
2000 - 2001 SOUTH BELL STREET
ARLINGTON, VA

ZERO CARBON
BUILDING ASSESSMENT
11.06.2020
WSP Built Ecology

KPF / Studios Architecture



WSP Built Ecology2

Zero Carbon Building Assessment

TABLE OF CONTENTS
Overview       4-5

Introduction       4

Project Overview       5

Energy Analysis       6-7

Zero Carbon Design      6

Energy Analysis Results      7

Clean and Renewable Energy Analysis    8-9

Getting to Zero       8

On Site Solar PV Strategy      8

Future Grid Projections      9

Financial Analysis       10

Off Site Clean Energy      10

Carbon Offsets       10

Life Cycle Cost Analysis      11

PV System Life Cycle Cost      11

Embodied Carbon Analysis     12-15



2000-2001 S Bell Street 3



WSP Built Ecology4

Overview

Energy Analysis

Clean and Renewable 
Energy Analysis

Financial Analysis

Life Cycle Cost Analysis

Embodied Carbon Analysis

Introduction

This assessment evaluates the feasibility of achieving Net 
Zero Carbon (NZC) certification for the two residential 
towers at 2000 - 2001 South Bell Street. The International 
Living Future Institute (ILFI) Zero Caron Certification 
requirements defined NZC for this assessment (Figure 2).

Preliminary parametric energy modeling was conducted 
previously to compare the effect of varying energy 
efficiency measures (EEMs) on the gross energy 
consumption and energy cost for each tower.  Two of 
sixty-four simulated options, the Current Design and all-
electric Zero Carbon Design, were selected to evaluate their 
operational carbon impact.

The Clean and Renewable Energy Analysis demonstrates 
how the designs can arrive at carbon neutral. Carbon 
accounting details how the energy consumption can be 
offset by on-site PV and off-site clean energy mitigation 
to arrive at net zero carbon, and a Financial Analysis was 
conducted to estimate the cost of off site mitigation. 

A Life Cycle Cost Analysis (LCCA) was conducted for a 
potential rooftop PV array to summarize the net value and 
cost savings of producing clean energy on site.

A whole building life cycle assessment (LCA) was conducted 
to estimate the total embodied carbon of the project. The 
LCA enables the design team to identify carbon-intensive 
materials and processes across life-cycle stages and discuss 
alternatives to achieve sustainability goals. 

Zero Carbon 
Building Assessment

KPF / Studios Architecture
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ILFI NZC Criteria Met

25% savings vs ASHRAE 90.1 baseline Yes

No combustion on-site (electrification) Yes

Offset all the building’s carbon emissions 
through on-site or off-site renewable 
energy or purchased offsets

Yes

Reduce embodied energy of the 
foundation, structure, and enclosure by 
10%

Yes

Project Overview

2000 - 2001 South Bell Street is a new high-rise residential 
project in Arlington, VA.  The project consists of two 
towers, a 395,000-sf, 25-story West Tower and 350,000-sf, 
20-story East Tower. The towers feature 786 residential 
units, tenant amenity spaces and ground floor retail.  This 
analysis holistically assesses project carbon impact and 
builds on preliminary energy modeling studies to further 
identify actions that enhance human and environmental 
health and make progress towards NZC.

Approach

Preliminary building energy modeling and a life-cycle 
embodied carbon analysis were performed by the 
building design engineer, WSP. Modeling was conducted 
using EnergyPlus, following the design guidelines of 
ASHRAE 90.1 - 2010 Appendix G.

The following sections outline the Proposed Design’s 
energy performance and demonstrate how 2000 - 2001 
South Bell Street can arrive at carbon neutrality as per 
the main criteria under the ILFI NZC standard.

Conclusion

Using building energy efficiency, on-site and off-site 
renewable energy the project can achieve operational net 
zero carbon.  Along with embodied carbon reductions, this 
preliminary assessment anticipates that there is a path for 
both towers to meet all four major criteria for ILFI’s Zero 
Carbon Certification (Figures 1 and 2).

KPF / Studios Architecture

Figure 2: Net Zero Carbon Summary

Figure 1: Carbon Emission Intensity

Operational 
CO2

Embodied 
CO2 

(Zero Carbon 
Design)
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Zero Carbon Design

The Proposed Design and Zero Carbon Design (Proposed 
Design with PV) integrate several energy conservation 
measures that further improve the building’s energy 
performance and reduce operational carbon:

  —  Tune the building’s passive thermal performance 
through envelope optimization

—  Optimize the building’s mechanical systems for 
performance efficiency 

  —  Reduce lighting power density

—  Incorporate renewable energy

Passive Thermal Performance

The envelope properties of the Current Design are 
equivalent to the ASHRAE 90.1-2010 baseline.  Improving 
envelope performance can reduce heating and cooling 
loads and thereby building energy consumption.  The 
Proposed Design incorporates additional wall insulation 
and high-performance glazing with a reduced solar heat 
gain coefficient to provide savings against the baseline and 
Current Design.

