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Conceptual Energy Design 

Operations 
 Utilize energy modeling tools in practice 

 Understand abilities and limitations 

 Increase use, adoption and intelligence  

 Formal design massing for virtual design 
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• Putting metrics on building energy 

performance is a required step to make 

any progress on low-energy use and/or 

“green” buildings.  

– Building Science Digest  
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Why do we do Energy 

Simulations? 
• Measure building performance 

• Examples 
– LEED ASHRAE 90.1 compliance 

– California Title 24 

– Building America Benchmark 

– HERS index and Energy Star 

• 2008 Drury et. al, Studied 20 major programs 
– Ambiguous language and no commonality 

– Different resolutions 

– Recommend a suite of tools 

– Trust 

• Energy Modeling is aimed at experts 
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Metrics for Measurement 

• Energy Usage Intensity 

– 2030 challenge 

– EPA Energy Star 

– Commercial Building Energy Consumption 

Survey (CBECS) 
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Flaws 

• Many any times, the model does not—or 

cannot--capture the complexities and 

realities of the actual building. 

• Effect of the occupant of a building can 

be tremendous 

• Not everyone is an expert 

Building Science Digest 152 Building 

Energy Performance Metrics 2010-05 by 
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Precedent 

Low-Energy Architecture 
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Validation 

Simulation Precedent 



TAP Faster Forward 2011 

 



TAP Faster Forward 2011 

Gas Consumption (Btu) 

Building America Baseline  Home - Albright 
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Electrical Consumption (kWh) 

Building America Baseline Home - Albright 
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Energy Consumption vs. Best 

Practice 
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Design 

Toolset of Ideas 

Bigger than added technology 
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Comparing  

Design Simulations 
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Vasari OpenStudioEnergyPlus 

Location Omaha, NE Bellevue, NE 

Weather Station 30149 Bellevue Offut. AFB 725540 

Building Type Multi-Family Mid-Rise Apartment 

Exterior Wall Lightweight Construction - High Insulation 

Gypsum Board, 154mm Insulation, Plywood, High Density 

Hardboard 

Interor Wall Lightweight Construction - No Insulation Gypsum Board, Air Space, Gypsum Board 

Roof Typical Insulation - Cool Roof 

Gypsum Board, 244mm Batt Insulation, Air Space, 

Sheathing, Building Paper, Asphalt Shingles 

Floor Lightweight Construction - No Insulation Insulation, Lightweight Concrete, Carpet 

Glazing Double pane Clear - No Coating 2009 - LowEnergyCase_ExtWindow_ClimateZone3 

Building Operating 

Schedule 24/7 Facility Always On 

HVAC System 

Residential 14 SEER/8.3 HSPF Split 

Packaged Heat Pump Autosized 

Energy Model Comparison 
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Energy Model Comparison 

Opt 1 Opt 2 Opt 3 

 Performance 

 Cost 

  Function 

  Performance 

  Cost 

  Function 

  Performance 

  Cost 

  Function 

Intuitive guess 
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Results 
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EUI comparison 

Energy Use Intensity 

 Vasari 

Option 1  

 Vasari 

Option 2  

 Vasari 

Option 3  

Electricity EUI  14  kWh/sf/yr  14  kWh/sf/yr  14  kWh/sf/yr 

Fuel EUI  30  kBtu/sf/yr  30  kBtu/sf/yr  30  kBtu/sf/yr 

Total EUI  78  kBtu/sf/yr  79  kBtu/sf/yr  79  kBtu/sf/yr 

 OSEP Option 

1  
EUI ** 

 OSEP Option 

2  
EUI ** 

 OSEP Option 

3  
EUI ** 

District Heating [kBtu]   353,867.52  15  364,160.82  16  376,937.39  17 

District Cooling [kBtu]  171,251.60  7  155,972.79  7  170,256.39  8 

Interior Lighting [kWh]  40,691.67  2  35,327.78  2  40,527.78  2 

Interior Equipment [kWh]  54,772.22  2  43,386.11  2  49,380.56  2 

Total End Uses Electricity 

[kWh]  95,463.89  4  78,713.89  3  89,908.33  4 

Total End Uses District Cooling 

[kBtu]  171,251.60  7  155,972.79  7  170,256.39  8 

Total End Uses District Heating 

[kBtu]  353,867.52  15  364,160.82  16  376,880.52  17 

27 26 28 
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Energy Model Comparison 
Opt 1 Opt 2 Opt 3 

 Performance 

 Cost 

  Function 

  Performance 

  Cost 

  Function 

  Performance 

  Cost 

  Function 

 OSEP Option 1  EUI **  OSEP Option 2  EUI **  OSEP Option 3  EUI ** 

Total Electricity [kWh]  95,463.89  4  78,713.89  3  89,908.33  4 

Total Cooling [kBtu]  171,251.60  7  155,972.79  7  170,256.39  8 

Total Heating [kBtu]  353,867.52  15  364,160.82  16  376,880.52  17 

26 26 28 
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Student Experiments 

