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Strategies to Cut Energy Use by 50% in Commercial Buildings

Welcome to the Webinar! We will start at 12:00 Noon Eastern Standard Time

Be sure that you are also dialed into the telephone conference call:
Dial-in number: 888-394-4822 ; Pass code: 7170033
(If asked for a PIN #, press *0)

Download presentations at http://www.buildings.energy.gov/webinars.html

There will be a Q&A session at the end. Questions will be submitted electronically and answered verbally. Submit
your questions by selecting “Q&A” on the menu at the top, click in the top box, type your question and click “Ask.”

Building Technologies Program eere.energy.gov
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Today’s Speakers

Lut Tang Jerome Lam is an Energy
Technology Program Specialist for the U.S.
Department of Energy’s (DOE) Commercial
Building Integration and Deployment Team.
Mr. Lam manages commercial building research
and development projects for DOE and has more
than 10 years experience as a project
manager/architect in national and international
architecture firms.

Brian Thornton, P.E., LEED AP, is a Senior
Mechanical Engineer at Pacific Northwest
National Laboratory (PNNL). He is the lead
author for Technical Support Document: 50%
Energy Savings for Small Office Buildings and
Technical Support Document: 50% Energy
Savings Design Technology Packages for Medium

LEED AP, at the National Renewable Energy 2009, he provided more than a decade of energy
Laboratory (NREL). He brings 10 years of efficiency analysis for building design and
experience in commercial building energy regulatory programs |_nclud|ng four years as f[he
efficiency research to the Commercial Building owner of his own business . In 2006 he received a

Research Team, where he focuses on Better Bricks Award (Northwest Energy Efficiency
integrating energy efficiency and renewable Alliance) for energy efficiency design support.
systems and design processes. He helped
develop the 50% energy savings strategies for
medium box general merchandise stores,
grocery stores, and large office buildings.

Jian Zhang is a Research Engineer in the
Building Energy Systems and Technologies
Group at Pacific Northwest National Laboratory
(PNNL). He provides technical support to DOE’s
Retailer Energy Alliance — Restaurant Project
Team. He has also worked on research projects for
DOE’s Building Energy Codes Program and
buildings. He coordinates new construction and Commercial Building Partnerships Program with
retrofit projects for the DOE Commercial Building focus on design and analysis of energy-efficient
Partnerships program to develop stores that cut commercial buildings.

energy use by 50% in new buildings and 30% in

retrofits.

Adam Hirsch is a Senior Mechanical Engineer
at the National Renewable Energy Laboratory
(NREL). He helped develop 50% energy savings
strategies for medium box general merchandise
stores, grocery stores, and large office

Building Technologies Program eere.energy.gov
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Commercial Building Partnerships

Fitzmartin Consulting Retrofit Project

Energy-Saving Measures Approximate Encray

Savings

Increase thermostat deadband from +£1°F to £3°F 3%
Install variable speed fans on air handling units

. = : 9%
combined with supply air temperature reset
Right-size corridor lighting 5%
Install accupancy sensars (also addresses nighttime
e 9%
lighting)
Upgrade downlighting from incandescent to fluorescent 7%
Reduce nighttime plug loads from 50% to 20% 4%
Estimated Total Energy Savings Compared with 37%

Existing Energy Use

In addition to saving energy, the EEMs have to
make business sense.

"We modeled new variable air volume air
handling units and daylight harvesting in detail,
and both strategies would have saved energy,"”
says Greg Stark, NREL project lead. "But we
couldn't justify the cost of these EEMs based on
the client's business model, so we eliminated
them from consideration.”

The EEMs that the team agreed upon are
relatively inexpensive and are replicable in a
large number of high-rise office buildings
throughout the United States. The impacts of
widespread deployment would be impressive. If
the identified EEMs were applied throughout
this building alone, the energy and carbon
savings per year would be almost 7 million
kilowatt-hours of electricity and 9 million i i
pounds of garbon. NREL will publish its methods ggﬁﬁiéus:hge:\ﬂi E%\g?aggl.ﬁ& &
and analysis for all to use. G N e e

commercialbuildings.energy.gov

il
The Fitzmartin Consulting retrofit
project involves renovating one
floor of the five-floor HRO law
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What is an Advanced Energy Design

U.S. DEPARTMENT OF Energy Efficiency &

G u |d e 7 EN ERGY Renewable Energy

« Packages of energy efficiency recommendations to help owners and
designers achieve 30% energy savings

« 30% site energy use savings over ASHRAE 90.1 - 1999
« But also looked at 90.1-2004 and 2007

* Present recommendations for some ways, but not all or the only way
to build energy efficient buildings

*Provide climate specific recommendations

*Not a code or Standard

« Recommendations provided by a
Committee of Industry Professionals

- Developed by ASHRAE, AIA, USGBC,
IES, and DOE

 Applies to new construction
and major renovation

« Alternative compliance path in LEED

« Download for free or soft cover purchase at: www.ashrae.org/aedg

Building Technologies Program eere.energy.gov
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Advanced Energy Design Guide
ron SMALL OFFICE BUILDINGS
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Advanced Energy Design Guide
for Small Warehouses and Self Storage Buildings
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Advanced Energy Design Guide
for Small Retail Buildings

