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Deep Energy Building Retrofits are likely one of the most significant strategies for meeting our 
industry’s decarbonization targets. However, far too often the costly, complicated, and technical 
aspects of how to address the underperforming existing enclosures leave them lightly or 
substantially untouched during retrofit projects. This can result in oversized mechanical systems 
that need to overcome air leakage, thermal bridging, and occupant comfort issues. Or enclosure 
renewal work, matching like with like, and done out of sequence with energy retrofit projects.

This presentation outlines new tools and approaches, from lifecycle assessment, component 
modelling, thermography, to whole building air leakage testing to assess, strategize, optimize, and 
significantly improve the passive energy components of the building - the enclosure. The 
presenter uses case studies from Net Zero Carbon studies, Net Zero Energy design competitions, 
GSA and other Federal objectives, research, energy modelling, and WA State Clean buildings act 
studies to present a repeatable process for existing building retrofits.

March 29, 2024 Building Enclosure Science and Technology 3

Abstract



• Why is the Enclosure Important in Building Retrofits?
• Changing codes,
• Current Strategies,
• Getting to net zero,

• How to determine what to do, impact/cost, when and why?
• Process + Tools

• Case Studies
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AGENDA



Changing Code Requirements (for existing buildings)

2050

Increasing Delta for 
existing buildings



Research – Enclosure Focus

Renovating the existing building stock to a zero-carbon-ready 
level is a key priority for achieving the sector's decarbonization 
targets for 2030 and 2050. However, the retrofitting of buildings is a 
significant challenge since at least 40% of buildings floor area in developed 
economies was built before 1980, when the first thermal regulations came 
into force. Retrofitting 20% of the existing building stock to a 
zero-carbon-ready level by 2030 is an ambitious but necessary 
milestone toward the Net Zero Emissions by 2050 Scenario (NZE 
Scenario). To achieve this goal, an annual deep renovation rate of over 2% 
is needed from now to 2030 and beyond.

In buildings, energy is used for a wide array of applications, including heating, 
ventilation and air conditioning systems (HVAC), domestic hot water (DHW), 
lighting, household appliances, and electronics. Older, existing buildings are on 
average inefficient compared to newer buildings. While appliances can be 
replaced with ones that have greater energy efficiency due to their shorter 
lifespans, the building envelope (walls, roof, and windows), as well as 
technical and mechanical equipment systems, are rarely upgraded since they 
are high-cost and done on an as-needed basis. These components also 
have a longer shelf life at 40-plus years for building envelopes and 15-plus years 
for technical systems. Nonetheless, these are the building elements whose 
performance improvement can bring the most significant benefits in reducing 
CO2 emissions, especially in regions with very cold or hot climates.

Finding the optimal cost-effective combinations of building envelope renovation 
solutions with high-efficiency technical systems using renewable and low-
emissions energy sources is the main challenge and the focus of 
numerous research projects. One of the most significant 
factors influencing the decision-making process is the initial 
investment required, which can be very high and often with long 
payback periods.

https://www.iea.org/reports



Deep Energy Retrofits (GSA examples)

LOAD REDUCTION FOCUS



March 29, 2024 Building Enclosure Science and Technology 8

DEFINING THE BARRIERS TO 
DEEP ENERGY – ENVELOPE 
RETOFITS.

• Costly to access claddings, window, roofs,
• Disturbances to existing Occupants & 

neighboring occupants,
• Heritage protection,
• Difficult to do targeted removal (e.g., just 

windows),
• Differences in lifcycle / wasted durability 

(e.g., walls=60+, windows=20, roof=25 
years),

• Renovation triggers code upgrades = costs,
• No incentives,
• Cheaper to add bigger HVAC to manage 

losses…
• “What if we cause a bigger problem?” – 

confidence in material science.



