Proponents: Helen Sanders, Technoform North America representing The Facade Tectonics Institute (helen.sanders@technoform.com)

2024 International Energy Conservation Code [CE Project]
Revise as follows:

C407.2 Mandatory requirements. Compliance based on total building performance requires that a proposed design meet all of the following:

1. The requirements of the sections indicated within Table C407.2(1).
2. An annual energy cost that is less than or equal to the percent of the annual energy cost (PAEC) of the standard reference design calculated in Equation 4-32. Energy prices shall be taken from a source approved by the code official, such as the Department of Energy, Energy Information Administration’s State Energy Data System Prices and Expenditures reports. Code officials shall be permitted to require time-of- use pricing in energy cost calculations. The reduction in energy cost of the proposed design associated with on-site renewable energy shall be not more than 5 percent of the total energy cost. The amount of renewable energy purchased from off-site sources shall be the same in the standard reference design and the proposed design.
3 For climate zones 5 to 8, the proposed building's thermal envelope shall meet the following performance:

1. Fixed fenestration: The weighted average U-factor of the combined fenestration assemblies shall not exceed 120% of the value in Table C402.4 for fixed fenestration

2. Operable fenestration: The weighted average U-factor of the combined fenestration assemblies shall not exceed 120% of the value in Table C402.4 for operable fenestration

Exceptions: Fire-protection-rated fenestration assemblies, fire-resistance-rated fenestration assemblies, blast resistant fenestration assemblies, tornado resistant fenestration assemblies, fenestration in historic buildings.

Exceptions:

1. Jurisdictions that require site energy (1 kWh = 3413 Btu) rather than energy cost as the metric of comparison.
2. Where energy use based on source energy expressed in Btu or Btu per square foot of conditioned floor area is substituted for the energy cost, the energy use shall be calculated using source energy factors from Table C407.2(2) For electricity, U.S. locations shall use values eGRID subregions. Locations outside the United States shall use the value for "All other electricity" or locally derived values.

[image: ](Equation 4-32)



PAEC = Percentage of annual energy cost applied to standard reference design
ECr= Energy efficiency credits required for the building in accordance with Section C406.1 (do not include load management and renewable credits)

Reason: The Façade Tectonics Institute is supportive of the need to promote the implementation of higher performing façades and to make it less easy to trade off poor envelope performance with higher internal system performance. Since envelopes are the one of the longest-lived elements of the building and impact the building’s resilience in severe weather/power interruptions, supporting high envelope performance is important. This proposal creates maximum allowable thermal transmittance values (U-factor) for fenestration for use in buildings following the total performance compliance path.
The goal of this proposal is to prevent poor performing fenestration (with performance significantly worse than the prescriptive requirements) being installed because of the ability to trade off with higher performing HVAC and lighting in the total performance compliance path.

This trade off happens quite often, and is a challenge being seen across the country, where fenestration with U-factors higher than the prescriptive path are used in performance path compliance. This is the reason why envelope backstops (a similar concept) have already been enacted in building energy codes in Washington State, New York City, Massachusetts, and more recently in ASHRAE 90.1. This can be considered as an alternative backstop approach to these UA type backstops. This proposal has been revised based on feedback from the committee in the last committee review period.

It matters how total performance is achieved.

While in principle, it shouldn’t matter how the total energy performance of the building is achieved, as long as it is better than the base building, a building with poorer envelope leads to reduced resilience to acute weather events (human health and survivability consequences) and climate change, challenges with driving towards net-zero goals, poor thermal comfort next to the envelope, and potentially condensation issues leading to mold and indoor air quality problems (depending on the climate zone).
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The use of a single metric around which the building is optimized – energy use intensity (or worse, energy cost) - can lead to buildings with sub- optimal occupant comfort and poor resilience and passive survivability. This does not help jurisdictions manage the impact of climate change, nor move quickly towards net zero energy performance.

The heat waves that have afflicted the western US this year, which has caused brown and black outs illustrate the importance of a high- performance envelope to maintain a functional indoor environment for a reasonable amount of time. Heat is the silent killer, which takes more lives than the acute impacts of storms [see reference 1]. A high-performance HVAC system is of no help to occupants if there is no power. Atelier 10 simulated the impact of high-performance envelope versus current building stock and code compliant envelope performance for Urban Green, and demonstrated the importance of the thermal performance of the building envelope for maintaining passive survivability in the buildings during power outages in both winter and summer conditions [see reference 2].

In addition, there is a big push to electrify buildings along with decarbonization of the grid. This means a switch from gas heating/boilers to heat pumps. In new construction an aggressive envelope should mean not only lower energy bills but lower peak loads and lower costs for HVAC systems and lower cost for PV/storage and grid upgrades; Utilities will have massive new heating loads that occur 6AM in winter when solar power is not available. So, loads will need to be reduced during those periods, which is why a focus on better facades is needed as one strategy to minimize those loads. Larger HVAC systems also come with increased greenhouse gas emissions from refrigerants, again pointing to the need for better envelope focus.