¥ing 30%Energy Savipgs

Advanced Energy Design Guide
for Highway Lodging

Achieving 30% Energy Savings
Toward a Net Zero Energy Building

Developad
~ American Society of Heating, Refrigerating, and Air-Conditioning Engineers
The Americsn Institute of Architacts
Uluminsting Enginssring Society of North America
U5, Groen Building Council
U.5. Dopartment of Energy

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

%
%

30%
N’/ \\

b
Advanced Energy Design Guide
for K-12 School Buildings

Achieving 30% Energy Savings
Toward a Net Zero Energy Building

Advanced Energy Design Guide

for Small Hospitals and Healthcare Facilities
Achieving 30% Energy Savings

Toward a Net Zero Energy Building

eere.energy.gov



Recommendation Development  .coommenor | energy Efficiency

EN ERGY Renewable Energy

Process

« Collaboration of partner organizations
— Volunteer project committee members
* Focus on “good” design practices for
« Envelope
Daylighting and lighting
HVAC
Service hot water

« Recommendations available from multiple manufactures
« At least as stringent as ASHRAE 90.1-2007

* 65% and 90% peer review process, focus group
« Leverage Commercial Building Energy Alliance membership

 Energy modeling to develop Recommendations by
climate zone and verify savings
— Some analysis to determine optimal levels of insulation

— Energy is independent variable & cost-effectiveness (e.g.
payback) is dependent variable

Building Technologies Program eere.energy.gov



30% AEDGs — Deployment

.S. DEPARTMENT OF Energy Efficiency &

Examples EN ERGY Renewable Energy

— QOver 275,000 guides in circulation 71370
54424 46933 40561

— Commissioned market impact analysis
— Part of tool kit for A/Es /'_'_'_'_Sf_mﬁ.ﬁg
— Influenced ASHRAE 90.1-2010 and 189.1
development and market acceptance for & £
beyond code strategies v

— Proven to be easy to use with readily available
efficiency targets

15056

— Akey tool for rebuilding in Greensburg, KS 01
. 514 189 368
— Integrated into Master Plan - a7
— All commercial projects used the AEDGs T R I S
@:l- & & 1% £ FL
and have meet or exceeded 30% S ¥ ¥ ¢ ¥ ¥

Building Technolbgies Program e eere.energy.gov



50% Savings Technical Support sesasruenror | Eneray Efficiency &

DOCU ments EN ERGY | Renewable Energy

« Analysis documentation of 50% savings
strateg|es by building type
General Merchandise
« Grocery Stores
« Small Office
« Medium Office
« Highway Lodging
« Large Hospitals
« Large Offices
« Quick Service Restaurant

« Small/Medium Office and K-12 50% AEDG in
development

« http://www.commercialbuildings.energy.gov/guides.html

A
#MREL Nationl Renewabi Energy Laboratory

Te Report
Large Hospital 50% NRELTTP§5047887
Energy Savings: L)
ical S tD it

Eric Bonnema, Daniel Studer, Andrew Parker,
Shanti Pless, and Paul Torcellini

) ENERGY

Pt & ot B
o o AT T

Technical Support Document:
50% Energy Savings Design
Technology Packages for Medium
Office Buildings

uuu

Building Technologies Program eere.energy.gov
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MATIONAL RENEWAEBLE EMERGY LABORATORY

Large Office TSD: 50% Energy Savings

Shanti Pless and Adam
Hirsch

October 28, 2010

Link to TSD PDF:
www.nrel.gov/docs/fy100sti/49213.pdf

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Large Office TSD: Scope of Analysis

Climate Selection:

Climate Type Representative City ASHRAE Climate Zone

Hot and Humid Miami, FL 1A
Hot and Dry Las Vegas, NV 3B
Marine Seattle, WA 4C
Cold and Humid Chicago, IL 5A
Cold and Dry Boulder, CO 5B
Very Cold Duluth, MN 7

Prototype Overview:

Characteristic Low-Rise Prototype High-Rise Prototype

Total Floor Area (ft?) 460,800 460,800
Number of Floors 4 12
Floor Plate Area (ft?) 115,200 38,400
Aspect Ratio 1.5 1.5
Floor Types Modeled Ground, Interior, Top Interior

NATIONAL RENEWABLE ENERGY LABORATORY 2



Large Office TSD: Baseline and Low-Energy Models

Baseline Model: Low-Energy Model:
— Lighting power density: 1.1 W/ft? — Lighting power density: 0.63 W/ft?
— Office equipment load density: 0.40 W/ft2 — Office equipment load density : 0.32 W/ft?
— Total data center load density: 0.9 W/ft2  — Total data center load density: 0.42 W/ft?
— Exterior wall insulation: — Exterior wall insulation:
* low-rise: no c.i. to R-11.4 c.i. * low-rise: R-5.7 c.i. to R-19.5 c.i.
* high-rise: R-13.0 to R-13.0 + R-7.5 c.i. * high-rise: R-13.0 to R-22.5 c.i.
— Roof insulation: R-15.0 c.i. — Roof insulation: R-15.0 c.i.
— Windows: — Windows:
» U-factor: 0.57 to 1.21 + U-factor: 0.24 (low-rise), 0.29 (high-rise)
« SHGC: 0.251t0 0.64 « SHGC: 0.42 (low-rise), 0.28 (high-rise)
« VLT: 0.2510 0.64 * VLT: 0.75 (low-rise), 0.55 (high-rise)
— HVAC: — HVAC:
* Hydronic VAV + Radiant ceilings with DOAS
» Centrifugal water-cooled chiller (6.1 COP) » Centrifugal water-cooled chiller (7.0 COP)
» Natural gas boiler (80% efficient) * Natural gas condensing boiler (>90% efficient)
» Enthalpy-controlled economizers » Water-side economizing
» Variable volume terminal boxes with hot » Energy recovery

