Building Energy Modeling
STRETCH CODE

OCTOBER 20, 2009

RAVI S. SRINIVASAN

Director of Technology & Innovation

The Green Roundtable

and

Green Building Resource Center




Link to Stretch Code

BUILDING ENERGY MODELING

Summary of “Stretch” Appendix to Mass. Energy Code, Adopted by BERS May 2009
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Large commer- | Commercial above Energy use 20% below None - DOE, NGRID modeling
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Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION

ARCHITECT’S
& M.E.P.
SPECIFICATIONS

INDUSTRY LEADING
FEATURES / BENEFITS
Energy Efficiency
14.5-21 SEER/11.1-15 EER
New Aesthetic Design
*  WeatherArmor Ultra™ Cabinet
~ Baked on powder paint

Steel louver coil guard

Color matched ceramic coated cabinet screws



Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION

Building Envelope
Wall / Internal Partitions (UFactor)

ARCHITECT’S Windows (UFactor, SHGC, VT, Shading Coefficient)
& M.E.P. Roof (UFactor, Reflectance)
SPECIFICATIONS Floor (UFactor)

Heating, Ventilating & Air-Conditioning
Ventilation type (mechanical)

Heating & Cooling (type, schedule, energy source)

Service Water Heating
Type, operation schedule

Other Equipment
Equipment power density

Activity Schedule
Schedule - hours, days (holidays)

Lighting
Control (auto), Lighting energy (LPD)
Operation schedule, luminaire type, radiant fraction
Task / display light (gain, operation schedule)




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION
~

BASELINE INPUTS FROM ASHRAE 90.1-2007
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Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION

~

BASELINE INPUTS FROM ASHRAE 90.1-2007

MODEL

REQUIREMENTS Building Geometry
Same as As-Is Design

Do not include shades (horizontal / vertical)

Schedules

Same as As-Is Design

Variations allowed (approval of Rating Authority)

Modeling Limitations to the Simulation Program
Substitute a thermodynamically similar component model
that can approximate the expected performance of the component

that cannot be modeled explicitly.




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION
~

BASELINE INPUTS FROM ASHRAE 90.1-2007

BUILDING
ENVELOPE REQUIREMENTS

Nonresidential BResidential Semiheated
Assembly
Assembly Insulation Min. Assembly Insulation Min. Maxi- Insulation Min.
Opaque Elements Maximum E-Value Maximum R-Value mum R-Value
Roofs
Insulation Entirely above Deck [ U-0.053 I E-150a U-0.063 E-150¢c1 U-0218 PR-3f%a
Metal Building U-0.063 R-19.0 U-0.0635 E-198.0 U-0.097  R-100
Attic and Other U-0.034 B-30.0 U-0.027 E-38.0 U-0081 R-130
Wails, Above-Grade
Mass U-0.151% R5Ta® U-0.104 B-95ci U-0.580 NR
Metal Building U-0.113 R-13.0 U-0.113 E-13.0 U-0.134  ER-100
Steel-Framed U-0.124 R-13.0 U-0.064 R-130+R-75a U-0124  R-130
Wood-Framed and Other U-0.089 R-13.0 U-0.089 E-13.0 U-0.089  R-130
Wail, Below-Grade
Below-Grade Wall C-1.140 NR C-1.140 NR C-1.140 NR
Floors
Mass 1-0.107 R-63a U-0.087 E-8.3ci U-0322 NR
Steel-Joist U-0.052 R-19.0 U-0.038 E-30.0 U-0.069  R-130
Wood-Framed and Other U-0.051 R-19.0 U-0.033 E-30.0 U-0.066 R-130
Slab-On-Grade Floors
Unheated F-0.730 NR F-0.730 NR F-0.730 NR
Heated F-0.930 B-7.5for 24 in. F-0.840 E-10 for 36 in. F-1.020  FR-75for12m.
Opagque Doors
Swinging [ U-0.700 I U-0.700 U-0.700
MNon-Swinging 1-1.450 U-0.500 1-1.450




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION
~

BASELINE INPUTS FROM ASHRAE 90.1-2007

HVAC
& DHW REQUIREMENTS

Fossil Fuel, Fossil/Electric Hybrid, &

Building Type Purchased Heat Electric and Other
Residential System 1 -PTAC System 2 - PTHP
Wonresidential & 3 Floors or Less & =75 000 £2 System 3 — PSZ-AC System 4 — PSZ-HP
(Monresidential & 4 er 5 Floors & =73,000 &t~ or| System 5 - Packaged System § - Packaged VAV w/PFP
5 Floors or Less & 75,000 £t to 150,000 £ VAV w/ Reheat Boxes
[Monresidential & More than 5 Floors or System 7 - VAV System 8 - VAV
=150,000 £2 wiReheat w/PFP Boxes

Notes:

Fesidential bu.l]d.mgtypes melnde dormitory, hotel, motel, and nmltifanuly. Fesidential space types nclnde guest rooms, living quarters, private living space, and sleeping quarters.
Other building and space types are considerad nonresidential

Where no heating svstem s to e provided or ne heating energy sowrce 15 specified, use the “Electric and Cther” heating sowce classification.

