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Overview of the 50% Advanced Energy Design 
Guide for Small to Medium Office Buildings

Start Time:  12:00 Noon Eastern Time

Handout: http://www.energycodes.gov/events/doe/aedg_small_medium_bldgs.stm

Audio:  Will be over the phone, not the computer.  Dial into the 
phone number provided when you registered (and sent again in the 
reminder email message)

Questions:  To submit questions 1) select “Q&A” from the top 
menu, 2) click in the top box, 3) type your question, and 4) click 
“Ask” (questions will be answered at the end)

Welcome to the Webcast

http://www.energycodes.gov/events/doe/aedg_small_medium_bldgs.stm�
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Today’s Speakers

Jeremy Williams is currently on fellowship with the U.S. Department of Energy Building 
Technologies Program.  His educational background includes:  Business, Education, Construction 
Management.  He was a Senior Graduate Research Assistant at Center for Construction Project 
Performance, Assessment and Improvement (c2p2ai) at Michigan State University, with a research 
focus on energy code compliance.  He coordinated the Michigan Energy Code Training and 
Implementation Program in Michigan – a joint effort between the State of Michigan and MSU.
Bing Liu, P.E., is a Senior Research Engineer at Pacific Northwest National Laboratory (PNNL)
with more than 16 years of experience in sustainable building design and analysis, energy efficiency 
analysis and simulation, and high-performance building metering and measurement. Ms. Liu leads the 
PNNL Commercial Building Simulation Team supporting the next generation of codes and standards 
(ASHRAE Standard 90.1 and 189.1). She also chaired the project committee to develop the first 
Advanced Energy Design Guide book targeting 50% energy savings for small to medium offices. 

Dr. Merle McBride is employed by Owens Corning and works at their Center of Science and
Technology in Granville, Ohio.  He has served on all the 30% and 50% AEDG project committees.

Michael Lane joined Puget Sound Energy in May of 2011 as Sr. Energy Management Engineer 
working in the Business Energy Management division. Previously he was Project Manager and Lead 
Lighting Specialist at the Lighting Design Lab. Michael is a member of the IES and serves on the IES 
Outdoor Environmental Lighting & IES Energy Management Committees, the ASHRAE 90.1 Energy 
Committee as Co-Vice Chair and has served on six AEDG project committees. In 2004, and 2010 
Michael received the IES Presidential Award.
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The Parker Ranch installation in Hawaii

Advanced Energy Design Guides
for 50% Energy Savings in Buildings

Jeremy Williams
AEDG Steering Committee

Building Technologies Program

September 15, 2011
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What are the Advanced Energy Design Guides (AEDGs)?
Who develops the AEDGs?

• Introduction to the guides
• Background information
• Impact and distribution
• Future AEDGs

Presentation Overview
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• Guidance and recommendations by building type 
and geographic location

• Collection of experts and combined experience
• In-line with DOE energy savings targets
• Apply to new commercial construction
• Educational guidance—not a code or standard 

The AEDG Series

How do I achieve these energy savings targets (i.e., 50%) 
in my real building?
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AEDG Partnership

• Collaboration of professional organizations and DOE

• Specialized Project Committee for each guide

• Oversight is provided via AEDG Steering Committee

• Backed by DOE national laboratory leadership, energy 
simulation, technical analysis and support

• Open peer review and commentary process
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The AEDG Series

Two AEDG series:
• 30% energy savings
• 50% energy savings
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30% AEDG Series

Small Office K-12 SchoolSmall Retail

Small 
Hospital

Highway 
LodgingWarehouse

Two AEDG series:
• 30% energy savings
• 50% energy savings

Advanced Energy Design Guides 
with recommendations to achieve 
30% energy savings over 
ASHRAE Standard 90.1—1999

Free download:
www.ashrae.org/technology/page/938

http://www.ashrae.org/technology/page/938�
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50% AEDG Series

Two AEDG series:
• 30% energy savings
• 50% energy savings

50% energy savings over ASHRAE 
Standard 90.1—2004

50% AEDG Building Types:
1. Small to Medium Office Buildings
2. K-12 Schools
3. Medium to Big Box Retail
4. Large Hospitals
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50% AEDG Background

• Described as a ‘cookbook’ approach to building energy efficiency

• Provide design packages and strategies to help owners and designers 
achieve 50% site energy savings over ASHRAE 90.1–2004

• Present climate specific recommendations for prominent building types

• Offer both prescriptive and performance solutions

• Whole building approach:
• Opaque envelope and fenestration
• Lighting and Daylighting
• HVAC and service hot water
• Plug and process loads
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50% AEDG Background

• Most commonly used by architects and engineers, but useful to building 
owners, developers, or anyone interested in energy efficiency 
applications and high-performance buildings

