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Deep Energy Retrofit Guide  

Subtask A 

Business and Technical Concepts of  
Deep Energy Retrofit of Public 
Buildings - IEA EBC Annex 61  

Objectives 

• Provide guidance on core technologies for DER focusing on 
building envelope ECMs 

• Technology Characteristics (e.g., U-values, building and duct 
air tightness, illumination levels and LPD, etc.)  

• Critical design, construction requirements and 
recommendations (how-to and how-not-to)  

• Important architectural details for 
– Wall cross-sections 
– BE elements connections 
– Continuous air barrier 
– Continuous vapor barrier 
– Thermal bridge remediation 
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• Introduction 

• What is Deep Energy Retrofit 

• Energy efficiency technologies and strategies 

• Core technologies for DER 

• Building Envelope 

– Wall and roof cross-sections 

– Insulation types and levels for different climate conditions 

– Thermal Bridges 

– Window types and characteristics for different climate conditions 

– Air barrier requirements  

– Water and Vapor control for different climate conditions 

• Lighting systems 

• HVAC systems : core requirements to energy efficiency of equipment, HR, ducts 
and pipes    

Subtask A: DER Guide - Outline 

• Attachments 

– Insulation  Materials 

– Catalogue of thermal bridges 

– Air barrier examples of good and bad practices 

– Windows –good practices and installation recommendations 

– Water and Vapor control: examples of good and bad practices 

– Lighting Design Guide 

– HVAC : examples of energy efficient technologies 

• Quality Assurance 

• Conclusions 

• References 

 

DER Guide – Outline (Cont) 
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Core Technologies Bundle 

5 

Category Name Specification 

Building 

Envelope 

Roof insulation Level to be defined through modeling 

Wall insulation Level to be defined through modeling 

Slab Insulation Level to be defined through modeling 

Windows Parameters   to be defined through 

modeling 

Doors Parameters   to be defined through 

modeling 

Thermal bridges remediation See the BE Guide 

Air tightness 0.15 cfm/ft2 (for USA) 

Vapor Barrier See the BE Guide 

BE QA See the BE Guide 

Lighting and 

Electrical 

Systems 

Lighting design , technologies and 

controls 

See the USACE Lighting Guide 

Advanced plug loads, smart power 

strips and process equipment  

TopTen (Europe,  USA),  Top Tier 

EnergyStar, FEMP Designated, etc 

HVAC High performance motors, fans, 

furnaces, chillers, boilers, etc 

ASHRAE Std 90.1 2013 and EPBD 

(Table will be provided in the Guide) 

DOAS See the Guide 

HR (dry and wet) >80% efficient, see the Guide  

Duct insulation  Based on EPBD requirements 

Duct airtightness Based on EPBD requirements 

Pipe insulation Based on EPBD requirements 

Other Energy Efficiency Technologies  (> 400 from the Annex 46) 
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Guidance for Insulation Values and window  
• Based on modeling 

results ranges for 
insulation levels and 
windows will be 
developed fro different 
climate zones 

• Example for the DOE 
climate zone 5 

Item Component Recommendation 
Assembly Max 

(2) Min R-Value (2) 
Roof Insulation Entirely Above 

Deck 
U-0.020 

R-50ci 

Metal Building R-13 + R-13 + R-34ci 

Vented Attic and Other R-60 

Walls 

Mass 

U-0.033 

R-30ci 
Metal Building R-19 + R-17ci 
Steel Framed R-19 + R-20ci 
Wood Framed and Other R-19 + R-14ci 
Below Grade/Basement U-0.067 R-15ci 

Floors Over 
Unconditioned 
Space 

Mass 

U-0.033 

R-16 Spray Foam + R-11ci. 

Steel Joist R-16 Spray Foam + R-13ci. 

Wood Framed and Other R-19 + R-10ci. 

Slab-on-Grade 

Unheated F-0.54 R-10 for 24 in. 

Heated F-0.44 R-15 for 36 in. + R-5ci below 

Doors 
Swinging U-0.60 Insulated 
Non-Swinging U-0.40 Insulated 

Vertical Glazing 

Window to Wall Ratio (WWR) < 20% 
Thermal Transmittance (U-
value) 

≤ 0.27 

Solar Heat Gain Coefficient 
(SHGC) 

≤ 0.40 

Building Envelope  Section of the Guide 

The BE Guide will address the following wall structures: 
– CMU or concrete wall with interior insulation  

– CMU or concrete wall with exterior insulation  

– Steel stud infill wall in steel or concrete 

– Steel tube blast-resistant curtain wall perimeter 

– Precast sandwich panel 

• Historical Buildings w/interior insulation   

• The Guide will address the following roof structures 
– Flat roofs (concrete slabs and steel deck) 

