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WUFI Passive Simulation
Tiered Retrofit Strategies for a 1901 New York Row House
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1. Research Context
This simulation study investigates how retrofit intensity changes the environmental performance of a representative

early twentieth-century New York City row house. The broader research frames retrofit as a tiered decision problem

rather than a single all-or-nothing intervention.

The study compares three levels of intervention: component retrofit, code-compliant retrofit, and Passive House /

EnerPHit-level deep retrofit. The intent is to evaluate the trade-offs among energy performance, constructability,

material complexity, spatial impact, and practical feasibility.

Case Study

The baseline model represents a 1901 Brooklyn row house in Climate Zone 4A. The research describes the existing

condition as multi-wythe masonry construction with limited or no insulation, single-glazed windows, traditional

construction assemblies, and relatively uncontrolled infiltration. JFK weather data is used for the environmental

simulation.

Why WUFI Passive?

WUFI Passive is used to study whole-building energy performance together with the thermal and hygrothermal

behavior of enclosure assemblies. Key inputs identified in the research include wall U-values, window U-values,

thermal-bridge coefficients (ψ-values), insulation thickness, airtightness assumptions, and ventilation-system

performance.

Important: the uploaded research document is still a work in progress. Appendix H currently contains one

documented WUFI result set rather than completed results for all three tiers. This report therefore presents

the available simulation as a preliminary component-retrofit case and does not invent missing Tier 2 or

Tier 3 results.
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2. Experimental Framework
The research controls building geometry, occupancy assumptions, and climate conditions so that changes in

performance can be attributed to the retrofit strategy. Across the tiers, the principal variables are envelope thermal

resistance, window performance, airtightness, and mechanical systems.

Tier 1 Tier 2 Tier 3

Approach Component retrofit Code-compliant retrofit Passive House / EnerPHit

Envelope Partial insulation + air sealing Moderate continuous insulation High-performance continuous insulation

Wall target R-5 to R-10 R-15 to R-25 R-30+

Windows Double glazing
U ~0.4–0.5

Low-E double glazing
U ~0.25–0.3

Triple glazing
U ≤ 0.14

Airtightness Minimal improvement Moderate improvement <0.6 ACH

HVAC Existing / partial upgrade Efficient heat pump systems Integrated HVAC + ERV/HRV

Complexity Low Moderate High

Available WUFI Experiment: Blown-In Cellulose Wall Retrofit

Appendix H documents a component-level exterior-wall insulation experiment. The modeled assembly is listed as 4 in.

face brick, 10 in. middle brick, 0.5 in. lime plaster on wood lath, 3.5 in. blown-in cellulose, a vapor retarder, and 3/8 in.

interior gypsum plaster.

The WUFI assembly table reports a total thermal resistance of approximately R-19.564 hr·ft²·°F/Btu. Within that

assembly, the 3.5 in. cellulose layer contributes approximately R-14.14.
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3. Preliminary WUFI Results
The available WUFI output reports the following whole-building metrics for the documented component-retrofit

simulation. These values are reproduced directly from Appendix H.

WUFI metric Reported value Unit

Heating demand 5.88 kBtu/ft²·yr

Cooling demand 245.64 kBtu/ft²·yr

Heating load 26.70 Btu/hr·ft²

Cooling load 46.12 Btu/hr·ft²

Source energy 841.91 kBtu/ft²·yr

Site energy 732.09 kBtu/ft²·yr

The annual energy metrics and peak-load metrics are charted separately because they use different units. The WUFI screenshot in the source
document displays red status indicators beside the reported metrics; this report preserves the numerical output without reinterpreting those
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status checks.
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4. Interpretation and Next Simulation Steps
The strongest value of this research is not a single WUFI number; it is the comparative framework. A component

retrofit establishes the lower-intervention case, while the code-compliant and Passive House / EnerPHit scenarios are

intended to test progressively more integrated envelope, airtightness, glazing, ventilation, and mechanical strategies.

What the current model demonstrates

The current Appendix H case shows how a historically masonry-based wall can be translated into a defined WUFI

assembly and evaluated quantitatively. It also creates a repeatable baseline for later experiments in which insulation

level, window performance, airtightness, thermal bridges, and ventilation can be changed while geometry and climate

remain controlled.

Recommended comparison set for the next iteration

To complete the study as originally structured, the same output metrics should be recorded for the baseline, Tier 1,

Tier 2, and Tier 3 models. The final comparison can then calculate percentage change in heating demand, cooling

demand, source energy, site energy, and peak loads. Those values would support a true tier-by-tier bar chart and

allow the website case study to state measured reductions rather than projected performance.

Website-ready research takeaway

Question: How far can incremental retrofit measures improve a historic New York row house, and when

does a whole-building strategy become necessary?

Method: A 1901 Brooklyn row house is modeled in WUFI Passive using a controlled Climate Zone 4A

baseline. Retrofit strategies are organized into component, code-compliant, and Passive House / EnerPHit

tiers and evaluated through changes to envelope assemblies, glazing, airtightness, thermal bridges, and

mechanical systems.

Current stage: The preliminary WUFI model documents a blown-in-cellulose wall retrofit and establishes

the workflow for a broader comparative simulation study.

Source

Adapted from Jenny (Xinyu) Ye, “Evaluating Tiered Retrofit Strategies in a 1901 New York Row House: A Simulation-Based Approach,” May 5,
2026. This condensed report uses the research language, framework, assembly data, and preliminary WUFI output contained in the uploaded
working paper.