KPF / Studios Architecture

2000 - 2001 SOUTH BELL STREET
In terms of energy consumption, the ILFI NZC requirements 
have two main criteria: 

  —  25% reduction from ASHRAE 90.1-2010 for new buildings

  —  No combustion on site 

The Current Designs for both Towers does not achieve 
energy savings against the ASHRAE 90.1-2010 baseline 
and require gas boilers for hot water-heating. However, 
the Proposed Design with electrified systems meets both 
criteria, reducing energy use by 40% and 28% for the East 
and West Towers, respectively.  Implementation of the 
Proposed Design’s energy conservation measures together 
with on-site PV installation constitute a more ambitious 
Zero Carbon Design, which is also evaluated in this report.

Energy Conservation Measures

In the preliminary parametric energy modeling process, 
64 simulations were conducted for each tower to compare 
different HVAC and domestic hot water (DHW) system, 
lighting and envelope design options.  Two HVAC system 
options were selected to evaluate their operational carbon 
impact.  

Building system electrification was also explored in energy 
modeling to align with the project’s carbon reduction goals.  
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Mechanical Systems

Two HVAC schemes were selected from preliminary 
parametric energy modeling results to evaluate in light of 
NZC goals:

1. Option 1 - Current Design 
Variable-volume WSHP with DOAS and no heat 
recovery, central gas boiler for DHW

2. Option 2 - Proposed Design 
All-electric air-cooled VRF system with heat recovery 
and DOAS  

The ASHRAE 90.1-2010 baseline uses packaged terminal ACs 
(PTAC) in residential units. 

The DOAS VRF system (Proposed Design) was determined to 
be the more efficient of the options and is recommended to 
achieve NZC goals. The system consists of:

• DOAS (sized for ventilation & latent capacity) equipped 
with air to air heat recovery

• Air-cooled VRF heating and cooling system 

• Individual electric air-to-water heat pump water 
heaters in each residential unit

Figure 3: Shown left to right are simulated East and West Tower geometry, respectively, from SD Energy Modeling Report dated 
6/12/20.

Measure Baseline Current 
Design

Zero Carbon 
Design

Exterior Opaque 
Wall U-Value

0.064 0.064 0.048

Exterior Glazing 
U-Value

0.40 0.40 0.28

Window to Wall 

Ratio
40% 60% 60%

Figure 4: Thermal Envelope Design

Electrification

The proposed Zero Carbon Designs are fully electrified.  
Domestic hot water (DHW) production is provided by air-to-
water heat pumps (AWHP), replacing the natural gas boiler 
system in the Current Design and thereby eliminating fossil 
fuel combustion for heating on site. This design alternative 
gives the project an advantage in the future as the electrical 
grid decarbonizes since the emissions generated by the 
building energy use will reduce over time. 
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Measure Baseline Current 
Design

Zero Carbon 
Design

Electricity
(kWh)

2,289,480 3,045,001 2,729,939

Natural Gas 
(therm)

77,158 60,792 0

Site Energy 
(MBTU)

15,528 16,469 9,315

EUI
(kBtu/sf/yr)

44.8 47.5 26.9

Site Energy 
Savings (%)

- -6.1% 40%

Figure 5: Mechanical System Energy Comparison.  The 
Zero Carbon Design incorporates on-site PV.

Figure 6: GHG Emissions

Measure Baseline Current 
Design

Zero Carbon 
Design

Electricity
(tons)

1,163 1,547 1,387

Natural Gas 
(tons)

409 323 0

Total
(tons)

1,573 1,870 1,387

GHG
Savings (%)

- -19% 12%

Figure 7: Energy Use Intensity by Case

Figure 8: Carbon Emissions by Case

Energy Analysis Results - East Tower

Baseline Current Design Zero Carbon Design

Baseline Current Design Zero Carbon Design
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Energy Analysis Results - West Tower
Measure Baseline Current 

Design
Zero Carbon 

Design

Electricity
(kWh)

2,608,249 3,422,373 3,320,585

Natural Gas 
(therm)

69,307 56,658 0

Site Energy 
(MBTU)

15,830 17,343 11,330

EUI
(kBtu/sf/yr)

40.0 43.8 28.6

Site Energy 
Savings (%)

- -9.6% 28%

Figure 9: Mechanical System Energy Comparison.  The 
Zero Carbon Design incorporates on-site PV.

