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• Provide an overview of Urban Building Energy Model (UBEM) techniques 
and data sources 

• Describe the use of regional building modeling as a forecasting tool 
• Demonstrate the ability of 3D mapping techniques to provide wide-area 

geometrical information over urban and foliated scenes with evaluation of 
critical infrastructure (e.g. power line damage and flooding) 

• Describe an approach for community-scale modeling using detailed whole-
building energy models with use cases for district system optimization

Learning Objectives
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SMPL Tool
(System Master PLanning Tool)
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Background



• Funded by DoD: 2011 – 2016
• Energy master planning
• Army energy managers
• Used on 60+ DoD installations

• Army bases and installations
• 10,000 – 50,000 residents
• Sparse building density
• Standardized building designs

• Collaborative R+D: 2017 –

Background



• EPAct 2005
• 30% site energy vs. ASHRAE 90.1-2004

• EISA 2007
• By 2010: 55% source energy
• By 2020: 80% source energy
• By 2030: net zero energy

• 2017 –
• Resiliency, security, reliability

Federal Energy Drivers



Energy + Water + Waste

Detailed Prototype Modeling District/Cluster Optimization

Multi-Criteria Decision Analysis

Major Features



SQL
Database

Web 
Browser

Graphical
User

Interface

Web Server

Application

GIS Server

Water + Waste 
Simulation

Energy Simulation

Cluster Optimization

Job Server

INTERNET

Software Architecture



GIS View of Facilities



Table View of Facilities



Commercial Prototype Models



US Army Prototype Models



Residential Prototype Models



Parametric Template System



• Classroom
• Corridor
• Fitness
• Kitchen
• Lobby
• Office
• Residence
• Restroom
• Retail
• Storage
• and more...

• Air-Source HP
• Baseboard Heat
• Chilled Beam
• DOAS Terminal
• Fan Coil Unit
• PTAC
• Radiant Slab
• VAV Terminal
• VRF Terminal
• Window AC
• and more...

• CAV
• Chilled Water
• DHW
• DOAS
• Dual Duct
• Ground HX
• Heat Rejection
• Hot Water
• VAV
• VRF
• and more...

Zone Loads Zone HVAC Systems

Flexible Template Library



Parameter Values for Baseline Models



Parameter Values for Efficiency Packages



Building Energy Results



Building Energy Results



Load Profile Aggregation



Load Duration Curve



District/Cluster Selection



Equipment Selection for Optimization
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Equipment Types



Constraints for Optimization
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Equipment Selection and Sizing



District/Cluster Energy Results



District/Cluster Equipment Results



Multi-Criteria Decision Analysis



Criteria Tree



US Military Academy, West Point (New York)
Portsmouth Naval Shipyard (Maine)

• 60-70% Cost Savings
• 68-75% Time Savings

Demonstration Projects



Beta Testing

• Master Planning Client
• Marine Corps Installation
• 100+ Buildings in Study
• Energy Audit Data
• GIS Data Import

• Successful Result for Client
• Learning and Feedback
• Bumps in the Road



• Complete Redesign + Rewrite of User Interface
• Environmental Security Technology Certification 

Program (ESTCP) grant
• Microsoft Silverlight → Modern JavaScript

• Adding Resiliency Analysis
• IEA Energy in Buildings and Communities, Annex 73 –

Towards Net Zero Energy Public Communities

• More Beta Testing

Current Activities



Conclusion

• Functional, Research-Grade Tool
• 60+ Installations
• Demonstrated Cost/Time Savings of 60-70%

• Deficiencies and Gaps
• Must Be Domain Expert
• Not User Friendly
• Missing Features
• Addressing These in Redesign + Rewrite
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