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Distinguished Lecturer (DL) 
Program

This ASHRAE Distinguished Lecturer is brought to you by the

ASHRAE Society Chapter Technology Transfer Committee (CTTC).

• Please silence your phones.

• DL Evaluation Forms are very important. Please complete at the end of the 

presentation and return to the CTTC Chair or Program Chair.

• Lecturer presentations and/or opinions do not necessarily reflect the policies or 

position of ASHRAE or the chapter.

• More information on the DL Program available at: 

ashrae.org/distinguishedlecturers

http://www.ashrae.org/distinguishedlecturers


LEADERSHIP WANTED!

Become a future leader in ASHRAE – Write the next chapter in your career!

ASHRAE members who are active at their chapter and society becomes leaders and 

bring information and technology back to their job.

You are needed for:

• Society Technical Committees

• Society Standard Committees

• Young Engineers in ASHRAE

• Chapter Membership Promotion

• Chapter Research Promotion

• Chapter Student Activities

• Chapter Technology Transfer

Find your place in ASHRAE and volunteer

ashrae.org/volunteer

http://www.ashrae.org/volunteer


Course Description

Since 2002, ASHRAE, the Illuminating Engineering Society (IES), USGBC, and AIA, with support 

from the Department of Energy, have collaborated on a series of Advanced Energy Design Guides 

(AEDGs) that result in significant energy savings in the built environment beyond what is expected 

by using only ASHRAE Standard 90.1. The AEDG series of documents is now one of the most 

popular publications in ASHRAE’s history with over 600,000 copies in circulation. 

This program provides a brief history of the AEDG Series, and then focuses on the 50% Large 

Hospital AEDG which will be covered in detail including examples of recommendations, case 

studies, technologies, systems, and controls to reduce energy use by 50% or more (compared to 

ASHRAE 90.1-2004). 

Recommended audience:

Hospital facility managers and environmental directors, ASHE members, consulting engineers, 

contractors, facilities managers, and students.



AIA Continuing Education Provider

• ASHRAE is a Registered Provider with The American Institute of Architects Continuing 
Education Systems. Credit earned on completion of this program will be reported to CES 
Records for AIA members. Certificates of Completion for non-AIA members are available on 
request.

• This program is registered with the AIA/CES for continuing professional education. As such, it 
does not include content that may be deemed or construed to be an approval or endorsement 
by the AIA of any material of construction or any method or manner of handling, using, 
distributing, or dealing in any material or product. Questions related to specific materials, 
methods, and services will be addressed at the conclusion of this presentation.

• AIA Course Number / classification: AEDGH5019, 1 LU/HSW
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Learning Objectives

• Understand importance of, purpose for, and background of, the Advanced 

Energy Design Guide series

• Learn how to find and use the AEDG documents

• Identify integrated energy saving recommendations in the Large Hospital 

AEDGs to reduce energy costs

• Reap benefits of using AEDGs to achieve Optimize Energy Performance 

credits



Advanced Energy Design Guides
Goals

• Provide a two-page list of recommendations to reduce 

energy use in buildings

- A way, but not the only way, to construct an

energy-efficient building that uses significantly less energy 

than a code-compliant building

- At least 50% energy savings as compared to 

ASHRAE/IESNA Standard 90.1-2004

▪ 50% progress toward net-zero energy building

• Transfer energy dollars to other resources



AEDG Partnership

Collaboration of professional organizations and DOE

Specialized Project Committee for each guide

Oversight is provided via AEDG Steering Committee

Backed by DOE’s national laboratory leadership, energy 

simulation, technical analysis and support

Open peer review and commentary process



Five 50% Guides
Baseline: ASHRAE 90.1-2004

www.ashrae.org/freeaedg



Guide Development

• Meet all requirements of ANSI/ASHRAE Standards 

- 55 (comfort), 

- 62.1 (ventilation and indoor air quality), and 

- 90.1 (energy)

• Based on whole building energy savings 

• Energy is independent variable and 

cost-effectiveness is dependent variable 

• Off-the-shelf technology 

(must be available from at least two manufacturers)

