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Learning Objectives

• How to use energy modeling to help define 

and refine a project’s energy goals.

• Understand the different types and uses of 

building energy models. building energy models. 

• Understand how energy modeling can 

optimize a building’s design.
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Introduction

• Who’s in the room?

– Architects

– Owners/Facility Managers

– Construction/Project Managers– Construction/Project Managers

– Engineers

– Energy Modelers
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Energy Modeling?
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Energy Modeling

• Let us dispel some myths.

– Energy modeling does not have to be an overly 

complex and expensive endeavor for a project.

– There is no “one size fits all” energy modeling type – There is no “one size fits all” energy modeling type 

for a project.  

• Energy modeling tools and resources are 

advancing rapidly.

– New tools and resources are constantly being 

developed.
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Energy Modeling

• Design phase energy models are excellent tools for 

indicating relative changes in energy use between 

design options.

• What they do not PredictWhat they do not Predict

– Design phase energy models do not predict absolute 

energy use during occupancy. 

– Design phase energy models do not have the ability to 

accurately predict fluctuations in occupant behavior and 

weather.

– Atypical weather and changes to scheduled usage are 

often the two largest drivers to a building’s performance. 
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Energy is a Design Problem

• “ Energy is a design topic, not a technology 

topic.”  —Donald Watson, FAIA

• There is no new technology in HVAC or 

lighting systems that can make up for a bad lighting systems that can make up for a bad 

design.

• Architectural Design and Energy Design are 

iterative processes.  

– Rounds and rounds of analysis.

• The Integrated Design Process is key.
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Energy is a Design Problem

• Energy modeling and a 

focus on energy 

performance is not meant 

to replace the importance to replace the importance 

of design. 

• Occupant comfort and 

productivity are the most 

important factors in the 

design of a building.
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Energy is a Design Problem

• Using energy modeling rather than 

prescriptive code requirements can enhance a 

project’s design. 

• Energy modeling can provide flexibility to the • Energy modeling can provide flexibility to the 

design.
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Energy Modeling

• There are many early design decisions that the 

design team makes about a building’s design that has 

an impact on energy performance.

– Location

– Orientation

– Size & Shape (Massing)

– Envelope Type

• Energy modeling can provide information to the 

team to help them make these important decisions. 
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Project Energy Goals

• Information from the energy model can help:

– Define and refine a project’s energy goals.

– Define and refine the energy goals for the 

different systems.different systems.

• HVAC

• Lighting

• Plug Loads

• Service Water Heating

12



Project Energy Goals

• Certification

– LEED Platinum

– Energy Star Cert

– ASHRAE Building Energy 

Quotient

• End-Use Specific

– Reduce energy usage by 50% 

better than ASHRAE 90.1 with a 

life-cycle cost payback of 10 

years or less

– Green Globes

• Comparative

– 50% better than ASHRAE 90.1

– 40% energy reduction from 

current usage

– Architecture 2030 Challenge
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Project Energy Goals

• Starting Point

– Baseline Energy Model

• The WORST building that can be designed from an energy perspective.

– Energy Star Target Finder

• Target Finder is EPA’s online calculator that helps project teams • Target Finder is EPA’s online calculator that helps project teams 

assess the energy performance data of commercial building 

designs and existing buildings.

– Compares it to similar buildings in a database

• About 15 building types.

– The data is from Commercial Building Energy Use Survey 

(CBECS) 2003
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EUI - Energy Use Intensity 

• Energy Use Intensity (EUI) is 

a measurement of a 

building’s annual energy 

consumption relative to the consumption relative to the 

building’s gross square 

footage.

• Reported in kBTU/SF/YR

• Site EUI vs. Source EUI

Image Source:AIA
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Project Energy Goal Example

• Project Energy Goals: Options to Review

– Energy Star Certification – Score 75 or greater.

– Architecture 2030 Challenge - 70% Better than the Median 

Building Type Site EUI.

– LEED Certification Discussion.– LEED Certification Discussion.
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Project Energy Goal Example

• Office Building

– Gross Area 54,000 sq ft

– Occupancy 268 people

– 1 computer per person + 4 servers – 272 computers

– Building is 100% heated and cooled

– Cincinnati, Ohio
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Energy Star Target Finder

Source: Energy Star Portfolio Manager
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Energy Star Target Finder

Our project needs a site EUI of 90.7 or lower.
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Baseline Building
• Build a preliminary baseline 

energy model per the 

energy code.

• Energy Code: ASHRAE 90.1-

2007

– Minimum Envelope Insulation – Minimum Envelope Insulation 

(Roof, Walls, Floors, etc.)

– Minimum Glazing 

Performance (U-Values, SHGC)

– Maximum WWR

– Minimum Lighting Power 

Density (W/sqft)

– Minimum HVAC equipment 

Efficiencies

– Minimum HVAC Controls

Most energy modeling 

software will construct 

an ASHRAE Standard 

90.1 compliant model 

with just a few inputs. 
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Baseline Building

• Baseline Energy Model

– Site EUI = 60.5 kbtu/sqft

– Total Site Energy = 3,242,526 kbtu 
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Energy Star Results

Project could earn Energy Star with a score of 78.
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Architecture 2030 Challenge

All new buildings, All new buildings, 

developments, and 

major renovations 

shall be carbon-

neutral by 2030.
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Architecture 2030 Challenge

Architecture 2030 Challenge – Site EUI 70% better than Median 

Property.
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Architecture 2030 Challenge

• To meet this project energy goal we will have to look 

at a number of ECMs

– Reducing the loads

• Building design to improve daylighting opportunities.