Where atiributes make a building eligible for more than one bassline system type, use the predonrinant condition to determine the system type for the entire building.

TABLE G3.1.1B  Baseline System Descriptions

System No. System Type Fan Control Cooling Type Heating Type
1. PTAC Packaged terminal air conditioner Constant Volume Durect Expansion Hot Water Fossil Fuel Boiler
1. PTHF Packaged terminal heat pump Constant Volume Direct Expansion Electric Heat Pump
3. PSZ-AC Packaged rooftop air conditioner Constant Volume Direct Expansion Fossl Fuel Fumace
4. PSZ-HP Packaged rooftop heat pump Constant Volume Direct Expansion Electric Heat Pump
5. Packaged VAV w/ Packaged rooftop vanable air volume VAV Durect Expansion Hot Water Fossil Fuel Boiler
Reheat with rebeat
6. Packaged VAV w/FFP  Packaged rooftop variable air volume VAV Direct Expansion Electric Fesistance
Boxes with reheat
1. VAV Packaged rooftop vanable air volume VAV Clulled Water Hot Water Fossil Fuel Boiler
w/Reheat with reheat
8. VAV Variable air volume with reheat VAV Chulled Water Electric Resistance
w/PFF Boxes




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION
~

BASELINE INPUTS FROM ASHRAE 90.1-2007

LIGHTING
(EXTERIOR & INTERIOR) REQUIREMENTS

Uncovered Parking Areas

Parking Lots and drives 0.15 Wi
Building Grounds
Walloways less than 10 feet wide 1.0 W/linear foot
Walkways 10 feet wide or greater
Plaza areas 0.2 Wi’
Tradable Surfaces Special Feature Areas
(Lighting power densi- Stairways 1.0 Wia?
ties for uncoversd park-
ing areas. building

grounds, buildng | Building Entrances and Exits
entrances and exits, can-

opies and overhangs and Main entries 30 Wilinear foot of door width
outdoor sales areas may Other doors 20 Wilinear foot of door width
be traded.)
Canopies and Overhangs
Canopies (free standing and attached and overhangs) 1.25 Wi’
Outdoor Sales
Open areas (including vehicle sales lots) 0.5 Wi
Street frontage for vehicle sales lots in addition to “open area”™ 20 W/hnear foot
allowance
Building Facades 0.2 W/t for each illuminated wall or surface or
N"_D'T' adable Snrfac.es 5.0 Wilinear foot for each illuminated wall or
(hghtmg power density surface length
calculations for the fol-
lowing applications can |Automated reller machines and night depositories 270 W per location
plus

‘be used only for the spe-

cific application and can- 90 W per additional ATM per location

not be traded berween Entrances and gatehouse inspection stations at guarded 1.235 W/it? of uncovered area
surfaces or with other | facilities (covered areas are included in the “Canopies and
exterior lighting. The fol- Overhangs™ section of “Tradable Surfaces™)

Inwing allomrances are in




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION

~

BASELINE INPUTS FROM ASHRAE 90.1-2007

MODEL
REQUIREMENTS

Baseline should be independent of its orientation

- Baseline is rotated FOUR times (0d,

90d, 180d, 270d)

and average value is computed:
ENERGY (kBtu)
PEAK (kBtu)
COST (S/yr)

A 0d Rotation

90d Rotation




Modeling Process

BUILDING ENERGY MODELING
CURRENT DESIGN SPECIFICATION
-~
INPUTS FROM ASHRAE 90.1-2007
MODEL

REQUIREMENTS

Baseline should be independent of shades
(techniques by which the building can be shaded)

Baseline
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critical
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CURRENT DESIGN SPECIFICATION

INPUTS FROM ASHRAE 90.1-2007

Modeling Process

BUILDING ENERGY MODELING

BASELINE




Modeling Process
BUILDING ENERGY MODELING

CURRENT DESIGN SPECIFICATION

BASELINE

~

INPUTS FROM ASHRAE 90.1-2007

Zoning based
on HVAC
systems’
design




Modeling Process
BUILDING ENERGY MODELING

AS - IS

BASELINE

PERFORMANCE

RATING METHOD RESULTS

Mote: The percentage displayed for the "Proposed’ Base %°
column of the base case is actua’y the percentage of the

» ENERGY COST SAVINGS (S)

* Alt-1 As |s Design with Baseli

Alt-2 ASHRAE 90-1-2001 Baselin

Alt-3 As |s Design with Lighting

Alt-4 As Is Design with Lighting

total energy consumption.

