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50% Guides

Advanced Energy Design Guide Advanced Energy Design Guide . Advanced Energy Design Guide Advanced Energy l'!_uﬂ’l Guida
for Small to Medium Office Buildings far Meium to Big Box Retail Buildings for Large Hospitals for K-12 School Buildings
Acinirviay 3% Enimiyy ¥ Ribirnto b Tiaras avien a4 ey Reliading 5L Ere gy Dantigs

= : | Medium, Big
ff '

= Five 50% Guides published and available for free
download

= Circulation of 50% Series Guides is 150,000+ copies
= 50% energy savings over 90.1-2004
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Integration

Developed by:

[ | ASHRAE Advanced Energy Design Guide
for Grocery Stores

= American Institute of Architects Toviard a Net Zero Energy Butlding

» [[luminating Engineering Society g

* U.S. Green Building Councill

= U.S. Department of Energy
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Project Committee

= Paul Torcellini, Chair, National Renewable Energy Laboratory
= Bernie Bauer, IES Represenative, Integrated Lighting Concepts
= Aaron Daly, Member-at-Large, Whole Foods Market

= Don Fisher, Member-at-Large, PG&E Food Service Technology
Center

= Michael Lane, IES Representative, Puget Sound Energy

= Ken Lowney, AlA Representative, Lowney Architecture

= Merle McBride, ASHRAE Representative, Owens Corning

= Jim McClendon, ASHRAE Representative, Walmart Stores, Inc.

= Daniel Nall, AIA/JUSGBC Representative, Syska Hennessy Group
= Caleb Nelson, Member-at-Large Refrigeration, CTA

* Doug Scott, Member-at-Large Refrigeration, VaCom Technologies

= Eric Bonnema, Analysis Support, National Renewable Energy
Laboratory

= Lilas Pratt, Staff Liaison, ASHRAE
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AEDG Development Process

« Steering Committee representing partnering
organizations

* Project committee of experts write guide

* Building energy simulation to evaluate energy
efficiency measures by the National Renewable
Energy Laboratory

* Open peer review at 65% and 90% drafts
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Evaluation Approach

PROTOTYPE CBECS, AEDG Project DOE Reference
DEVELOPEMENT Other Sources Committee Buildings

Standard Technical
62.1 Prototype Model Support Documents

DIFFERENT Apply dimate-spedific Apply climate-specific
STANDARDS ARE 90.1-2004 t desi

APPLIED TO THE L parameters energy design measures
PROTOTYPE to the prototypes to create the baseline to the prototypes to create the

models in 16 cities low-energy models in 16 cities

Baseline Model Low-Energy Model

BASELINE AND

LOW-ENERGY

SIMULATIONS ARE : Compare

DEVELOPED 16 Baseline Baselines to 16 Low-Energy

Simulations Low-Energy Simulations
Simulations
to Show Savings

Better 16 Climate Zones: 1A, 2A, 2B, 3A, 3B: CA, 38, 3C, 4A, 4B, 4C, 5A, 5B,6A, 68, 7,8
Buildings Imate Zones: 29,37, 38:CA, 38, 3G, 4R, 4R 45, 5, 58,6, 65,7, ENERGY



Energy Modeling in 16 Cities Representing Each
Climate Zone
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AEDG Document Content

AEDG presents:

= “AWay Not The Only Way...” to achieve the
desired savings.

= Atutorial on the elements of Integrated Design
for energy efficiency.

= A prescriptive path by climate zone to achieve
desired savings

= How-to tips and caveats for selected energy
conservation measures
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AEDG Table of Contents

Chapter 1 — Introduction

® How to use this document
Chapter 2 — Integrated Design Process

m How the design process changes in order to achieve 50% energy
savings
Chapter 3 — Design Concepts and Practices
m Overview of the technical approaches to achieving 50% savings

B Subsystem integration
Chapter 4 — Design Strategies and Recommendations by Climate Zone

m Specific technical requirements to meet the 50% goal
Chapter 5 — How To Implement Recommendations

m Specific technical guidance for implementation of recommendations,
including technical resources and warnings

Appendices
m Envelope Thermal Performance Factors
m International Climatic Zone Definitions
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Chapter 5 — How to Tips

