RESULTS 

Parameter Baseline Results 
Site EUI 
(kBtu/sqft/yr) 

56.3 24.4 

Operational Carbon    
(MT CO2e per year) 

528 357 

Embodied Carbon    
(MT CO2e) 

4,567 3,067 

Total Carbon        
(MT CO2e first year) 

5,095 3,424 
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B. PROJECT GOALS 

Goal Achievement 

Site EUI of 25 or less The project is achieving a Site EUI of 24.4 
before renewables 

Energy efficiency of ≥20% improvement 
over ASHRAE 90.1-2016 

The project is achieving 28.0% source energy 
savings against the 90.1-2016 Appendix G 
baseline 

Embodied carbon reduction of ≥10% 
against baseline building 

The project is reaching 33% savings in 
embodied carbon against the baseline 
building. 

CHPS Verified Leader The project is pursuing 5 points for the II 
C1.1.2 and II C6.1.3 credits. 
Project is pursuing 14 points for the EE C1.1 
credit. 

Net-zero ready The project is an all-electric design with solar 
photovoltaic on the roof. AAPS has also 
enrolled in DTE’s MIGreenPower Program and 
will receive 100% of their electricity through 
renewables. 
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Appendix A: Material Inputs and Calculations from One Click LCA 

Baseline Design Material Inputs: 
 

CLASS MATERIAL EPD QUANTITY UNIT COMMENT 

1. Foundations and substructure 
FOUNDATION Styrofoam insulation, 1.8 pcf, 

Styrofoam Highload 40, 
Styrofoam Roofmate (Dow) 

4060.00 sq ft 6” Thick Styrofoam 
insulation, 1.8 pcf, 
Styrofoam Highload 40, 
Styrofoam Roofmate (Dow) 

FOUNDATION Ready-mix concrete, 2500 
psi, 17.2 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

46081.00 sq ft 2” Thick Ready-Mix 
Concrete Cleanliness layer 

FOUNDATION Reinforcement steel bar, 490 
lb/ft3 (CRSI) 

414801.00 lbs Footing Rebar 

FOUNDATION Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

6498560.00 lbs Ready Mix Concrete Footing 

FOUNDATION Reinforcement steel bar, 490 
lb/ft3 (CRSI) 

83433.10 lbs Reinforcement steel, 1.81 lb 
per sqft of slab 

FOUNDATION Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

46081.00 sq ft Ready-mix concrete, 4” 
Thick Foundation Slab-on-
Grade 

2. Vertical structures and façade 
COLUMN Fabricated hollow structural 

steel sections, North 
American industry average, 
7800 kg/m3 (American 
Institute of Steel Construction 
(AISC) & Steel Tube Institute) 

296919.00 lbs Steel Column 

WALL Clay facing bricks, 120 pcf, 
3178.3 lb/m3, kiln number: 3 
(Interstate Brick) 

2000000.00 lbs Brick Layer - Exterior Wall 
Facade 

WALL Cement mortar, 0.834 lb/ft2, 
80.03 lb/ft3 (TCNA) 

110.00 cuyd Mortar in Brick Layer - 
Exterior Wall 

WALL Glass wool insulation in bats 
or rolls, unfaced, L = 0.037 
W/mK, R = 2.7 m2K/W, 100 

52000.00 sq ft R13 (4-inch cavity) insulation 
options: fiberglass batt, 
cellulose, or cell spray foam 
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mm, 1.5 kg/m2, 15 kg/m3, 
(Range: 10-20kg/m3), 20% 
recycled glass content (One 
Click LCA) 

WALL XPS insulation (extruded 
polystyrene), 1.02in 

58812.00 sq ft 1” Thick, R5, external 
insulation options: 1-inch 
XPS or 1.5-inch EPS 

WALL Oriented strand board (OSB), 
9.5 mm, 620 kg/m3, 7% 
moisture content (American 
Wood Council, Canadian 
Wood Council) 

58812.00 sq ft 0.44” Thick OSB  
(external layer) 

WALL Gypsum plaster board, fire 
resistant, 10.7 kg/m2, 15.875 
mm (Gypsum Association) 

58812.00 sq ft ½” Gypsum board (internal 
layer) 

WALL Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

21886.00 sq ft 6” Thick Load Bearing 
Internal Wall 

WALL Reinforcement steel bar, 490 
lb/ft3 (CRSI) 

57153.20 lbs Average amount of 
reinforcement in walls 4.36-
6.24 lb/ft3 

WALL Solid sheet steel for studs, 
industry average US and CN, 
1ft 5/8in-14in x1ft 1/4in x 3ft 
1/2in x0.0188in-0.1242in (SRI) 

49146.20 lbs Steel frame wall system, 
2x4 studs, 16 inches 
spacing 

3. Horizontal structures: beams, floors, and roofs 
BEAM Structural steel frame 

components, plates, bars, 
sections, industry-wide 
average, 7833 kg/m3 (Metal 
Building Manufacturers 
Association) 

262204.00 lbs Secondary Steel beams 

BEAM Structural steel frame 
components, plates, bars, 
sections, industry-wide 
average, 7833 kg/m3 (Metal 
Building Manufacturers 
Association) 

1275560.00 lbs Primary Steel Beam 

FLOOR Ready-mix concrete, normal-
strength, generic, C30/37 
(4400/5400 PSI), 10% 
(typical) recycled binders in 

25701.30 cu ft Floor Concrete Slab 
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cement (300 kg/m3 / 18.72 
lbs/ft3) 

FLOOR Reinforcement steel (rebar), 
generic, 90% recycled 
content, A615 

70786.00 lbs Rebar Floor Slab 

FLOOR Steel sheets, generic, 90% 
recycled content (typical), 
S235, S275 and S355 

68565.90 lbs Floor Metal Deck 

ROOF Hot-dip galvanized steel 
sheets, recommended sheet 
steel thickness range: 0.4-3.0 
mm (0.015-0.12 in), zinc 
coating: 20 μm (787.4 µin) 
(0.28kg/m2 / 0.057 lbs/ft2 
sheet steel) 

105707.00 sq ft Steel sheet in Roofing 

ROOF Composite metal decking, 30 
mil 

46081.00 sq ft Roof Metal Deck 

ROOF Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for USA (2020)) 

46081.00 sq ft 4” Thick Concrete Topping 
in Roof 

ROOF Reinforcement steel (rebar), 
generic, 90% recycled 
content, A615 

83433.10 lbs Rebar in Roof 

ROOF XPS insulation (extruded 
polystyrene), 1.02in 

46081.00 sq ft 5” Thick Insulation in Roof 

4. Other Structures and Materials 
OTHER Structural steel frame 

components, plates, bars, 
sections, industry-wide 
average, 7833 kg/m3 (Metal 
Building Manufacturers 
Association) 

62821.10 lbs Steel bracing 

OTHER Structural steel frame 
components, plates, bars, 
sections, industry-wide 
average, 7833 kg/m3 (Metal 
Building Manufacturers 
Association) 

2680.40 lbs Connecting Parts 

OTHER Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

620.00 cu ft Stair 
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OTHER Reinforcement steel bar, 490 
lb/ft3 (CRSI) 

3860.86 lbs Stair - Rebar 

OTHER Ready-mix concrete, 5000 
psi, 34.5 Mpa (Industry 
average ready-mix concrete 
for Great Lakes Midwest 
region USA NRMCA (2022)) 

1787.67 cu ft Stair 

OTHER Reinforcement steel bar, 490 
lb/ft3 (CRSI) 