Proposed Proposed Proposed Proposed
* Denotes the base altemative for the ECB study. mET‘,egww HB“I; P:;:.h 10511(*5@ IBEE:«. P:ETll:lh 10E“rl;elg'tgyu@r mas; P:;.ruh mErn‘;El;tg:m mas:i P:;ruh
Lighting - Conditioned Electricity 1.372.4 33 305 13724 100 305 1.002.8 73 200 1.002.5 73 200
Space Heafing Electricity 5024 12 486 83g.2 168 843 a04.4 120 407 112.3 2 ]
Space Cooling Electricity 4278 10 476 452.0 108 §23 762 82 447 7o 23 k]
Pumps Electricity 0.0 a 0 [Hh] 1] 0 oo 0 0 a0 0 4
Heat Rejection Electricity 83.0 2 ar 80.3 108 73 72.6 89 2] 0.0 0 a
Fans - Conditioned Electricity 5320 13 a3 5334 100 i3] 5325 100 ] 282.8 43 30
Receptacles - Conditicned Electricity 6474 16 235 8331 154 248 9381 154 243 92E.1 154 243
Stand-alone Base Utilities Gas 5344 12 a 5324 100 a1 534.4 100 a1 534.4 100 81
Tatal Building Cansumption 4,093.0 48157 41218 3,009.8
* Alt-1 As |s Design with Baseli Alt-2 ASHRAE 90-1-2001 Baselin Alt-3 As |s Design with Lighting Alt-4 As Is Design with Lighting
Total Humber of hours heating lead not met o 1] o 1}
Number of haurs cooling lsad not met o ] i 1]

* Alt-1 As |s Design with Baseli

Alt-2 ASHRAE 90-1-2001 Baselin

Alt-3 As |s Design with Lighting

Alt-4 As Is Design with Lighting

Energy Costiyr Energy Costiyr Energy Costiyr Energy Costliyr

10°6 Btufyr $iyr 106 Btufyr Siyr 10*6 Btufyr $iyr 106 Btulyr Siyr
Electricity 35848 85,538 42813 102,738 35872 ae.0a0 24755 50,403
Gas 534.4 4,700 5344 4,789 5344 4,788 5344 4,799
Taotal 4,099 80,337 4,816 107,335 4,122 30,879 3010 64,201




Modeling Process

BUILDING ENERGY MODELING

Y ENERGY COST SAVINGS ($)

$

BASELINE INPUTS FROM ASHRAE 90.1-2007

Energy Cost Summary
College Arms Aparments

1000

14.83%

alEnargy Cost(F)

Annu

24.4T%
I 28.28%

Baseline Alt-1_R13_Tank Alt- Alt-3_R15_Tank Alf- Alt-5_R21_Tank Alt-
2_R13_Tankless 4 R15_Tankless 6_F21_Tankless



USGBC LEED™ Comparison

BUILDING ENERGY MODELING

Rating System Reference Guide

LEED for New Construction
LEED for Core & Shell

GREEN BUILDING DESIGN

& CONSTRUCTION
2009 Edition

LEED for Schools

~ LEED for Commercial Interiors
LEED for Retail Interiors*

GREEN INTERIOR DESIGN
& CONSTRUCTION
2009 Edition

GREEN BUILDING
OPERATIONS & MAINTENANCE
2009 Edition

LEED for Existing Buildings

LEED for Existing Schools*

38




USGBC LEED™ Comparison

BUILDING ENERGY MODELING

STRETCH CODE (COMMERCIAL - ENERGY MODELING) IS
COMPATIBLE WITH USGBC LEED™ ENERGY MODELING
REQUIREMENTS

LEED for New Construction
LEED for Core & Shell

........

Both use ASHRAE 90.1-2007 for
Baseline Energy Consumption
computation

20% better than ASHRAE 90.1-2007 is
equivalent to:

5 points (New Construction & Schools)
7 points (Core & Shell)

If the project is already proceeding with LEED™
Certification, there is no double work.




Questions
BUILDING ENERGY MODELING

RAVI S. SRINIVASAN

ravi@greenroundtable.org

The Green Roundtable Inc
38 Chauncy St, Boston 02111
Tel: 617.374.3740
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