= Envelope

= Daylighting

= Electric Lighting

* Plug Loads

= Kitchen Equipment

= Refrigeration Equipment

= Service Water Heating

= HVAC Systems and Equipment
= Quality Assurance

= Bonus Savings
= |ncluding renewable energy
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Percent Savings
SWH (gas)

Int Light (elec)
Int Equip (gas)

63.5% | mPumps (elec)
Fans
®Int Equip (elec)

m Refrig (elec)

(
m Cooling (elec)
EHeating (gas)
mExt Light (elec)
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Recommendation Tables

Chapter 4—Design Strategies and Recommendations by Climate Zone | 83

Climate Zone 4 Recommendation Table for Grocery Stores

Item Component Recommendation How-toTips |+
Insulation entirely above deck R-30.0 c1. EN1. 19-21
Roofs Metal building R-19.0+R-11.0Ls EN2, 19-21
SRI No recommendation® None
Mass (HC = 7 Btu/ft=) o EN4, 19-21
Walls Metal building R-0.0 + R-158 c1. ENS. 19-21
Steel framed ReA3 0+ R4 Doal, ENgG, 19-21
Floors Mass R-14 6 c1. EN7. 19-21
Steel framed R-30.0 EN8, 19-21
Unheated R-15 for 24 in. ENG, 11, 15-21
2 [Slabs Heated R-20 for 24 in. EN10-11, 1921
L Freszer box floors See [able 5-2 EN12
4 Swinging U050 ENT3, 20
Lﬁ Nonswinging U-0.16 Enia, 20
Doors ‘ehicular/dock infiltration—door closed 0.28 cim/it= of door area EN15, 20
N ehlcylan‘dock infiftration—door open. Weather seals for dock, levelers, trailer hinges EN16, 20
ruck in place
estibules All building entrances es EN1/7, 20
Cantruoys icing envelope EN18
EN22-23 26-28
ENZ23, 26-28
ENZ29
. per Standard 90.1 when gales floor ceiling DL1-10
height » 15 ft and area is = 2500 ft
Daylight area > 50% of the sales floor DL1-10
Skylight to daylight area Minimum = 3%, maximum = 5% DL3
T Skylight VT = 040 DL3
Dayhghting Skylight SHGC 035
Skylight thermal transmittance U-0.50
Effective aperture Skylight effe
Measured h:

Glazing matenal/diffuser

according to
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Case Studies

Chapter 1—Introduction | 11

» Actual projects—actual savings numbers

Whole Foods Market—A Case Study

The Whole Foods Market store in Raleigh, North Carolina (Climate Zone 4A), opened in March 2011.
The 40,000 ft* single-story, stand-alone store includes fresh and packaged food items, general mer-
chandise, an in-house bakery, a deli, and food preparation areas.

The store was the first constructed under Whole Foods Market's goal of reducing annual energy con-
sumption by 50% as part of DOE's Commercial Buildings Partnership program (EERE 2015a). The cri-
teria used to evaluate energy-efficient measures for the project include payback period (< 5 years), tax
incentives, and utility rebates, as well as costs for capital, installation, O&M, and energy.

Interaction between the building’s systems was a key design consideration. The design team esti-
mated energy savings for combined packages of energy efficiency measures rather than for individual
measures. This allowed for the consideration of individual energy efficiency measures that may have
been deemed too expensive had they been evaluated individually as well as for the determination of
savings for the entire system and not just for components.

Refrigeration

Refrigeration is a major portion of the energy use in a supermarket. Strategies employed to reduce
energy usage of the refrigeration systems include the following:

Case doors are included on medium-temperature dairy, deli, and packaged produce cases to
reduce load.

+ Night curtains are used on open medium-temperature cases to reduce load during unoccupied hours.
+ Anti-sweat door heaters were installed to minimize condensation. A lower sales floor dew point is
maintained in conjunction with the anti-sweat control strategies for the refrigerated case doors.