Figure 10: GHG Emissions

Measure Baseline Current 
Design

Zero Carbon 
Design

Electricity
(tons)

1,325 1,739 1,687

Natural Gas 
(tons)

368 301 0

Total
(tons)

1,693 2,039 1,687

GHG
Savings (%)

- -21% 0.4%

Figure 9: Energy Use Intensity by Case

Figure 10: Carbon Emissions by Case
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Clean and Renewable Energy Analysis

On-Site Mitigation

ILFI’s NZC criteria does not specify the minimum 
percentage of on-site renewable energy required. 
Therefore, in order to arrive at Zero Carbon, the Proposed 
Design’s operational energy consumption can be offset by 
both on-site and off-site clean and renewable energy. 

The diagram at the top of this page shows the typical 
carbon management hierarchy.

Rooftop PV

Each tower has allowed only 400 ft2 on their respective 
roofs for PV. That is roughly enough space to fit a 5.7 kW 
array on each building, which is projected to generate 7,335 
kWh annually. For the net zero case of the east tower, that 
translates to 0.3% of the annual energy consumption, and 
for the west tower net zero case, that translates to 0.2% of 
the building annual energy use. 

The remaining building energy use will have to be offset 
through off-site renewable energy. Expanding the area 
of the PV array and considering building integrated 
photovoltaics (BIPV) on the facade can increase the amount 
of on-site renewable energy.

Future Grid Projections

The carbon intensity of the electricity grid is expected to 
improve over time as more of renewable energy is being 
generated. Therefore, the carbon emissions from the 
building should also decrease in the future.

Although a flat rate is typically considered when carbon 
emissions are calculated, the reality is that the grid 
emissions fluctuate based on time of day and season based 
on the mix of generation sources.

The diagrams and table to the right show the mid-case 
projections from National Renewable Energy Laboratory 
(NREL) Cambium hourly carbon emissions database 
(currently in Beta). The diagrams show the projected hourly 
emissions in ten year increments from 2020-2050.

An exact calculations of how the building’s carbon 
emissions may improve over time are not available because 
only total annual use was provided instead of hourly. 
However, based on the average emissions rate, a 57% 
reduction in carbon emissions is projected by 2050.

This improvements could mean that less offsets may need 
to be purchased in the future to achieve zero emissions, but 
it is unclear how the offset programs may evolve over time.

EFFICIENCY

OFF-SITE CLEAN ENERGY

ON-SITE RENEWABLE ENERGY

CARBON OFFSETS

LOW CARBON BUILDING

CARBON NEUTRAL
ZERO NET EMISSIONS

Figure 13: Visualization of Net Zero Carbon Strategy
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Measure Average Emission 
Rate (lbs/MWh)

Maximum Emission 
Rate (lbs/MWh)

Relative GHG 
Improvement

2020 556 1,221 -

2030 501 1,143 10%

2040 395 1,286 29%

2050 241 795 57%

Figure 15: GHG Project Emissions Summary 

Figure 14: Annual Hourly GHG Emission Projections (Source: Cambium BETA)
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The Zero Carbon Design for 2000 - 2001 South Bell Street 
integrates on-site PV for less than 1% of building energy 
use.  To comply with NZC criteria, the project must locate 
renewables off-site to account for the remaining energy 
use.  The following resources can be consulted to explore 
solutions for outright and non-direct ownership.

ILFI

Urban Grid 

Embodied Carbon

Embodied carbon, the emissions associated with 
manufacture and installation of all materials in 
a building, represents the major upfront carbon 
expenditure for any project.  Selecting sustainably-
sourced, low-carbon materials reduces embodied carbon, 
and ILFI’s NZC requires that projects demonstrate a 10% 
reduction in the cradle-to-gate and construction-related 
carbon emissions of the building’s primary materials.  
These greenhouse gas emissions are generated from 
fossil fuel combustion during manufacturing, transport 
and equipment operation.

Carbon-smart materials selection is the first step to NZC.  
Projects must also offset their total embodied carbon 
impact through the purchase of carbon offsets. 