11127.80 lbs Stair - Rebar 

DOOR Fiberglass reinforced 
polyester (FRP) door, per m2, 
0.375-1.125 in / 9.5-28.6 mm 
glass pocket thickness 
(Fleming / Assa Abloy) 

922.00 sq ft Exterior Doors 

WINDOW Aluminum window frame, 
50in x 58in, YOW 350 XT, 
YOW 225 H, YOW 225 TUH, 
YFW 400 TUH, YVS 410 TUH, 
YES SSG TUH Vent ProTek, 
YOW 350, YOW 225, YOW 
225 TU, YFW 400 TU, YVS 
400, YVS 400 TU, YVS 410 
TU, YES SSG, YES SSG TU, 
YSW 400 T, YPI 1500 
Windows (YKK AP) 

15855.70 lbs Average weight 1.4 kg/m, 
average window 1.23 m x 
1.48 m 

WINDOW Flat glass, clear, tinted, and 
low iron (National Glass 
Association) 

18432.00 sq ft Exterior Windows 

 
Current Design Material Inputs: 
 

CLASS MATERIAL EPD QUANTITY UNIT COMMENT 

1. Foundations and substructure 
FOUNDATION Concrete, ready mix, 

3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

818.00 cu yd Slab on Grade 

FOUNDATION Concrete, ready mix, 
3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

38.00 cu yd Stoop 

FOUNDATION Concrete, ready mix, 
3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

453.00 cu yd Spread Footing 

FOUNDATION Concrete, ready mix, 
3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

409.07 cu yd Wall Foundation 
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FOUNDATION Reinforcement steel bar 
(rebar) and merchant bar, 
7800 kg/m3 (Nucor 
Corporation) 

156594.32 lbs Rebar in Substructure 
and Slab on Grade 

2. Vertical structures and façade 
COLUMN Concrete, ready mix, 

3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

0.37 cu yd Concrete Column 

COLUMN Hollow structural steel 
sections, 487 lbs./ft.3 
(AISC, STI) 

79590.00 lbs Hollow Structural 
Section 

WALL Clay brick, 2120 kg/m3 
(Acme Brick Company, 
Belden Brick Company, 
Bowerston Shale 
Company, Brampton 
Brick, Inc., Endicott Clay 
Products Co., General 
Shale, Inc., Glen-Gery 
Corporation, Hebron Brick 
Company, Lee Brick & 
Tile Company, Meridian 
Brick LLC, Meridian Brick 
Canada Ltd., Pine Hall 
Brick, Inc., Statesville 
Brick Company) 

2726.00 cu ft Brick Layer in the 
external walls 

WALL Concrete masonry unit 
(CMU), normal weight, 
2800 psi, TX-NW2 
(Angelus (2020), Tuxford 
St. plant) 

20460.00 cu ft 6”,8”, 12” Thick CMU 
Wall (Including Load 
Bearing Internal CMU 
Walls) 

WALL Reinforcement steel bar 
(rebar) and merchant bar, 
7800 kg/m3 (Nucor 
Corporation) 

34632.74 lbs Rebar in 
Superstructure CMU 
Walls 

WALL Steel façade panel, 10-
36inx6-40ft (Metal 
Construction Association) 

160000.00 lbs Metal panel in External 
Walls  

WALL Gypsum board, wallboard, 
type X, 0.625 inch (16 
mm), 5/8in 
(GypsumAssociation) 

2521.00 cu ft Wall Cover Board 

WALL Softwood plywood, 9.5 
mm, 484 kg/m3, 7% 
moisture content 

88.00 cu ft Plywood in External 
Wall 
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(American Wood Council, 
Canadian Wood Council) 

WALL Medium Density 
Fiberboard (MDF), 745.95 
kg/m3 

556.00 cu ft Fiberon Panel in 
External Wall 

WALL Stone wool (mineral wool) 
insulation, unfaced, L = 
0.03 W/mK, R = 1 
m2K/W, 30mm, 2.1 
kg/m2, 70 kg/m3, (Range: 
66-80kg/m3), 22% slag 
content (One Click LCA) 

7314.00 cu ft 
 

Mineral Wool 
Insulation 
 

WALL Fiberglass batt insulation, 
9.65in 

4361.00 cu ft 
 

Rigid Insulation 

WALL Decorative high-pressure 
laminate (HPL) panels, 8 
mm, 11.2 kg/m2, Trespa 
Toplab (Trespa 
International B.V.) 

82.10 cu ft 
 

Laminate Panel 

WALL Concrete, 4001-5000 psi 
(27.59-34.47 MPa), 0% 
ash, 0% slag, 5000-00-
FA/SL (National Ready 
Mixed Concrete 
Association, industry 
wide) 

175.50 cu yd Concrete Wall 

WALL Galvanized steel panels, 
trims, flashings, and flat 
sheets from basic oxygen 
furnace (BOF), 5.89 
kg/m2 (AEP Span) 

148.33 sq ft Perforated Metal Panel 

WALL Anodized aluminum 
curtainwall extrusion 

131860.00 lbs Rectangular Mullion 

WALL Flat glass, clear, tinted, 
and low iron (National 
Glass Association) 

344.30 cuft Glass in System Panel 

WALL Insulated glass unit (IGU) 
with opaque spandrel 
glass, two or more piles, 
25.4 mm, 31.05 kg/m2 
(Viracon Inc) 

3669.63 sq ft Glass in System Panel 

WALL Thermoplastic polyolefin 
(TPO) single-ply roofing 
membrane, 60 mil, 1.48 
kg/m2 (Carlisle 

341.31 sq ft Membrane Layer 
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Construction, Johns 
Manville, Holcim, IKO 
industries) 

WALL Solid sheet steel for wall 
studs 

49054.76 lbs Metal Stud Layer of 
External Wall 

3. Horizontal structures: beams, floors, and roofs 
BEAM Fabricated hollow 

structural steel sections, 
North American industry 
average, 7800 kg/m3 
(American Institute of 
Steel Construction (AISC) 
& Steel Tube Institute) 

15200.00 lbs HSS-Hollow Structural 
Section Beam 

BEAM Hot-rolled structural steel 
sections, North American 
industry average, per kg, 
7800 kg/m3 (American 
Institute of Steel 
Construction (AISC)) 

514870.00 lbs W-Wide Flange Beam 

FLOOR Cross laminated timber 
(CLT), 475.45 kg/m3 

41090.00 cu ft 6-7/8” CLT Floor 

FLOOR Concrete, ready mix, 
3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

61.90 cu yd 
 

Concrete Floor 

FLOOR Lightweight, ready-mix 
concrete, 0-3000 psi (0-
20.68 MPa), 0-19% Fly 
Ash and/or Slag, 2500-20-
FA (NRMCA industry-
average) (Considered 
Light Weight Concrete 
and matched the GWP 
Factor for Gypsum 
Topping as exact EPD for 
Gypsum Topping was not 
available on OneClick 
LCA) 

70428.00 sq ft 2-1/8" Gypsum topping 
on CLT Deck  

FLOOR Fiberglass batt insulation, 
9.65in 

356.00 cu ft Rigid Insulation in Floor 
Assembly 

FLOOR Glass-mat gypsum 
boards, fire, and moisture 
resistant, 15.9 mm, 13.59 
kg/m2, 855 kg/m3, Type X 
(American Gypsum 
Company LLC, 

34.00 cu ft  Cover Board in Floor 
Assembly 
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CertainTeed Gypsum, 
Inc., CGC INC., 
Continental Building, 
Products Operating 
Company, LLC, Georgia–
Pacific Gypsum LLC, 
National Gypsum 
Company, PABCO 
Gypsum, LLC, and United 
States Gypsum Company) 