+ LED lights are used instead of T8 fluorescents in all low-temperature and medium-temperature
refrigerated cases and walk-in freezers to reduce both lighting power usage and additional load

‘ Buildings from lamp and ballast heat.
B +  Electronically commutated (high-efficiency) evaporator fan motors were installed in refrigerated cases.
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Bibliography

www.ashrae.org/freeaedg

https://buildingdata.energy.gov/cbrd/resource/1906
Buildingdata.energy.gov/cbrd (search for AEDG)

— Technical support documents
— Actual models used
— Links to the downloads
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Agenda - Envelope

= Climate Zones

* Prototype Building Model

= Envelope Criteria

= UA Reductions of the Envelope

* Freezer Box Curb Details

= Vestibule Configurations

= Windows and Overhangs

= Thermal Bridges

= Envelope Thermal Performance Factors

18
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Climate Zones
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Prototype Building Model

= Floor Area = 45,000 ft2 (173 ft x 260 ft)
= Wall Height = 20 ft

= WWR =8.1%, 1,400 ft?

* |nsulation Above Deck

= Mass Walls
= Unheated Slab-on-Grade

20
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Envelope - Roofs

Ins. Above Deck

40

35 / *
30 /o o

8 25
-
Ezoz/‘ ./.
& 15 . o o o o
10
5
0
1 2 3 4 5 6 7 8

Climate Zone

=0—AEDG - 50% Grocery =i=Std. 90.1-2004
=  Solar Reflective Index = 78

Table 5-1 Examples of Cool Roofs

ategory eflectance | Emissivity
Cat Reflect Emissivit

Single ply White polyvinyl chloride (PVC) 0.86 0.86 107

White chlorinated polyethylene (CPE) 0.86 0.88 108

White chlorosulfonated polyethylene (CPSE) 0.85 0.87 106

White thermoplastic polyolefin (TSO) 0.17 0.87 95

Liquid applied White elastomeric, polyurethane, acrylic coating 0.7 0.86 86

White paint (on metal or concrete) 0.7 0.85 86

21 Metal panels Factory-coated white finish 0.90 0.87 113

Better U.S. DEPARTMENT OF
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Envelope — Walls, Slabs and Fenestration

Mass Walls Slab Unheated
20 0.8
07 T—— l\ M—— l\
15 0.6 \ Ny
=) -
=1 [$)
g 10 8 0.4
(14 w 0.3
5 0.2
0.1
0 0
1 2 3 4 5 6 7 1 2 3 4 5 6 7 8
Climate Zone climate Zone
=+—=AEDG - 50% Grocery = —i=Std. 90.1-2004 —e—AEDG - 50% Grocery  =fi=Std. 90.1-2004
Fenestration Fenestration
1.4 0.7
1.2 ‘ \ 0.6 )
1 0.5
5 \
+ 0.8 (&)
§ % 0.4 ¢
= 06 ., ., ., % 0.3 7 /
04 0.2
0.2 0.1
0 0
1 2 3 4 S 6 7 1 2 3 4 5 6 7 8
Climate Zone Climate Zone
5 ==AEDG - 50% Grocery = —i=Std. 90.1-2004 —e—AEDG - 50% Grocery  =fi=Std. 90.1-2004
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Envelope - Doors

23

Swinging Doors
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UA Reductions of the Envelope

Zone City 90.1-2004 AEDG Reduction-%

1A Mliami 17,371 12,825 26.2
20 Houston 17,371 5,591 7.8

2B Phoenix 17,371 5,591 67.8 . (0]
34 Atlanta 7,223 5,047 30.1 UA Red UCtlonS - /0
3B Los Angeles 7,223 5,047 30.1

3B Las Vegas 7,223 5,047 30.1 - RO OfS

3C  5an Francisco 7,223 5,047 30.1
L) Baltimore 7,223 4,135 428 - Wal IS
4B  Albuquergue 7,223 4,135 42.8
AC  Seattle 7,223 4,135 42.8 B Unheated Slab
a4 Chicago 6,650 3,912 41.2
58  Denver 6,650 3,912  41.2 [ Fenestra“on
.4 Minneapolis 6,284 3,744 40.4

6B Helena 0,284 3,744 40.4

) Duluth 6,021 3,365 44.1

) Fairbanks 4,922 2,933 40.4

AVG 41.1
24
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Freezer Box Curb Details

