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Integrated Building Simulation 



How Engineers and Architects can collaborate early in the design 
process to make informed integrated building design decisions 

How building Orientation and Higher Performing Envelopes affect 
building performance 

How Performance Modeling is used to analyze and evaluate 
building performance and energy consumption 

The value of Performance Energy Modeling in determining Life 
Cycle Cost Analysis and Carbon Footprint 



Early Collaboration + Integrated Performance Simulation = Improved Design 
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Learning Objectives: 

 
Learning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

Learning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

Learning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

Learning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  



5ŜŦƛƴŜ hǿƴŜǊΩǎ tǊƻƧŜŎǘ wŜǉǳƛǊŜƳŜƴǘǎ 

Assess Site/Alternative Resources 

Explore Passive Load Reduction 

Identify Appropriate Technology 

Plan System Layouts 

Optimize Operation  

Learning Objectives: 

 
Learning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

Learning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

Learning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

Learning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

THE RIGHT STEPS IN THE RIGHT ORDER: 



Optimize Load 
Reduction 
Strategies 

Adjust Systems 
Selection & Sizing 

Compare to 
Benchmarks and 

Goals 

Use Metrics to 
Evaluate Options 

ITERATIVE ANALYSIS OVERVIEW: Learning Objectives: 

 
Learning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

Learning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

Learning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

Learning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  



Translate the hǿƴŜǊΩǎ Performance Requirements into a set of established, clear, 
measurable, and realistic performance goals 

SIMULATION ACTIVITIES: 

OBJECTIVE: Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

ÅCreate an appropriate Baseline (Floor) 

ÅDetermine the ǇǊƻƧŜŎǘΩǎ Technical Potential (Ceiling) 



ACTIVITIES: Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

Å Create an appropriate Baseline 

Å Determine the ǇǊƻƧŜŎǘΩǎ Technical Potential 

Å ASHRAE 90.1 PRM 

Å EPA Target Finder 

Å DOE CBECS Average 

TYPES OF BASELINES: 

PURPOSE: 
Å Establish code minimum performance (Floor) 

Å Fill in missing pieces with realistic assumptions 



ACTIVITIES: Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

Å Create an appropriate Baseline 

Å Determine the ǇǊƻƧŜŎǘΩǎ Technical Potential 

PURPOSE: 

PROCESS: 

Å Just as the Baseline establishes the άCƭƻƻǊέ the Technical Potential establishes 
the ά/ŜƛƭƛƴƎ 

Å Challenges conventional ways of thinking 

Å Based on fundamental principles of chemistry and physics, not limited by 
industry benchmarks and norms 

Å Leads to more aggressive design targets 

Å Explicitly calls out where ground has been lost (compared to baseline) 

 

 

 

Å Start with the baseline or current design 

Å Removes the losses and inefficiencies via best available technology 

 

WE NOW HAVE A FLOOR AND A CEILING.  PROJECT 
PERFORMANCE GOALS SHOULD LIE SOMEWHERE IN BETWEEN- 
BUT WHERE? 



Å Overall target values are very concrete, and often specify a required 
energy use intensity (EUI) or other metric such as net zero operating 
carbon.  

Å Comparative goals are used in relation to energy codes and baselines, 
and also to compare against similar building types or current 
consumption rates. 

Å Sometimes a specific type or level of certification is very important to 
the stakeholders, and this is set as an overall project goal. 

 

Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

TYPES OF GOALS: 

Å Energy (kBTU) 

Å Expenditures ($) 

Å Emissions (CO2) 

TYPES OF METRICS: 



Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

PURPOSE: 

PROCESS: 

Å Determine site strengths and weaknesses 

Å Assess what external factors drive building loads 

Å Identify opportunities for passive load reduction 

Å Identify on-site energy sources to draw from 

 

  
Å Use the baseline (floor) and Technical Potential (Ceiling) 

Å Run these models using site specific climate data 

Å Record renewable energy potential (i.e. solar 
insolation/radiation, prevailing wind speed, direction 
frequency, etc.) 

 



How Orientation, High Performance Envelopes, etc. Affect Building Performance 



Passive design approach uses architectural elements to minimize energy 
consumption and improve thermal comfort.   

 

 

Å Orientation 

Å Shape  

Å Space planning/zoning 

Å Glazing percentage and location 

Å Daylight harvesting 

Å Shading 

Å Thermal massing 

Å Natural ventilation 

Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  



 

Case 1 

  10,000 Sq.Ft Office Building (200 ft x 50ft) 

  Window Wall Ratio:N-40%, S-40%, E-35%, W-50% 

  Cooling Tons = 40.4 Tons  

 

 Case 2 

  Rotating Building Case 1 by 90 Degrees 

  Cooling Tons = 36.2 Tons 

 

  

10.4% Reduction 

Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  

EXAMPLE- ORIENTATION: 



Envelope Fun Facts: 
TOTAL envelope load Ғ  Conduction + Convection load components (Radiation is negligible)  
 
CONVECTION driven load component  Ғ  CONDUCTION driven load component 
 
VENTILATION load component  Ғ  tƭǳƎ ƭƻŀŘ ŎƻƳǇƻƴŜƴǘ Ҍ ¢h¢![ ŜƴǾŜƭƻǇŜ ƭƻŀŘ ŎƻƳǇƻƴŜƴǘ 

 
 

Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  
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Evaluate heating and cooling load breakdowns to identify impactful load 
reduction measuresΧ.this is how you can downsize mechanical systems! 

Peak Cooling Load Contributions Potential Cooling Load Reduction Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  



SOUTH KENT SCHOOL- CENTER FOR INNOVATION:  

 Net Zero educational campus dedicated to sustainable living and learning 

 

SITE RESOURCES:  

Å Geothermal 

Å Elevation Changes 

 

OPPORTUNITY:  

Å Earth Duct Ventilation System tempers outdoor air 

Å Elevation Change pushes ventilation air through 
the earth duct system without fan energy 

 

This project was also able to take advantage of the 
following additional site resources: 

Å Wind 

Å Hydro 

Å Geo 

Å Solar Thermal & PV 

Å Natural Ventilation 

Å Extensive Daylighting 

 

Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  



Learning Objectives: 

 
ωLearning Objective 1- 

How Engineers and Architects 
can collaborate early in the 
design process to make 
informed integrated building 
design decisions using Energy 
Modeling.  

 

ωLearning Objective 2- 

How building Orientation and 
Higher Performing Envelopes 
affect building performance.  

 

ωLearning Objective 3- 

How Performance Modeling is 
used to analyze and evaluate 
energy consumption. 

 

ωLearning Objective 4- 

The value of Performance 
Energy Modeling in determining 
Life Cycle Cost Analysis and 
Carbon Footprint.  