Also, since the performance of the building envelope is already overestimated because thermal bridging is ignored or not fully accounted for, making the envelope worse does not seem to be going in the right direction for actual energy savings nor moving closer to our nation’s net zero carbon goals.

The Institute agrees that some architectural design flexibility is needed to manage innovation and challenging applications and believe that this can be achieved by identifying exceptions and through setting the area weighted limits somewhat higher than the prescriptive values.

We recognize that there may be specialty applications (e.g. fire, blast, historic renovation) that may need to be excepted.

Our proposal recommends:

1. The maximum area weighted U-factors be separated according to the type of fenestration e.g. fixed fenestration or operable windows. It is also our desire to encourage the use of operable windows to achieve more natural ventilation in buildings. Since operable fenestration typically has higher U-factors than fixed fenestration, the committee could consider modifying the proposal such that the area weighted U-factor for operable fenestration may be traded off with better area weighted average of the fixed fenestration types in the building, so long as the total area weighted U- factor of the fixed and operable fenestration does not exceed the sum of the maximum allowable U-factor (operable)xArea of operable fenestration plus maximum allowable U-factor (fixed fenestration)xArea fixed fenestration divided by the total fenestration area.

We strongly prefer a fenestration maximum (a fenestration backstop), rather than creating a whole envelope maximum by combining into an area weighted value for opaque and transparent areas (an envelope backstop). This is because the fenestration maximum approach does not result in the potential negative consequence of trading off fenestration for opaque elements and it supports continued use of curtainwall for high-rise construction. We recognize the need for sufficient fenestration to be used in buildings to provide daylight and views for the health and well-being of occupants [see for example reference 3, but there is a large body of data on the human benefits of daylight and views] and for capturing daylight harvesting energy savings when combined with lighting controls.

2. The maximum area weighted U-factors be set at values 20% higher than the respective prescriptive requirement, to give design teams some flexibility, increased from the original 10%, now that lower U-factors have been accepted by the 2024 consensus committee for climate zones 5,7,8. The cost effectiveness of the prescriptive values has already been shown, so allowing 20% above these values should also be cost-effective, and less stringent than required prescriptively in the 2018 and 2021 versions. We recommend using a percentage above the prescriptive baseline so that when the prescriptive U-factors are reduced, this requirement automatically changes with it.

3. Including exceptions are as follows (updated based on committee feedback in the first round of review):

a. Fire-protection and fire-resistant glazing

b. Blast resistant glazing

c. Tornado resistant glazing

d. Historic buildings.

We believe that an exception for just “renovation” is much too broad and that design teams should be made to increase the performance of the façade in all renovations unless they are true historic preservations or restorations. After all, renovations generally only happen once in a generation, and if we want to address existing building energy performance which is where most of the energy savings and resiliency impacts will be, we need to have higher expectations of post renovation performance.
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4. Limiting the requirement to the more heating dominated climate zones, where envelope thermal performance is most impactful.

To illustrate the maximum values of fenestration U-factors proposed for the total performance path compared with the 2024 consensus committee approved prescriptive values, the maximum numbers are included in parenthesis next to the prescriptive values from Table C402.4 in the attached table. These U-factors are easy to meet in the given climate zone relative to the prescriptive values. The products are widely available and cost-effective based on the prescriptive values being 10% lower (more stringent). 

	Climate zone
	0 and1
	2
	3
	4
	5
	6
	7
	8

	Vertical Fenestration

	U-Factor (fenestration maximum values in parenthesis next to prescriptive values for comparison)

	Fixed fenestration
	0.50
	0.45
	0.38
	0.34
	0.34 (0.41)
	0.34 (0.41)
	0.28 (0.34)
	0.25 (0.30)

	Operable fenestration
	0.62
	0.60
	0.54
	0.45
	0.45 (0.54)
	0.42 (0.50)
	0.36 (0.43)
	0.33 (0.40)

	Entrance doors
	0.83
	0.77
	0.68
	0.63
	0.63
	0.63
	0.63
	0.63




Cost Impact: The code change proposal will increase the cost of construction.
This proposal still allows for the use of lower performance fenestration in the total performance path than prescriptively allowed and the prescriptive values have already been shown to be cost-effective. While the proposal still provides some flexibility in moving dollars spent on the envelope to dollars spent on internal building systems like lighting and HVAC, it prevents larger transfers of cost/budget. It is possible that design teams trade off lower performance fenestration with higher efficiency HVAC and lighting because it is the less expensive route to deliver their design intent. This proposal will constrain this budget trade off and so may increase the cost of constructing a building if compared to one that could have used
even poorer fenestration, but likely not relative to a building built to the prescriptive compliance path which would use higher performance fenestration.

Bibliography: [1] Examples of articles discussing heat as a silent killer: https://www.congress.gov/event/117th-congress/house-event/113942?
q=%7B%22search%22%3A%5B%22%5C%22Science%2C%5C%5C%22%2C%22Space%2C%5C%5C%22%2C%22and%5C%5C%22%2C%22
Technology%7CEnvironment%5C%22%22%5D%7D&s=1&r=24

https://www.noaa.gov/stories/excessive-heat-silent-killer

[2] https://www.urbangreencouncil.org/babyitscoldinside
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