FREEZER EXTERIOR ; FREFZER INTERIOR
el Temperature - oF R-value
5" insulated freezer box wall w\\'x %5 L
X . 25 5
Sealant i ¥ Sealant al joints
W] , 10 i
Sl .- 0 i1
9.9V, adius spoon curve
N iiaidaa 10 3
2X6 Pressure treated wood blocking - [ F I 20 3%
' | i l® ; v
1" radius spoon curve | E ! Approx. & 30 3
L k- o '
concrete slabs and ; } | A y 4 i
——— < vl 0 AL R B Wl
reinforcing as required O LA - . i \ - 4
: i N AT AT AT AT uf, v L\
gravel —g ! p iy o W *-:h';.;'{f' W W X ¥] . Higid foam insulabon
g y M L. ;
T eyt — Vapor retarder, conlinuous honzonial
sub-grade —= and vertical, over the fop of wood blocking

". ?‘*"L" J'h; #
J‘%’ :;:3\

t-**-: ot
S

Double Curb
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Freezer Box Curb Details

FREEZER INTERIOR

4~ Stainless Sleaf
coved base by manulfactuner

O=2" Adinimurm Ailr Gagp

AET radls manrnirTaLarTy

i~ Framed Wal puer FPlan

5% Box Wall paral by rrrarrufanctiuines

() 2ME Pressure Treated
Wood Biocking

72" isalaltion joirrf

FREEZFER FLOOR
ASSEMEBELY -
3 127 Concrete :
Topping Slab, SSD i 1 - 2 Temperature- oF  R-value
Rigid Inswlation j// & Lo 33 - 33 23
Vapor Refarder iw-;::{v’:'i‘-r.'_ %’ I Wy L =] B B
- - i L ,I e .' - 10 29
Concrete Slab ‘:} . ~ .5 3 = : = - 3 = - ._ 0 i
g - . = =0y -10 33
N : -20 36
-30 38
-40 40
-30 43
6 Without Curb
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Vestibule — 90° Walkway

Senszor Zone

=11
&
it Sengor Zone
Sensar Zone Sensor Lone ' Sensar Jone Sensor Zong
7
27 (a)

Better EEEEEEEEEEEE

@ Buildings ENERGY



Vestibule — Straight-Through Entrance and

° Exit
90° Exi
Sansar Zong
Buuiding frheriay r
Sansor fong
it
) Sarrair Jong
i
7t Sensor fome
28 (b}
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Vestibule — Offset Walkway

Sengor Zong

Sensor fomg T Sensor Jong

Sengor Jong

(<)
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Vestibule — Straight-Through Walkway

Sensor Lone Builefirng bnhanor
Sonsor Zone
Sensor Zone
| 7 Sansor Zone Buitaing Extencor
|
l
'
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Windows with Overhangs

Horizontal Projection
Projection Factor =

Height Above Sill

Good Design Strategies:

\ Pt - Avoid glass that does not
N0 contribute to view or
daylighting.
Y Sl Y - Maximize north & south.
- Minimize east & west.
- | . o g - Use overhangs to provide
shading and reduce glare.

31
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Thermal Bridges - Parapets

Parapat Cap

A ‘

Roof Weathering Membraneg

N ==

=— Roof Deck

- Thermal Bridge

Plenum Space

]- Ceiling

Sheathing

Drainage Plane

Face Brick —=

HNNENENRERERENENRARENEE

Problem

32

Sheathing

Dratnage Plane
Thermal gaskel af
all brick attachment
points

Face Brick

Parapet Cap

T

[

VATV VAT

T,

[TTT1

Roof Weathering Membrane

I ==

Roof Deck

Plenum Space

]- Cailing

Solution
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Thermal Bridges — Slab Edge

Wall Insulation - : Studwall Construction
Wall lnsulabon Studwall Constrischion 4 \
— Tharmal Srdge —
—_— Gaskel at all brick -
attachment points [ |
Drainages Plae —1 Drainage Plane -
Face Brick — Face Brick »_‘
R T P LA a4 D UW e Floor Slab
LA e A IR Foor-iad Above Grade - . RN SAE
TRt 4 Weathering |
i 1) Prataction
" ) Insulation Depth extends
Grade Line / W Grade Line
s Inseiation Depth below the frost line,
N Rl PO — i B Fooler

