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Project Particulars



Project Goals/Objectives:  
This project aims to analyze, validate and verify actual performance data of existing district energy systems and 
identify industry best practices for: Incorporating efficient CHP systems and community-based microgrids 
(MG); Integration of renewable, intermittent energy sources and thermal energy storage (TES); and enhanced 
cybersecurity of highly networked DE systems. 

The project aims:
• increase stakeholder awareness of the role of district energy, CHP and microgrid assets in 

supporting and participating in the grid of the future.

• verify, validate and analyze performance metrics of district energy, CHP and microgrid systems 
and identify industry best practices.

The project potential: 
• help unleash billions of dollars in private investment in critical energy infrastructure and 

accelerate deployment of district energy, CHP and microgrids in communities across the US as 
the electricity grid continues to evolve.   

Stated Goals and Objectives



Identify Cybersecurity Strategies of District Energy, Distributed Generation and Microgrids

Data has been collected and clarified. System data and cybersecurity best practice data 
have been prepared for inclusion in the final best practices report

TES Handbook status 
o Collect and prepare TES Strategies for Peak Shifting and Carbon Reduction
o Draft table of contents created and revised
o Draft outline created and revised
o Chapter content being finalized
o System examples are being identified

s

Tasks
Task 1: Collect performance data from operational central plants, distribution systems and 
connected customer buildings in diverse regions and a range of technologies. Complete
Task 2: Identify cybersecurity strategies of district energy, distributed generation, and microgrids. 
Complete
Task 3: Analyze, verify and validate performance metrics including system energy efficiency, 
operational reliability, system availability and resiliency. In progress
Task 4: Showcase the impact of best practices in design, asset optimization and operations. In 
progress
Task 5: Produce Handbook of Thermal Energy Storage (TES) Strategies for Peak Shifting and Carbon 
Reduction. In progress



•Steam to hot water conversion 
•Reclaimed water usage
•Phased electrification
•Highly integrated data and controls systems
•Plant and building-based optimization projects
•Innovative approaches to grid integration 
•System hardening and analysis for resiliency 

CHP & Microgrids

•TES for peak shifting, optimizing
renewable generation
•Geothermal and Geoexchange
•Carbon leading buy/make/sell decisions
•Research collaboration on campus 
•CHP as a key enabling technology for 
decarbonization 

Renewables & TES

Cybersecurity
•Third-party security audits
•Fully isolated OT networks
•Air-gapped networks

•Utility controls network security policy
•Physical hardware security
•Regular system compliance 
checks

Management
•Comprehensive master planning
•Energy Savings teams
•Campus academic collaboration

•Extensive & holistic training 
•Wholesale market participation
•Leadership championing 

Range of Topics



Site Selection



Site Profiles
site # State Sector DH-Steam 

Capacity  
(pph)

DH-HW  
Capacity 
(MMBtu/hr)

DC Capacity 
(tons)

CHP Capacity 
(MW)

Solar PV  
Capacity  
(MW)

TES - CHW  
Usable Tank 
Volume 
(Mgal)

TES-CHW 
Discharge 
Capacity 
(tons)

TES-Delta T 
(DEG F) 

TES-CHW 
Discharge 
Capacity (ton-
hours)

1 DC Government

2 PA College/University

3 OH College/University

4 NJ College/University

5 MO College/University

6 NE College/University

7 TX College/University

8 OH College/University

9 TX Healthcare

10 NC College/University

11 GA College/University

12 WI Healthcare

13 VT College/University

14 FL College/University

15 CA College/University



Site Performance



Surveys
Date: 

Applicant Name   Applicant Organization 

Overview 

Data Confidentiality

Response Deadline: February 19, 2021

Instructions
a)    Please download the Questionnaire from the IDEA website at <Jason to insert URL of location>
b)    Please complete the sections of the questionnaire that apply to your system.
c) Please save the completed Questionnaire Excel file with your Organizations name  e.g. MIT_2019_data.xlsx

and send by email to data.idea@districtenergy.org
d)    Please send in any questions you may have to data.idea@districtenergy.org
e)    The Questionnaire has the following sections:  

1.   Contact Information
2.    System Name and Location 
3.    Ownership Type and Ownership Model  
4.     System Overview 
5.     Generation Capacity 
6.   Central Plant Generation Equipment
7.     Central Plant Distribution
8. Annual Production and Fuel

e)    Please click on any of the section boxes below to navigate directly to that specific section.
 