water reheat

NATIONAL RENEWABLE ENERGY LABORATORY K



Large Office TSD: Baseline Energy Usage

30.0
20.0
10.0

0.0

O Interior Lighting

B Interior Equipment

120.0
Credit: Chad Lobato/NREL

110.0
S 100.0
& CBECS Average = 93 kBtu/ft2-yr
£ 90.0
= . .
é 80.0 B Heat Rejection
‘:>_ 70.0 0 Water Systems
g 60.0 B Pumps
% 0.0 OFans

@ Coolin

3 400 g
B B Heating
o
=
[WE]
2
=

O Data Center

Low-Rise
High-Rise
Low-Rise
High-Rise
Low-Rise
High-Rise
Low-Rise
High-Rise
Low-Rise
High-Rise
Low-Rise
High-Rise

1A Miami 3B Llas Vegas 4CSeattle 5AChicago 5B Boulder  7A Duluth

— Low-rise and high-rise energy use intensities (EUIs) are comparable
— Electrical and lighting equipment consume 56% of total energy
— Data center consumes 33% of total energy

NATIONAL RENEWABLE ENERGY LABORATORY 4



Large Office TSD: Low-Energy Energy Usage

50% energy savings achievable without the use of renewables in all cases

Lighting power reduced via high

efficiency equipment, occupancy 1200
H H — 110.0

sensors, apd daylighting £ 1000
(by approximately 60%) § 90.0
z 0o

Data center loads reduced by 54% £ ¢
%_ 40:0

Other plug loads reduced by 20% £
via high-efficiency equipment and & 100
0.0

smart control strategies

Heating load reduced significantly
by eliminating reheat at the zone
level

Credit: Chad Lobato/NREL

ALEY

Baseline
Low-Energy
Baseline
Low-Energy
Baseline
Low-Energy

1A Miami 3B lasVegas 4CSeattle

Baseline
Low-Energy
Baseline
Low-Energy

SA Chicago 5B Boulder

Baseline
Low-Energy

7A Duluth

B Heat Rejection

[0 Water Systems

B Pumps

OFans

@ Cooling

B Heating

Olnterior Lighting

@ Interior Equipment
O Data Center

NATIONAL RENEWABLE ENERGY LABORATORY



Large Office TSD: Data Center Load Reduction

IT Load Reduction: 65W to 48W per person
— Replace standard servers with blade servers
— Virtualize to run up to 20 jobs on a single blade server

HVAC and Lighting Load Reduction:1.9 to 1.2 power usage effectiveness (PUE)
— Hot and cold aisle containment
— Effective cable management

Credit: David Okada/Stantec

Outside Air Intake = 2’

2_? xY DATA CENTER N $ s

Supply Air Unit

Return Air Fan

MECHANICAL ROOM {

NATIONAL RENEWABLE ENERGY LABORATORY



Large Office TSD: Plug Load Reduction

1 =

L

: 24” LCD energy-efficient
% monitors: 18 Watts
" 24’ CRT: 70 Watts

Thin client laptop computer:
30 Watts

Desktop computer (Energy Star):
100-200 Watts

Image Credit: RNL Design

Office Equipment Load Reduction: 0.4 W/ft2 to 0.32 W/ft?

Sensor-controlled LED I

task lights: 6 Watts (s cAEE i -
Fluorescent task lights: 35 Watts

oM g TR

VOIP phones: 2 Wafts

Conventional phones: 15 Watts

e

Removing personal space
heaters saves 1500 Watts

Removing desktop
printers saves
460 Watts/printer

NATIONAL RENEWABLE ENERGY LABORATORY



Large Office TSD: Radiant Heat/Cool with DOAS

ey ne . . RSF Implementation
— Decouples ventilation from conditioning P s

— Decouples latent load from sensible load
— Drastically reduces air system size

Radiant slab ceiling

|| Frertrertrertferd | | i

NTANT.ANVANDANYA DA
NAVAVAZAYA V2

| rertertreyen B )

DOAS:
— Sized for ventilation load
— Conditions outdoor air to meet latent load
— Eliminates reheat at zone level Under floor air distribution (UFAD) from DOAS
— Assists radiant heating in high load cases

“Trickle and Ramp” Radiant Flow Control

Peak Peak

100% Flow Flow

Radiant Ceiling Slab Heating and Cooling:
— Sized for sensible load
— High thermal mass dampens load

—Heating Mode
—System Off

Percentage of Design Flow Rate

fluctuations and allows for load shifting =t iede
. ” Trickle Trickl
— “Trickle and Ramp” control strategy 0% Flow
tailored to thermal mass characteristics No Flow|  Credit:Matt LeachNREL
off

69 70 T1 72 73 74 75 716
Zone Operative Temperature (°F)