FLOOR Reinforcement steel bar 
(rebar) and merchant bar, 
7800 kg/m3 (Nucor 
Corporation) 

10400.00 lbs Rebar in Floor  

ROOF Cross laminated timber 
(CLT), 475.45 kg/m3 

30000.00 cu ft 6-7/8” CLT Roof 

ROOF Steel roof and floor deck 
using blast furnace (BF) 
technology, North 
America average, 7800 
kg/m3 (Nucor 
Corporation’s Verco 
Decking) 

2682.00 lbs Metal Deck  

ROOF Glass-mat gypsum 
boards, fire, and moisture 
resistant, 15.9 mm, 13.59 
kg/m2, 855 kg/m3, Type X 
(American Gypsum 
Company LLC, 
CertainTeed Gypsum, 
Inc., CGC INC., 
Continental Building, 
Products Operating 
Company, LLC, Georgia–
Pacific Gypsum LLC, 
National Gypsum 
Company, PABCO 
Gypsum, LLC, and United 
States Gypsum Company) 

2200.00 cu ft Cover Board in Roof 
Assembly 

ROOF Fiberglass batt insulation, 
9.65in 

18000.00 cu ft Rigid Insulation in Roof 
Assembly 

ROOF Cementitious wood fiber 
ceiling and wall panels, 
50.8 mm (2 in), 17.09 
kg/m2 (3.50 lb/ft2), 

3115.72 Sq ft Wood Panel in Roof 
Assembly 
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Tectum (Armstrong World 
Industries) 

4. Other Structures and Materials 
DOOR Interior wooden door leaf 

with particle board core, 
per m2, 44.45 mm, 16 
kg/m2 (Lynden Door, Inc.) 

1075.10 sq ft Wooden door with 
Hollow metal framing 
Assembly  

DOOR Fiberglass reinfroced 
polyester (FRP) door, per 
m2, 0.375-1.125 in / 9.5-
28.6 mm glass pocket 
thickness (Fleming / Assa 
Abloy) 

238.95 sq ft FRP Door Assembly  

DOOR Aluminum frame, 
automatic sliding glass 
door, 20.3 kg/m2, Series 
2021 & 2022 Slide: 110 
(Bi-part) (Horton 
Automatics)  

427.55 sq ft Sliding Door Assembly 

DOOR Aluminium frame, 
automatic sliding glass 
door, 20.4 kg/m2, Series 
2021 & 2022 Slide: 310 
(Bi-part) (Horton 
Automatics) 

1105.99 sq ft Sliding Door Assembly 

DOOR Aluminium frame sliding 
patio door, double-glazed, 
40% recycled Aluminium, 
3 m x 2.18 m, 43.77 
kg/m2 (One Click LCA) / 
Aluminium entrance door, 
26.5 kg/m2 (One Click 
LCA) 

1410.84 sq ft Metal Door Assembly 

DOOR Fire resistant steel framed 
glass doors, 39.68 kg/m2, 
2.00 m X 2.18 m, 
Fireframes - Firelight NT 
IGU (Technical Glass 
Products) 

2283.16 sq ft Glass Door Assembly  

DOOR Aluminium door system, 
1.23 m x 2.18 m, 49.5 
kg/m2, 35HL YKK 
ProTek® (YKK AP) / 
Aluminium clad, wooden 
frame patio door, triple 

96.77 sq ft Metal Frame Door 
Assembly 
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glazed, outward opening, 
32.4 kg/m2 (One Click 
LCA) 

DOOR Steel framed glass door 
with fire rated glass, 33.9 
kg/m2, 2x2.18 m, 
FIRELITE® PLUS 
MONOLITHIC GLASS 
(Allegion) / Steel door, 
2.68m2/unit, 
Regent/Omega(Ceco 
Doors) (ASSA ABLOY) 

240.38 sq ft Sliding Door Assembly 

DOOR Laminate door with steel 
facing, 1.75in x 3ft x 7ft, L 
Series (Allegion) 

85.9 sq ft Door Assembly 

DOOR Residential garage 
overhead sectional door 
with PUR core, 
2500x2125 mm, 123 
kg/unit (One Click LCA) 

133.04 sq ft Garage Door 

OTHER Stainless steel handrails, 
11.29 kg/m, HRS-6C, 
HRS-6CLB (Construction 
Specialties (CS)) 

560.91 ft Railing 

WINDOW Aluminium frame window 
double glazed, non-
operable, 0% recycled 
Aluminium, 1.48 m x 2.18 
m, 22.3 kg/m2 (One Click 
LCA) 

65.34 sq ft Exterior Window  

OTHER Concrete, ready mix, 
3001 - 4000 psi, (C20/25), 
4000-00-FA/SL (NRMCA) 

49.28 cuyd Stair 

 
Refer to the next section for the details of some of the EPDs utilized for the purpose of 
completing the WBLCA.  
  



 

 

Operational and Embodied Carbon Report for 
 Mitchell Elementary School 

IMEG #21002712.00 
July 26, 2024 

APPENDIX A 

Example of Material Information from OneClick LCA: 
 
Environmental Product Declarations are considered from OneClick LCA. Some of them are from 
Data Sources like NRMCA, ASTM, SCS Global and UL Environment. When EPDs from Standard 
EPD Program was not available, OneClick LCA’s internally verified EPDs were considered.  
 
Figure (1) through Figure (4) shows the examples from Material Information from OneClick LCA 
along with the link to the detailed EPD information from data source:  
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Figure (1): Concrete EPD Information from OneClick LCA / Detailed EPD Link for Concrete 

 
Figure (2): Structural Steel EPD Information from OneClick LCA / Detailed EPD Link for 

Structural Steel 

https://www.nrmca.org/wp-content/uploads/2020/02/EPD10080.pdf
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=ulFabricatedHotRolledStructuralSections_m3_fixJan2024&profileId=AmericanInstituteOfSteelConstruction2021
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=ulFabricatedHotRolledStructuralSections_m3_fixJan2024&profileId=AmericanInstituteOfSteelConstruction2021
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Figure (3): Steel Façade EPD Information from OneClick LCA / Detailed EPD Link for Steel 
Façade 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=steelRollFormedPanelFacadeRNA&profileId=MCA2014
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=steelRollFormedPanelFacadeRNA&profileId=MCA2014
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Figure (4): Concrete Masonry Unit (CMU) EPD Information from OneClick LCA / Detailed EPD 

Link for CMU 

 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=astmConcreteBlockMasonry_TX-NW2_v2&profileId=Angelus2020
chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/oneclicklcaapp.com/app/sec/util/getEpdFile?resourceId=astmConcreteBlockMasonry_TX-NW2_v2&profileId=Angelus2020
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Figure (5): Hollow Structural Steel EPD from OneClick LCA / Detailed EPD Link for HSS 

https://www.aisc.org/globalassets/why-steel/aisc_epd_fab-hss.pdf
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Appendix B: Summary of Results from One Click LCA 

Baseline Design Result Summary: 
 

 
 

Current Design Result Summary: 
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Appendix C: Choosing By Advantage Matrices 

Structural Systems: 
 

Choosing By Advantages Study of the: STRUCTURAL SYSTEMS 

 Alternative 1  Alternative 2  Note(s)  

 

Thicker CLT with structural 

steel spaced farther apart. 

(Basis of Design at SD). 

 

 
Thinner CLT with structural steel 

spaced closer together. 

 

Factor: CHPS 

Criteria: 
Attribute 

Advantage 

There is no appreciable difference 

for either option. 

 

There is no appreciable difference 

for either option. 