– Sloped roofs (metal and wood frame) 
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© Fraunhofer USA 

Framed Wall Systems: Imperfection in Installing 
Cavity Insulation 

 Examples of heat flow complication in framed walls which can not be 
captured by 1D R-value: 
 

 Imperfection in installing cavity insulation  

affects thermal bridging (Kosny et al, 2002) 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Calculated clear wall R-values for wood and 
steel framed walls 

Wood Studs 
with 2”gap 

Steel Studs 
with 2”gap 

Wood Studs with 
2” insulation 

Steel Studs with 2” 
insulation 

Steel Studs with 
insulation in the frame 

 Minimum thickness of insulation can be determined from table depending on the 
placement and type of insulation. Below example is the steel framed wall to reach 
target R-20. 

 
 

  

Description Existing R-

value 

Cladding 

R-value 

Type 

Minimum Required Insulation to reach R-20 

Interior Insulation Exterior Insulation Cavity &Interior 

Insulation 

Cavity & Exterior 

Insulation  

2x4 Steel 

Framed wall 

R-2.8 < R-2 Wood Strips 

XPS–  

3in nominal +  1in bridging 

EPS–  

4in nominal +  1in bridging 

PIC–  

3in nominal 

PU–  

2.5in nominal + 0.5in bridging 

Fiber glass batt – 

5 in nominal  

Mineral wool batt–  

4in nominal + 1in bridging 

 

Wood Framing 

… 

Nailing 

….. 

Adhesive 

EIFS with 2in EPS 

 

Wood Strips 

XPS–  

3in nominal +  1in 

bridging 

…. 

 

Z-Furring Channel 

… 

 

Wood Framing 

… 

 

Nailing 

….. 

Wood Strips 

Fiberglass Batt in 

Cavity 

 

XPS interior–  

1 in nominal +  1in 

bridging 

  

EPS–  

2in nominal  +  1in 

bridging 

 

 

PIC–  

1in nominal 

 

…. 

Z-Furring Channel 

Fiberglass Batt in 

Cavity 

 

PU exterior–  

1 in nominal +  1in 

bridging 

 

….. 

R-2 to R-4  … … …. …. 

Insulation 
attachment 
system 

Required R-value Implementation  

Possible combination 
options of insulation 
types and  attachment 
system types Needs to be 

populated with 
the same 
methodology 

The same as 
mass wall 
example 

All possible 
insulation options 
for this 
attachment 
system 
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Roof Insulation Details  

Wall Insulation 
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Slab Insulation 

Thermal Bridges 
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Main Offenders 

Magnitude of Heat Losses through Thermal 
Bridges in Office Buildings 
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Example of Thermal Bridge Remediation 
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Some Architectural Details for Thermal 
Bridge Remediation (ERDC contribution) 

Wall 
1. CMU or concrete wall with interior insulation  
a.At grade (stem wall)  
b.At suspended slab (w/steel stud or exposed block) 
c.At parapet with concrete roof, concrete parapet 
d.Steel roof joists at parapet  
e.Window jamb 
f.Window head 
g.Window sill  
h.Blast resistant window jamb  
i.Door jambs to CMU 
j.Thru slab projection eg. shade or balcony 
 
2.CMU or concrete wall with exterior insulation 
(CMU+2”+brick)  
a.Roof parapet with concrete roof  
b.Roof parapet with OWSJ + deck 
c.At grade transition (stem wall) 
d.Window jamb  
e.Window head 
f.Window sill  
g.Blast resistant window jamb 
h.Blast resistant window head 
i.Suspended slab at shelf angle 

 
 
3.Steel stud infill wall in steel or concrete frame 
(SS+2”+brick)  
a.Roof parapet with steel frame   
b.Window jamb 
c.Window head 
d.Window sill 
e.Steel tube blast-resistant curtainwall perimeter 
f.Steel beam penetration 
4.Steel building with Insulated Metal Panel 
a.Eave Detail 
5.Precast sandwich panel  
a.Roof of steel joists bearing on inner wythe of 
sandwich 
6.Important Clearwall Details  
a.6” steel studs @16” w/brick ties 
b.Horizontal Z-girts on sheathing & steel studs 
c.Batten and counter-batten Z-girts on 16” sheathing & 
steel studs 
7.Historical Details  w/interior insulation    
a.Stone veneer over CMU @ grade or parapet 
b.Window sill in solid brick masonry 
  

Examples 
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Lighting Guide  