NATIONAL RENEWABLE ENERGY LABORATORY 8



Large Office TSD: Envelope Energy Analysis

Purpose: analyze energy implications of glass curtain exterior construction
with high window-to-wall ratio (WWR) and low envelope insulation

High-Rise, Low-Energy

o)
o
o

Credit: Chad Lobato/NREL

O Interior Lighting

— 50% goal not achievable without
substantial addition of renewables
(90% - 300% PV roof coverage)

-
o
o

@ Interior Equipment

& 50,0 o
— EnvelOpe does not meet 2 B Heat Rejection
90 1 requirements 5‘; 40.0 1 Water Systems
’ G B Pumps
— Severely limits potential energy £ 300 @ Fans
SaVingS g lCooll-ng
> 20.0 W Heating

@ Data Center

0.0
— Poorly insulated envelope &8 28 285 &5 &5 &5
significantly increases heating 23 23 &3 E3F 3 &3
and cooling loads g §: 8z 2=z 8=z %§:=
. eZ2 €2 €2 €2 g2 £
— Increased equipment part load 8B EBEf EBf 5% EBEf &&t
and run time results in increased Z Z Z H : H

pump and heat rejection energy

1A Miami 3B lasVegas 4CSeattle S5A Chicago 5B Boulder  7A Duluth

Note: Glass Box data center loads offset by generation from 60% roof coverage PV

NATIONAL RENEWABLE ENERGY LABORATORY



Large Office TSD: Simple Payback Analysis

— Low-rise:
* First cost increase: $10-$17/ft?
« Energy cost savings: $0.88-$1.25/(ft>-yr) ‘ - s
« Payback: 10.8-15.6 years

{ H167

5
; i |’
SRR Y R S

e

— High-rise, optimized envelope:
« First cost increase: $3.82-$10.54/ft?
« Energy cost savings: $0.88-$1.15/(ft2-yr)
« Payback: 3.9-9.2 years

— High-rise, high WWR, low insulation:
 First cost increase: $14.41-$20.47/ft?
« Energy cost savings: $0.59-$0.96/(ft2-yr)
« Payback: 18.5-30.2 years”*

*19.5-35.6 years if enough PV added to achieve 50% energy savings goal

NATIONAL RENEWABLE ENERGY LABORATORY



NREL Research Support Facility (RSF)

— Projected to use ~33 kBtu/(ft?-yr)
= 50% less than code

— 822 occupants
— 220,000 ft2 of floor area
— LEED™ Platinum

— Produces as much energy
as it consumes

— Daylighting, low lighting power density, and occupancy sensors

— Well-insulated envelope

— Radiant heating/cooling in ceiling slab with DOAS

— Ventilation air energy recovery [ Modeled in TSD

— Evaporative cooling of ventilation air and data center B Not Modeled in TSD
— Efficient data center and equipment

— Heat recovery from data center and transpired solar collectors

— Natural ventilation and night purging

NATIONAL RENEWABLE ENERGY LABORATORY



Large Office TSD: Acknowledgments

— NREL colleagues Matt Leach, Chad Lobato, Shanti Pless,
and Paul Torcellini

— John Priebe of The Abo Group and Stefan Coca of Cumming Corporation
« Envelope cost estimation

— Bob Stahl, Phil Kocher and Jim Bradburn of RMH Group
« HVAC configuration and cost estimation

— Steve Taylor of Taylor Engineering and Fiona Cousins of Arup Engineering
» Review of analysis assumptions and overall approach

— David Okada of Stantec Engineering
» Review of energy efficiency measures

NATIONAL RENEWABLE ENERGY LABORATORY
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Large Hospital TSD: 50% Energy Savings
J

| Shanti Pless and Adam
Used with permission from KJWW _,,I:r o : ' Hirsch

October 28, 2010

Link to TSD PDF:
www.nrel.gov/docs/fy100sti/47867.pdf

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Large Hospital TSD: Prototype Model

Form
— 527,000 ft2
— 40% window-to-wall ratio

Space Types

— Floor 1: offices, laboratories, dining,
mechanical, support spaces, clinic

— Floor 2: emergency department,
surgery suite, imaging,

— Floor 3: birthing center

— Floor 4-7: patient tower

— 5-story attached medical office building

Envelope

— Slab-on-grade

— Steel framed exterior walls

— Insulation above deck roof

— Double pane fixed windows
Internal Loads

— Plug load density: 2.6 W/ft?

— Occupant density: 136 ft>/person
Ventilation/Airflow Standards

— Healthcare spaces
« 2006 AlA Guidelines
« Standard 170-2008
— Administrative spaces
« Standard 62.1-2004

Credit: Eric Bonnema/NREL

NATIONAL RENEWABLE ENERGY LABORATORY



Large Hospital TSD: Modeling Process

PROTOTYPE Green Guide Construction | 2006 Guidelines
DEVELOPEMENT for Health Care Drawings for Health Care