   

      

Factor: Embodied Carbon Impact 
 
 
 
 
 
 
 
 
 
 
 
 
 

Criteria: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attrib
ute 

Advant
age 

 
 
 
 
 
 
 
 
 
 
 

 
Because the CLT decking depth at 

the second-floor increases by 

approximately 43%, the associated 

embodied carbon outweighs the 

slightly decreased volume (8% less) 

of structural steel. 

  
 
 
 
 
 
 
 
 
 
 
 

The increase in steel framing 

volume at the second floor provides 

an efficient combination of a thinner 

CLT floorplate and results in 

approximately 7% embodied carbon 

savings. 

  
 
The Optimized Design (thinner CLT + 

slightly more steel) is better in terms 

of embodied carbon because the 

CLT floor decking thickness 

decreases by approximately 40% 

and the steel only increases by about 

8%, providing a 9%- 10% reduction 

in embodied carbon depending on 

which school is considered. CLT is 

not carbon negative or zero carbon 

as a material. It still has carbon 

emissions that are emitted into the 

atmosphere through the 

manufacturing process. 

 
The biogenic carbon goes down 

(also by about 40%) when switching 

from thicker to thinner CLT. 

However, I highly recommend less 

material usage as a higher priority 

over biogenic carbon, as biogenic 

carbon may end up being released 

into the atmosphere at the end of the 

building’s life. And right now, there 

is no way to properly recycle CLT 

panels unless for nonstructural 

purposes, because they cannot be 

taken apart (due to the glue that 

binds the panels together in the 

cross-laminated orientation) and 

there is no way to regrade 

engineered lumber at all for 

structural use currently. This may 

change in the future, but it’s hard to 

predict. 

 

  Advantage    
Factor: Cost Impact       
 
 
 
 
 
 
 
 
Criteria: 
 
 
 
 
 
 
 
Attribute Advantage 

 
 
 
 
 
 
 
 
Basis of Design at SD. 

  
 
 
 
 
 
 
 
$190,000 add to the project. 

 Clark CC and McCarthy & Smith 
were. 
able to talk through this item during 
the meeting with IMEG. Structural 
suggested an increase of 1.5#’s / sf 
of steel to support thinner CLT 
panels. This would be an add  of 
approximately $330,000. Deduct 
from Element5 was $ 140,000 to go 
to 5.5” thick CLT throughout. This 
would support the need to go to 
design assist for the CLT work as 
Lee from Element5 doesn’t see the 
need to add much steel for the 
thinner CLT due to is ability to span 
20’. For now, this change would be a 
net $ 190,000 add. 
 
Potential cost savings to remove +/- 
4" out of the height of the building. 

 

 Advantage      

Factor: Energy Consumption 
Criteria: 
Attribute 
Advantage 

There is no appreciable difference for 
either option. 

 There is no appreciable difference for 
either option. 

   

       

Factor: Maintenance / Durability Impact 
Criteria: 
Attribute 
Advantage 

There is no appreciable difference for 
either option. 

 There is no appreciable difference for 
either option. 

   

       

Factor: Acoustic Impact 
 
Criteria: 
Attribute Advantage 

 
Thicker structures most always have 
a higher barrier value. 

 Less density means less barrier 
value, but it can be improved with 
added material(s) or decoupling. 

   

 Advantage      

Factor: Availability Impact 
Criteria: 
Advantage 

There is no appreciable difference for 
either option. 

 There is no appreciable difference for 
either option. 

  
McCarthy & Smith 
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Mechanical Systems: 
  

Choosing By Advantages Study of the: MECHANICAL SYSTEMS 

 Alternative 1  Alternative 2  Note(s)  

 

Geothermal with Centralized Heat Recover 

Chillers, DOAS and Fan Coil Units (Basis of 

Design at SD). 

 

 

Geothermal and Water Sourced 

Distributed Heat Pumps. 

 

Factor: CHPS 

Criteria: 

 

 

 

Attribut

e 

Advantag

e 

 

Basis of Design at SD. 

 

This system may achieve greater CHPS 

points than Alternative 1. 

 

May require the inclusion of PV to achieve 

CHPS points. 

 

  Slight Advantage    

Factor: Operational Carbon Impact 

Criteria: 

 

 

Attribut
e 

Advantag
e 

   

There is a slight advantage over Alt 1. 

   

  Advantage    

Factor: Life Cycle Cost Impact 

Criteria: 

 

 

 

Attribut
e 

Advantag
e 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Energy Consumption 
 

 

Criteria: 

EUI 
 

 

 

 

Attribut
e 

Advantag
e 

31.8 
 

Adding the geothermal field reduces the 

energy consumption when compared to 

natural gas boilers. 

 29.6 

Further adding the heat pumps to the 

geothermal FCU option reduces the energy 

consumption by approximately. 

±2 EUI. 

   

  Advantage    

Factor: Maintenance / Durability Impact       

 

 

 

 

 

 

 

 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

Single location for major Heat pump/Chiller 

Equipment located in Mechanical room. 

Limited number of large compressors to 

maintain. 

Equipment repairs typically by 

Contractor/Manufacturer 

 

FCUs have little maintenance. Filter 

changes, Fans/motors maintenance and 

potentially occasional coil cleaning. 

 

DOAS, RTUs, and AHUs serving the building 

have little maintenance. Filter changes, 

fan/motor maintenance, and potentially 

occasional coil cleaning. 

 

(3) water loops to maintain chemical levels 

in. 

 

(9) distribution pumps to maintain. Heating 

water, chilled water and geothermal water. 

 This system eliminates the maintenance 

needs for heating water and chilled water 

distribution pumps as geothermal water is 

distributed through the building instead. 

 

Distributed heat pumps are now located 

through the building. There are similar to 

FCUs in Alternative 1 and 2 but will have 

additional maintenance as each heat pump 

has its own integral compressor and 

refrigeration circuit. 

 

There is also added maintenance at each 

DOAS, RTU, or AHU, as each of these will 

also require integral heat pump with integral 

compressor, and refrigeration circuit. 

 

(1) Single water loop to maintain water levels 

in. 

 

(3) distribution pumps to maintain 

  

 

 

 

 

 

 

Add quality of maintenance…how well the 

equipment can be maintained by the district 

in the future. 

 

Water Source VRF - District had issues in 

the past. This system should get 

discussed with AAPS Mechanical at the 

future meeting. 

 

Advantage      

Factor: Acoustic Impact 
 

 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

 

Learning spaces with Fan Coil Units should 

be provided with a barrier acoustical tile 

(high-CAC rating) ceiling. Said rating shall 

be balanced with the source noise. 

Additionally, some CAC tile can become 

thicker and increase cost. 

 

- No classroom space should be louder than 

45 dBA, fans may need to be adjusted for 

location. 

  

 

There will be increased acoustical 

attenuation needs to suppress the 

compressor noise generated by each 

distributed heat pump. Options include 

heavier gauge ductwork, ductwork lagging, 

ductwork silencers, heavier insulated 

mechanical closets, longer ductwork runs, 

etc. 

  

 

 

 

 

Add more acoustical info. 

 

Advantage      

Factor: Mechanical Floor Space Impact 
 

 

Criteria: 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

 

 

 

Basis of Design at SD. 

 
Mechanical Closets recommended in each 

zone for accessing and maintenance of 

distributed heat pumps. Alternatively, heat 

pumps could be further distributed to above 

the ceilings within the learning 

environments reducing the need for 

   

      

Factor: Availability Impact 

Criteria: 

 

Attribut
e 

Advantag
e 

     
McCarthy & Smith 

 

      

    SD estimate was based on 4 pipe FCU 
system. Proposed heat pump system would 
McCarthy & Smith assumes to be a 2-pipe 
system. without a spec on heat pumps or fan 
coils to be used it is hard to say for sure, but it 
feels like a small if any change in cost 
between the systems being proposed. 
 