• Primarily new commercial construction, also applicable to: 
• Complete or major Renovations
• Building additions
• Remodeling and modernization projects
• Systems upgrades
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50% Technical Support 
Documents (TSDs)

• Detailed documentation of 50% savings strategies 
by building type:
 Small Office
 Medium Office
 Large Office
 Large Hospital
 Medium Retail
 Grocery Stores
 Highway Lodging
 Quick-service Restaurant

• Cost-effectiveness analysis

• Free Download: http://www.ashrae.org/technology/page/1402

http://www.ashrae.org/technology/page/1402�
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Impact and Distribution

• Over 329,000 copies in 
circulation (as of 9/2/2011)

• Promote worldwide building 
energy efficiency

• Referenced in RFP 
specifications

• ASHRAE Standard 90.1
• ASHRAE/USGBC/IES 

Standard 189.1
• LEED rating system

0%

10%

20%

30%

40%

50%

60%

70%

AEDG Download Geographic 
Distribution
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50% AEDG Series in Progress

AEDG Building Type Scheduled

Small to Medium Office AVAILABLE NOW
K-12 Schools Oct  2011
Medium to Big Box Retail Jan  2012
Large Hospital May 2012



What is New? 
Advanced Energy Design Guide for 
Small to Medium Office Buildings

Bing Liu, PE, CEM, LEED AP

Chair, AEDG SMO Project Committee
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AEDG SMO Buildings
Scope

Small to medium office buildings up to 
100,000 ft² in gross floor area.  
Covers administrative, professional, 
government, bank/financial services, and 
medical offices (without medical diagnostic 
equipment)
The Guide does not cover specialty spaces 
such as data centers, which are more 
typical in large office buildings.  



AEDG SMO Buildings
Contents

Foreword: Make a business case to building owners and developers
Chapter 1: Introduction
Chapter 2: Expanded guidance on integrated design
Chapter 3: Integrated Design Strategies

 Performance strategies for those not using the prescriptive 
recommendations

 Whole building case studies

Chapter 4: Recommendation Tables
 General strategies by climate zone

 Prescriptive recommendations by climate zone

Chapter 5: How To Implement Recommendations
 Good design practices (how-to tips)

 Technical examples

 Additional bonus savings (top-lighting, natural ventilation, renewable 
energy)



Chapter 2 and 3
Integrated Design Process and Strategies

Integrated Project Delivery process
Multidisciplinary Recommendations
Major Energy Saving Focus

Building envelope
Lighting
Plug loads
HVAC systems
Service water heating



Chapter 3
Case Studies



Chapter 4
Recommendation Tables



Chapter 5
Technology Examples



Chapter 5
How-to Tips



Integrated Design Approach 

• AEDG presents “A Way Not The Only Way…” through the 
prescriptive tables.

• AEDG presents a tutorial on the elements of Integrated Design for 
Energy Conservation.

• AEDG presents a description of required design tasks for energy 
conservation by design phase.

• AEDG stresses the importance of energy modeling for design of 
building not amenable to tables.



Multi-Disciplinary Design Teams



Entire Building Configuration Determines 
Energy Performance



Savings Opportunities Vary with Climate



Cumulative Impact of Integrated Approach



Grounds Rules for Prescriptive Path

• Products must be available from at least 2 manufacturers

• Systems must be within first cost range of conventional systems

• Savings are determined based on modeling with ASHRAE 90.1-2004 
as the Base Case.

• All systems and products must be compliant with ASHRAE 90.1-2010

• Systems must provide compliance with ASHRAE 62.1-2010 and 
ASHRAE 55-2010



Technical Analysis Approach 

Two representative prototypes: 
20,000 ft² small office
53,000 ft² medium office

Recommendations by all 8 DOE 
climate zones plus moist/dry for 16 
total locations
Energy Savings:

50-61% relative to 90.1-2004 
46% relative to 90.1-2007
31% relative to 90.1-2010
55% relative to 90.1-1999



Technical Analysis Approach 

Documented in PNNL technical reports
Available for free download

Detailed documentations of 50% savings 
strategies and cost effectiveness analysis
Small offices: http://tinyurl.com/3pn5oyq

Medium offices: http://tinyurl.com/3klsybn

http://tinyurl.com/3pn5oyq�
http://tinyurl.com/3klsybn�


Merle McBride, Ph.D., P.E.
Senior Research Associate

Owens Corning
Center of Science and Technology

Granville, Ohio

Building Envelope Strategies
for the 50% AEDG SMO



General Design Strategy

1 - Minimize the envelope heating and cooling loads, 
both sensible and latent (conduction, solar, 
infiltration, water vapor diffusion and thermal mass).