Heritage Buildings & Code Compliance

Behind the facades of old buildings may very 
well be the secret to accelerating climate 
progress.
“the greenest buildings”—those already built.

https://kleinmanenergy.upenn.edu/research/publication
s/aligning-historic-preservation-and-energy-efficiency/

In 1966, when Congress passed the National Historic Preservation Act, it formally declared 
that “the preservation of this irreplaceable heritage is in the public interest so 
that its… energy benefits will be maintained and enriched for future 
generations of Americans”

These codes do not necessarily fully apply to historic places. Properties listed on a local or state 
register of historic places, or listed or eligible for the National Register of Historic Places, need 
not comply with the IECC if compliance “would threaten, degrade or destroy the 
historic form, fabric or function of the building” (International Code Council 2018 
C501.6).

Beyond building codes are a second set of standards relevant to historic building 
rehabilitation: the Secretary of the Interior’s Standards for the Treatment of Historic 
Properties (the “Standards”) (36 C.F.R. § 68.3). The Standards offer rules for four different 
treatments of historic places: restoration, preservation, reconstruction, and rehabilitation.

C501.1 Scope. The provisions of this chapter shall control the alteration, repair, 
addition and change of occupancy of existing buildings and structures – Chapter 
5, IECC

https://www.iccsafe.org/

The National Register recognizes more than 90,000 properties for their significance 
in American history, architecture, art, archeology, engineering, and culture.



PBS-P100 2021

1.2.1 REPAIRS, RENOVATIONS, MODERNIZATION AND ALTERATIONS 
Repairs, renovations, modernizations, and alterations are improvements 
made to existing facilities.
All items within the project’s scope of work must be designed in 
accordance with P100. Repairs in kind are not required to upgrade to the 
current P100 but must be limited to singular items. The designer must 
clarify ambiguities in writing before beginning the design.

1.3.4 HISTORIC PRESERVATION The National Historic Preservation 
Act (NHPA) of 1966 mandates that Federal agencies use historic 
properties to the greatest extent possible and strive to 
rehabilitate them in a manner that preserves their architectural 
character, in accordance with the Secretary of the Interior’s Standards for 
the Treatment of Historic Properties. 

1.3.3.1 ENERGY ACT OF 2020 REBATES Project teams must pursue utility rebate and 
incentive programs and any government grant or incentive programs at the local, state, and 
federal level. Project teams are encouraged to contact the local utility as early in the design 
process as possible to determine if the project qualifies for a financial incentive or rebate, as 
local utilities often offer “custom” or unadvertised rebates. Rebate checks must be submitted 
to GSA. Examples of projects that are typically eligible for rebates or incentives include the 
following: 
● Building envelope improvements (windows, roofing, doors, weather stripping) 
● HVAC upgrades and new installations (boilers, chillers, VFDs, tune ups, controls, etc.) 
● Lighting retrofits (LED upgrades, controls, etc.) 
● Appliance purchases (cafeteria equipment, water heaters, etc.)



Research – Enclosure Focus

…a rare and critical opportunity to advance decarbonization.

Financing?ROI?
Confidence in results?

Resiliency & Durability
Energy Savings Right size Equipment



Service Life Expectancy
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Assess:
Visual, Exploratory, Laboratory, 
Modelling (Thermal, Resiliency, 
Material, Comfort), Testing, ..

Develop Strategies:
Energy Conservation Measures
Carbon Reduction Measures

Analyze:
Energy, Resiliency, GHG, Cost, Comfort, 
...

ASSESS

DEVELOP 
ECM’S, 
CRM’S

ANALYZE

IMPLEMENT

Developing a 
Repeatable Process
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• Interviews
• Facility Management staff (they know better 

than you…)
• Visual Review

• Assemblies,
• Conditions,
• Tell-tail signs of aging, deterioration, failures

• Exploratory Openings:
• Problem source(s),
• Extent of damage/deterioration,
• “As-built” confirmation

• Laboratory Testing
• Confirm performance,
• Confirm characteristics

• Modelling:
• Thermal, hygrothermal, Energy, Embodied 

Carbon, Comfort, Resiliency, 
• In-Situ Testing:

• Establish a baseline,
• Determine deterioration source(s)

Assess:
Visual, Exploratory, 
Laboratory, Modelling 
(Thermal, Resiliency, 
Material, Comfort), 
Testing, etc.
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• “Fix what’s broken.” A good place to 
start.