Problem Solution

33
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Thermal Bridges — Alignment of Fenestration

Drywall

Drywall ————————— Drywall
Insulated Stud Space Insulated Stud Space Insulated Stud Space
Block Block Block
Foam Insulation Foam Insulation r Foam Insulation
Air Gap Air Gap f Air Gap
Brick —— Brick Brick
1 A 1 LA L ¥ T * 'Y + v v ¥ L 1
iz //
[ =10
Z
- Frost or Condensation
- Glazing with Thermally - Glazing with - Glazing with
Broken Frame Thermally Broken Frame Thermally Broken Frame
-——Thermal Break Between - Thermal Break Between - Thermal Break Between
Window Frame and Wall i Z Window Frame and Wall Window Frame and Wall
///: Building Exterior Building Exterior

Building Exterior

Problem

34
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Appendix A Envelope Thermal Performance Factors

Table 1 Opaque Construction Options

Opaque Construction Options
Roof Assemblies Walls, Above Grade Floors
Insulation Above Deck Mass Walls Mass
R U R U R U
20 c.1. 0.048 5.7 ¢.i. 0.151 6.3 c.i. 0.107
25 ¢ 0.039 7.6 ¢.1. 0.123 10.0 c.1. 0.074
30 c.a. 0.032 9.5 c.i. 0.104 14.6 c.i. 0.056
35 ¢ 0.028 11.4 c.a. 0.090 16.7 c.1. 0.051
Metal Building 13.3 c.a. 0.080 20.9 c.1. 0.042
19 +10 FC 0.041 15.2 ca. 0.071 23.0 c.i. 0.038
19+ 11Ls 0.037 19.0 c.a1. 0.048 Steel Framed
25+ 11Ls 0.031 Steel Framed 30 0.038
J0+11Ls 0.029 13 ca. 0.124 38 0.032
25+11+11Ls 0.026 13+38ca 0.084
13+50c.1 0.077
Slabs 13+7.5¢ca 0.064
Unheated 13+10.0c.1. 0.055
R-in F 13+12.5c.i. 0.049
15-24 0.52 13+ 18.8 c.i. 0.037
20-24 0.51 Metal Building
20-48 0.434 0+98c.i. 0.004
Heated 0+158 ci. 0.060
7.5-12, 1.02 0+19.0c¢c.i. 0.050
10 -24 0.90 0+22.1cai. 0.044
15-24 0.86 0+250c¢i. 0.039
20-24 0.843 Walls, Below Grade
20 - 48 0.688 R C
25-48 0.671 7.5 ¢ 0.119
10 c.i. 0.002
15 ca. 0.063
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Goals for Grocery Lighting

= Lighting design for grocery sales spaces should
support the goals of attracting customers,
facilitating merchandise evaluation, and enabling
completion of the sale.

» These goals can be obtained in consort with
lower LPDs through the use of
= high-efficacy light sources
= lighting controls
= good design practice.

EEEEEEEEEEEE
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Goals for Grocery Lighting

= Ambient lighting. Uniform general illuminance
for merchandising areas as recommended in
The Lighting Handbook (IES 2011) ranges from
15 to 50 fc depending on the store type and
merchandising strategies.

= Designing to the appropriate llluminating Engineering
Society of North America (IES) recommended ambient
footcandle levels will establish the framework for an
effective accent lighting strategy that achieves accent
lighting goals without sacrificing energy efficiency.

Better EEEEEEEEEEEE
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Goals for Grocery Lighting

= Perimeter lighting. llluminance ratios of no
more than 2:1 of ambient light levels are
recommended for the creation of effective

perimeter wall lighting.

= Effective perimeter lighting includes adequate illumination
levels for merchandise evaluation as well as for
contributing to the perceived brightness within the space.

= Using T8, T95, or light-emitting diode (LED) luminaries is an
energy-effective option for creating perimeter lighting.

EEEEEEEEEEEE
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Goals for Grocery Lighting

= Accent and/or task lighting. Accent and task
provide additional illumination required to en
merchandise color, texture, and detail. Task

ighting
nance

ighting

levels are typically 1 1/2 to 2 times that of ambient

lighting.