• Maintain assumptions with incremental 

changes to only one item 
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Energy Model Failures 
Opt 1 Opt 2 Opt 3 

 EUI EUI  EUI 

Total Electricity 

[kWh] 17 21  15 

Total Fuel [kBtu] 35 44 17 

Total EUI [kBtu] 94 114 67  

% Glazing 

Square footage 
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Energy Model Failures 

 EUI EUI  EUI 

Total Electricity 

[kWh] 17 17 16 

Total Fuel [kBtu] 13 11 51 

Total EUI [kBtu] 72 69 104 

Square foot 

% Glazing 

Changed all 

the r-values 
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What did we learn? 

Vasari 

The interface is the same as Revit 

Knowledge of Revit makes Vasari easy to use   

Vasari’s energy analysis capabilities are limited 

This is advantageous for schematic design 

Materials and assemblies are predefined and the selection is limited 

This is limiting if the design differs from the available choices 

Vasari doesn’t have error checking capabilities 

A user doesn’t know if the model and analysis is correct 

Energy results are graphed 

This provides a visual that is easily legible 

The graphs are not editable which is limiting 

Energy results include cost information 
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What did we learn? 

OpenStudio / EnergyPlus 

Time consuming to learn even with prior knowledge of SketchUp 

Many ways to customize and edit energy models 

More steps increase the chance for errors 

Leaving information out limits the outputs 

Materials and assemblies (constructions) can be customized 

There are unlimited possibilities for how assemblies can be designed 

Detailed error checking 

Allows the user to pinpoint specific problems with the energy model 

Energy results are extensive and customizable  
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CONCLUSION 

Conclusion 

Vasari is best for early schematic design or massing models that do not require 

precise results.   

 

OpenStudio and EnergyPlus are best for designs that are further along in the 

design process and are looking for accurate results. More accurate model, 

however more knowledge is required. 
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Better understand the process of incorporating sustainable 

and energy analysis tools within your project. 

 

Set up models that respond to the collaboration needs of 

Architects, Engineers, Designers and other players in the design 

team. 

 

Produce and coordinate deliverables across multiple 

disciplines, multiple models and multiple interfacing software. 

 

Define strategies for BIM collaboration: model linking and data 

exchange. 

 LEARNING OBJECTIVES 
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Founded in 1935 

Based in Winter Park, Florida 

Services include Master Planning, Architecture,   

Engineering and Interior Design 

130+ Professionals 

www.rlfae.com 

Type of Projects 

Healthcare / Education / Cultural / Religious 

Clients 

US Department of Defense  

Veterans Administration 

Private Sector 

Scope of Work 

Design Build / Design Bid Build / Joint-

Ventures / Prime / Consultant 

Our Values 

Design Excellence 

Strong Management 

Technology Driven 

Design with Integrity 

Model with Integrity  

RLF BIM PROCESS 
A Reflection of Office Characteristics and Deliverable 
Requirements 

40 
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Positive BIM influences: 
Standards Development / Resources 

41 

Penn State  

VA 

Modeling Data Influences 

GSA 

buildingSMART Alliance 

NIBS 

USACE BIM Guidelines- Attachment F 

AIA NTAP 
New Technologies, Alliances, Practices 

http://www.engr.psu.edu/ae/cic/BIMEx/contactinfo.aspx
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From RAW information to STREAMING DATA 

“Program for Design Spreadsheet Data Reuse…” 

42 
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• ONUMA Slide 

43 

Early Site Impressions 
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Charrette Design Options 

Compact 

site plan massing 

floor plan 

Selected Option 

Magnet 

Pinwheel 

L- Shape 
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Energy Modeling Methodology: AECOM 

Inputs from Revit 

• Building geometry 

• Building orientation 

Energy Modeling Inputs 

• Site location 

• Building construction 

assemblies 

Architect input 

ASHRAE 90.1-2007  

• Internal gains and schedules 

ASHRAE Fundamentals 
 

 

INPUTS RESULTS 

Simulation 

Software 

Heating Loads/Cooling Loads 

Advantages 

• Compact design reduces wall area. 

• High window to wall area ratio provides 

access to views. 

• Building entrance is located within wind 

shadow  from dominant NE wind. 

Disadvantages 

• Deep floorplates limit depth of daylighting. 

• Significant SE glazing could result in early 

morning solar control issues. 

Potential Mitigation Strategies 

• Solar Shading 

• Daylighting strategies 
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: Passive Design Strategies 
: Diurnal Temperature Range 

: Solar Energy 
Site Opportunities: Wind Energy  

Site Opportunities: Solar 

High average solar radiation levels 
provides opportunities for: 

 Solar PV power generation 

 Solar thermal water heating 

Site Challenges: Solar 

 Impact of dust on modules. 