Getting to Zero

ILFI’s NZC criteria requires projects to offset both their 
operational and embodied carbon impacts to achieve 
carbon neutrality.  Projects must offset 100% of their 
actual operational energy use with new on- or off-site 
renewables, and purchase carbon offsets equivalent to their 
embodied carbon emissions.  Carbon offsets are financial 
contributions to projects that help reduce GHG emissions or 
increase the storage of carbon. 

Operational Carbon

In mandating that projects provide new renewables, or 
additionality, ILFI’s NZC program encourages participants 
to support clean energy expansion.  Where the output of 
on-site renewables does not fully cover the project’s energy 
use, the project may pursue durable ownership interest in 
off-site renewables through either:

(a) outright/direct ownership OR 

(b) one of the following non-direct arrangements, where 
renewable energy output is contractually guaranteed 
equal to 15 years of the project’s actual 12-month 
energy use: off-site power purchase agreement (PPA), 
community solar, or Renewable Energy Investment Fund.

For either ownership type, the renewables must be new 
and sited in the project’s regional grid, i.e., PJM.  Renewable 
Energy Credits (RECs) must be retained or sold to a 
governmentally specified recipient.

Financial Analysis

www.urbangridsolar.com/offsite-solar-solutions/

Email NZE.support@living-future.org
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Figure 16: Embodied Carbon Offset Estimate for Project (East and West Towers)
* Must be less than 500 kgCO2e/m2.

Design Option
Embodied Carbon 

Intensity (kgCO2/m2)*
MT of CO2 Emissions

Carbon Offset Price 
(per MT CO2e)

Carbon Offset Price 

Zero Carbon Design 188 12,947 $1.76 $22,787

Figure 17: Annual Renewable Energy Certificate Estimate (East and West Towers)

Design Option REC Type Quantity (MWh) Price Per Unit Annual REC Price

Current Design
Green-e certified RECs 

(VA, utility green pricing 
program)

6,467 $13 $84,076

Current Design Green-e certified Clean 
Source RECs (non-VA) 6,467 $1.88 $12,159

Zero Carbon Design
Green-e certified RECs 

(VA, utility green pricing 
program)

6,051 $13 $78,657

Zero Carbon Design Green-e certified Clean 
Source RECs (non-VA) 6,051 $1.88 $11,375

The price of carbon offsets varies greatly.  Carbon 
offsets are purchased in units of metric tons of carbon 
dioxide emissions (MT CO2e). The table above (Figure 
16) details the cost for 2000-2001 South Bell Street to 
offset emissions associated with the Zero Carbon Design 
through the purchase of Green-e certified carbon offsets.

This price estimate is based on the preliminary embodied 
carbon assement for both the East and West Towers, 
using 10%-recycled-content concrete (see Embodied 
Carbon Analysis).  Specifying high-recycled-content 
concrete achieved the mandatory 10% savings over an 
industry-average alternative.  However, this estimate 
should be updated through further detailed LCAs to 
ensure all materials and their quantities are accounted 
for and the baseline design meets requirements for 
equivalence per ILFI’s Embodied Carbon Guidance. 

Off Site Clean Energy

Although not permitted under ILFI’s NZC program, 
2000 - 2001 South Bell Street may pursue other financial 
options to offset its operational energy use if not pursuing 
certification.  Renewable energy certificates (RECs) are 
available for purchase, which represent one megawatt-
hour (MWh) of electricity that is generated and delivered 
to the electricity grid from a renewable energy source. 
These certificates allow projects to use renewable energy, 
even if they don’t have on site generation. RECs are not 
limited by geographic location and can be purchased in 

deregulated and regulated states. RECs can widely vary 
in terms of pricing. RECs can be purchased through the 
local utility at the project site for a premium. Dominion 
Energy Virginia offers Green-e Certified products through 
its Green Power Program. Enrolled businesses match their 
monthly energy use with RECs sourced from Virginia 
and the surrounding area and purchased by the utility 
on their behalf.  Two paths are available, a 100% Option 
(all monthly use) or Block Option (increments of 154 
kWh) priced at $0.013/kWh. Alternatively, RECs can be 
obtained through other providers with Green-e Certified 
products. NRG Business Solutions and Schneider Electric 
offer flexible energy plans with products sourced from a 
larger national supply of RECs at fixed or index electricity 
market prices.  

The table above (Figure 17) demonstrates two paths for 
the project to match its annual energy use with green 
power through the purchase of Green-e certified RECs: one 
path for RECs purchases to cover 100% of the electricity-
use related emissions only of both Towers as currently 
designed, with WSHP and combustion boiler; and one 
for pursuing building electrification, integrating on-site 
renewables and running on 100% clean electricity.
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PV System Life Cycle Cost

The installed cost of each of the on-site 5.7 kW Solar PV 
system on the east and west towers would be approximately 
$14,250 based on an installed cost of $2.50 per W. It has 
the capacity to generate around 7,975 kWh per year which 
equates to $968.96 in electricity cost savings. 