= Some tasks or product evaluation may require higher ratios and
to create visual contrast and interest, accent lighting ratios of 5:1
(accent to general ambient and/or perimeter) should be designed

as recommended in The Lighting Handbook.

= Effective accent lighting is best accomplished with point source
directional luminaries such as ceramic metal halide (CMH) and
LED, which also represent the most energy-efficient accent

option.

Better
Buildings
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EL10 Color Rendering Index (Climate

Zones: all)

= The color rendering index (CRI) is a scale

measurement identifying a lamp’s ability,

generally, to adequately reveal color

characteristics. The scale maximizes at 100,

with 100 indicating the best color-rendering

capabillity.

* |tis recommended that lamps specified for the ambient,
tasks, and accent lighting of merchandise and service
areas within customer spaces have a CRI of 80 or greater

to allow the consumer to effectively examine the color
component of a product.

Better EEEEEEEEEEEE
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EL11 Color Temperature (Climate Zones:

all)

= Color temperature is a scale identifying light source
relative warmth or coolness—the higher the color
temperature, the bluer the source.

= There are preliminary studies showing that higher-color-
temperature light, in the 5000 K range instead of the 3500 K
range, may provide better visual acuity; however, 5000 K lamps
may produce an artificially cool-looking building at night.

= The higher 5000 K color temperature will also match the daylight
from windows and skylights more closely than the lower 3500 K
color-temperature sources.

*= The decision as to which lamp color or multiple of lamp colors is
used will be determined by merchandise objectives, brand
identity, and operational considerations.

Better EEEEEEEEEEEE
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EL20 General Lighting in Grocery Sales

Areas (Climate Zones: all)

»= General lighting at 1.15
W/ft? provides the base
level of lighting for the
merchandise. Spill light
from the merchandise
general lighting will provide
adequate lighting for the
circulation paths

Controls

= Sales Floor = Time switch -
- auto to 25% during closed
hours, auto to 2% or less
when unoccupied

Figure 5-17 (EL20) Layout for Lighting in Merchandise Sales Area

EEEEEEEEEEEE
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EL21 Accent Lighting in Merchandise

Sales Areas (Climate Zones: all)

Figure 5-19 (EL23) Accent Lighting in Merchandise Sales Area
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Figure 5-15 (EL4 and EL5) Accent Lighting Aimed at 40 Degrees

Use LED task and accent
lighting to highlight key
merchandise locations or
vignettes to “feature display”
light levels (three to ten times
the general merchandise
lighting level in the area of
the display). The use of
accent lighting to highlight all
merchandise does not create
the proper contrast ratios and
should be avoided.

Controls
= Accent lighting = Auto ON

only during store open hours

Better
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Daylighting

= Toplighting — skylights or
rooftop monitors are required
per ASHRAE/IES Standard 90.1
(ASHRAE 2013) in climate
1 __ zones 1 through 5 in spaces
o greater than 2500 ft? directly
| " under a roof with ceiling heights
greater than 15 ft

= Follow the prescriptive
requirements of Standard 90.1
and install skylights that
daylight at least 50% of the
S sales floor area

Controls

Figure 5-11 (DL6) Daylight Zone under Skylight ™ General I|ght|ng auto Controlled
in response to daylight

Better EEEEEEEEEEEE
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Climate Zone table - Daylighting

: : Required per Standard 90.1 when sales floor ceiling _
Skylights or rooftop monitors height > 15 ft and area is > 2500 ft2 DL1-10

Daylight area = 50% of the sales floor DL1-10

Skylight to daylight area Minimum = 3%, maximum = 5% DL3

VT Skylight VT = 0.40 DL3
Daylighting Skylight SHGC 0.35 EN25-27

Skylight thermal transmittance U-0.65 DL4

Effective aperture Skylight effective aperture = 1% DL8

Measured haze value > 90% when tested

Glaang yalo/laliiiaser according to ASTM D1003 (ASTM 2013) =L
Controls General lighting auto control in response to daylight DL6-7, 9-10
»  Skylights are not required in Climate Zones 6 through 8
Better U.S5. DEPARTMENT OF
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Skylight Option

48

Tubular Daylighting Devices

Tubular daylighting devices (TDDs) are one daylighting option now being used with greater frequency.
The devices harvest daylighting through roof-mounted domes connected via a tubing system to a dif-
fuser that looks very similar to a ceiling light fixture. The result is an effective daylighting source with

less heat transfer than traditional skylights or roof monitors that can provide significant annual energy
and operating cost savings.

