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Agenda

§ What is energy modeling

§ How is BIM incorporated

§ Process

§ Case Study — Roche Project

§ Case Study — DPR Sacramento Office
§ Software
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When just 1% of a project’s up front costs
are spent ... up to 70% of it’s life-cycle
costs may have already been committed.”

- Joseph Romm
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Post occupancy Evaluation
Cost Estimating
Contractor Input

Client Vision/Goals
Design Visualization
FFE

Acoustic
Constructability
Consultant Integration
Direct Fabrication
Programming

Facility Management

Materials

Integrated Model
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Animation / Rendering
Systems Coordination
Specifications
Regulatory Requirements
LEED Documentation
Sunshading
Daylighting

Site

Energy Modeling
Inference Checking
Water Use
Community

Life Cycle Analysis
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Energy modeling Is a design tool

Insulation
Construction
Window type
Window size
Window treatments
Building orientation
Building shape
Programming
Lighting

HVAC system type
Heat recovery
Fuels

Specific product

Operation schedules

Natural ventilation
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Energy use, demand, and cost
Daylight levels

Saving from daylight usage
Thermal comfort
Environmental impact
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Using energy modeling effectively

) *Climatic Analysis
Pre- Design C— *US EPA Target Finder Analysis
1 eldentify infrastructure and site issues

eldentify strategies

Design Charrette  <<G——)- .
*Goal setting

l *Develop high-performance vision
_ _ *Shape or form of the building
Schematic Design < ——)- «Daylighting
*Windows and Building envelope
*HVAC option
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Using energy modeling effectively

. ) *“Wizard” level models
SRS sl <[ 02 reduction iterations
Combination runs
1 *Revised base case
*HVAC system comparisons

. *Fine-tune system details
Design Development <G :
J P *Check progress — LEED points

*True “value engineering”
l *Final model
*Documents for LEED

NIRRTV sl -Calibrate the model
*Troubleshoot operation

BIM for Energy Analysis and Modeling

© DPR Construction, Inc.
May 22, 2008 By Christopher Rippingham

DPR Construction, Inc. 7



BIM for Energy Modeling

Incorporation of BIM

Osimgrd Wethodedds
enengygyadetiedng

Create Geometry in Energy
Modeling Application

| hftomatonisawmtaaed in the model

*BuildiGgrgbernety in simglipglications

Hlianednidding ‘genaictiyeded

\RrpcesndapalEl dpeesdty reduced

*Link between energy model and
documents established

Create/ update design
documents

Inefficient
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Create base case
model to compare against

Incorporate design concepts
to improve efficiency.
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=

§

DPR Construction, Inc.

nergy Modeling Process

Step 1 — Develop Goals for the Energy Modeling
process

Step 2 — Develop Building Information Model to
meet needs for energy analysis

Step 3 — Gather data needed for energy analysis

Step 4 — Merge the BIM and data into an energy
simulation program

Step 5 — Generate predictive results for energy
consumption
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Case Study — Roche Project
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STEP 1 — Develop Goals

§ Roche project goals

— Compare the energy use for the Roche
project to the ASHRAE standards

— Compare energy use for two different building
orientations

— Pilot the Energy Analysis software — We
selected Riuska from Olof Granlund of
Finland after consulting with CIFE, Stanford
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STEP 2: Develop Building Information Model

2D Drawings of the project. 100% Object Oriented Parametric Model

CD’s with Plans, Elevations and that includes information needed
Sections + specification info. for Energy Analysis
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STEP 3 — Gather data needed for Analysis

§ Type of data needed
— Building occupancy loads (# of people)
— Lighting and equipment characteristics
— Type and nature of spaces
— Use of spaces during working hours

— Data and description of the Central plant, HVAC
equipment etc.

— E value for window wall system

— Wall types, room designation, areas, use of space
— Building orientations (actual / desired)

— Location of building (Latitude / Longitude)
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STEP 4 — Energy Simulation (Riuska)

PR',Roche_DPRconstruction.rsk
Fie Lbraries Show Settings Took Resuks Help

Project [1110.2007 ta

IR R

=

Simulation case: |1 11.10.2007 tla / Case 1

i

‘Weather data

Space groups

[USA;TA, San Jose / USA, C&, SanJose, july

Spaces

=

& Buidng (8]

€1 1. (01 First Floor, §} h=0.0 m
@ Systems
£l & Al condiloring space groups
€3 Ventiation zone
£ @ Electical space groups
B Electical, space gioup