Because of REIT status, no federal or state tax incentive 
programs can be used to offset the cost of the array.  
Therefore, the system will payback after 14.7 years. This 
array would offset 0.3% and 0.2% of the annual building 
electricity use with clean and renewable energy for the east 
and west towers respectively.

Life Cycle Cost Analysis

Figure 18: PV System Life Cycle Cost Analysis

PV System Simple Payback Summary

2000-2001 St

PV Capacity (kW) 5.7

PV Production (kWh/yr) 7,975

Electricity Cost Saved per Year $968.96

Total Installed Cost of PV $14,250

Simple Payback (yrs) 14.7



2000-2001 S Bell Street 15

This page intentionally blank



WSP Built Ecology16

Scope 3 Emissions - Embodied Carbon

Scope 3 emissions are not directly attributable to a 
building’s energy operations but are associated emissions 
on which the project has some influence. ILFI’s Zero 
Carbon Program requires accounting for and offsetting 
some Scope 3 emissions, namely a 10% reduction in 
the embodied carbon of the building materials over an 
equivalent baseline.  The program requires that design 
teams consider emissions associated with the impacts of 
raw material extraction, manufacturing, transportation 
and installation on site (life-cycle stages A1 through A5). 

The analysis performed in this section shows that a 10% 
reduction goal is achievable by replacing low-recycled-
content concrete with concrete containing 10% recycled 
content.  However, a full life-cycle study of the design 
against an equivalent baseline will have to be conducted to 
comply with the program.

A full cradle-to-grave analysis was conducted over a 
60-year assessment period to evaluate the embodied 
carbon emissions of the project’s structure and enclosure 
and identify materials with the greatest impact.  These 
hotspot materials are strong candidates for replacement 
with alternative products (e.g., carbon-sequestering or 
high-recycled-content), prefabrication or other reduction 
strategies in future design iterations.  The materials scope 
included primary and interior material assemblies.  The 
design team provided preliminary data on all resource 
types and quantities, and quantities were adjusted in 
post-processing to align with the Tower gross floor areas 
in the energy analysis.  It is recommended that material 
quantities be updated to improve the accuracy of results.

Life-cycle stages A through C as defined by Standard EN 
15978 were covered in the assessment.  This analysis 
included additional life-cycle stages beyond ILFI’s Zero 
Carbon Program requirements, which mandates inclusion 
of stages A1 through A5.  The analysis addressed material 
extraction (module A1), transport to manufacturer (A2), 
manufacturing (A3), transport to site (A4), construction 
(A5), replacement (B4), refurbishment (B5), operational 
energy use (B6), deconstruction (C1), transport to end of 
life facilities (C2), processing (C3) and disposal (C4).  Life-
cycle stages B1-B3, which include use (B1), maintenance 
(B2) and repair (B3) of building products, were excluded, as 
these stages are excluded under the OneClick LCA Carbon 
Heroes Program, which compares project results to other 
projects using the tool in the U.S.

Methodology & Processes

The assessment was completed on OneClick LCA, a web-
based LCA software tool approved for LEED v4/v4.1 and 
Living Building Challenge v4.0 carbon evaluations.  The 
tool features a robust database of building products, 
materials and systems that conforms to ISO 14025, 14040, 
14044, and EN 15804 and/or ISO 21930 and has at least a 
cradle to gate scope.  Material types, quantities and area 
take-offs were provided by the design team, and resources 
were selected from the OneClick LCA database that best 
aligned with the specifications of the current design.  
Details on structural systems and material properties were 
extracted from the Schematic Design Narrative for each 
Tower issued by SK&A on 12/6/19. Modeling assumptions 
that affect the overall LCA results can be found in Figures 
19 and 20 for the East and West Tower, respectively.  

Some adjustments had to be made to the quanities 
provided based on the floor area of the building. Material 
quantities for several components were not provided 
for the West Tower and therefore estimated based on 
previous project experience relative to the building type 
and floor area. 

To ensure emissions results were geographically relevant 
to the project location, electricity for manufacturing 
was adjusted to the Virginia grid mix using the Material 
Manufacturing Localisation Method v1.0 embedded in 
the tool.  This data regionalization methodology adheres 
to CEN/TR 15941:2010.  In addition, default transport 
distances for the project region were applied in computing 
the impact of transporting materials from manufacturing 
facilities to the site.

