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THE UTILITY GAP PENALTY UTILITIES COST AND 
AFFORDABLE HOUSING 
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Performance Comparison
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This is the cost of a multifamily building 
with a gas boiler. The goal is to drive costs 

below this line.



Passive House Envelope
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Implementing a Passive House envelope 
significantly overall loads
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Passive House Envelope
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When full Passive House certification is not possible, 
a scaled back scope that follows PH principles makes 

a big impact.



Renewables: Solar
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Solar is an established technology that 
overcomes a significant portion of the 

utility gap penalty.  

With time of use rate structures, solar 
savings multiply. Mutually reinforcing 

strategies



Renewables: Geothermal
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7% savings from PH+Gas threshold. First 
strategy to completely overcome the utility gap 

penalty. Feasibility to implement geothermal 
should be conducted as early as possible.



Promising Strategy: Wastewater Heat Recovery



Rate Structure and BMS Controls
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An array of controls were reviewed, but in 
implementation, a specific kit of parts will be 

chosen based on project-dependent 
constraints, goals, and systems.



Rate Structure and BMS Controls



Towards Affordable Decarbonization: Lowering Utility Costs in Fully Electrified Buildings
Beyond Passive House: Emerging Research from NYSERDA BoE Early Phase Funding

Total energy load

Rate Structure and BMS Controls
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Rate Structure and BMS Controls
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Peak Demand: House loads, 
automated

Not charted: Fault Diagnostics 
+ Detection



Rate Structure and BMS Controls
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Hot Water Controls: Most targeted 
to overcoming the utility gap 

penalty
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DHW energy load
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Rate Structure and BMS Controls
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Demand Response: Tenant 
Loads, Opt In



Rate Structure and BMS Controls
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Implementation Reality.
Low Investment: Fault diagnostics, 

incentive apps
High Impact: DHW controls



Implementation Sequence
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1. 
Envelope

2. 
Renewables

3. 
Rate Structure and Controls



Next Steps: Resources
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Next Steps: Implementation 
& Demonstration
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Thank you!

ana@castrucciarchitect.com
grayson@castrucciarchitect.com



Carmen Villegas Apartments (CVA)



Early Design Support (Round 3) 
& 
Demonstration Winner  (Round 4) 

Carmen Villegas Apartments (CVA)



Source Credit: Anna Ferretto, 
Robin Mathews, Rob Brooker, 
Pete Smith “Planetary 
Boundaries and the Doughnut 
frameworks: A review of their 
local operability” CC BY 4.0 
Credit: "Azote for Stockholm 
Resilience Centre, based on 
analysis in Persson et al. 
(2022) and Steffen et al., 
2015a, Steffen et al., 2015b". 
https://www.sciencedirect.com/
science/article/pii/S221330542
2000285#fig0005

PLANETARY BOUNDARIES 

https://www.sciencedirect.com/science/article/pii/S2213305422000285#bib52
https://www.sciencedirect.com/science/article/pii/S2213305422000285#bib52
https://www.sciencedirect.com/science/article/pii/S2213305422000285#bib66
https://www.sciencedirect.com/science/article/pii/S2213305422000285#bib66
https://www.sciencedirect.com/science/article/pii/S2213305422000285#bib67
https://www.sciencedirect.com/science/article/pii/S2213305422000285#fig0005
https://www.sciencedirect.com/science/article/pii/S2213305422000285#fig0005
https://www.sciencedirect.com/science/article/pii/S2213305422000285#fig0005




Passive House
Embodied Carbon: Measuring & Implement 
Prefabricated Facade
Planning for adjacent Renovation 
All Electric
Ground Source Heat Pumps
On Site Generation (BIPV + Roof Solar)
ILFI Zero Carbon (includes offsets)

ILFI Red List Free
WELL & RESET 
ERV’s for IAQ
Native Plants & Biophilia
Natural Light Design
OITC sound control
Active Design
HPD’s & Transparency
Design for Freedom

SWPPP: Storm Water
Resiliency from Flooding
Resiliency from Heat Island 
Place of Refuge
Backup Power Sizing
Battery Ready

