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Disclaimer: This analysis is not intended to predict the absolute energy consumption or embodied carbon of 
the proposed project.  Instead, it is intended to estimate order of magnitude savings and costs for alternative 
systems,  building options, and purchase agreements based on refined assumptions, building performance 
metrics, and energy modeling expertise.  Change in weather conditions, operational characteristics, end-
user, miscellaneous electrical loads, controls alterations and other unpredictable metrics prevent the model 
from accurately predicting the actual annual energy consumption of any facility.  This analysis considers the 
availability of systems and technology and estimates the premium for these options in today’s market.  
Furthermore, this analysis is intended to estimate embodied carbon content based on high-level building 
characteristics and features and conservative material selections.  Refinements to material selection and 
specifications will dictate    
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Purpose 
Design Evaluation 
Sustainable Building Partners, LLC (SBP) has assessed a path to achieving Zero Carbon for 
the proposed Courthouse Metro multifamily building in Arlington, Virginia.  The assessment 
focuses on operational and embodied carbon, using the International Living Foundation 
Institute’s (ILFI’s) Zero Carbon certification guidelines.  SBP’s evaluation is based off an the 
Schematic Drawing Set dated December 20, 2019 and early box energy simulation 
summarized in the Preliminary Energy Performance Analysis report dated January 24, 
2020 and .  The results and proposed strategies have been used to help inform the overall 
path presented in this report.  

   
Figure 1: Rendering of Courthouse Metro  

 
Arlington County 4.1 Site Plan Submission 
The analysis summarized in this report addresses Arlington County’s request and 4.1 
comment that the Courthouse Metro project team evaluate the project’s ability to 
achieve Zero Carbon in alignment with the county’s Community Energy Plan goals.  The 
information included herein provides a potential path to zero carbon.   

 

This analysis does not represent the final design, final energy efficiency opportunities, or 
final building materials that will be incorporated into the project.  Additionally, the 
feasibility of implementation of the proposed measures have not been fully evaluated as 
part of this exercise. 
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Zero Carbon Summary 
The International Living Future Institute’s Zero Carbon Certification is a third-party certified 
standard that addresses both operational and embodied carbon of projects.  Table 1 
summarizes the key criteria of the certification and the project’s ability to meet these key 
criteria. 

Table 1: Zero Carbon Certification  

Zero Carbon Criteria Project Notes 

100% Electrified Building 
Challenging on a commercial scale for 
multifamily projects.  Not fully represented in 
evaluation. 

25% Energy Cost Savings (ASHRAE 90.1-2010) Feasible, Tier 2 design scheme could 
achieve. 

Electric Energy Use Offset w/ Renewables    
(15 yr term) 

Feasible, PPA estimate provided in current 
evaluation.  Formal quotes may differ. 

Reduce Embodied Carbon & Offset w/ 
Purchase (500 kg-CO2-e/m2, 10% reduction) 

Feasible, embodied carbon content and 
offset estimate provided in current 
evaluation.  Formal quotes may differ. 

 

Based on the project’s current design approach and the technology and solutions 
available in today’s market, three of the four Zero Carbon Certification requirements are 
possible through a combination of energy efficiency opportunities, on-site renewables, 
structural design efficiencies, and purchased offsets.  The first requirement, a 100% 
electrified building, is challenging for large-scale multifamily projects in today’s market as 
it requires using electric resistance in-unit or central hot water heaters and electric 
dedicated outside air units (DOAS) that would result in a significant increase in peak kW 
demand, electricity cost, and source greenhouse gas emissions and substantial 
decrease in ASHRAE energy cost savings as compared to their gas counterparts.  An 
electric central hot water heating system has been included as part of the path to Zero 
Carbon, but it does not represent the best solution in today’s conditions.  As the 
technology and market evolves, it is expected an all-electric solution will become more 
viable. 