The capacity data provided to IDEA by respondents will be made publicly available in detail or aggregate form. Operational and 
performance data will be treated as confidential, and system identity will be anonymized. Any analysis of such data will only be 
provided in the aggregate.  
Thank you for your contribution.

Systems & Technology

2019 IDEA District Energy, CHP, Microgrids

Your completing this questionnaire will help IDEA in our efforts to educate important stakeholders and advance the district energy 
industry in North America. Please fill out the sections that are relevant to your system. 

CAMPUS & DOWNTOWN  Systems and Operations Questionnaire

1. Contact Information 2. System Name and Location

5.  Generation Capacity

3. Ownership Type and
Operational Model

8. Annual Production and Fuel

6. Central Plant Generation 
Equipment4. System Overview

7. Central Plant  
Distribution

Primary Generation 
Equipment Type 

Energy Input Type
(Biomass, Electricity, Natural 
Gas, No. 6 Fuel Oil, Waste to 
Energy, Geothermal, Other)

Nameplate Capacity 

Unit  
(lbs/hr – pph or 

MMBTU/hr) Please 
indicate below 

Boiler 1 NG & No.2 Fuel Oil (ULSD) 179.7 MMBtu/hr 125kpph
Boiler 2 NG & No.2 Fuel Oil (ULSD) 162.1 MMBtu/hr 125kpph
Boiler 3 NG & No.2 Fuel Oil (ULSD) 162.1 MMBtu/hr 125kpph
Boiler 4 NG & No.2 Fuel Oil (ULSD) 39.8 MMBtu/hr 35kpph
Boiler 5 0
Boiler 6 0
Boiler 7 0
Boiler 8 0
Boiler 9 0

Heat Recovery Steam 
Generator (HRSG)    

NG & No.2 ULSD 128 MMBtu/hr 100kpph

Primary Generation 
Equipment  

Energy Input Type
(Biomass, Electric, Natural 

Gas, No. 6 Fuel Oil, Waste to 
Energy, Geothermal, Other)

Nameplate Capacity 
Unit  

(lbs/hr – pph or MBTU/hr) 
Please indicate below

Hot Water Generator  1 N/A N/A N/A
Hot Water Generator  2 N/A N/A N/A
Hot Water Generator  3 N/A N/A N/A
Hot Water Generator  4 N/A N/A N/A
Hot Water Generator  5 N/A N/A N/A

Primary Generation 
Equipment  

Chiller Type                       
(Electric Centrifugal, Steam 

Centrifugal, Frictionless 
Centrifugal, Screw Driven, 
Absorption, Gas Engine) 

Nameplate Capacity (tons)

Chiller 1 Electrical chillers 15891
Chiller 2 Absorbtion chillers 5358
Chiller 3 
Chiller 4
Chiller 5 

Equipment Type Name Plate Capacity (MW)

Gas Turbine 11MW
Steam Turbine 6MW

Solar PV 5MW
Wind Turbine N/A

Diesel (non  - emergency) N/A
Recip Engine N/A

ELECTRICITY Generation Equipment  

Please fill in cells, color coded in white.  

6.Central Plant System Generation Equipment

STEAM Generation Equipment  

HOT WATER Generation Equipment  

 CHILLED WATER Generation Equipment  



IDEA Database

Rich Background Information
IDEA Conference Proceedings
District Energy Magazine Articles
Conference Plant Tour Materials
DOE TAP Profiles
IDEA System of the Year Submissions



Interviews
Participant Team –
Utilities Directors, Plant Operators, Energy Engineers 

A free flowing discussion:
Verify/clarify/fill in survey data
Current System configuration and recent improvements

Organization and Management Structure

Building loads and energy conservation strategies 

Utility interface issues

Sustainability and pressures to decarbonize

Water consumption

Funding sources and pressures

Technical and Management Best Practices

IDEA Team
Scott Szycher
Sarah Theurkauf
Henry Johnstone



Interviews and Written Summaries



System Line Diagrams
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Analysis