• Improved Envelope (Wall & Roof Insulation).• Improved Envelope (Wall & Roof Insulation).

• HP Glazing and WWR on different exposures.

• South, West, and East shading on glazing.

– HP HVAC Systems – Radiant Systems

– Reducing Lighting Power Density with Daylighting

– Reduce Plug Loads

– Onsite Renewable Energy
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LEED Certification

• Baseline Building (90.1-2010) • Baseline Building (90.1-2010) 

– EUI = 53.8 kBtu/ft2

– Total Site Energy = 2,883,680 kBtu

• This information allows us to see 

how many points are possible and 

what our EUI target is for the 

project.
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Individual System Energy Goals

• Information can be extracted from the energy 

model to see how the individual systems will 

need to reduce their energy usage.

• These individual system energy goals influence • These individual system energy goals influence 

the schematic design, design development 

and contract document phases of the project.
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Individual System Energy Goals
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Types of Energy Modeling

Four Most Common Types:

• Design Performance Modeling (DPM)

• Building Energy Modeling (BEM)

• Building Operation Modeling (BOM)• Building Operation Modeling (BOM)

• Project Resource Modeling (PRM)
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Design Performance Modeling

• Used early on or at the start of the project.

– Concept and Schematic Design Phases.

• Used to provide information to building design 

decisions by predicting a building’s energy decisions by predicting a building’s energy 

performance.

• Allows for quick analysis of many design 

alternatives.
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Design Performance Modeling

• Simple models – K.I.S.S.

– Remove the details that have little or no impact 

on the energy performance.

– Modeling the heat transfer surfaces.– Modeling the heat transfer surfaces.

– Using standard or packaged inputs.

– HVAC and Lighting system are treated like a “black 

box”.
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Design Performance Modeling

• Concept Design Phase

– Used to set and qualify project energy goals.

– Experiment with building massing and orientation 

alternatives.alternatives.

– Determine envelope construction alternatives.

– Assess daylighting possibilities with the building 

design alternatives.
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DPM – Massing Study
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Design Performance Modeling 

Response Curves 

Examples:

Wall InsulationWall Insulation

Glazing

Shading
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DPM – Response Curves
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DPM – Response Curves
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DPM – Response Curves
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Design Performance Modeling

• Schematic Design Phase

– Explore ways to reduce loads. 

– Test energy conservation measures (ECM) to 

determine the lowest possible energy use.determine the lowest possible energy use.

– Review alternative HVAC systems for the project.

– Develop lighting power densities and controls to 

support daylighting.
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DPM – ECM Analysis
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DPM – HVAC Alternatives
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DPM – HVAC Alternatives
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DPM – HVAC Alternatives
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Design Performance Modeling 

• End of Schematic Design

– Identified possible ECM.

– Develop a matrix with preliminary energy cost for 

each ECM.each ECM.

– Financial Analysis – Life-Cycle Cost Analysis

• Additional first-cost investment

• Anticipated annual energy cost savings

• Simple payback periods

• Return on investment (ROI)
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Building Energy Modeling

• Used during the Design Development and 

Construction Document Phases.

• Detailed models• Detailed models

– Modeling each space in 

the building

• Actual people count

• Actual plug loads

• Actual lighting loads
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Building Energy Modeling

• Design Development Phase

– Applying the final package of 

ECM into the project.

– Right sizing equipment.

• HVAC• HVAC

• Lighting

– Financial investment/life-cycle 

cost analysis.

– Analyzing VE options.
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Building Energy Modeling

• Contract Document Phase

– Adding the final details for 

all of the building systems.

– Finishing the energy model 

for:for:

• Project compliance with the 

energy code.

• Project compliance with 

green building certification.

• Utility company rebates.
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The End

• Design Performance Modeling and Building 

Energy Modeling are tools that can be used 

throughout the design to optimize the 

performance of all the building systems.performance of all the building systems.
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Advanced Energy Design Guides

• Provides design guidance and prescriptive solutions 

to get significant energy savings over minimum 

building energy codes. 

• Partnership between the U.S. Department of Energy 

(DOE), ASHRAE, AIA, USGBC, and IES 

• 50% AEDG
• Small to Medium Office Buildings

• K-12 School Buildings

• Medium to Big Box Retail Buildings• Medium to Big Box Retail Buildings

• Large Hospitals

• Grocery Stores

• 30% AEDG
• Small Office Buildings

• Small Retail Buildings

• Small Warehouses and Self-Storage Buildings

• Highway Lodging

• Hospitals/Healthcare Buildings

• K-12 School Buildings

• 50% AEDGs can be used to meet LEED v4 EA CREDIT: 

Optimize Energy Performance Option 2.

• FREE download at ASHRAE.  www.ashrae.org/aedg
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Technical Support Document:

• The Technical Support 

Document describes the 

process and methodology 

for the development of 

the Advanced Energy the Advanced Energy 

Design Guides.  

• There are reports for each 

of the AEDGs.

• And yes they are free!!
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Thank You

• Remember to Sign-in for the Breakout Sessions.

• Questions?

Jason M. Park, P.E.

Contact Information:

jpark@pedcoea.com

(513)-782-4920

www.pedcoea.com
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