The premium ($) for the operational carbon design schemes and embodied carbon 
offsets represented in this evaluation equates to approximately $7,000,000.  Note that this 
cost does not include impacts across multiple disciplines and subcontractors and is 
instead limited to the hard costs of the individual feature represented in each scheme.  
It also does not account for design impact, higher operational expenses, and loss of net 
rentable area.  Lastly,  a substantial portion of this cost invests in off-site renewable 
projects and therefore represents lost opportunity for added value on this project.   
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Challenges 
At this time, complete electrification of the proposed project is challenging due to 
space limitations, first cost of systems, and operational expenses.   
 
Proposed Design  
The proposed design includes a central gas domestic hot water heating system and 
gas preheat for the DOAS equipment.   Using natural gas on-site reduces emissions by 
one-third by eliminating the losses associated with generation and transmission of 
electricity to the site.  Both gas-fired pieces of equipment are also design and cost 
effective for this project.  Traditional electric hot water tanks located in each unit would 
take up valuable space within the small units that average 736 sf.  DOAS equipment 
that uses electricity to pre-heat the air for a multifamily application are larger in size 
taking up additional space and resulting in higher first costs.   
 
Electrified Design 
Two alternatives to a central gas domestic hot water heating system include an air-
cooled heat pump domestic hot water heating system and ground source heat pumps.   
 
Air-cooled domestic hot water heat pumps have been included in the Tier 2 design 
scheme.  The measure would entail a centralized domestic hot water plant equipped 
with a series of 120-gallon heat pump water heaters designed at ~4.2 COP.  HP water 
heaters are similar in configuration to a standard electric resistance storage heater, but 
significantly outperform them by using a heat pump system.  The limiting factor is that 
these units are only available at residential scale (120-gal max) so a significant amount 
of these units would be required to satisfy the building DHW load and they must be 
housed in an enclosed and ventilated mechanical room.  In the case of Courthouse 
Metro, this space (potentially 2,500+ sf) is not available without re-programming the 
building.   As a result, these systems have been found to be feasible for small-scale 
multifamily buildings but are generally not feasible for large-scale multifamily buildings 
like Courthouse Metro.   This measure is included in the Tier 2 design scheme to 
demonstrate the potential greenhouse gas emission reductions that could be achieved 
using a more aggressive design.   
 
A ground source heat pump systems is another alternative electrification measure 
available, but is not feasible for this project since the project is located above the 
metro line.  Not considering this limiting factor, this measure would replace the central 
gas boilers with a water-to-water heat pump tied into a ground-source heat exchange.  
This setup requires a balanced ground load (heat rejection) and therefore would need 
to be coupled with a ground-source DOAS cooling coil.  It performs slightly better than 
the air-cooled domestic hot water system resulting in total EUI of 25 kBTU/sf. 
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Preliminary Operational Carbon Estimates 
Table 2 of this report summarizes a path to zero operational carbon for the proposed 
project.  Each design scheme represents an incremental reduction in greenhouse gas 
emissions (GHG, mTCO2).   

Table 2: Annual Operational Carbon Estimates 

Design Scheme EUI  
(kBTU/sf) 

GHG 
Reduction 
(mTCO2) 

GHG 
Reduction  

(%) 

Base Design 55  
 

Tier 1 Design 42 - 37 750 - 950 30% – 37% 

Tier 2 Design 37 - 26 270 11% 

On-site Renewables 26 - 25 4 - 38 0% - 1% 

PPAs & Carbon Offsets 0 1,280 51% 

 

   
Figure 2: Path to Zero Operational Carbon 

PPA & Carbon 
Offsets, 1280

On-site 
Renewables, 38

Tier 2 Design, 
270

Tier 1 Design, 
950

0

500

1000

1500

2000

2500

3000

m
TC

O
2

Courthouse Metro

37%

11%

1%

51%



   

 

Sustainable Building Partners, LLC 
Courthouse Metro – Zero Carbon Analysis 

7 

Design Assumptions & Opportunities 
Base Design 
The base design represents a typical multifamily building of this size and scope in the DC-
Maryland-Virginia area.  The hypothetical design reflects strategies and practices typical 
of the past five years that would likely meet current energy code and ASHRAE 90.1-2010 
requirements.  The values shown do not represent an actual “baseline” building used for 
comparison and compliance with LEED requirements.  Energy cost savings relative to a 
“LEED baseline” is not expressed in this analysis either.  Instead, the energy use intensity is 
based on SBP’s industry knowledge and experience modeling and monitoring the energy 
usage of this building type.  Typical features would include: 