Local or regional generic resources were selected when 
available, and manufacturer specific data were only 
used when generic products were not available in the 
database.  If multiple generic resources were appropriate, 
the higher than average impact material was inputted as 
a conservative estimate.  For all products in the OneClick 
LCA database, carbon emissions from material wastage 
during construction (A5) are also considered. 

Temporary materials, such as formwork for floor 
installation, were excluded.  Carbon emissions associated 
with the transport of construction equipment or labor to 
site and installation of materials on-site were excluded. 

The LCA accounted for carbon emissions associated with 
operational energy by using the whole-building electricity 
consumption determined in the energy analysis.  A default 

Embodied Carbon Analysis Results - Overview
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Component Material Assumption Quantity

Foundation Concrete Not provided N/A

Lowest Floor Concrete 5”-thick, 5000 psi, 
2% fly ash & 3% slag 16,771 cbf

Subgrade 
Retaining Wall Concrete 12”-thick, 4000 psi, 

1% fly ash & 2% slag 16,000 cbf

Reinforcement** Steel rebar 97% recycled 2,032,019 lb

Tendon** Steel cable Post-tensioned roof 
& floor 509,319 lb

Frame Concrete 8000 psi, 2% fly ash 
& 3% slag 33,018 cbf

Upper Floor Concrete 8”-thick, 6000 psi, 
2% fly ash & 3% slag 231,056 cbf

Balcony Concrete 12”-thick, 5000 psi, 
2% fly ash & 3% slag 4,880 cbf

Upper Floor 
Insulation Fiberglass batt 4”-thick 5,500 sf

Roof Concrete 10”-thick, 5000 psi, 
2% fly ash & 3% slag 21,642 cbf

Roof Covering BUR bitumen 
roofing

2 lbs/sf, hotmopped, 
non-generic 25,970 sf

Roof Insulation PIR board 1.96”-thick, R-5.7, 
non-generic 25,970 sf

External Wall 
Assembly - 
Metal Panel

Roll-formed metal 
wall panel with 
steel stud back-up, 
weatherproofing 
membrane, and 
gypsum wallboard

Panel: 0.02”-thick
Gypsum board: 
0.25”-thick on both 
sides (R-9)

16,272 sf

External Wall 
Assembly - 
CMU Veneer

Precast concrete 
block with cement 
mortar, steel 
stud back-up, 
weatherproofing 
membrane, and 
gypsum wallboard

Block: 6”-thick
Mortar: 80.03 lb/cbf 
Gypsum board: 
0.25”-thick on both 
sides (R-9)

25,232 sf

External Wall 
Assembly - 
Brick Veneer

Clay brick with 
cement mortar, 
steel stud back-up, 
weatherproofing 
membrane, and 
gypsum wallboard

Brick: 4”-thick, 37.1% 
fly ash
Mortar: 80.03 lb/cbf 
Gypsum board: 
0.25”-thick on both 
sides (R-9)