Roof-Mounted Domes for Tubular Daylighting Devices
Photographs reproduced with permission of Giant Eagle, Inc. (left) and Solatube International (right)
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Climate Zone Table — Interior Lighting

EL1, 3-7, 9-11, 17,

Sales floor LPD = 1.15 W/ft? 25 30
EL1, 4, 9-11,
Ambient and accent lighting Stock room LPD = 0.6 Wi/ft* 17-19, 29-30
o EL1-2, 4, 8-11,
-§ Average of all other LPDs = 0.8 Wit2 17-19, 25-27,
'g, 29-30
‘:‘- HIRIERCLICE AT SICRC) tEg:g:{;?{:: ; ?g accent =75, case =50 EL12, 14
=2 (meaniumens per wal) T8 and T5—greater than 2 ft = 92, 2 ft and less = 85
- Nondimming = NE remium instant star
fn Interior Lighting e ballasts D;?:riir:g‘:?\lEMA i'I\;‘grl':uiurﬂ pr(:ngramr:sttar:l t Eki2
% All TS/TSHO ballasts Electronic program start EL12
(] All CFL and HID ballasts Electronic EE12
Sales floor = time switch—auto to 25% during closed EL16
hours, auto to 2% or less when unoccupied
Additional specialty lighting = auto ON only during EL16
S store open hours
Lighting controls Stock room, restrooms = auto ON/OFF occupancy EL15
sensors
All other = manual ON, auto OFF occupancy sensors EL15
After hours = ma)iimum 2% of total building I:PD EL16
Better U.S5. DEPARTMENT OF
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Layering of Light

Using high-efficacy luminaires coupled with a layered lighting strategy produces dynamic lighting with
accents and feature display illumination while meeting or exceeding code compliance and energy tar-
gets. In some applications, total LPD may actually be lower than that of the LPD used to produce

bright, uniform lighting.

rw -y

AR =,

Accent and Display Lighting Strategies
Photographs reproduced with permission of Whole Foods Market
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Layering of Light

Achieving 50% Energy Savings
Toward a Net Zero Energy Building

Developed by:

ASHRAE

The American Institute of Architects

llluminating Engineering Society of North America
U.S. Green Building Council

U.S. Department of Energy

51
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Climate Zone Table — Exterior Lighting

LPD = 0.075 W/ft“ in LZ3 and LZ4, 0.05 W/ft“ in LZ2

Fagade and landscape lighting Controls = auto QFF at business closing ~ EL33-35
: : LPD = 0.08 W/ft« in LZ3 and LZ4, 0.05 W/ft in LZ2
Exterior Lighting Parking lots and crives Controls = occupancy sensor to at most 50% power ELS 188 =00
Walkways, plazas, and special feature areas LPD = 0‘1_6 WIR* in LZ3 and L24, 0.14 Wift: in LZ2 EL32, 34-35
Controls = occupancy sensor to at most 50% power
All other exterior lighting No recommendation*® EL34-35

TABLE 9.4.2-2 Individual Lighting Power Allowances for Building Exteriors
| Zone 0 |  Zonel | Zone 2 | Zone 3 | Zone 4

Uncovered Parking Areas
Parking areas and drives | No allowance | 0.04 W/t? | 806 0.05 W/ft? | 010 0.06 W/ft? | 013 0.08 W/ft?

0
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Figure 5-14 Grocery Space Planning Schematic
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Refrigeration

= New discipline for AEDG

= Baseline
= ASHRAE 90.1 — 2004

ANSUASHRAEMESNA Standard 90.1.2004
(Inctuades ANSE ASHRAS 1ESMNA Adderds linied in Appends F)

X)) ASHRAE STANDARD

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

I-P Edition

55

Better EEEEEEEEEEEE

Buildings EN ERGY



Refrigeration — Energy Reduction

= Specifying efficiency is not enough

= Simplifying refrigeration system efficiency:
» Reduce LOAD
= Reduce LIFT

Head pressure

Compressor lift ===

Suction pressure

Better EEEEEEEEEEEE
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Refrigeration — Energy Reduction