Near Public Trans.
Water saving use
Bird Friendly Glass
Dark Sky lighting 
Cultural Celebration 
Community Building 

Operations & Maintenance
Ongoing Commissioning 
Green Cleaning Protocols 
Composting & Zero Waste
Tracking Energy Use & Reporting

TOWARDS REGENERATIVE ARCHITECTURE
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New Construction 
211 Units for Seniors 
28 Stories
Community Facility for Seniors
Adjacent to Future Renovation

NYSERDA BoE 
Early Design Phase Funding 
& Demonstration Project 

Developers: 
Ascendant 
Neighborhood 
Development 

Urban Builders 
Collaborative

Xylem Projects

Design: 
Magnusson Arch & Planning 

Bright Power
DeSimone

AMA Group 



Option 1 (PH) Option  2

Option 3Option 1 (PH) 

Vs. 

Vs. 

ERV vs Project Min
Construction Cost Differential
$587,500

Opt 1 Yearly Energy Savings
$65,900

PAYBACK:  8.9 Years

ERV vs Code Min w/Trickle Vent.
Construction Cost Differential
$697,970

Opt 1 Yearly Energy Savings
$49,300

PAYBACK:  14.2 Years

PART ONE OF BOE STUDY: PASSIVE HOUSE VENTILATION 



PART TWO OF BOE STUDY: PASSIVE HOUSE ROI



PH RESULTS: COOLING LOAD DOMINATED 

Peak Loads Total Demand



PH: BENEFITS TO THE GROUND SOURCE SYSTEM



Other Frameworks 
to Explore: 

ASHRAE/ICC 240P
RICS Whole Life Carbon
(Phius Revive)

PART THREE:
WHAT “ZERO”? 
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ILFI FEASIBILITY

ILFI Zero Carbon v1.1 
(July 2024)

CVA Project: Affordable
Senior 
Highrise 
Baseline EGC



SOURCE ENERGY USE INTENSITY (EUI)

(w/o renewables) 

Avg NYC Multifamily Bldg:    112 kBtu/sf/yr

Code Building (2020): 89.0 kBtu/sf/yr

PHIUS Primary Energy:  Approx 42.3 kBtu/sf/yr

PHI Primary Energy: Approx 40 kBtu/sf/yr

LL97- 2024 limit: 6.75 kgCO2/sf

LL97- 2030 limit: 4.07 kgCO2/sf

ILFI EUI Requirement:  20% > ASHRAE 90.1 2019

ZERO Tool (2003 existing data): Site EUI 60 

Building As Proposed:    43.60 kBtu/sf/yr

1.37 kgCO2/sf (‘24-’29) 

SITE EUI: 21.04 kBtu/sf

Certification: Target PHIUS 2021 CORE

ILFI FEASIBILIY: OPERATIONAL ENERGY



ILFI FEASIBILIY: UPFRONT CARBON SCOPE

REPORTED 
AND 

OFFSET

REPORTED

ILFI Zero Carbon v1.1 (July 2024)

Life Cycle Phases: A1-A5

Primary & Exterior Material Assemblies
To Be Min 20% Below Baseline

& Total Project Max 350* kg CO ₂ e/m2
(3,767 kg CO ₂ e /sqft) 
(*Avg 2030 targets of LETI & SBTi)

For Cross Reference 
CLF 2023 California Report: 
Median Lifetime Embodied 

Carbon Intensity, Phases A1-A3:
390 kg CO₂e/m² 



UPFRONT CARBON:  CARBON REFERNECE

Mature (10-20yrs) absorbs 
20 kg CO2 yr

Old (40-60+yrs) absorbs 
40-50+ kg CO2 yr

Sapling (5yrs) absorbs 
5 kg CO2 yr

https://ceepr.mit.edu/wp-content/uploads/2024/03/MIT-CEEPR-WP-2024-04.pdf

ILFI  
per square foot limit
3,767 kg CO ₂ e 
=  
188 mature trees 
absorption rate per 
year 



UPFRONT CARBON: TOOLS & PROCESS

Select Freeze Point

Use tallyCAT (Plugin REVIT) to         EC3 Tool 

Organize EC3 into ILFI Categories

Tracking Spreadsheet: materials & baselines

EC3 Tool             GWP Spreadsheet 

Final Calculator Spreadsheet



UPFRONT CARBON: SETTING THE BASELINE

To demonstrate 20% reduction of materials, 
it is critical to set a baseline! 