Standard Small
62.1-2004 Prototype Model Healthcare TSD

DIFFERENT

Apply climate-specific Apply climate-specific
STANDARDS ARE ;
APPLIED TO THE 90.1-2004 parameters energy design measures
PROTOTYPE to the prototypes to create the baseline to the prototypes to createthe

models in 16 cities low-energy models in 16 cities
Baseline Model Low-Energy Model
BASELINE AND
LOW-ENERGY
SIMULATIONS ARE . Sompare
DEVELOPED 16 Baseline Baselines to 16 Low-Energy
Simulations LoeEnengy Simulations
LR Simulations I :

to Show Savings

16 Climate Zones: 1A, 2A, 2B, 3A, 3B: CA, 3B: Other, 3C, 4A, 4B, 4C, 5A, 5B, 6A, 6B, 7, 8

NATIONAL RENEWABLE ENERGY LABORATORY
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Large Hospital TSD: Lighting
posselineLighting [ Low:Energy Lighting

Anesthesia gas storage 0.90 0.80

: "
Cafeteria 0.90 0.90 o T
Clean workroom/holding 1.10 0.80 "‘ i
Conference room 1.30 1.10 N7 s
Corridor/transition 1.00 0.70 -i -
Dining room 0.90 0.90 !n I
Examination/treatment room 1.50 1.10 =1
Food preparation center 1.20 1.20 E! '
Laboratory 1.40 0.90 -
Laundry 0.60 0.60
Lobby area 1.30 0.80
Locker 0.60 0.60
Lounge 0.80 0.80
Mechanical/electrical/telecomm 1.50 0.80 AL St 1200
Medical supply/medication room 1.40 1.10 (SIS A
Nurse station 1.00 1.00
Nursery 0.60 0.60 Energy Standard for
Office 1.10 0.80 Buildings Except Low-Rise
Operating suite 2.20 2.00 Residential Buildings
Patient room 0.70 0.70 e
Pharmacy 1.20 1.20 -
Physical therapy 0.90 0.90 3 Advanced Energy Design Guide
for Small Hospitals and Healthcare Facilities
Progedu re room 2.70 2.00 R Sovings
Radiology/imaging 0.40 0.40 ward a Net Zero Energy Building
Reception/waiting 1.30 0.90 . e
Recovery room 0.80 0.80 ol (ansi)
Restroom 0.90 0.80 R 'H o
Soiled workroom/holding 1.10 0.80 g A,c"dm:sgm‘gl;mg
Sterilizer equipment room 0.90 00 B2 4 ™
Storage/receiving 0.90 0.70
Trauma/emergency room 2.70 1.20 - e ———
Triage 2.70 2.00 Syl Bk, A o
T

NATIONAL RENEWABLE ENERGY LABORATORY



Large Hospital TSD: Envelope

Baseline Model:

— Exterior wall insulation:
* R-13to R-13+R-7.5

— Roof insulation :
« R-151t0 R-20

— Windows:
« U-factor: 0.46 to 1.22
« SHGC: 0.25 to0 0.64
 VLT: 0.25to0 0.50

Used with permission from KJWW

NATIONAL RENEWABLE ENERGY LABORATORY

Low-Energy Model:

— Exterior wall insulation:
« R-13+R-7.5t0o R-13+R-21.6
— Roof insulation :
+ R-25t0o R-35
— Windows:
« U-factor: 0.29 to 0.43
« SHGC: 0.26 t0 0.34
 VLT: 0.63 to 0.69

ANSUASHRAE/IESNA Standard 90.1-2004
(Includes ANSUASHRAETESNA Addenda listed in Appendix F)

({Y) ASHRAE STANDARD 30%

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

Advanced Energy Design Guide
for Small Hospitals and Healthcare Facilities

Achieving 30% Energy Savings

1-P Edition -
Toward a Net Zero Energy Building
ESNA Boaed of Drectors, and e Amancan Nasonsf Standards hemhuoe. - gg
dacumented consse i

iy b s e A Cans S, 79 e Ol NE A, GA S5
e e .. 248 et 540 43 w3

ettt
Copyight 2004 ASHRAE, Inc.

American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.
1791 Tullie Circle NE, Attanta, GA 30329

www.ashrae.org.




Large Hospital TSD: HVAC

Baseline Model: Low-Energy Model:
Central air handler with chilled Zone-level water-to-air heat
and hot water coils serving pumps with a common
constant air volume boxes (CAV) condenser loop and a variable air
with hot water reheat and a volume (VAV) dedicated outdoor
central plant containing a air system (DOAS) with a CAV air
natural gas atmospheric boiler handler and a low temperature
and a water-cooled chiller chiller in the operating suite
— Centrifugal water-cooled chiller — Centrifugal water-cooled chiller
» Variable flow, 6.1 COP « Variable flow, 7.0 COP
— Natural gas fired boiler — Natural gas fired boiler
« Atmospheric, 80% efficient « Condensing, 90% efficient
— Differential enthalpy controlled — Counterflow waterside
air-side economizers economizer
— Variable speed pumps — Variable speed pumps
* 75% efficient » 80% efficient
— Steam humidifiers — Steam humidifiers
— Terminal boxes — Zone-level heat pumps
» Constant air volume « Heating COP: 5.0 @ 68 F