59,406 sf

External Wall 
Insulation Fiberglass batt 6”-thick (R-19) 102,715 sf

External Wall 
Insulation

Extruded 
polystyrene (XPS) 2”-thick 102,715 sf

External 
Window

Aluminum frame, 
double pane

1.0”-thick, 25% 
framing ratio 50,895 sf

External Door Aluminum frame, 
laminated glass

1.0”-thick, non-
generic frame 3,618 sf

Int. Partition Gypsum board with 
steel stud framing

5/8”-thick on both 
sides 239,625 sf

Int. Partition CMU 8”-thick 9,384 cbf

Int. Partition Cast-in-place 
concrete

6”-thick, 3000 psi, 
1% fly ash, 2% slag 41,813 cbf

Internal Door Hollow steel 1.34”-thick 3,045 sf

Figure 19: East Tower - Substructure and Superstructure 
Materials Inputs

Component Material Assumption Quantity

Foundation Concrete Not provided N/A

Lowest Floor Concrete 5”-thick, 5000 psi, 
2% fly ash & 3% slag 16,771 cbf

Subgrade 
Retaining Wall Concrete 12”-thick, 4000 psi, 

1% fly ash & 2% slag 16,000 cbf

Reinforcement** Steel rebar 97% recycled 2,055,426 lb

Tendon** Steel cable Post-tensioned roof 
& floor 505,597 lb

Frame* Concrete 8000 psi, 2% fly ash 
& 3% slag 37,715 cbf

Upper Floor Concrete 8”-thick, 6000 psi, 
2% fly ash & 3% slag 263,927 cbf

Upper Floor 
Insulation* Fiberglass batt 4”-thick 5,555 sf

Roof Concrete 10”-thick, 5000 psi, 
2% fly ash & 3% slag 16,960 cbf

Roof Covering BUR bitumen 
roofing

2 lbs/sf, hotmopped, 
non-generic 20,352 sf

Roof Insulation PIR board 1.96”-thick, R-5.7, 
non-generic 20,352 sf

External Wall 
Assembly

Roll-formed metal 
wall panel with 
steel stud back-up, 
weatherproofing 
membrane, and 
gypsum wallboard

Panel: 0.02”-thick
Gypsum board: 
0.25”-thick on both 
sides (R-9)

80,777 sf

External Wall 
Insulation Mineral wool batt 5”-thick (~R-19) 80,777 sf

External 
Window

Aluminum frame, 
double pane

1.0”-thick, 25% 
framing ratio 126,219 sf

External Door* Aluminum frame, 
laminated glass

1.0”-thick, non-
generic frame 4,133 sf

Interior 
Partition*

Gypsum board with 
steel stud framing

5/8”-thick on both 
sides 273,715 sf

Internal Door Hollow steel 1.34”-thick 4,066 sf

Figure 20: West Tower - Substructure and Superstructure 
Materials Inputs

*Quantities for these materials were not provided for the West 
Tower by the design team and were estimated from inputs 
provided for the East Tower relative to the floor area).
**Quantities of reinforcement were estimated from the SD 
Structural Narrative issued by SK&A on 12/6/19.

fuel composition for the Virginia region was applied to 
account for the local grid carbon intensity.

After completing an initial assessment of the current 
design, several alternative product options were explored 
for structural concrete, the material with the greatest 
impact, to assess progress towards achieving a 10% 
reduction in embodied carbon.
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Figure 22: Share of the total carbon impact by resource type for East Tower.  Construction operations and life-cycle operational 
energy use are excluded.

Findings

The embodied carbon impact of the East Tower during the 
product stages A1 through A5, which are considered as part 
of ILFI’s Zero Carbon Program, was determined to be 7,996 
metric tons (MT) CO2e, or 248 kgCO2e/m2.  By comparison, 
the median performance of residential buildings surveyed 
in the Carbon Leadership Forum’s (CLF) Embodied Carbon 
Benchmark Study with comparable scope was 119 kgCO2e/
m2.  The current design therefore performed worse than 
median performance (Figure 23), though it was noted that 
the CLF database contains significant variability because of 
lack of standardization in LCAs.

After including additional life-cycle stages, namely use 
and end-of-life disposal, the total emissions were 8,283 
MT CO2e, or 257 kgCO2e/m2.  Building operations for the 
Proposed Design yielded an additional 84,601 MT CO2e 
emissions (excluding PV). The total carbon footprint of 
the building over a 60-year assessment period, including 
operational energy use, was therefore estimated at 2,885 
kgCO2e/m2.  

Embodied Carbon Analysis Results - East Tower

The project received a score of B on an A to G scale in 
the Carbon Heroes Program, performing in the top 30th 
percentile of projects conducting 60-year assessments in 
the OneClick LCA inventory.  

Project operational energy use was the largest contributor 
to the overall carbon footprint, accounting for 91% of total 
carbon emissions.  The embodied carbon of construction 
materials (A1-A3) also contributed significantly to the 
carbon footprint, accounting for 7.5% of total emissions, or 
a significant 84% if operational energy use is excluded.  

Figure 22 illustrates the breakdown of global warming 
potential by life-cycle stage for the Proposed Design, 
excluding operational energy emissions (B6). Emissions 
associated with the transport of finished products to the 
construction site (A4) and end-of-life waste processing 
(C3-C4, recycling or landfilling) have a considerably lower 
impact, comprising only 8.3% and 1.9% of the total non-
operational emissions, respectively.  

Global warming potential by resource type was examined 
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(Figure 21) for all structure and enclosure materials included 
in the LCA scope to identify materials with the highest 
environmental impact. Concrete was determined to have 
the highest environmental impact, representing 69% of the 
overall materials carbon footprint.  Structural steel and 
tendon accounted for 16% of the materials carbon footprint.