Baseline Options: 
1) Carbon Leadership Forum (CLF) 2023 Material Baselines

2) Where #1 does not exist, use Product Industry Average 
values from EC3.

3) Interior products clarification: product baselines are 
currently only specified in the ILFI-approved baseline tools 
for the following categories:  Carpet, Ceiling Tile, Gypsum 
Wallboard.   (But other products still count towards total 
per sqft requirement) 

4) Make sure to search for EPD’s by your location, which 
will affect your A4 number.



UPFRONT CARBON: DEXTALL “PREFAB OR SITE BUILT”? 
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UPFRONT CABRON & HEALTH: CARBON SEQUESTERING MATERIALS

BioBased Tiles 
(Materials: Bacteria 
and waste aggregate.  
No kiln firing)

Linoleum  
(Linseed Oil & Pine Resin)

BioBased Polyurethane
(100% Plant based oils)
Red List & C2C 

HempWood
(Hemp Stalk 
& Carb 2 Binders)

Vs. LVT: has 1/3rd less EC and 
Saves kgCO2e equal to 
1 yr. absorption from 2,067 trees



UPFRONT CARBON: ILFI ZERO CARBON RESULTS (CO2e)  

Equal to 1 yr. 
absorption from 
5,726,179 trees



UPFRONT CARBON: ILFI ZERO CARBON RESULTS ($)  

A1-A4 Estimated Costs for Embodied Carbon for this Project/GC
(Excluding Finishes)

Concrete 28 day GWP max  =  no added cost
Concrete 56 day GWP max = $325,000 (in labor)
Steel GWP max = no added cost
CMU “Closed Spec” = no added cost 
Drywall “Closed Spec” = $159,250
Metal Stud “Closed Spec” = $101,400
Doors “Closed Spec” = $75,000
Insulation = $36,925

Total:  $697,575

A5 Estimated Costs (Tracking Fuel) - $90k 
Total: $787,575



DEFINITELY YES!  NO TRANSITION LOSSES, 
AND WE NEED TO BUILD OUR RENEWABLE INFRASTRUCTURE (POINT OF USE IS BEST!) 

Normative Appendix A Form 4

Annual Greenhouse Gas Emissions (GHG) 
Net Calculation

Energy Form 

Annual Site energy 
(Form 2 column 5 
kWh/yr

GHG Emission Factor kg 
CO2e/kWh (Using Table 
6+7; Section 7) 

Annual GHG Emissions 
kgCO2e/yr (Multiply 
Site Energy x GHG) 

Table 5,6+7 Regional Electricity Greenhouse Gas 
Emission (GHG 100: CO2e/kWh) Factors for US and 

Canada (Redacted for our typology) GHG 100
GHG 20 
(if req')

1a Imported grid electricity 1,109,808.00 0.356 395,091.65 1a Imported grid 
electricity 

NPCC NYC/Westchester 0.356 0.422

1b Imported specific electricity 0.00 NPCC Upstate NY 0.157 0.183
11a Imported transportation 

vehicle energy 0.00
1b Imported specific 

electricity qualified person should determine

14 Exported renewable electricity 147,348.00 0.356 52,455.89
11a Imported transportation 

vehicle energy qualified person should determine

19 Exported transportation 
vehicle energy (EV charged on 

site) 0.00 13 (14) Exported 
renewable electricity

NPCC NYC/Westchester 0.356
20 Qualified off-site renewable 

Energy 0.00 NPCC Upstate NY 0.157

21 Refrigeration Loss, sum from 
Form 4A 897.75

19 Exported transportation 
vehicle energy (EV charged on 

site) 
qualified person should 

determine

Annual Net GHG Emissions (Sum of 1a-12, 
minus 13-22 + 21) 343,533.51

CLIMATE ACTION: SOLAR’S EMBOIDED CARBON, WORTH IT? 