* Hot water reheat « Cooling COP:45 @ 86 F

NATIONAL RENEWABLE ENERGY LABORATORY



Large Hospital TSD: Annual Energy Savings

Baseline

Low-Energy

Baseline

Low-Energy

Baseline

Low-Energy

Simulation

Baseline

Low-Energy

Baseline

Low-Energy

Baseline

Low-Energy

1 50.9%
Ol |

i 54.3%

54.7%
B

1A

3A

5A

6A

0 50 100 150

200 250 300 350 400 450

Annual Energy End Use Intensity (kBtu/ft2yr)
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®|nterior Equipment (elec)
“Interior Equipment (gas)
®mExterior Equipment (elec)
Interior Lighting (elec)
= Exterior Lighting (elec)
W Heating (elec)
B Heating (gas)
‘Reheat (gas)
® Cooling (elec)
Fans (elec)
HPumps (elec)
Water Systems (gas)
® Humidification (elec)
ERefrigeration (elec)
Energy Savings

Credit: Eric Bonnema/NREL
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Case Studies: Heat Pumps in Hospitals

Great River Medical Center

Located in West Burlington, 1A
Greenfield replacement hospital
Completed 04/01/2000

190-bed 700,000 ft2 hospital
with 2,000-ton lake-coupled
geothermal system

800 water-to-air heat pumps
37% energy savings

Used with permission from KJWW

NATIONAL RENEWABLE ENERGY LABORATORY

Sherman Hospital

Located in Elgin, IL
Greenfield replacement hospital
Completed: 10/15/2009

255-bed 650,000 ft? hospital
with 2,400-ton lake-coupled
geothermal system

750 water-to-air heat pumps
30-40% savings estimated

Used with permission from KJWW
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Strategies to Cut Energy Use by 50% in Commercial Buildings

Technical Support Documents:
50% Energy Savings for Small and Medium Offices

and Quick Service Restaurants

October 28, 2010
Presented
by
Brian Thornton and Jian Zhang
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Small and Medium Office - Baselines

Small Office

>

>
>
>
>

20,000 ft2, 100 ft by 100 ft

2 floors, 12 ft floor-to-floor height
CMU block construction

20% window-to-wall ratio
Constant air volume DX, gas heat

Medium Office

>
>

>
>
>

53,600 ft2, 164 ft by 109 ft

3 floors, 13 ft floor-to-floor
height

Steel frame construction
33% window-to-wall ratio
Variable air volume DX, gas

furnace, electric reheat \zf/

Pacific Northwest
NATIONAL LABORATORY



Baseline Energy Usage

Small Office Baseline - Baltimore

EUI 58.3 kBtu/s.f.

10% 2%

M Heating
33%
H Cooling

19% ¥ Interior Lights
B Exterior Lights
B Plugs
B Fans

W Water Heater
10% 7%

19%

Medium Office Baseline - Baltimore

EUI 60.5 kBtu/s.f.

2%

9%

B Heating

B Cooling

B Interior Lights
24% B Exterior Lights
m Plugs

M Fans

U Water Heater

18%

-
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Building Envelope

it c ¢ unit Climate Zone
em Componen ni 1 2 3038 3A"3C 4 5 6 7 3
Masswall, o aue Adanced 57 76 114 114 13.3 13.3 19.5 19.5 19.5
continuous 2.0
Walls- insulation “FOBU Baseline  NR NR NR 5.7 5.7 5.7 7.6 9.5 114
Exterior Rualue  Advanced 13+75ci. 13+7.5ci. 13+7.5¢i. 13+75ci. 13+75¢i. 13+15.6c.. 13+18.8c.. 13+18.8c.i. 13+18.8c.i.
Steel framed P
“FhBU Baseline 13 13 13 13 13 13+38ci. 13+3.8¢ci. 13+7.5ci. 13+7.5¢..
Insulation o e Advanced 20 25 25 25 30 30 30 35 35
entirely above 2.0
Roof ok FhBU Baseline 150 150 150 150 150 150 150 150 200
Cool Roof Advanced  yes yes yes yes NR NR NR NR NR
Unheated, Advanced
Slab-on- . NR NR NR NR NR NR 10 10 10
insulation R-value
grade tical, 24 in. ft-°F-h/Btu Baseline
floor ‘o canerin NR NR NR NR NR NR NR NR 5
atslab edge
Manufactured > 2o 0.56 045 041 0.41 038 035 035 0.33 0.25
anuracture . . . . . . . . .
. Btu/h-f2-°F Advanced
Windows _—
SHGC 0.25 0.25 0.25 0.25 0.26 0.26 0.35 04 04
Site-built JHfactor 0.65 0.65 06 06 0.44 044 042 0.34 0.34
Ite-bul . i i i . . . . .
. . Btu/h-f2-F  Advanced
Vertical Windows |
glazing SHGC 025 0.25 0.25 0.25 0.26 0.26 0.35 04 04
Both Jrfactor 12 12 06 12 06 06 06 06 05
oth types Buhf2E Baseline . . l . ) ) | | |
SHGC 0.25 0.25 0.25 0.39 0.39 0.39 0.39 049 NR
South Exterior Projection Advanced
oumh xierior Trojecton AVANCES oeoos  PFS05  PFS05  PFX05  PF505  PF505  NR NR NR
Shading Factor




Lighting

» Interior Lighting
m Baseline 1.0 W/ft2, Advanced 0.75 to 0.79 W/ft?
» High-performance lensed fluorescent
o High-performance instant start electronic ballasts
e 4 foot T8 lamps all 3100 lumen lamps

m Occupancy sensors added to open office task lighting, private offices,
storage, restrooms, and electrical/mechanical spaces

m Egress lighting reduction with security lockout
m Perimeter daylighting — dimming

» Exterior Lighting

m Approximately 35% reduction of exterior lighting wattage with efficient
metal halides

m Controls reduce parking and fagade lighting to 10%, midnight to 6 AM.