• Building specific expertise for each guide



Specifically for Large Hospital AEDG

• Guidelines for the Design and 

Construction of Healthcare 

Facilities – 2010 Edition

• Includes ANSI/ASHRAE/ASHE 

Standard 170-2008 Ventilation 

of Health Care Facilities



Large Hospital Project Committee

• Shanti Pless (Chair)

• Merle McBride (Vice Chair)

• Mara Baum & Ray Pradinuk (AIA) 

• Walt Vernon (ASHE)

• Jeff Boldt & Mick Schwedler (ASHRAE)

• John Gill & Joel Loveland (IES)

• John D’Angelo & Kim Shinn (USGBC)

• Tim Peglow (At-Large)

• Eric Bonnema (NREL) and Matt Leach (NREL)



Forward Excerpts

• “Most important in AEDG for Hospitals is the recognition that patient 

outcomes, safety, and experience trump all cost- and energy-saving 

strategies.”

• “The AEDG for Large Hospitals shows that existing reliable technologies 

and design philosophies can be used to reduce energy use in large 

hospitals by up to 50% of ANSI/ASHRAE/IESNA Standard 90.1-2004….”



1 - Introduction

• Conditions to promote health and comfort

- Ventilation and Indoor Air Quality (IAQ)

▪ Refer to Indoor Air Quality Guide

- Thermal comfort

▪ Metabolic rate, clothing insulation, air temperature, radiant temperature, air 

speed, and humidity

- Visual comfort

▪ Daylighting

- Acoustic comfort



Scope

• Standard hospitals ≥ 100,000 ft2 

• Space Types:  reception/waiting, examination, 

treatment, OR, recovery, clean & soiled workrooms, 

nurses station, nursery, patient room, pharmacy, 

triage, trauma, ER, physical therapy, cafeteria, 

kitchen, conference, office, radiology/imaging, 

storage, mechanical & electrical rooms.

• Excludes:  Atypical, special-use spaces



Integrated Design?

• Do we really think we’re going to get to 50% energy 

savings using our present practices?

• No, this is not good integrated design!