The cost of mechanical closets appears to 
negate the cost savings of distributed heat 
pumps. 

 

      

There is no appreciable difference for either 

option. 
 There is no appreciable difference for either 

option. 
  

Both DOAS Systems. 
 

Glazing Types: 
 

Choosing By Advantages Study of the: GLAZING TYPES 
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 Alternative 1  Alternative 2  Alternative 3  Note(s)  

 

Double Glazed Argon filled with Low- 

E Coating on #2 (0.24 COG U) 

(Basis of Design at SD). 

[Guardian SN68] 

Double Glazed Argon Filled with Low- 

E Coating on #2 and Hard coat Low-E 

on #4 (0.20 COG U). 

[Guardian SN68 w/ Pilkington Hard 

Coat] 

 

 

Study Guardian SNX6227 Triple 

Silver. N/S to provide IMEG w/ specs. 

 

Factor: CHPS 

Criteria: 

 

 

Attrib
ute 

Advant
age 

There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

   

        

Factor: Embodied Carbon Impact 
 

Criteria: 

 

 

 

 

Attrib
ute 

Advant
age 

There is no appreciable difference for 

either option from an embodied 

carbon perspective. 

 
There is no appreciable difference for 

either option from an embodied 

carbon perspective. 

 
There is no appreciable difference for 

either option from an embodied 

carbon perspective. 

   

        

Factor: Life Cycle Cost Impact 

Criteria: 

 

 

Attrib
ute 

Advant
age 

There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

   

        

Factor: Energy Consumption 
 

Criteria: 

 

 

 

 

 

 

Attrib
ute 

Advant
age 

 

Alternative 2 has a slight energy 

consumption advantage, but it is very 

minor. 

  

There is a slight energy consumption 

improvement over Alternative 1, but it 

is very minor. 

  

No significant EUI change between 

Alternative 1 & 3. However, there is 

a cost different. 

   

  Slight Advantage      

Factor: Maintenance / Durability Impact 
Criteria: 

 

Attrib
ute 

Advant
age 

   
Hard coat is difficult to clean. 

  
Similar to Alternative 1. 

   

Advantage        

Factor: Acoustic Impact 

Criteria: 

 

 

Attrib
ute 

Advant
age 

There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

   

        

Factor: Availability Impact 

Criteria: 

 

 

Attrib
ute 

Advant
age 

    
There is no appreciable difference for 

either option. 

  

McCarthy & Smith 

 

        

Factor: Cost Impact 
 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

Attrib
ute 

Advant
age 

      
Exterior glazing adding a hard coating 

on the 4th surface, there would 

obviously be a cost increase but 

without more info very hard to 

approximate. We are not fans of a 

coat on the exposed 4th surface as 

sooner or later someone might find a 

way to scratch the coating which 

would be a visual problem. 

 

        

Factor: Health & Wellness 

Criteria: 

 

 

Attrib
ute 

Advant
age 

There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 

 
There is no appreciable difference for 

either option. 
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Wall Insulation: 
 

Choosing By Advantages Study of the: EXTERIOR WALL INSULATION TYPES 

 Alternative 1  Alternative 2  Alternative 3  Alternative 4  Note(s)  
 

 

Polyisocyanurat
e 

 

 

Mineral Wool 

 

 

Increased R-
Value 

 

 

Insulated Metal Panel 

Back-up System w/ 

Polyisocyanurate 

 

Factor: CHPS 

Criteria: 

 

 

 

Attri
bute 

Adva
ntage 

There is no appreciable 
difference for either option. 

 
There is no appreciable 
difference for either option. 

   
There is no appreciable 
difference for either option. 

   

          

Factor: Embodied Carbon Impact 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attri
bute 

Adva
ntage 

          

    Insulated metal panel could be a 

good alternative, because it is 

an assembly that takes the 

place of the insulation and 

simplifies the assembly 

 

 

 

 

Criteria: 

 

 

Polyisocyanurate is blown with 

a low- carbon agent, which 

helps it have lower embodied 

carbon compared to many of 

the other insulation products 

available for new construction. 

 

While mineral wool is typically 

a recycled material, the 

embodied carbon is higher 

than polyisocyanurate due to 

the manufacturing processes 

involved in its production. It 

can be a viable alternative 

when combined with a lower 

embodied carbon cladding. 

The embodied carbon of 

increased R- value insulation 

depends on the type of 

insulation involved, and more 

information is needed to gain a 

better understanding of the 

effects of this insulation 

alternative. Generally speaking, 

the larger the thickness of 

insulation, the higher embodied 

carbon it will have. 

Other advantages are there is 

generally lower embodied 

carbon for materials that have 

more control of their production, 

and since this is an assembly 

that covers more materials in 

the exterior wall assembly there 

will be better controls in place 

and less waste generated in the 

manufacturing plant than during 

installation in the field 

 
   Overall, IMEG feels that the 

Insulated Metal Panels would be 
a better option from an 
embodied carbon standpoint. 

 
    

      
Advantage 

   

Factor: Life Cycle Cost Impact 

Criteria: 

 

 

 

Attri
bute 

Adva
ntage 

There is no appreciable 
difference for either option. 

 
There is no appreciable 
difference for either option. 

   
There is no appreciable 
difference for either option. 

   

          

Factor: Energy Consumption 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

Attri
bute 

Adva
ntage 

 

 

There is no appreciable 

difference for either Alternate 1 

verse Alternate 2 from an 

energy consumption 

perspective. 

  

There is no appreciable 
difference for either Alternate 1 
verse Alternate 2 from an 
energy consumption 
perspective. However, the 
thickness required to achieve 
the same R-value is greater 
with Alternative 2. Which has 
cost implications. 

  

 

An increase in the R-value 

results in a minor energy 

consumption improvement but 

has cost implications. 

  

 

 

There is no appreciable 

difference for either option. 

  

Insulation thickness to R-value 
ratio needs further evaluation 
due to potential wall assembly 
implications. As the insulation 
gets thicker the wall assembly 
gets thicker, i.e. wider 
foundations & engineered 
masonry ties. 

 

          

Factor: Maintenance / Durability Impact 

Criteria: 

 

 

 

Attri
bute 

Adva
ntage 

There is no appreciable 
difference for either option. 

 
There is no appreciable 
difference for either option. 

   
There is no appreciable 
difference for either option. 

   

          

Factor: Acoustic Impact 

Criteria: 

 

 

 

Attri
bute 

Adva
ntage 

Significantly lower 
acoustical performance. 

 
Best acoustic performance 
/ lost benefits. 

 
Very minor increase in 
acoustical performance. 

 
There is no appreciable 
difference for either option. 

   

 

  
AdvaAdvtangntage 

       

Factor: Availability Impact 

Criteria: 

 

Attri
bute 

Adva
ntage 

         
McCarthy & Smith 

 

          

Factor: Cost Impact 
 

 

 

 

 

 

 

 

 

 

 

Attri
bute 

Adva
ntage 

      
$20/SF Installed - $13/SF = 
$7/SF additional. 

   

 

Criteria: 
Metal Wrap - $20/SF installed. 
 