Sty | Code | Name [ w[ w

1 05 Cooridor 513 2500
1 Coridor 895 4242
1 Corridor 117.1 5546
)3 ‘Waste Room 156 738
1 Intrument Repair 540 2632
1 Diring 531 147,
1 Servery 166.8 7303
1 Kitchen

1 Dy Stor.

1 Tiay Drop

1 Ref.

1 Freezer

1 Dish Wash

1‘ Nfficr

ds | /st |

7. 1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1515
1515

W wint[ 1m[ Cim[Type [16a]  Edt |
0 0000 00 Offc 5_14

015 00 Offc.. G Rlemove:
015 00 Offc.. G ——“
| 00

BE Cakulate... ||

00

00

00

00

00

00

00
nn

Space constructions | Space loads|
Space constructions

<[ ¥ [ storey 173 (spaces: 95, 4118 / 20269 )

Storey 173

[ Librarytype |

Name

[ Basic waltRoche Type.. 1w 01
Basic WallRache Type... 1w 01
Basio WaltRoche Type.. 1w 01
Ground floor GFOM
Intermed. ceiing IFol

Basic WallRoche - Cut..  OW 01
Basic WaltRoche - Cut..  OW 01

B oot Dot ot onim

Doors and windows of the construction

[ Azimuth ']
68

- @

40

[ Siope ]

- 90
90
90

0

I Win () [ Door ][ =] New ook |
24

=

[ |

[ Name [ Library type |

m# | Recess[m] | Frame | Blinds | Coverp. |_Fins

I
[ |
[ |

Ji

[Esemd  [Jintemal [l Undergriound

[ Window [l Door

File size: 1,6 MB
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§ Import model from

modeling software
- Geometry
- Space definitions
Doors
Windows

nput data collected
HVAC System
Area Types
Orientation
* Desired / Actual
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STEP 5 — Generate predictive results

Air Flow for Heating / Cooling

[ P E ]
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Baseline
Total Cost: $103.5150yr
Norm alized Cost: §0.72s fiyr

Ext. Equipment
/ hrea Lighting
10%

DPR Construction, Inc.

560,000 1

$50,000 1

N

$40,000

Annual Energy Cost, §

$30,000 4

520,000 4

$10,000

$0
Nin-0 Win-5 Win-10 Nin-15 Win-20 Win-25 Nin-30 Win-35 Nin-40 Win-45 Win-50

|D Ext. Equipment | 5378 §378 5378 5378 5378 5378 §378 5378 5378 5378 5378

|l DHW 54,760 54,760 $4,761 54,760 $4,761 54,761 54,761 $4,760 54,761 54,761 54,760
||:| Fans 53,643 53,663 §3,746 53,917 54,09 54,311 54,612 54,914 55,211 $5,523 55,835
B Pumps $317 $312 5326 $344 $362 $384 412 5435 5462 5491 5514

O Cooling $16,570 | $17,539 | $16.696 | 320,023 | 521331 | 22718 | 524,259 | $25,775 | $27,260 | 528,754 | $30.218
OHeating $14,121 | 514,828 | $15511 | $16,102 | 516,707 | $17,267 | 517,732 | $16211 | $18,703 | $19,180 | $19,667
M Plug Loads $18,007 | $18,007 | $18.007 | $18,007 | $18,007 | $18.007 | $18,007 | $18,007 | $18,007 | $18,007 | $18.007
@ Area Lighting $10,844 | 510,845 | 510,845 | 510845 | 510844 | $10845 | 510,844 | $10,844 | 510,844 | 510,844 | 510,845
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Overall Results

EHERGY CONSUMPTION § C O m p a r at i Ve

itk

1000 1500 2000 2300 3000 3a00 4000 a n a I yS i S Of aCt u al

Optimal | | Orle ntathn tO .
pota " optimal orientation

Results show that
50000 100000 150000 200000 250000 300000 350000 4%80[0)00 .Optl mal angle

optna : — ] Improved energy

consumption by
4%.