• Quantify range, median, best in class performance parameters

• Characterize systems by  institution type, load size, climate zone, grid connection…

• Collate common best practice themes within topics of

• TES

• CHP and Microgrid

• Management, Organization and Leadership

• Cybersecurity

• Identify common constraints and challenges to efficient operation

• Identify opportunities to improve efficiencies and interaction of microgrid

• Review master planning for decarbonization, load growth, deferred maintenance



Emerging Themes (mid point of interview process)

• Evolving  use of chilled water thermal energy storage (TES) with renewables for load balance and decarbonization

• Utilizing CHP as key element in  system transition to zero carbon emission 

• Importance of operations management, organization, and leadership in overall system efficiency

• Integration of building efficiency into DE system optimization 





Renewables & TES

•TES for peak shifting, optimizing renewable generation
•Geothermal and Geoexchange
•Carbon leading buy/make/sell decisions
•Research collaboration on campus 
•CHP as a key enabling technology for decarbonization 



• Steam to hot water conversion 
• Reclaimed water usage
• Phased electrification
• Highly integrated data and controls systems
• Plant and building-based optimization projects
• Innovative approaches to grid integration 
• System hardening and analysis for resiliency 

CHP & Microgrids



• Comprehensive master planning
• Energy Savings teams
• Campus academic collaboration
• Extensive & holistic training 
• Wholesale market participation
• Leadership championing 

Management



• Third-party security audits
• Fully isolated OT networks
• Air-gapped networks
• Utility controls network security policy
• Physical hardware security
• Regular system compliance checks

Cybersecurity



Impact of Grid Carbon Intensity

Average Grid Emission Rate 

*Adoption of renewables does not 
directly displace fossil fuel burning 
resources, particularly in periods 
of higher demand.

ISO New England Operating Parameters:
 Evaluates demand on grid every 5 minutes
 Matches grid demand by choosing lowest cost resources available to operate
 Resources are placed into supply stacks that are called upon to operate when needed
 Stack that is “next in line” to be called upon is referred to as the marginal resource
 Marginal resource sets price of electricity for every 5-minute interval

Time-Weighted Average 
Marginal Grid Emission Rate 

Annual average emission rates 
from marginal units over a 
certain time period when load 
is assumed to be split evenly 
amongst all operating units 
(i.e., % of hour marginal).

Load-Weighted Average 
Marginal Grid Emission Rate

Annual average emissions rates 
from marginal units on 
calendar year basis. Method 
weighs marginal emission rate 
by share of load served by that 
marginal resource.

As the grid approaches decarbonization, the methodology for evaluating the grid’s carbon intensity will evolve 
to consider the grid’s carbon health during marginal periods of operation (historically more carbon-intensive).

22

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺)

Best Practice Example:



Example



Example



MIT’s District Energy System
• Central Utilities Plant (CUP) serves 

campus electrical, heating, and 
cooling needs

• Peak electrical ~38MW

• Peak steam load ~365 kpph

• Peak chilled water load ~26,000 tons

• Ability to export to grid when 
excess power produced (rarely)

25

GRID

Source:  EPA

Best Practice Example



High-Level Conclusions
• Based on current understanding and assuming a 3% reduction per 

year, we anticipate that the CUP will outperform the grid's average 
emissions for the next 7-8 years. However, there are a lot of factors, 
and we will have to monitor the situation yearly.

• During peak demand times, the CUP can help offset the marginal 
unit, which is typically more GHG-intensive.

• Currently, the market costs and GHG values are aligned.

• If done appropriately, we can optimize costs and GHG without 
compromising resiliency for the campus.

Best Practice Example



Questions?

rob.idea@districtenergy.org



• IDEA Video



Serving Campus / Exporting to Grid
Carbon accounting for 
serving campus load 

accounted for

Carbon implications for 
exporting MWh to grid 
during high grid carbon 

under discussion

*Common scenario for microgrids designed for 
resiliency, sized for peak power loads – ability 

to inject in shoulder/winter months

Example



Exporting Operation - GHG Evaluation
Cogeneration, Grid, and Grid Marginal Rates (lb/MWh)

12/14/21 – 12/15/21 Real Time Trends

Example
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