Equal to 1 yr. absorption 
from 2,622 trees (yearly)



One Year kg CO2e 
Leakage*

*ASHRAE 228 Leakage 
Guidance

Heat/Cool System VRF System Ground Source
Refrigerant R410A R454b  (A2L)

Refrigerant GWP kg CO2e 1920 467
Leakage Rate 10% 1%

Refrigerant Charge length 5,586 LF (hermetic)
Refrigerant Leakage 821,887 898

CLIMATE ACTION: GROUND SOURCE/GEOTHERMAL

NYC is signatory to C40 Clean Construction 
Accelerator: electrifying construction equipment. 

Ground Source PROS:  
- Greatly reduced refrigerant leakage risk
- More efficient than VRF
- Approx half of upfront cost is covered by 

incentives. (Considered cost neutral or 
better, with incentives.) 

- Long lasting system with minimal moving 
parts 

- Reduces peak loads on the grid
- No penetrations on the façade (energy, 

sound, maintenance, & aesthetic benefits) 

Ground Source CONS: 
- Requires commitment Early in Design 
- Embodied Carbon balance not clear yet, 

needs further study. 
- May not be able to cover full loads for non-

Passive House building or heating 
dominated. 

Equal to 1 yr. 
absorption from 
41,094 trees



ILFI ZERO CARBON: OFFSET REQUIREMENTS

Operational Energy Offsets

Renewable Energy Credits

Additional  
From Allowed Sources

Attributed to the Project
Educational 
Identifiable

Metered

Embodied Carbon Offsets 

Carbon Credits

Additional  
Leakage prevention

Permanence
Audited Verification

(Only Green-e certified or equal, and 
Certified Emission Reduction (CER)
Verified Emission Reduction (VER)

Require: 4,935,931  kgCO2e
Cost per t CO2e = $4.80

Estimated Offset Cost = $26,116

Require: 962 MWh/yr  
Cost per MWh/yr = TBD

Estimated Offset Cost =  TBD
Resource: Integrity Council for 
the Voluntary Carbon Market: 
https://icvcm.org/

Potential Checklist 
for Quality Carbon 
Negative Offsets

1) Verifiable
2) New & 

Additional
3) Unique
4) Avoid Leakage
5) Environmental 

Integrity
6) Low Risk
7) Time aligned
8) Third Party 

Verified
9) Transparent

Credit: LMN Path to Zero 
Carbon: 
https://lmnarchitects.co
m/lmn-research/path-
to-zero-carbon-series

Equal to 1 yr. 
absorption 
from 284,010 
trees



CLIMATE ACTION: ALIGNMENT OPPORTUNITY

https://www.climatesmartforestry.org/levelsetting

Construction Industry: Increased 
Demand for Biogenic Carbon 

Storing Materials 

Increased Demand for Climate 
Smart Forestry and Regenerative 

Organic Agriculture

How do we drive demand for best practices in other systems?

Those other systems are evolving too, how can we align with them?

Climate Smart Forestry Regenerative Organic Agriculture

https://regenorganic.org/



Total Cost to go  
“Zero Carbon” 
(Baseline EGC/NYC) 

= Approx 2-3% of 
construction costs

EPA Social Cost of 
Carbon, of Embodied 
& Operational
Impacts remaining = 
$238 tCO2e

= $2,526,642
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https://linkprotect.cudasvc.com/url?a=http%3a%2f%2fwww.newbuildings.org%2f&c=E,1,5Yj_RtXxGXQ1lQ8vEK_CdgBUk_TIcoGDuhF9rdDvpvmBT_Pr21d-mAWtKv34GpC7eODxyWwqunw9ClxVv8GP1NHqJRRDbRI2it9J2k4i0GFIxRywMCJeAH7wpw,,&typo=1
https://newbuildings.org/
https://www.nrmca.org/association-resources/sustainability/
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