Actual

W Heating @HYAC, other electr. @HYAC, cooling electr. O Equipment electricty OLighting electricty
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Case Study — DPR Sacramento Office
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Sac Office Background

§ Office opened **date**
§ Job received LEED Silver certification
§ Lifecycle Energy Usage data collected
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Step One — Establish Goals

§ Compare results from energy model to
actual usage data

— Thermal Analysis
— Daylighting Analysis
— Solar Shading Analysis
§ Pilot Virtual Environment - IES

§ Make suggestions to improve space
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STEP 3 — Gather Thermal System Data

Apache System

Mame | AC01+Furnace
Heaking System

Generator {eg boiler’ Fuel |Natura| gas

‘ent, heat recovery effectiveness | 0.00000

Conling System

Cooling mechanism

| &ir conditioning j
B

|Natura| gas

®  Heat rejection pump & fan power 10,0000 %%

Generator (eg chiller) Fuel

Auxiliary energy (Fans, pumps & contrals)

o Auxiliary energy walue | 262696  Brtu/hefkz

Qutside air supply ('systern air supply' in Yiska)

Supply condition |External air

Zooling air supply sizing

Air supply temperature difference (0 For no sizing) |_14.4E|D *E

Auxiliary mechanical ventilation (set on Air Exchange tab)

Generator seasonal efficiency | 0.&000

Heating delivery efficiency |

Heak recavery return air kemp F2.00 °F CHP [

Generator seasonal EER.

Cooling delivery efficiency

equivalent ko Brugft2y

BIM for Energy Analysis and Modeling
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10,9000
SSEER.

|

Generator size kBtuth

SCoP [ 0.6400

Boiler Ranking |

626,082 kBru/h
4,0000

Generator size

based on 3255 hours system operation

taximum Flow rake

May 22, 2008
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STEP 3 — Gather Glazing Properties

DPR Construction, Inc.

ID |GDPEE1 Description |DPH'TPP31&2

Shading devices
Laocal Mane 7| Estemnal Nane ﬂ Internal

Outzide surface o - Frame
Emissivity | 0.900 I aterial | Aluminiurn ¥

Resistance (fRh°F/Bt) | 0341 v default Percertage 20,00 %

—
Resistance |1.832 fR-h*F /Bty
Inside surface

Emissivity 000 Absorptance |07

- T

Resistance [fhF/Btu] 0EES W default ENASO U-walue |0.3500  Bruhfi-F

Construction layers [outside ta inside)

Tupe of Convection

Thickness |Conductivity| glass or coefficient | Resistance Dutgide Inzide Refractive | Dutsi
Description [ft] JturinghefE-F blind Btudhe it °F | [f&-h"F/Bte)| Tranzmittance | reflectance | reflectance index Emisgi

SAFLEX BLUE-GREY 0.0000" 7343 Uncoated 0,400 0.060 0.080 1.525

AICITE ik

Cavity 67 i 0.334 1.015

SAFLEX BLUE-GREY 0.0000° 7343 Uncoated 0.400 0.060 0.080 15626

LU ITIC kil

U-value °
CIBSE U-value [glass only] |D.4950 BtushfE-*F EM-I50 U-value [glass anly] ID.5051 BtushefE-F

CIBSE net U-value [including frame]  |0.4651 BtushfE-°F EM-150 net U-value [including frame) iD.4?41 BtushefE-F

Copy | Paste | Inzert | Add | Delete| System Materials | Prcg

‘Wizible light properties

“izible light normal |U 57
transmittance L

BIM for Energy Analysis and Modeling
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STEP 3 — Gather Material Properties

Construction layers [outside to inside]

Specific Y,
Thickness | Conductivity| Dengity Heat Resistance HaDDLtJr | Cat
ft Bturindhie | In/fe Capacty |f&h*F/Bry |TESSIMY | Lategory

Bt F [permrin]™-1

Material

GYPSLUM PLASTERING 00518 2912 74914 0.1939 Plaster
COMCRETE BLOCK [LIGHTWEIGHT] 09170 1.317 37457 0.2388 Conoretes

Cavity 0.2500°

INSULATION BOARD - HF-B2 02500 0.233 1.938 0.1333 Insulating Materials
GYPSUM PLASTERING 0.0s18 2312 74914 0.1333 Flaster

Copy | Faste | Cavity | Inzert | Add | Delele| Flip | System Materials | Froject Materialz

U-walue [Btush-fE-F)

Construction thickness  [1.5210° ft ® CIBSE U-value |0.0479 BtuhefE"F EMASO U-value |0.0420 Brudhfie°F

Construction layers [outside to inside]

Specific Vv
Thickness | Conductivity| D ensity Heat Resistance Hap.m:.[ i |t
Bturindhfe*| b/ Capacity |k /B | ooy | Lategon