Several alternative concrete products with higher recycled 
content were analyzed to calculate the effect on the 
embodied carbon of the building materials for both the East 
and West Towers (Figure 23).  The concrete specified in the 
current design was assumed to be the industry-average 
ready-mix concrete for Eastern Region of the U.S, with fly 
ash and slag replacing less than 5% of cement.  Two design 
options using generic concrete products with 10% and 30% 
recycled binders for the floor and roof slabs and basement 
retaining walls (all concrete materials excluding the frame 
and interior elements) were selected for comparison.  

Figure 23: Comparison of materials embodied carbon 
impact over stages A1 through A5 for designs with 
different concrete products.  Shown in green is median 
intensity for residential buildings in North America with 
comparable scope as obtained from CLF’s Embodied 
Carbon Benchmark Study (February 2017).

Figure 22: Total project carbon impact by life-cycle stage for 
East Tower.  ILFI’s Zero Carbon Program requires inclusion of 
stages A1-A5.

For the East Tower, using high-recycled-content 
concrete achieved savings of 16% and 23%, for 
10% and 30% recycled content, respectively, when 
evaluating impacts during life-cycle stages A1 
through A5 per ILFI’s Zero Carbon Program.  Savings 
for the West Tower similarly exceed the 10% 
threshold required by the Zero Carbon Program, 
reaching 17% and 24% for 10% and 30% fly ash, 
respectively.  Achievable savings were found to be in 
excess of ILFI targets.  

It is therefore recommended that the design team 
consider specifying high-recycled-content concrete 
products to reduce embodied carbon emissions and 
enhance the sustainability and resiliency of the 
project on the path to NZC.  
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Findings

The embodied carbon impact of the West Tower during the 
product stages A1 through A5, which are considered as part 
of ILFI’s Zero Carbon Program, was determined to be 7,578 
metric tons (MT) CO2e, or 206 kgCO2e/m2.  By comparison, 
the median performance of residential buildings surveyed 
in the Carbon Leadership Forum’s (CLF) Embodied Carbon 
Benchmark Study with comparable scope was 119 kgCO2e/
m2.  The current design therefore performed worse than 
median performance (Figure 23), though it was noted that 
the CLF database contains significant variability because of 
lack of standardization in LCAs.

After including additional life-cycle stages, namely use 
and end-of-life disposal, the total emissions were 7,784 
MT CO2e, or 212 kgCO2e/m2.  Building operations for the 
Proposed Design yielded an additional 102,856 MT CO2e 
emissions (excluding PV). The total carbon footprint of 
the building over a 60-year assessment period, including 
operational energy use, was therefore estimated at 3,008 
kgCO2e/m2.  

 

The project received a score of B on an A to G scale in 
the Carbon Heroes Program, performing in the top 30th 
percentile of projects conducting 60-year assessments in 
the OneClick LCA inventory.  

Project operational energy use was the largest contributor 
to the overall carbon footprint, accounting for 93% of total 
carbon emissions.  The embodied carbon of construction 
materials (A1-A3) also contributed significantly to the 
carbon footprint, accounting for 6.0% of total emissions, or 
a significant 85% if operational energy use is excluded.  

Figure 25 illustrates the breakdown of global warming 
potential by life-cycle stage for the Proposed Design, 
excluding operational energy emissions (B6). Emissions 
associated with the transport of finished products to the 
construction site (A4) and end-of-life waste processing 
(C3-C4, recycling or landfilling) have a considerably lower 
impact, comprising only 8.0% and 0.91% of the total non-
operational emissions, respectively.  

 

Embodied Carbon Analysis Results - West Tower

Figure 24: Share of the total carbon impact by resource type for West Tower.  Construction operations and life-cycle operational 
energy use are excluded.
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Figure 25: Total project carbon impact by life-cycle stage.  
ILFI’s Zero Carbon Program requires inclusion of stages A1-A5.

Global warming potential by resource type was examined 
(Figure 24) for all structure and enclosure materials 
included in the LCA scope to identify materials with the 
highest environmental impact. Concrete was determined 
to have the highest environmental impact, representing 
67% of the overall materials carbon footprint.  Structural 
steel and tendon accounted for 20% of the materials carbon 
footprint.  

Because of gaps in the design information provided, 
the wall assembly insulation for the West Tower was 
assumed to be 5”-thick mineral wool batt and found to 
have a proportionally lower carbon impact (0.27% of 
total) compared to the East Tower’s enclosure insulation, 
where both fiberglass batt and rigid XPS insulation are 
specified and constitute the third highest-carbon resource 
type (4.6%).  Changing the properties of the West Tower’s 
exterior wall insulation will alter the contribution of 
insulation materials to the building’s carbon footprint.