• DOAS for apartment ventilation 
• Split System Heat Pump 
• Domestic hot water in-unit with electric resistance storage 
• Mix of linear fluorescent and LED fixtures 
• Code minimum lighting power density  
• Code minimum insulation, R-13 batt insulation w/ R-7.5 continuous 
• Aluminum framed windows, U-value 0.45 to 0.50 / 0.40 SHGC 

 
Tier 1 Design 
The Tier 1 design scheme represents the primary design features of the project based on 
the 12/20/19 SD Set and refinements that would occur throughout design development.  
The primary design features of the project include the following items:  

• Variable Refrigerant Heat Pumps 
• Decoupled ventilation provided by gas-fired DOAS 
• Central gas-fired domestic water heater system 
• Below-grade parking 
• 50% Window-to-Wall Ratio 
• Window Assembly 1” IGU, double-pane, low-E, thermally broken aluminum frames 
• Window Assembly Performance U-value 0.35 / 0.32 SHGC 
• R-7.5 C.I. + R-19 Batt Between Metal Studs with R-7.5 C.I. at Slab Edge 

 
Refinements include load reduction and energy savings strategies that would increase 
the overall energy performance of the building and could achieve 15%+ energy cost 
savings with a high level of confidence based on ASHRAE 90.1-2010.  These strategies are 
expected to have a minimal impact to the overall design direction.  They are based on 
and grounded by current technology and best practices.   

• 0.4 W/sf interior lighting power density  
• 0.12 W/sf garage lighting power density 
• Energy Star dryers 
• Garage Fan VFD Controls 
• Corridor outdoor air reduction  
• Premium low-flow plumbing fixtures 

The primary design features and  refinements result in a 30% - 37% reduction in GHG 
emissions.  
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Tier 2 Design 
The Tier 2 design scheme incorporates all strategies defined in Tier 1 and the next tier of 
load reduction and energy savings strategies.  These strategies are possible based on 
current technology but could compete with design goals, exceed project limitations, 
and/or be cost in-effective.  Implementing these strategies may achieve 25% energy cost 
savings based on ASHRAE 90.1-2010.  This design scheme also includes an electrification 
measure and replaces the gas-fired central water heater with air-source heat pump 
water heaters.  This measure is challenging for large-scale multifamily buildings which is 
explained within the next section.  

• 0.08 W/sf garage lighting power density 
• Decoupled corridor ventilation with reduced DOAS setpoint temperature 
• DOAS Energy Recovery 
• Air-source heat pump water heater 
• “Smart” Thermostat 
• DOAS with DCV controls 
• 0.25 SHGC windows 

 
This next level of strategies result in an additional 11% reduction in GHG emissions.  The 
Tier 2 design results in an EUI of 26 kBTU/sf which is in alignment with Zero Carbon 
requirements of 28 kBTU/sf.  
 
On-site Renewable Opportunities 
An area between 800 sf and 6,700 sf on the upper roof of the project has been identified 
as a potential area for the installation of photovoltaics.  The location and size takes into 
consideration design features and jurisdictional requirements including stormwater 
management, mechanical system space, and mechanical airflow requirements.  The 
upper limit of this potential area would require an integrated PV green roof system.  Total 
on-site energy production and carbon reduction reported for this measure are estimates 
using rules of thumb for the DC region.  It assumes panels are south-facing at a 35 degree 
tilt. 

• 800 sf – 6,700 sf roof area 
• 560 sf – 5,900 sf module area 
• 11,070 kWh – 91,670 kWh on-site energy production 

 
Photovoltaics results in an additional 0% -1% reduction in GHG emissions. 
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Purchase Agreement Opportunities 
The remaining carbon would be offset by power purchase agreements (PPAs) and 
carbon offsets resulting in a zero operational carbon building.  The project would enter 
into a power purchase agreement with the electric utility, Dominion Power, for a 15 year 
term.  The PPA provides the end-user with a level of assurance that 100% of the investment 
originates from a known renewable source at a “fixed price” over time and helps support 
the development of renewable energy projects.  Carbon offsets would be purchased 
through a third party Green-e certified or equivalent vendor which would support 
emissions reduction projects to decarbonize industries.   