Polyiso – 3” - $5 
Air barrier - 
$2.65/SF Dens 
Glass - $5 

Insulated metal panel back-up 

system should speed dry-in time 

of the exterior envelope. 
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Exterior Wall Back-Up Systems: 
 

Choosing By Advantages Study of the: EXTERIOR WALL BACK-UP SYSTEMS 

 Alternative 1  Alternative 2  Note(s)  

 

 

CMU back-up 

 

 

Cold Formed Metal Framing 

 

SD Estimate included cold formed metal 

framing overall with CMU walls at the 

Gymnasium. 

Factor: CHPS 

Criteria: 

 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Embodied Carbon Impact 

 

Criteria: 

 

 

 

 

 

Attribut
e 

Advanta
ge 

 

CMU has higher embodied carbon due to 

the production of the materials within CMU 

blocks. 

 

Cold-formed steel has lower embodied 

carbon than the CMU alternative, and thus 

has the advantage. 

   

  Advantage    

Factor: Energy Consumption 
 

Criteria: 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

 

There is no appreciable difference for either 

option from an energy consumption 

perspective. 

  

There is no appreciable difference for either 

option from an energy consumption 

perspective. 

   

      

Factor: Maintenance / Durability Impact 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Acoustic Impact 
 

 

Criteria: 

 

 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

 

 

Higher mass equals greater acoustic 

performance. 

 

Requires more material(s) to equal acoustic 

performance of CMU (lighter gauge studs 

with wider spacing always provide higher 

performance values, in spite of not have the 

inherent mass of CMU). 

  

Program Manager has requested that the 

Architectural Team use cold form metal 

framing for the back-up wall construction 

due speed of construction, labor shortages, 

etc. 

 

 

  Advantage    

Factor: Availability Impact 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

Labor shortages, longer construction 

sequence. 

  

Larger labor pool. 
  

McCarthy & Smith 
 

  Advantage    

Factor: Cost Impact 
 

 

Criteria: 

 

 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

     

Block vs metal studs, costs are similar 

between systems.   Time to get building 

enclosed would be 3-4 times for block as 

studs and sheathing. 

Which would affect the schedule. 

 

      

Factor: Health & Wellness 

Criteria: 

 

 

 
Attribute 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

Advantage       
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Exterior Cladding Options: 
 

Choosing By Advantages Study of the: EXTERIOR CLADDING OPTIONS 

 

Alternative 1 

 

Alternative 2 

 

Alternative 3 

 

Alternative 4 

 

Alternative 5 

 

Alternative 6 

 

Alternative 7 

 

Alternative 8 

 

Alternative 9 

 

Note(s) 

 

 

 

MCM (Alucobond) 

 

 

HPL (Trespa or 

Abet 

Laminati 

MEG 

Phenolic) 

 

 

Brick 

 

 

Single Skin 

(Galvalume / 

Galvanized 

Steel) 

 

 

Wood Look 
(Extruded 
Aluminum) 

 

 

Fiber Cement 
(Fiberon) 

 

 

Bamboo 
(Lamboo) 

 

 

reSawn Timber 

(Thermal 

Modified Wood 

Cladding) 

 

 

Single Skin 

(Aluminum) Pure+ 

Freeform 

 

Factor: CHPS 

Criteria: 

 

 

 

Attribute 

Advantage 

There is no 
appreciable 
difference for 
either option. 

 
There is no 
appreciable 
difference for 
either option. 

 
There is no 
appreciable 
difference for 
either option. 

 
There is no 
appreciable difference 
for either option. 

 
There is no 
appreciable 
difference for 
either option. 

 
There is no 
appreciable difference 
for either option. 

 
There is no 
appreciable 
difference for either 
option. 

 
There is no 
appreciable difference 
for either option. 

     

                    

Factor:  

Embodied  

Carbon  

Impact 

 

 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribute 

Advantage 

 

 

 

 

MCM (Alucobond) 

cladding is the 

best from an 

embodied carbon 

standpoint due to 

its use of recycled 

aluminum and 

their commitment 

to having a valid 

product specific 

Environmental 

Product 

Declarations 

available. 

  

 

 

 

 

Trespa HPL 

cladding falls in 

the middle with its 

embodied carbon 

when compared to 

Alucobond or 

brick, though it is 

admittedly closer 

to Alucobond than 

brick. 

  

 

 

 

 

Brick has a very 

strong 

disadvantage 

from an 

embodied 

carbon 

perspective, 

mostly due to its 

manufacturing 

and raw material 

sourcing. 

  

 

 

 

IMEG was only able 

to find a generic 

industry average 

Environmental 

Product Declaration 

(EPD) for this 

material, which 

means it likely has a 

higher embodied 

carbon attributed to it. 

  

 

 

 

The Wood Look 

Aluminum 

cladding falls in 

the middle with 

respect to its 

embodied 

carbon level 

when compared 

to the 

alternatives. 

Thus, it is of no 

particular 

embodied 

carbon benefit 

to the project, 

though it is 

better than 

brick. 

  

The Fiberon Wildwood 

Cladding already has 

an Environmental 

Product Declaration 

(EPD), which is a big 

benefit for this material 

when it comes to 

embodied  carbon.  

This may be the lowest 

embodied carbon 

cladding option among 

the eight (8) 

alternatives. 

 

Note(s) 

The manufacturing 
facility is in Meridian, 
Idaho, which will have 
an impact on the 
embodied carbon if it 
can only be sourced 
from this plant. 

  

 

Lamboo products 

already have 

existing 

Environmental 

Product 

Declarations (EPD), 

which is a huge 

benefit in their favor 

in terms of having a 

more accurate 

material and 

embodied carbon 

calculation for the 

cladding material. 

Even with the 

combination of 

mineral wool 

insulation, this would 

be a strong 

alternative when 

considering 

embodied carbon. 

  

 

 

 

This is a cladding 

option has a very low 

embodied carbon 

impact, even though it 

has been combined 

with mineral wool 

insulation. It can also 

be counted as a fully 

recyclable and 

reusable material, 

which provides a 

definite embodied 

carbon benefit. 

 
NEEDS TO BE WORD 
SMITHED 

In general, ACM panels 
have lower global 
warming potential (GWP) 
than aluminum plate 
panels, but potentially 
higher impacts in other 
impact categories such as 
acidification and 
eutrophication potentials. 
So it’s a bit of a layered 
discussion – oftentimes 
people hone in straight on 
GWP when talking about 
embodied carbon, and 
sometimes that’s the 
overwhelming contributor 
to embodied carbon, but 
the other impact 
categories can affect the 
embodied carbon too, so 
it’s 

  

 

It is recommended to 

limit the brick used in 

the cladding and 

combine it with any 

combination of the 

Composite Wood 

(Fiberon), Bamboo 

(Lamboo) or reSawn  

Timber (Thermal 

Modified Wood 

Cladding), paired 

with mineral wool 

insulation. 

Alternatively, utilizing 

MCM (Alucobond) 

with Polyiso 

insulation, in 

combination with 

brick, is also a viable 

alternative. 

 

          
Advantage 

         

Factor:  
 

Energy 
Consumption 

Criteria: 

 

 

 

Attribute 

Advantage 

There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for either 
option. 

 There is no 
appreciable difference 
for either option. 

     

                    

Factor: 
Maintenance & 
Durability 
Impact 
 

 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribute 

Advantage 

           

 

 

 

 

 

Clean your 

cladding board as 

needed. Twice 

each year is 

recommended. 

  

 

 

After the first 2-3 

years recoating of 

the product is 

required as UV 

degrades the 

coating (After the 

first recoat it is on a 

3-4 year recoat 

cycle). 

 

If used on the 

underside of soffits, 

protected from UV, 

the maintenance 

can be pushed out 

to 7-10 years. 

