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Introduction

•Problem Definition 
•Why develop a framework?
•District Energy

• Limited resources
• Traditional solutions – Are there options?

•Motivation
• Incorporate district goals
• Framework for sharing 
• Training tool



History and Background ©

•Optimization

•Multi-Criteria Decision-Making

•National Renewable Energy Lab - REopt

•Interviews

•Decision-Making (metacognition, skills based, instinctive, 
bias)

•Organizational Research to Systems Engineering 

•System of Systems Engineering (SoSE)



Production
-SoSE



Distribution – SoSE



Demand – SoSE



Externalities ©
-SoSE



Decision-
Making 
Framework 
(partial) ©



Attributes of SoSE for District Energy Systems
Citations are added on the next slide for these attributes to A.P. Sage and D. DeLaurentis

•Complex

•Independently Managed

•Interdependent with Each Other

•Dynamic Barriers

•Emergent Behavior

•Effectiveness

•Trans-domain (Engr + Econ + Policy + Ops + Env) 
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Tools

•An Engineering Knowledge Map for District Energy Managers

•A Decision-Making Framework for District Energy Managers

• Utilizes a System of System Engineering Approach

• Consideration of Immediacy of Solution

• Consideration of Long-Term and Iterative Approach

• Includes Benefit/Cost Analysis

• Ability for Sensitivity Analysis



Knowledge Map Excerpt – SoSE & Externalities



Knowledge Map Excerpt – Engineering



Framework
(partial)



Case Study 1 –
Unplanned 

Outage



Case Study 2 –
Steam 

Pressure Drops 
on Campus



Case Study 3 – Low Steam Pressure

•Specific Goal for this Case Study (2012 & 2018)

•Maintain the pressure of 75 psig at the north end of 

campus at all times



Case Study 3 –
Steam 



Summary

• Introduction, Problem Definition, and Why

•Decision-Making– District Energy Systems

•Knowledge Map & Decision-Making Framework

•Case Studies –

• Immediate 

• Iterative

• Long-Term



Benefits

•Provides introduction and overview for district energy managers

•Benefit/cost analysis (including sensitivity analysis)

•Changing goals and timelines

•Time and resource availability

•Energy vs. peak demand

•Operations and maintenance impacts



Conclusions

•Traditional Solution is not always the best

•A set of tools for district energy managers

•Provides educational overview

•Benefits for interdisciplinary teams – operations, finance 

and management
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Questions?