2 - Minimize the internal loads (lighting and plug loads).

3 - Maximize the mechanical systems performance
(ventilation loads and the HVAC and SWH 
equipment efficiencies).



Building Envelope Strategies

1 – Upgrade the Envelope Thermal Efficiency

2 – Make Fundamental Changes to the Building Basic
Structure and Form

3 – Incorporate New Features



1 - Upgrading Envelope
Thermal Efficiency

Roofs
Walls
Floors
Slabs
Doors

Vestibules
Fenestration
Daylighting



Insulation Above Deck

- No Thermal Bridges
- Stagger edges of 

multiple layers
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Mass Walls
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Steel Framed Walls
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Unheated Slabs
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Vertical Fenestration – U-factor
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Vertical Fenestration - SHGC
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Alternative Opaque Constructions



2 – Building Structure and Form

Windows
Exterior Sun Control

Vestibules
Daylighting Glass 

Building Orientation and Daylighting
Building Shape and Daylight

Correct Lighting Levels



Windows

• Orientation
Aw  and Ae each < As

• Window-to-Wall Ratios

20% to 40% 



Exterior Sun Control
(South, East and West)

PF = 0.5



Vestibules

Primary Occupant Entrances
(Excluded: Emergency Exits, Maintenance Doors, Loading 

Docks and Specialty Entrances)

CZ  1-2 = No recommendation
CZ 3 = Buildings > 10,000 ft2

CZ 4-8 = All Offices



Daylighting Glass

• VT = 0.6 to 0.7
• Minimum VT/SHGC =1.10 in all CZ
• Vertical Fenestration EA = 0.12 in all CZ



Building Orientation and Daylighting

Vertical facades that provide 
daylighting should be oriented within 

15o of north and south directions.



Building Shape and Daylight

• Locate occupied spaces within a minimum
distance from the perimeter.
• Shape building footprint so all occupants are

within 30 ft of perimeter fenestration.
• Shape building footprint so regularly occupied

spaces are within 15 ft of the perimeter.
• Ensure that 75% of the occupied spaces are

within 20 ft of the perimeter wall.



Correct Lighting Levels

• In clear sky conditions illuminance levels
should be 25 fc to 250 fc.

• In overcast conditions achieve a daylight
factor of 2% but no more than 20%.



3 – New Features

Mitigation of Thermal Bridges
Continuous Air Barriers

Thermal Mass to Reduce Loads



Mitigation of Thermal Bridges

Roofs
Windows

Foundations



Roof Parapet



Windows



Foundations



Continuous Air Barriers

Entire Building Envelope for all Offices 
in All Climate Zones



Thermal Mass 

Reduce Thermal Loads Improve Thermal 
Comfort  Passive Solar Designs

(Lobbies, Corridors, Etc…)



Conclusions

• Minimizing the envelope heating and
cooling loads is the first step in achieving 50%
energy savings.

• The strategy is:
• Upgrade the Thermal Envelope  Efficiency
• Make Fundamental Changes to the Building

Basic Structure and Form
• Incorporate New Features



Lighting and Daylighting Strategies
For the 50% AEDG SMO

Michael Lane, LC
Senior Energy Management Engineer



Climate Zone Recommendations



Daylighting Recommendations

• Use a shallow floor plate
• Locate workstations next to 

North or South windows 
• Use low partitions with translucent materials
• Locate private offices on east and west perimeters
• Use light-colored matte finishes
• For controls

– daylight dimming in open offices
– occupancy sensing in private offices and conference rooms 

w/ daylight override



Electric Lighting Recommendations

• Reduce Lighting Power Densities



Electric Lighting Recommendations

• Reduce Lighting Power Densities
– High Performance lensed fluorescent fixtures
– 90+ lpw fluorescent lamps
– NEMA Premium ballasts

• Dim general lighting in Open Offices
• Use dual circuit 

occupancy sensors in 
Private Offices

• Night lighting (10% max)



EL14 Open-Plan Offices (Climate Zones: all)
The target lighting in open offices is 30 average maintained footcandles for ambient 
lighting, with approximately 50 fc provided on the desktop by a combination of the 
ambient light and daylight. Supplemental task lighting is only required during 
nondaylight hours. Open-plan office areas account for approximately 16% of the floor 
area and are designed to 0.68 W/ft2……



Electric Lighting Recommendations

• Exterior Lighting
– calculate LPD only for areas intended to be lighted.
– areas that are lighted to less than 0.1 fc are assumed to 

not be lighted
– design with a maximum to minimum ratio of illuminance

no greater than 30 to 1 (if the minimum light level is 0.1, 
then the maximum level in that area should be no greater 
than 3 fc)