Integrated Design

• Early involvement of all team members

• Agreed-upon, objective, and documented common goals

• Open communication about meeting the agreed upon metrics and goals

• Assessment of metrics and goals for a minimum of 3-5 years post-

occupancy

All working with reciprocal respect and trust



ASHRAE Digital Lighthouse



Integrated Design



Baseline Prototype Characteristics
50% Hospital AEDG



Baseline Prototype HVAC Systems
50% Hospital AEDG



Look up climate

zones by location …

Miami = 1A

Seattle = 4C

Reykjavik  = 7

A
moist

C
marine

B
dry

Climate Zones

• Groups climates into 8 zones

• Subcategorizes zones

by humidity level    

1
very
hot

8
subartic

7
very
cold

6
cold

5
cool

4
mixed

3
warm

2
hot



Recommendations by Climate Zone; 
Each CZ table fits on two pages

• Building envelope

- insulation, fenestration, leakage

• Lighting

- interior, exterior, daylighting

• HVAC

- design, equipment, controls

• Plug/process loads

- equipment, controls, kitchens

• Service water heating

- equipment, insulation

• Measurement & verification

Source: 50% AEDG Large Hospitals from ASHRAE

Energy Saving 

Menu



Recommendation Table Contents

• How-to Tips contain

– Specific 
recommendations

– Guidance on good 
practice for 
implementation

– Cautions to avoid 
known problems

Source: 50% AEDG Large Hospitals from ASHRAE

Item Component Recommendation How-to Tips



How-to Tips

Type Abbreviation Number of Tips

Envelope EN 29

Daylighting DL 23

Electric lighting EL 24

Plug and process 

loads

PL 17

Water heating WH 7

HVAC HV 40

Quality Assurance QA 15

Additional Bonus Savings

Additional HVAC HV 5

Renewable energy RE 4

Electrical distribution ED 3



How-to Tip Examples

Illustrations of 

Concepts

Source: 50% AEDG Large Hospitals from ASHRAE



More How-to Tips

Climate Zones Specified

Highlighted Information

Tables of Information

Source: 50% AEDG for Large Hospitals from ASHRAE



Building Envelope Recommendations

Vertical Fenestration

• Window to wall Ratio: 40%

• Thermal Transmittance: Nonmetal 0.56, Metal 0.65

• SHGC: Nonmetal framing 0.41, Metal framing 0.6

• Light-to-solar gain ratio: ≥ 1.5

• Exterior sun control: South orientation Projection Factor = 0.5

Source: 50% AEDG for Large Hospitals from ASHRAE



Lighting Recommendations

• Form-driven daylighting option (design the building to 

maximize access to natural light, sidelighting, toplighting

• Non form-driven daylighting option (any space within 15 feet 

of perimeter window)

• Interior finishes

• Interior lighting

• Exterior lighting

Source: 50% AEDG for Large Hospitals from ASHRAE



Daylighting Example

Source: 50% AEDG Large Hospitals from ASHRAE



Electric Lighting: LDR

Source: 50% AEDG for Large Hospitals from ASHRAE



Plug Load Recommendations

Source: 50% AEDG for Large Hospitals from ASHRAE



Plug and Process Load
Recommendations

• Computers: laptops = minimum 2/3 of total computers, Power 

savings during unoccupied hours

• Energy Star®: computers, equipment appliances

• Vending machines: delamp and specify best in class efficiency

• Occupancy sensors: office plugs

• Timer switches: coffee makers, small appliances during 

unoccupied hours

• Kitchen equipment: Cooking equipment, refrigeration equipment, 

exhaust hoods

• Elevators: traction for all, regenerative traction for high-use

Source: 50% AEDG for Large Hospitals from ASHRAE



Food Service and Refrigeration

Source: 50% AEDG for Large Hospitals from ASHRAE



Service Water Heating
Recommendations

Service water heating

• Gas water heater: condensing, 95% efficiency

• Point-of-use water heater: 0.81 EF or 81% Et

• Electric-heat-pump water heater: 2.33 EF

• Pipe insulation: 1.0 in. for d < 1.5 in., 1.5 in. for d ≥ 1.5 in.

Heating system

• No central steam for hot-water distribution system

• Point-of-use steam for humidification and sterilization

Source: 50% AEDG for Large Hospitals from ASHRAE



Measurement and Verification
Recommendations

• Electrical submeters: lighting, HVAC, general 120V, service 

water heating, renewables, whole building

• Benchmarks: monthly energy use

• Training: facility operator – on continuous benchmarking

Source: 50% AEDG for Large Hospitals from ASHRAE



Case Studies

Source: 50% AEDG Large Hospitals from ASHRAE

Examples of High Performance 

Buildings – Demonstrates 

Flexibility in Achieving Advanced 

Energy Savings



Technology Examples

Examples of 

technologies 

recommended in the 

guide

Source: 50% AEDG Large Hospitals from ASHRAE



HV1 – First Tip

HV1 – Thermal Zoning

“Coordinate the location of nonclinical 

spaces so that they can be served by 

HVAC systems that can be setback or 

shut down when their locations are 

unoccupied (with temperature setback 

control and optimized start up). Typical 

examples are administration and finance 

offices, dining, outpatient services, and 

occupational/physical therapy areas.”



Major Energy Uses in a 
Large Hospital • Where are the savings?

- Red: Reheat

- Green: Fans

- Blue: Cooling

- Yellow: Interior lights

- Top Black: Pumps

Source: 50% AEDG Large Hospitals from ASHRAE



Aggressively Address Reheat

• Supply dry air to OR

• Recover heat from chilled water system

Source: 50% AEDG Large Hospitals from ASHRAE



50% Advanced Energy Design Guide for 

Large Hospitals

HVAC systems included in tables:

Surgery areas

• Chilled-water air-handling system

Non-surgery areas

• Water-source heat pumps with 

a dedicated outdoor-air system (DOAS)