 

 

 

 

Site Opportunities: Passive Design 

 Evaporative cooling 

 Solar shading 

 Natural ventilation 

 Use of thermal mass storage 

 

Site Challenges : Passive Design 

 Water limitations 

 Dust / Sand 
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“Compact” “Pinwheel” “Magnet” “L-shaped” 

Conditioned Floor Area 

[ft2] 
186,715 215,787 278,229 196,868 

Window-to-Wall Ratio 0.36 0.25 0.34 0.29 

Energy Modeling Results – Summary 

• Ranking by combined annual 

heating / cooling energy 

demand  

• Ranking by combined peak 

heating and cooling 

Combined Peak 

[BTU/h-ft2] 
Ranking 

“Compact” 42.9 4 

“Pinwheel” 43.9 3 

“Magnet” 38.9 1 

“L-shaped” 39.1 2 

Combined Peak 

[BTU/h-ft2] 
Ranking 

“Compact” 66.7 3 

“Pinwheel” 67.3 4 

“Magnet” 64.5 2 

“L-shaped” 64.1 1 
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From Concept to Facility level of Detail 
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BIM CONTENT 
DEVELOPMENT 

Magic content: visual 

graphics, database, 

relationship validation 

49 
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A Virtual Experience for Doctors and Nurses 

CONTRACT DOCUMENT DEVELOPMENT 
2D / 3D Mockup/ Full 3D Levels of Communication 

50 
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Mind Set Transitions 
with Tool sets 
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New Avenues of Integration 

PEELING BACK 
THE 

ARCHITECTURE 

52 
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Technology Based Design Studies 

Coordination Walk through the Building 

53 
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SUN STUDIES 

54 

Technology Based Design Studies 
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WIND SIMULATION 

55 
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Visualization / Simulation 
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FACILITY MAINTANANCE STUDIES 
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Comprehensive Energy Model 

• Building 

Envelope 

• Mechanical 

Systems 

• Electrical 

Systems 

• Controls 

Inputs from Architecture 

Inputs from Program (site, engineering, schedules, codes, …) 

Optimize Design 
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Conservation Measures 
                Life Cycle Cost Analysis to justify choices 

Gas Consumption  
(Btu x 1,000,000) 

         Electricity  $662,300/yr 

         Propane   $138,800/yr 

Electric Consumption  
(KWh x 1,000) 

Monthly Utility Bills  
($) 
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Generation Measures (2nd effort) 
• 2 MW Solar Array  

• (15 year simple payback) 

Solar Irradiance 
(KWh/M2 per day) 
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Generation Measures (2nd effort) 
• 475,000 Btu/hr Solar Thermal Array  

• Energy Model used to optimize components 

• (12 year simple payback) 

0

20,000

40,000

60,000

80,000

100,000

kBtu

Feb Apr Jun Aug Oct Dec

Simulation period 1/ 1/ - 12/31/

         Solar Contribution 

         Auxiliary Heating 
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Central Utility  Plant 
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Central 
Utility  
Plant 

63 
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Environmental Benefits 
• 3,925 Metric Tons per year reduction of green 

house gas emissions below ASHRAE Baseline 
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• LEED Documentation 

– Some credits are underway 

– Begin during S6 

– Energy Model – ongoing 

evolution 

 

• LEED-Online Design Review 

Schedule  

– Typically allow 3-4 weeks after 

complete design information 

– Realizing tight schedule – 

Submit by 12/7 

 

Next Steps: 

LEED Goals  

     Must Achieve: 

LEED Silver 

 

 

  

 

Goal:  

LEED Platinum  
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LEED Validation  

Documents 

66 

  

Standard 

Bicycle 

Rack 

Space 

  

Bicycle 

rack 



TAP Faster Forward 2011 67 

Clash 

Detection 

Reports 

Building Systems: Full Exposure  
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8 

Finding Your Way in Navisworks 
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Revealing the Systems 
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Is the Object Identifiable and Can You Count it ?  

Parametric Rated Wall 

Patterns 

70 

NEW CONTRACT DOCUMENT 

STANDARDS 
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WALL SECTION AND DETAIL 

INTELLIGENCE 

Element Based Integration of Schedules, 

Drawings and Specifications 

Loose 

Text / 

lines 

71 
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Renderings 
Contract 

Documents 
Same 

Source 

72 
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Virtual 
Dining 

Experience 
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Building Information Model Slices 
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Virtual Interior Experience 
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WRAP-UP 

ww.rlfae.com 

 

 

• Identify appropriate influences and standards 

to follow 

• Analysis begins at project Award 

• Identify your end goal at the beginning 

• Last thought… 

                     Challenge Current Processes 

and Expose the True Critical path of 

Information Flow 

76 
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