• Brainstorming sessions – many 
minds (big and small).

• Use a bookend approach – “do 
nothing” to “do everything” and 
something in between.

• Consider Retro-Commissioning.
• Develop Energy Conservation 

Measures (ECM’s) 
• Consider Embodied Carbon, or 

Carbon sinks,
• Synergistic with Architectural 

(use/function), Mechanical, 
Electrical, Landscape, etc..

Develop Strategies:
Energy Conservation 
Measures
Carbon Reduction 
Measures



Retrofits – Strategies (passive then active)

Enclosure
Enclosure
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Analyze 
Strategies:
Energy, Resiliency, 
GHG, Cost, Comfort, ...

• Modelling:
• Thermal (THERM), 
• Hygrothermal (WUFI/Delphin), 
• Energy (EUI, GHG, Total vs. Goal), 
• Operational / Embodied Carbon 

(LCA / GHG), 
• Comfort (ASHRAE 55), 
• Resiliency / Risk assessment (?), 

• Cost (Simple payback and LCC)
• Synergies with other non-

enclosure Strategies.
• Constructability
• Impact on occupants
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1972 Building, 28 story, 
cold climate.
Steel-framed structure, 
architectural precast, 
aluminum-framed 
curtain wall.

Study Purpose: 
Focused on Structural 
and Thermal 
performance, develop 
repair strategies, 
enhance overall façade 
performance.

MH Façade Retrofit Study - Utah
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MH Façade Retrofit Study - Utah

March 29, 2024

Structural Assessment of anchors 
and precast

Thermal Modelling (THERM) Thermography



MH Façade Retrofit Study - Utah

Balancing Retrofit Options
Considering
• Structural,
• Thermal,
• Cost.
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2030 District Design Competition 2021 – Seattle, WA

Major 
enclosure

retrofit

Increm
ental 

BE 
im

provem
ents

Circa 1980



2030 District Design Competition 2021 – Seattle, WA



2030 District Design Competition 2021 – Seattle, WA



2030 District Design Competition 2021 – Seattle, WA



Study Findings

Envelope Retrofits are important to:
Reducing loads, 
Improving resiliency,
Improving thermal comfort,
Meeting net zero / high performance / Ownwer Goals and targets

Initial cost / payback calculations are typically unfavorable and hence major envelope 
improvements should be aligned with Component Service Lives 
The A/E Industry has:

The knowledge (air, vapor, thermal, moisture movement/control) to reduce risk,
The analysis tools to evaluate strategies,
The modeling tools to illustrate Cost/Carbon/Thermal Comfort,
…but we need to find better financial options and opportunities.



Thank You

March 29, 2024 Building Enclosure Science and Technology 26


	Targeting Existing Buildings�for Deep Energy Retrofits
	Presenters
	Abstract
	AGENDA
	Changing Code Requirements (for existing buildings)
	Research – Enclosure Focus
	Deep Energy Retrofits (GSA examples)
	Slide Number 8
	Heritage Buildings & Code Compliance
	PBS-P100 2021
	Research – Enclosure Focus
	Service Life Expectancy
	Slide Number 13
	Assess:�Visual, Exploratory, Laboratory, Modelling (Thermal, Resiliency, Material, Comfort), Testing, etc.��
	Develop Strategies:�Energy Conservation Measures�Carbon Reduction Measures
	Retrofits – Strategies (passive then active)
	Analyze Strategies:�Energy, Resiliency, GHG, Cost, Comfort, ...�
	1972 Building, 28 story, cold climate.Steel-framed structure, architectural precast, aluminum-framed curtain wall.Study Purpose: Focused on Structural and Thermal performance, develop repair strategies, enhance overall façade performance.
	MH Façade Retrofit Study - Utah
	MH Façade Retrofit Study - Utah
	2030 District Design Competition 2021 – Seattle, WA
	2030 District Design Competition 2021 – Seattle, WA
	2030 District Design Competition 2021 – Seattle, WA
	2030 District Design Competition 2021 – Seattle, WA
	Study Findings
	Slide Number 26