 A time frame of two 

(2) – three (3) years 

on the south and 

west exposures and 

three (3) – four (4) 

years on the north 

and east exposures 

can be used as a 

general guideline. 

However, as 

weathering, exposure 

conditions, altitude, 

and applications can 

vary, maintenance 

may be needed 

sooner and should be 

performed when 

visually necessary, 

regardless of time 

frame. 

 

After the initial 
recoating, the time 
frame between 
recoatings will likely 
extend as additional 
applications of finish 
are absorbed into the 
wood.. 

     

    Slight Advantage on Durability at First Floor Only 

               

Factor: 
Acoustic 
Impact 

Criteria: 

 

 

 

Attribute 

Advantage 

There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

   There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for either 
option. 

 There is no 
appreciable difference 
for either option. 

     

    
Slight Advantage on due to Mass of Material 

               

Factor: 
Availability 
Impact 

Criteria: 

 

 

 

Attribute 

Advantage 

There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for 
either option. 

  

McCarthy & Smith 

  

McCarthy & Smith 

  

McCarthy & Smith 

     

                    

Factor: Cost 
Impact 
Criteria: 

 

 

 

 

 

 

Attribute 

Advantage 

                 

 

Cost about $40/SF 

 In SD estimate. We 
are carrying $ 35. 

/ SF for brick and 
without a specified 
product are carrying 
$ 55 – 65 / SF for 
metal panels. 

 

                    

Factor: Health 
& Wellness 

Criteria: 

 

 

 

Attribute 

Advantage 

There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for 
either option. 

 There is no 
appreciable difference 
for either option. 

 There is no 
appreciable 
difference for either 
option. 

 There is no 
appreciable difference 
for either option. 
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Roof Membrane Options: 
 

Choosing By Advantages Study of the: ROOF MEMBRANE OPTIONS 

 Alternative 1  Alternative 2  Note(s)  

 

 

High Albedo Roof (PVC) 

 

 

Black Roof (EPDM) 

 

Factor: CHPS 

Criteria: 

 

 

 

Attribut
e 

Advanta
ge 

Required to qualify for SS C7.1.2 and 

receive 1 pt. 

     

Advantage 

     

Factor: Embodied Carbon Impact 

 

Criteria: 

 

 

 

 

 

Attribut
e 

Advanta
ge 

The white roof (PVC) comes out slightly 

ahead of the black roof (EPDM) from an 

embodied carbon perspective. 

 

The white roof (PVC) comes out slightly 

ahead of the black roof (EPDM) from an 

embodied carbon perspective, but it is not 

significant. 

   

Advantage 
     

Factor: Life Cycle Cost Impact 

 

Criteria: 

 

 

 

 

Attribut
e 

Advanta
ge 

PVC manufacturer dependent (fully 

adhered vs. mechanically attached), 
i.e. end of life recycled opportunities. 

     

      

Factor: Energy Consumption 

 

 

Criteria: 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

There is a slight energy consumption 

improvement from Alternative 2, but it is very 

minor. Further information on the thermal 

absorptance would be needed. 

 

Alternative 1 has a slight energy 

consumption advantage, but it is very 

minor. Further information on the thermal 

absorptance would be needed. 

   

Slight Advantage 

     

Factor: Maintenance / Durability Impact 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Acoustic Impact 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Availability Impact 

Criteria: 

 

Attribut
e 

Advanta
ge 

     
McCarthy & Smith 

 

      

Factor: Solar Panel Impact 
 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

Studies have shown a slight impact of 5-

10% improvement of solar modules with cool 

roof applications. Solar module 

manufacturers have started to produce solar 

modules that can absorb reflected light 

which would also increase the electricity 

generation. 

  

 

 

 

Typical solar module would be used. 

   

 

Slight Advantage 

     

Factor: Cost Impact       

 
Criteria: 
 
Attribute Advantage 

    White mechanically fastened PVC is. 
about $ 2 / SF less than black fully adhered 
EPDM. The cost of glue has flipped the 
market. EPDM used to always be less than 
PVC. 

 

 Advantage      

Factor: Health & Wellness 
Criteria: 
Attribute 
Advantage 

There is no appreciable difference for either 
option. 

 There is no appreciable difference for either 
option. 
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Geothermal Systems: 
 

Choosing By Advantages Study of the: GEOTHERMAL SYSTEMS 

 Alternative 1  Alternative 2  Alternative 3  Note(s)  

 

 

Geothermal Location Option 1 - 

Northeast corner 

 

Geothermal Location Option 2 - Lot 

South of the Proposed building near 

existing basketball court and baseball 

field 

 

Geothermal Location Option 3 - 

Under Parking Lot North of the 

Building 

 

Factor: Energy Consumption 
 

 

Criteria: 

EUI 
 

 

 

 

 

Attrib
ute 

Advant
age 

 

 

Basis of design field location. 

 
Not an ideal location due to the field 

being further from mechanical room. 

Increased pumping power will be 

required to get the water to the geo- 

field. 

  

 

Similar power consumption as basis 

of design. 

   

        

 
Factor: Site Availability Impact 
 

 

Criteria: 

 

 

 

 

 

 

Attrib
ute 

Advant
age 

 

 

NE corner of the proposed site is an 

ideal location for the geo-field. 

 
Not ideal location as it requires the 

existing basketball and baseball fields 

to be disrupted during the 

construction process and re-built new 

after final installation. 

  

 

See "Utility Coordination Impact" 

below. 

   

Advantage 
       

 
Factor: Cost Impact 
 

 

Criteria: 

 

 

 

 

 

 

 

 

Attrib
ute 

Advant
age 

 

 

 

Basis of design field location. 

 
Additional piping will be required to 

get from mechanical room to geo- 

field. A new basement mechanical 

room would be needed to get the 

distribution header closer to field 

(south side of the building). 

  

 

Similar cost as basis of design. If 

anything, it may be slightly less 

costly. 

  

Cost of header pipe would be less 

due the shorter distance, but this is 

only 2-4% of the costs of the system. 

Most of the money is in the wells 

which stay the same. 

 

        

 
Factor: Utility Coordination Impact 
 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

Attrib
ute 

Advant
age 

 

There would be minor utility 

coordination required with new water 

service main and city required 40' 

dedicated easement. The test fit 

supports the use of this location. 

  

 

 

No civil utilities, such as storm water 

detention, are slated for this location. 

 
Storm water detention slated to be 

installed under the parking lot. The 

detention would need to be relocated 

to the south, which would then end up 

disturbing the existing basketball and 

baseball fields. Thus, causing them 

to be re-built. 

   

  
Advantage 
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Paving Options:  
  

Choosing By Advantages Study of the: PAVING SYSTEMS 

 Alternative 1  Alternative 2  Note(s)  

 

 

Concrete Parking & Drives 

 

 

Asphalt Parking & Drives 

 

Factor: CHPS 

 

Criteria: 

 

 

 

 

Attribut
e 

Advantag
e 

Higher SRI value of concrete contributes to 

SS C7.1 Reduce Heat Islands. 

     

Advantage      

Factor: Embodied Carbon Impact 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

 

Concrete pavement can have lowered 

embodied carbon if utilizing low- carbon 

concrete, but the embodied carbon 

emissions will continue to be higher than 

asphalt evenso. 

  

Production of asphalt (including  all raw 

materials) results in approximately 30% of the 

CO2 emissions necessary for production of 

concrete (approximately 50% if compared to 

low-carbon concrete). 

   

  Advantage    

Factor: Life Cycle Carbon Impact 

Criteria: 

 

 

 

Attribut
e 

Advantag
e 

 

40–50-year life cycle; fully recyclable. 