Plug Loads Reductions

» Energy efficiency measures
m Shift to laptops from desktop computers
m Use Energy Star equipment wherever possible
m Utilize additional control strategies

o Network power management software

o Occupancy sensor control of monitors and other desk area devices
o Timer switch control of water coolers, coffee makers
» Vending miser control for vending machines

Baseline Advanced
Incremental| Controls Incremental Total
Power reduction | measures, reduction | reduction
reduction from effective” from from
measures, baseline, power, baseline, | baseline,
W/ft2 W/ft2 % W/t2 % %
0.75 0.55 27% 0.45~ 13% 40%

* Controls reduction is from change in operating schedule, not total watts

Pacific Northwest
NATIONAL LABORATORY



HVAC

» Small Office
m Air source heat pumps with dedicated outside air system (DOAS)

m DOAS DX with gas heat, energy recovery, demand controlled ventilation
with variable airflow

» Medium Office
m Radiant floor with DOAS
m Condensing boiler and air-cooled chiller
m DOAS DX with gas heat, energy recovery

» VAV alternative

m VAV with premium efficiency DX, energy recovery, supply air temperature
reset and demand controlled ventilation

m In TSD not reaching 50% in all climates

» Advanced Energy Design Guide for Small and Medium Offices
m Enhanced VAV, Fan Coils with DOAS, WSHP with DOAS

~7
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Small Office Heat Pump

Energy Usage % Reduction — Baseline Compared to Advanced

Site EUI (kBtu/sf/year)

B SWH
90 - B Heating

OCooling
80 - O Heat Recovery Aux.

B Pumps
70 - OFans

O Equipment
60 - O Exterior Lights

OlInterior Lights
Nl
40

——59%
30 L L 579 L
56% 54% 7% 57%
20 = | == L_-—
10
0 1
(2) S 9
S & & & S o
OQ, @ \\}(Q %Qv 00 Q’OQ
N &/ Q° O Q &
v > ™ ') $
% Q?\/ by’ @
S &

Climate Location
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Small Office WSHP with DOAS

Energy Usage % Reduction — Baseline Compared to Advanced

90— ESWH
@ Heating
80 4 B Cooling
B Heat Recovery Aux.
B Pumps
07 OFans
OEquipment
60 T— DExterior Lights
= Olnterior Lights
3 50
: | O
<N
g ]
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— 60%
o 30 56%
s 220 53% _ 56% 59%
& —
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Climate Location
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Medium Office Radiant with DOAS

Energy Usage % Reduction — Baseline Compared to Advanced

90 mSWH
EHeating
OCooling
80 T Heat Recovery Aux.
®Pumps
OFans
70 dOEquipment
O Exterior Lights
60 Olnterior Lights
P W
®
=]
= 40
<
2 30 56% S7% 55% —
w o 54% & 589 b
2 _ = ° .
5 — = | -
10 —
0 .
Q ] @ @ & @
0}0 Q,be ((\é ’5& (\\\0 Qo\\
> N & QP @
S £ & RS Q &
¥ I~ W ® QA
> Q)?“

Climate Location \5?/
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Energy Savings by End-Use Percentage

Small Office Savings Breakdown
Baltimore - Heat Pumps with DOAS

0%

13%

M Heating

B Cooling
40%
M Interior Lights

14%
M Exterior Lights
M Plugs
M Fans

o,
13% M Water Heater

16%

Medium Office Savings Breakdown -
Baltimore - Radiant with DOAS

-1% 1%

B Heating

B Cooling

13% B Interior Lights
B Exterior Lights
B Plugs

B Fans

H Pumps

12% I Water Heater

16% 17%

Pacific Northwest
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Energy Cost and Payback

» Small Office Heat Pumps with DOAS

m Energy cost reduction 47% to 56%, average 51%
m Construction unit cost increase

o $3.30 to $5.60 per ft2, average $4.28/ft?
m Payback

o 5.3 10 9.6 years, average 6.8 years

» Medium Office Radiant System with DOAS
m Percentage energy cost reduction
o 54% to 69%, average 61%
m Construction unit cost increase
o $5.47 to $9.03 per ft2, average $6.79/ft?
m Payback
e 5.6t0 11.5 years, average 7.4 years

Pacific Northwest
NATIONAL LABORATORY
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Conclusions

» Office TSDs demonstrate the feasibility of getting to 50%

site energy reduction relative to an office building that
meets ASHRAE 90.1-2004

» Other technologies and methods not included may also
allow reaching this goal

» Design teams should consider and analyze the energy
efficient design strategies for their specific site following
an integrated design approach

» Site specific alternatives such as building siting,
orientation and shape may provide additional savings or
more cost-effective savings

» The Advanced Energy Design Guides provide more
design related information than the TSDs -~
Pacific Northwest |
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Quick Service Restaurant - Baseline

——__

ey 35 4 —

2500 ft> with kitchen and dining zones

Wood-framed construction

14% window-to-wall ratio

Two constant air volume roof top units

“Hamburger-based” quick service restaurant, open 128 hr/week
Full list of kitchen appliances and their schedules are defined

o

Pacific Northwest
MNATIONAL LABORATORY
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Baseline Energy Usage