Bl F [permin)™1

I aterial

GYPSUM/ PLASTER BOARD - HF-E1 00518 1.103 50.005 01933 0.000 Plaster
GLASS-FIBRE QUILT 023200 0.277 0.743 0.2008 Inzulating Materials
GYPSUM/ PLASTER BOARD - HF-E1 00518 1.103 50.005 01933 0.000 Plaster

Copy | Paste | Cavity | Inzert | Add | Delete| Flip | System b aterials | Project Materials

U-value [BtushfE°F)

CIBSE U-value  |0.0863 BtuskefeE*F EM-IS0 U-value |0.0856

Construction thickness |D.3980' Bitudhe fe-F

BIM for Energy Analysis and Modeling
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Internal Partitions
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Step 4 — Energy Simulation (IES)

§ Import as much data from Revit model as
possible into VE Integrated Environmental
Solutions using gbXML

i I ad
il @\I\ ‘
. I|I "n e 0 e £

\ :
L ™

-
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STEP 5 — Results — Thermal Analysis

Heating Plant L oad vs. Temp in December Peak day Heating Plant Load vs. Temp

(Ib of CO,) Nat gas Elec. Total
Jan 6,038 6,082 12,120
Feb 2,721 6,246 8,967
VE'S 1,127 10,633 11,760
Apr 929 12,177 13,106
VEY, 1,231 14,421 15,652
Jun 1,751 17,372 19,123
Jul 2,034 18,761 20,795
Aug 2,040 18,641 20,681
Sep 1,700 16,872 18,572
Oct 1,176 13,446 14,622
Nov 1,517 8,922 10,439
Dec 7,664 6,338 14,003
Total 29,930 149,910 179,840

Carbon Emission by Fuel

BIM for Energy Analysis and Modeling
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STEP 5 — Results — Daylight Analysis

LEED NC 2.2 Credit 8.1

Room Name

Conference
Kitchen
Lobby
Training
Lobby
Stair

Open Office

Open Office

DPR Construction, Inc.

Floor Area

Area Above
Threshold

706 377
545 147

85 81

BIM for Energy Analysis and Modeling
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Percentage

53%

27%

95%

64%

42%

63%

21%

29%
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STEP 5 — Results — Solar Shading

§8 Without shading 48.17% results achieved
§ With shading devices 67.12% was achieved

08:00

03:00

1000 | 100

1200 |

1300

14:00

1500

16:00

0o

00

00

00
00
00
00
00
00
00
0
1000
847

530

531
57.6
EG.0
100.0
100.0
0o
0o
100.0
E7E
566
527
51.8

50.9
532
566
622
723
1000
1000
668
674
529
507
A6

(EL
511
531
56.2
B0
B35
624
56.2
537
509
727
797

824
Ba1
5.1
532
55.7
57.7
57.2
545
516
709
833
849

876
826
68.3
il
531
546
54.2
522
609
835
836
38

929
886
833
665
51.3
525
52.2
50.5
a9
837
942
95 1

16:00

0o
0o
0o
0o
0o
0o
0o
0o
0o
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100.0
1000
100.0
1000
100.0
1000
100.0
1000
100.0
000
1000
000
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| essons Learned

§ At times it may be easier to model
geometry in IES

§ Little to no information transferred from
BIM model with the exception of geometry

§ IES Is very particular with advanced
features

§ gbXML was difficult to work with
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Software

nteagrated

GRANLUND i Environmental
Solutions

EnergyPlus

BIM for Energy Analysis and Modeling
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GRANLUND

ntegrated
Environmental
Solutions Ltd

eQUEST

(L]

o
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Recommended Reading

;- | § Building Information Modeling

Green BIM

Integrated Teams

BIM — Concept -> Building

EDDY KRYGIEL BRADLEY NIES
EWORD BY STEVE MCDOWELL, FAIA, LEED AF
AL AT BNIM ARCHITECTS

Water Harvesting
Energy Modeling

Renewable Energy

Sustainable Materials
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Question

BIM for Energy Analysis and Modeling
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Contact Information

Andy Fuhrman

CEO

Open Standards Consortium for Real Estate
799 Summit Drive

Santa Cruz, CA 95060

Phone: (831) 458-3346

Email:
MSN-IM:

Skype: andyfuhrman

Website:

DPR Construction, Inc.
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Christopher Rippingham
BIM Engineer

DPR Construction Inc.

1050 Sansome St., Suite 600
San Francisco, CA 94111

Phone: (415) 782-3700

Email: ChristopherRi@dprinc.com
Skype: christopherrippingham
Website:
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