  

20–25-year life cycle; fully recyclable. 

   

Advantage      

Factor: Life Cycle Cost Impact 
 

 

Criteria: 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

 

 

40–50-year life cycle @ approximately 

$10/sf. 

  

20–25-year life cycle @ approximately 

$13/sf (3% annual escalation for mid- cycle 

resurfacing). 

 

We agree with the notes that BRI made in 

report, the initial cost is 1.5+ higher for 

concrete. The asphalt would need to be 

resurfaced at least once in life cycle 

comparison. 

 

Advantage      

Factor: Heath, Wellness, & Comfort 
 

 

Criteria: 

 

 

 

 

 

 

Attribut
e 

Advantag
e 

Less radiant heat and lack of petroleum 

odors makes concrete the preferred choice 

for user comfort during hot periods, 

particularly near pedestrian and gathering 

spaces. 

     

Advantage      

Factor: Winter Maintenance 

 

Criteria: 

 

 

 

 

Attribut
e 

Advantag
e 

   

Snow and ice more easily melt on asphalt 

paving. 

   

  Advantage    

Factor: Availability Impact 

Criteria: 

 

 

Attribut
e 

Advantag
e 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

  

McCarthy & Smith 

 

      

Factor: Cost Impact       

 
Criteria: 
 
Attribute Advantage 

 
Approximately $10/sf 

  
Approximately $6/sf 

 We agree with the notes that BRI. 
made in report, the initial cost is 1.5+ higher 
for concrete. The asphalt would need to be 
resurfaced at least once in life cycle 
comparison. 

 

   Advantage    

 
  



 

 
 

 
Operational and Embodied Carbon Report for 

Mitchell Elementary School 
IMEG #21002712.00 

July 26, 2024 
APPENDIX C 

Interior Wall Systems: 
 

Choosing By Advantages Study of the: INTERIOR WALL SYSTEMS 

 Alternative 1  Alternative 2  Note(s)  

 

 

CMU 

 

 

Metal Studs 

 

Factor: CHPS 

Criteria: 

 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Embodied Carbon Impact 

Criteria: 

 

Attribut
e 

Advanta
ge 

      

      

Factor: Energy Consumption 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

There is no appreciable difference for either 

option. 

 

There is no appreciable difference for either 

option. 

   

      

Factor: Maintenance / Durability Impact 

Criteria: 

 

 

Attribut
e 

Advanta
ge 

 

CMU is inherently durable. 

 

Requires additionally cladding to obtain 

durabilty. 

   

 
Advantage      

Factor: Acoustic Impact 
 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

Generally, the CMU walls are harder and 

will require additional wall treatment(s), but 

are also have more mass. Thus, they have 

a greater barrier value. 

 

Higher density walls have more 

transmission loss but provided a better 

barrier. 

  

 

 

Lighter gauge studs with wider spacing 

always provide higher performance values, 

in spite of not have the inherent mass of 

CMU. 

   

      

Factor: Availability Impact 

Criteria: 

 

Attribut
e 

Advanta
ge 

 
Labor shortages, longer construction 

  
Larger labor pool. 

  
McCarthy & Smith 

 

   
Advantage 

   

Factor: Cost Impact 

 

 

 

Criteria: 

 

 

 

 

 

 

 

 

 

 

 

 

Attribut
e 

Advanta
ge 

    
Block vs. stud interior walls. Studs have 

significant less cost and are faster however 

depending on type of masonry, block, 

burnished, glazed? The cost difference may 

be even higher. One important note – I 

cannot imagine that masonry could be 

solution on the second-floor classrooms due 

to CLT floor system. 

 

  
 
 
 
 

Advantage 
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Exterior Door Types: 
 

Choosing By Advantages Study of the: GLAZING TYPES 

 Alternative 1  Alternative 2  Note(s)  

 

 

FRP Doors & Aluminum Frames 

(Special-lite SL-17) 

 

 

Aluminum Doors & Aluminum Frames 

(Tubelite Thermal - Bloc Wide) 

 

Factor: CHPS 

Criteria: 

 

 

Attribu
te 

Advanta
ge 

 

There is no appreciable difference for 

either option. 

  

There is no appreciable difference for 

either option. 

   

      

Factor: Embodied Carbon Impact 

Criteria: 

 

Attribu
te 

Advanta
ge 

      

      

Factor: Life Cycle Cost Impact 

Criteria: 

 

Attribu
te 

Advanta
ge 

      

      

Factor: Energy Consumption 
 

Criteria: 

 

 

 

 

 

Attribu
te 

Advanta
ge 

 

There is no appreciable difference for 

either option. 

 
U-value: 0.64 (full lite) 

  

There is no appreciable difference for 

either option. 

 
U-value: 0.61 (full lite) 

   

      

Factor: Maintenance / Durability Impact 

Criteria: 

 

Attribu
te 

Advanta
ge 

      

      

Factor: Acoustic Impact 

Criteria: 

 

 

Attribu
te 

Advanta
ge 

There is no appreciable difference for 

either option. 

 

There is no appreciable difference for 

either option. 

   

      

Factor: Availability Impact 

Criteria: 

 

 

Attribu
te 

Advanta
ge 

There is no appreciable difference for 

either option. 

 

There is no appreciable difference for 

either option. 

   

      

Factor: Cost Impact 

Criteria: 

 

Attribu
te 

Advanta
ge 

      

      

Factor: Health & Wellness 

Criteria: 

 

 

Attribu
te 

Advanta
ge 

There is no appreciable difference for 

either option. 

 

There is no appreciable difference for 

either option. 
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Façade Material Embodied Carbon Comparison  

 

Assumptions: 

 

The calculation utilized a service life of 60 years for the building. Specific service lives utilized in the 

analysis for the façade materials are shown below: 

 

Material Service Life (yrs) 

High Pressure Laminate Panels (Trespa) 15 

Wood Plastic Composite Panels (Fiberon) 50 

Preformed Metal Panels (Pure+FreeForm) 20 

Brick Veneer 60 

 

Material quantities were extracted from the existing whole building life cycle analysis for the current 

cladding design, and modeled in proportion for the 70% brick option. 

 

Analysis: 

 

Mitchell Elementary’s current cladding design (based on the 50% CD drawing set) is a combination of 

High Pressure Laminate (HPL) panels, wood plastic composite panels, metal panels, and brick veneer. 

The current calculated embodied carbon emissions for these materials are approximately 168.9 tons 

CO2e. 

 

If the building cladding were to be increased to 70% brick, and the balance a proportionate mix of HPL, 

wood plastic composite, and metal panels, the embodied carbon emissions of the façade materials 

would increase by approximately 10% to 185.2 tons CO2e. 

 

Therefore, the results of this comparison show that the building’s current cladding design has lower 

embodied carbon emissions and contributes larger embodied carbon reductions. 

To: Jeff Winslow, N/S 

From: Laura Hagan, PE, IMEG 

Subject: Façade Material Embodied Carbon 

Comparison 

IMEG #: 21002712.00 

Project: AAPS Mitchell Elementary School 

Date: May 31, 2024 
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��
���O�4
h��?	�
�W _̀abc̀_cd̀] __̂dĉ __̂dĉ
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�� f̀èadkb

g�
���	=�
��	�=�<4��=�	��[
�� f̀èadkb
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jKJIB:::RB:aHI[H:MJIklDlm̂[]:nIHop]̀:qIĤJpH@O@FGHIJKLIlrps X9:X9Appendix E
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m��

�c
�n��
�	� gaĵg
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