2A Houston EUI: 969 kBtu/ft2 4A Baltimore EUI: 1021 kBtu/ft? 5A Chicago EUI: 1063 kBtu/ft2

30, 3% 29, 3% oo,
3%

1%

Interior Lighting Exterior Lighting CookingElec " Cookinggas W Refrigeration

W Kitchen Exhaust  Supply Fan " Cooling M Heating m SWH

o

Pacific Northwest
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Kitchen Appliances

» Efficient kitchen appliances were identified to
ensure equivalent cooking capacity

» Best-in-class Energy Star qualified appliances

m Gas cooking - fryer and griddle: 423 (baseline) to 246
(advanced) kBtu/ftz-yr

m Electric cooking: 110 (baseline) to 83 (advanced)
kBtu/ft>-yr

» Refrigeration

m Walk-in cooler/freezer: ECM motor, additional
iInsulation, heat recovery to preheat hot water.

m Total refrigeration: from 7.3 (baseline) to 5.5
(advanced) kW

Pacific Northwest

16 NATIONAL LABORATORY
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Mechanical Systems

» Reduced exhaust flow rate from constant 4600 cfm to
demand-controlled flow based on cooking schedule at
peak of 1830 cfm

» DOAS system with two CAV RTUs, runaround coil heat
recovery to preheat outdoor air with kitchen exhaust air
(cold climates only)

» Broader use of air-side economizer across climate zones
and extended cooling capacity to cover 5-ton air units

» Premium efficiency cooling units
» Condensing water heater with 95% thermal efficiency

~7
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Lighting and Envelope

» Interior lighting
m Efficient lamps and ballasts, LPD reduced from 1.44 to 0.83 W/ft?

m Occupancy sensors in office, active storage and restroom further
reduce by 7.2%

» Daylight harvesting — side lighting
m 66% lighting is dimmable in dining area

» Exterior lighting
m Reduced lighting power from 4.3 to 2.7 kW.

m Bi-level switching and photocell-controlled exterior lights, only on
during business hours and after dark

» Enhanced building opaque insulation
» High-performance window glazing
» Cool roofs in climate zones 1 through 3 ‘W/

Pacific Northwest
NATIONAL LABORATORY



Site EUI (kBtu/ft2-year)
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Energy Saving Results

1500

1200

900

600

300

Energy Usage % Reduction — Baseline Compared to Advanced

National Weighted-Average Energy Saving: 45%
National Weighted-Average Energy Cost Saving: 43%

44%

49%

Climate Location

B SWH

m HeatRecovery
@ Heating

0 Cooling

O Supply Fan

B Kitchen Exhaust
@ Refrigeration

B Cooking Gas

0 Cooking Elec

O Exterior Lighting
O Interior Lighting

Pacific Northwest
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Summary

» QSR is very energy intensive,
baseline EUI: 1000 kBtu/ft?

» Measures from kitchen
appliances and mechanical
systems are most effective

» Site energy savings

m Range 41% to 52%, average 45%

» Unit construction cost increase

m Range $11.6 to $29.1 per ft?
average $16.5 per ft? or 9%

» Payback

m Range 1.510 3.5 years, average
2.1 years

20

Interior

Lighting  Exterior
4% Lighting
/3%

Cooking Elec
6%

Cooling
9%

Kitchen
Exhaust
2%

Refrigeration
5%

Energy Savings by End-Use

Percentage x;?/
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50% Savings Technical Support sesasruenror | Eneray Efficiency &

DOCU ments EN ERGY | Renewable Energy

« Analysis documentation of 50% savings
strateg|es by building type
General Merchandise
« Grocery Stores
« Small Office
« Medium Office
« Highway Lodging
« Large Hospitals
« Large Offices
« Quick Service Restaurant

« Small/Medium Office and K-12 50% AEDG in
development

« http://www.commercialbuildings.energy.gov/guides.html

A
#MREL Nationl Renewabi Energy Laboratory

Te Report
Large Hospital 50% NRELTTP§5047887
Energy Savings: L)
ical S tD it

Eric Bonnema, Daniel Studer, Andrew Parker,
Shanti Pless, and Paul Torcellini
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Technical Support Document:
50% Energy Savings Design
Technology Packages for Medium
Office Buildings
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U.S. DEPARTMENT OF Energy Efficiency &

Building Technologies Program ENERGY | rcrewable Energy

Question and Answer Session

Questions will be submitted electronically and
answers will be provided verbally

To submit a question, select Q&A on the top bar, click in the top box, type
your question, click Ask

Today’s slides are available at www.buildings.energy.gov/webinars.html.
A video of the presentation will be posted in the next week.

Building Technologies Program eere.energy.gov


http://www.buildings.energy.gov/webinars.html

U.S. DEPARTMENT OF Energy Efficiency &

Building Technologies Program ENERGY | rcrewable Energy

Thank you for attending the Webinar

If you have any comments or ideas for future Webinars, please email
webmasterbtp@nrel.gov

Visit hitp://www.buildings.energy.gov/webinars.html to download
today’s presentations and to register for announcements of upcoming Webinars.

Building Technologies Program eere.energy.gov
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