• Four-pipe fan coils with DOAS

• Chilled-water VAV air-handling system 

with separate OA treatment



50% AEDG for Large Hospitals

Surgery Areas

• Chiller plant

- Chiller: 6.50 COP (0.54 kW/ton) full load

- 15°F chilled water ΔT

- 14°F condenser water ΔT

- Variable-speed cooling tower fans

- Control to minimize chiller + tower energy

• Central, chilled-water AHU

- Consider series desiccant wheel 

for low dew-point applications

Source: 50% AEDG for Large Hospitals from ASHRAE



Use AEDG recommendations to 
Balance Installed and Operating Costs

• Reduced flow rates results in
- Smaller pumps, pipes, and cooling 

towers

- Lower operating costs

• Variable primary flow results in
- Fewer pumps

- Lower operating costs

• Heat recovery chillers result in
- Reduced energy purchased for reheat

- Reduced tower energy, make-up 
water and water treatment costs



Aggressively Address Reheat

OA

RA

SA

MAMA'

w
a
te

r
 v

a
p

o
r

series
desiccant wheel

CA

cooling
coil

Series desiccant wheel

Provide low humidity levels in the OR 

while minimizing reheat energy

SA

RA

OA

RA cooling coil

OA cooling coil

OA'

RA'

Dual-Path Air Handler

Treat outdoor air separately



50% AEDG for Large Hospitals

WSHPs with DOAS

• WSHPs 

- Two-stage or variable-speed compressors

- Variable-speed fans

- ≥ 4 tons, but encouraged for smaller units also

- Cooling: 17.6 EER (part load), 15.0 EER (full load)

- Heating: 5.7 COP (part load), 5.0 COP (full load)

• Dedicated OA system

- Deliver air cold when possible

- Exhaust-air energy recovery (60% effective)

- Demand-controlled ventilation



50% AEDG for Large Hospitals

Fan-Coils with DOAS

• Multiple-speed or variable-speed fans

• Chiller plant

- Chiller: 6.50 COP (0.54 kW/ton)

- 15°F chilled water ΔT

- 14°F condenser water ΔT

- Variable-speed cooling tower fans

- Control to minimize chiller + tower energy

• Dedicated OA system

- Deliver air cold when possible

- Exhaust-air energy recovery (60% effective)

- Demand-controlled ventilation



How-To Tips

Source: 50% AEDG for Large Hospitals from ASHRAE



50% AEDG for Large Hospitals

Chilled-Water VAV System

• Separate treatment of OA

- Exhaust-air energy recovery (60% effective)

- Demand-controlled ventilation

• Chiller plant

- Water-cooled heat recovery chiller: 4.55 COP

- Water-cooled cooling-only chiller: 6.50 COP

- 15°F chilled water ΔT

- 14°F condenser water ΔT

- Variable-speed cooling tower fans

- Control to minimize chiller + tower energy



Demand Control Ventilation

• Sensing technologies

- CO2 sensors in densely occupied spaces

- Occupancy sensors  where population variation is minimal

- Time-of-day for zones that are sparsely occupied or predicted 

occupancy patterns

• Std 170

- “Reduce airflow rates during unoccupied hours in surgery rooms and 

other spaces with minimum air-change requirements”

- Maintain pressurization requirements



High-Performance VAV System

Optimized VAV system controls

- Optimal start/stop

- Fan-pressure optimization

- Supply-air-temperature reset

- Ventilation optimization (including 

demand-controlled ventilation)



Additional Bonus Savings

• Other HVAC Strategies

• Radiant Heating/Cooling with Displacement Ventilation, Fan 

Arrays, Evaporative Condensing,

• Combined Heat and Power, Water Restricted Locations 

• Renewable Energy

• Photovoltaic, Wind Turbine, Solar Hot Water Systems, Power 

Purchase Agreements

• Electrical Distribution

• Transformer Efficiency, System Design, Metering



50% Large Hospital AEDG

• 50% Energy savings in every 

Climate Zone

• Available for free download

www.ashrae.org/freeaedg

• Recommendations on two 

pages

• Endorsed by leading industry 

organizations

Source: 50% AEDG Large Hospitals from ASHRAE

http://www.ashrae.org/freeaedg


Questions?

www.ashrae.org/freeaedg