» Reducing Load
= Reduces compressor size
» Reduces condenser size

= Examples

= |nsulation
= Case LEDs
= Doors on Cases

Better
z Buildings




Refrigeration — Energy Reduction

= Reducing Lift = Examples
= Takes advantage of: = Doors on Cases
= Reduced ambient temperatures = Electronic Valves

= Part load operation

_ = Suction Grouping
= Affects system capacity and COP

» Floating Controls

— T B
W S e
o O O

Capacly (kBiu)/hr)

fbgé

120 110 100 90 #0 1
Condensing Temperature ('F

110 110 100 a0 B0 0 60
Condensing Temperature [F)

w—Capacity (kBru/fha)  =—Pouwer (kW) e Eficiency (Buh/Watt)
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-

r 15
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Refrigeration — Energy Reduction

Reducing Lift

= Hinges on proper design and control

100 -

90

A A
V/ANG/ AN

Temperature, °F

== Ambient Temperature ==Condensing Temperature Setpoint




Refrigerant Impact

= Dealing with Refrigerant GWP

= Must consider Energy impact
= System Architectures
= Refrigerant Glide




Refrigeration & HVAC Interactions

HEAT RECOVERY TANK PIPING

* Thermal Comfort
* |ncreased heating demand
= Reduced cooling demand

ol Waler ater Heater
0 y
b
"
= Cold Aisle
I—]
C.W
laka-up
-
circilation
Pump

A A

= Heat Reclaim :
= \Water .f
= Air (heat and =

reheat)

e

Figure 5-31 ([RF29) Conventional Series-Connected Heat Recovery
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Refrigeration & HVAC Interactions

= Dehumidification

= Required store condition:
75°F/55% R.H.

= Refrigeration COP vs.
A/C COP

= Anti-sweat heater control

Better
Buildings




HVAC

= Kitchen Equipment

= DCKV (Demand Controlled Kitchen Ventilation

AIR PURGE UNITS TEMPERATURE SENSOR

Monitors the ax houst air .
ternparatins in the duct and k\
sendts Bsignal tothe Hood | Q
Comtredlar lo vary fon 5peod in 2

proparion to heal load

Miniatune blowers senrd air [}
into Opdic Sencor

howsings to prevent

smoke and grease from

collacting on janses

- =% e |
VFDa SYETEM CONTROLLER _-—— TOUCHPAD

Vanetie Frequency Orives
recana angnals fiom the Hood
Coatrellar Io conbrd The spasd
Of tha [Ens Dased on heal ang
smoke loed

Recenes npul rom the

T oo {3 ) éned Heod
Contrellans ) to canlr ha
DUTpIE forihe VFDs

\__ g

Provices swilches for
aparation of I
ighte and tane by
pass, montonng LEDs
and programming

HOOD CONTROLLER

Owermoes Temparsture and
Oiplie Sensors on éach hood
A sends Sesor dala to
e System Controlar v
RE-485 comm unication

DPTIC EEMEDRE

Monitor [he presence of

ek ard vapors imide e

hood  Send a sonal b the

HODOO CoTicilen 10 Increass .
\-I:m speed during cooking

.
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Case Study

Whole Foods Market—A Case Study

Refrigeration HVAC Kitchen

» Casedoors = Desiccantwheel « Hood side panels
= AS.control = Heat Reclaim = DCKYV responds to
= LED = Reduced airflow / heat/smoke

= EC motors Fan savings




Case Study

Whole Foods Market—A Case Study

Lighting
= 1 W/sf ||ght|ng Electricity Savings |
, HVAC: Cooling & Fans © <5000

= Skylights T

Interior Lighting y smos;;,ooo
- LED Equi E $1,200 |

quipment " o
" Controls 0 e
M

Refrigeration
§12,000

Gas Savings I $4000

$13,000

. ] |
ReSUItIn-q EUI E: EXPECTED 5,000 0 5000 10,000 15000 20,000 25,000 30,000

290 kBtu/ft2 M:MEASURED Dollars Per Year Savings

Expected and Measured Energy Cost Reductions
Source: EERE (2013)




Questions?
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