– reduce power between 12:00 p.m. and 6:00 a.m. to no 
more than 50%

– turn façade lighting OFF after midnight
– use 90.1-2010 lighting zone 3 or lower recommendations



HVAC Strategies
for the 50% AEDG SMO

Bing Liu, PE, CEM, LEED AP
Daniel Nall, WSP Flack + Kurtz 

Mick Schwedler, Trane
Erin McConahey, Arup



Principles for HVAC Efficiency

• High full load efficiency and maximized part load efficiency (units 
rarely operate at full load)

• Humidity control and ventilation maintenance without reheat
- Vary airflow for load modulation with constant maximum apparatus 

dew point
- Separate ventilation airflow from sensible conditioning and maintain 

constant maximum apparatus dewpoint in ventilation airflow
• Move only as much air as necessary

- Vary airflow with sensible load
- Disable conditioning air flow when possible

• Independent controls for ventilation and sensible cooling
• Heat or energy recovery in almost all climate zones



System types for 50% savings

• Constant volume air-source heat pumps with DOAS

• Water source heat pumps with DOAS

• VAV Fan coils with DOAS

• Radiant heating/cooling with DOAS

• Air-cooled VAV DX units with indirect gas-fired heat or with electric 
baseboards

• Chilled water VAV with air-cooled chiller and with hydronic
distribution and condensing boiler  or electric baseboards

• Others may work, but weren’t tested for this study



30% AEDG solutions that don’t work for 
50% savings

• Constant volume systems without Dedicated Outdoor Air System 
(DOAS)

• Constant Volume DX cooling only systems even with DOAS

• Constant outdoor air ventilation



Air Source Heat Pump With DOAS

• Premium DX heating/cooling efficiency
• Very low exterior temperature heating performance (-4°F)
• DOAS with energy recovery and humidity control
• Unit fan and compressors cycle with load
• Low pressure drop ductwork design
• Demand controlled ventilation (DCV)

⁻ Motorized damper control
⁻ Ventilation Airflow monitoring per 62.1-2010



Air Source Heat Pump System Results



Water Source Heat Pump System with 
DOAS

• Heat pump units -in 5 ton size range
- Single stage, EER 16.4, COP 5.2
- Two-stage part load/full load EER 17.6/15.0, - COP 5.7/5.0
- ECM fan motors

• Loop heating and cooling
- Cooling tower, variable speed or two speed fan
- Condensing boiler
- Optimize loop cooling temperature

• DOAS with energy recovery and humidity control



Water Source Heat Pump System with 
DOAS



Advanced VAV System

• Premium DX cooling efficiency
• Energy recovery ventilator

⁻ All except 3B-CA, 3B other, 3C
• Supply air temperature reset 

⁻ Previously excluded 3A and 4a
• Indirect evaporative cooling

⁻ 2B, 3B-CA, 3B other, 4B, 5B
• Demand controlled ventilation (DCV)

⁻ Motorized damper control
⁻ Ventilation Airflow monitoring per 62.1-2010



Advanced VAV System Results



Advanced Fan Coil System with DOAS

• Fan Coil Systems –chilled and hot water coils
- ECM fan motors
- Fan coils cycle when no space loads

• Variable flow pumping

• DOAS with energy recovery and humidity control

• Chilled water supply 

- Efficient air-cooled chiller as described for VAV
- 42°F for DOAS 
- Variable flow with pressure reset

• Hot water
- Condensing boiler 140°F supply, 120°F return



Advanced Fan Coil Results



Advanced Radiant System with DOAS

• Radiant cooling/heating ceiling panels or floor slab
• Variable flow pumping
• DOAS with energy recovery and humidity control
• Chilled water supply 

- Efficient air-cooled chiller as described for VAV
- 42°F for DOAS
- 58°F for radiant system
- Variable flow with pressure reset

• Hot water
- Condensing boiler 120°F supply, 100°F return



Advanced Radiant System Results



Other Information in the AEDG

• Plug loads peak reduction and off-hour control management
• How-To Tips
• Cautions
• References and Resources
• Detailed Discussion of Quality Assurance and Commissioning



Jeremy Williams
Building Technologies Program
jeremiah.williams@ee.doe.gov

Please download your free copy at:
http://www.ashrae.org/publications/page/aedg50pct

Contact Information

Bing Liu
Bing.Liu@pnnl.gov

Michael Lane, LC
michael.lane@pse.com

Merle McBride
Merle.MFM.McBride@owenscorning.com

mailto:jeremiah.williams@ee.doe.gov�
mailto:Bing.Liu@pnnl.gov�
mailto:michael.lane@pse.com�
mailto:Merle.MFM.McBride@owenscorning.com�
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Q&A
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