The cost premium to enter into a PPA is assumed at $0.04/kWh which represents an 
approximate average between Virginia negotiated PPA rates with Dominion Power for 
PV and wind.  The cost premium to secure carbon offsets is based on recent cost 
estimates from third-party vendors which value carbon offsets for this order of magnitude 
at $2.75/mTCO2.  The premium shown in Table 1 covers fifteen years’ worth of expected 
electricity and natural gas consumption. 
 
Purchase agreements address the remaining 51% of GHG emissions generated from the 
operation of the project.   
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Preliminary Embodied Carbon Estimates 
The embodied carbon of a building can be quantified using Life Cycle Assessment 
(LCA) software that evaluates environmental impacts of building structure and 
enclosure materials from cradle to grave.  The OneClick LCA software was used to 
estimate the embodied carbon of Courthouse Metro using its Carbon Designer tool.  
This tool uses basic project characteristics including climate zone, gross floor area, 
building footprint size, number of stories, predominant structural design, and foundation 
requirements to generate a list of building elements and materials and estimate total 
quantity and carbon intensity.   
 
The Courthouse Metro project is estimated to have 10,200 metric tons (260 kg/m2) of 
embodied carbon in structure and enclosure materials based on the following general 
project characteristics and default material selections.   This is in line with Zero Carbon 
requirements that stipulate the total embodied carbon shall not exceed 500 kg-
CO2e/m2. 
 
Project Characteristics 

• Climate Zone 4 
• Concrete Frame 
• 422,055 GSF 
• 20 above grade floors, 3 underground floors 
• 464 ft tall with a 33,100 sf Level 1 footprint 

 
Default Material Selections 

• Ready-mix concrete, normal-strength, foundation and floor slabs 
• Generic rebar 
• Brick facade 
• Aluminum-framed windows 
• Generic metal studs and drywall 
• Fiberglass batt insulation 

 
Based on these inputs, Figures 3 and 4 demonstrate that major structural components 
(floors slabs, beams, and load bearing walls) and major structural materials (concrete) 
represent the majority of the embodied carbon content. 
 
 

Figure 3. Embodied Carbon in Building Elements 
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Figure 4. Embodied Carbon in Construction Materials 

 
 
As a result, significant opportunities for improvement can be realized by focusing on the 
structural design and concrete mix design.  This exercise did not evaluate the project 
against a baseline design in order to demonstrate a 10% reduction in embodied 
carbon as required by the Zero Carbon certification requirements.  However, the 
following best practices are expected to result in a 10% reduction in embodied carbon 
with a high level of confidence. 
 

• Post-tension concrete, reducing the quantity of concrete by 25% 
• Higher-strength concrete, introducing larger quantities recycled cementitious 

material (slag and fly-ash) and reducing the quantity of concrete used to meet 
the same member strength 

• High-recycled content concrete, reducing the impacts of cement 
manufacturing by using manufacturing and combustion by-products 

• Higher-strength reinforcing steel, reducing the amount of reinforcing steel 
needed 

• High-recycled content rebar and steel, reducing the impacts of steel 
manufacturing by using scrap 

• Reduced slab thicknesses, reducing the amount of concrete needed 
• Increased structural member spacing, reducing the amount of material needed 

 
In order to meet Zero Carbon requirements, carbon offsets must be purchased to offset 
the embodied carbon of the project.  These offsets must be Certified Emission 
Reduction (CER) or Verified Emission Reduction (VER) offsets certified by Green-e 
Climate.  The cost premium to secure these carbon offsets is based on recent cost 
estimates from third-party vendors which value carbon offsets for this order of 
magnitude at $4/mTCO2.  The overall cost is preliminary and will change as project 
details, material quantities, and material selections are refined throughout design.   
 
 


