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Webinar FAQ

ÅThewebinar recordingand slideswill be e-
mailed to registeredattendeeswithin one
weekof the event

ÅPlease submit questions in the chat
window,asshownin figureat right

ÅQuestions will be answered during a
dedicatedQ&Aat the end

Accessing Chat Function in a Zoom Meeting
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¢ƻŘŀȅΩǎ ²ŜōƛƴŀǊ

Agenda

Description Presenter Duration

Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min

Thermal Microgrids: Technology, Economics & OpportunityAimee Bailey, EDF Innovation Lab 20 min

Stanford Case Study Joe Stagner, Stanford 20 min

Project Next Steps Aimee Bailey, EDF Innovation Lab 5 min

Q&A 10 min
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Thank you, APPA! 

!tt!Ωǎ 5ŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ 9ƴŜǊƎȅ ϧ 
Efficiency Developments (DEED) grant to 

the City of Palo Alto Utilities 

ά[ŜǾŜǊŀƎƛƴƎ 9ȄǇŜǊƛŜƴŎŜ ŦǊƻƳ {ǘŀƴŦƻǊŘ ŀƴŘ 
EDF to Develop Information and Tools for 

Thermal MicrogridCŜŀǎƛōƛƭƛǘȅ !ǎǎŜǎǎƳŜƴǘǎέ

https://www.publicpower.org/periodical/article/palo-alto-utilities-thermal-
microgrid-project-funded-through-deed-grant

Project Team Members: 
Stanford EDF Innovation Lab City of Palo Alto Utilities 
Joe Stagner Aimee Bailey Sonika Choudhary
Jacques Adrian de Chalendar Stephanie Jumel Shiva Swaminathan 

https://www.publicpower.org/periodical/article/palo-alto-utilities-thermal-microgrid-project-funded-through-deed-grant
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Palo Altoôs Sustainability and Climate Action Plan

Sustainability Implementation Plan (2018-2020) 

Goal of 80% Greenhouse Gas (GHG) reduction by 2030

Transportation and building electrification arekey focus areas to achieve 2030 goal 
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Part1: White paperdescribingthe technology,economics& opportunity

Part2: CasestudydescribingStanfordEnergySystemInnovations(SESI)

Part3: Suiteof tools for assessingtechnicalandeconomicfeasibility

Part4: Municipalcasestudiescarryingout feasibilityassessments

Project Deliverables

{ǳōƧŜŎǘ ƻŦ ǘƻŘŀȅΩǎ 
webinar 

Thermal Microgrids: Technology, Economics & Opportunity
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Thermal Microgrids: Technology, Economics & Opportunity

Peer Reviewers

Thankyou to the followingindustryexpertsfor their peerreview:

Jeff Byron, Former California Energy Commissioner 

Keith DennisΣ bŀǘΩƭ wǳǊŀƭ 9ƭŜŎǘǊƛŎ /ƻƻǇŜǊŀǘƛǾŜ !ǎǎƻŎΦ

Bertrand Guillemot, Dalkia(EDF Group)

Jerry Schuett, Affiliated Engineers

Robert Turney, Johnson Controls

Joe Vukovich, Natural Resources Defense Council

Audience: Staffat municipalutilities & similarorganizations

Keyquestions:
1. ²Ƙŀǘ ƛǎ ŀ άǘƘŜǊƳŀƭ ƳƛŎǊƻƎǊƛŘέΚ 

2. What are the advantages and disadvantages of thermal microgrids compared to alternatives? 

3. What are the costs, GHG emissions impacts and water usage requirements compared to alternatives? 

4. What are the primary feasibility drivers? 

5. What is the potential of this technology in the U.S.? 

6. What business model structures could a municipal utility use for delivering thermal services via a thermal microgrid?

Summary of White Paper
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Thermal Microgrids: Technology, Economics & Opportunity
Energy & Environmental Policy Context

ÅWithin the U.S., buildingsare responsiblefor approximately40% of energyusageand one
third of emissions

ÅAsignificantportion isdue to burningnatural gasfor spaceandwater heating

ÅStudiessupportachievingdeepdecarbonizationrequiresfuel switching in the buildingsector
from fossil fuel to electricity (akaάŜƭŜŎǘǊƛŦƛŎŀǘƛƻƴέύΣalongwith continuedenergy efficiency
andelectricity decarbonization

ÅElectrificationpoliciesgainingtractionςcurrent focuson building-levelapplianceswitch-out

ÅAnalternativeapproachis to electrify an entire district

References: ¦Φ{Φ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ƎŜƴŎȅΤ ¦Φ{Φ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ άLƴǾŜƴǘƻǊȅ ƻŦ ¦Φ{Φ DǊŜŜƴƘƻǳǎŜ Dŀǎ 9Ƴƛǎǎƛƻƴǎ ŀƴŘ {ƛƴƪǎΥ1990ςнлмрέΤ ²ƛƭƭƛŀƳǎΣ 
J.H. et. Al., The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The Pivotal Role of Electricity, Science, Volume 335, January 6, 2012; etc. 
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Thermal Microgrids: Technology, Economics & Opportunity
District Energy

District energy systems are networks of underground pipes carrying 
steam or hot (cold) water used to heat (cool) buildings. 

Advantagesof a district energyapproachinclude:

ÅEconomiesof scalefrom aggregatinga collection
of loadsfrom dozensof buildings

ÅWaste heat recovery technologiesthat are not
availableor efficientat a building-level

ÅLoad and resourcediversity enablingoptimized
central equipmentsizingand resultant enhanced
efficiency

References: District Heating and Cooling, SvendFrederiksen and Sven Werner (2013)



Restricted Page 12

Thermal Microgrids: Technology, Economics & Opportunity
²Ƙŀǘ Lǎ ŀ ά¢ƘŜǊƳŀƭ aƛŎǊƻƎǊƛŘέΚ

A thermal microgrid utilizes energy efficiency; renewable electricity powered heat 
recovery; thermal storage; and, advanced analytics and controls to provide co-optimized 
power and thermal services to a group of interconnected and controllable energy loads 

within a defined boundary. 
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Thermal Microgrids: Technology, Economics & Opportunity
Trends Driving Interest in Thermal Microgrids

ÅThe same three trends driving the transformation of the entire energy sector are
responsiblefor increasinginterest in thermalmicrogrids:

ÅDecentralization. Increasingadoption of behind-the-meter solar,smart thermostats
andother buildingenergymanagementdevicesenabledby exponentiallydecreasing
costs and novel business/financingstructures are leading to a decentralizedgrid
paradigm.

ÅDecarbonization. Localandstate governmentsacrossthe U.S. haveadoptedclimate
goalsandcorrespondingenergypoliciesandregulationsto promote decarbonization
of the energysector.

ÅDigitization. Increased deployment of low-cost sensors, advanced control
technologies,and artificial intelligenceis fundamentallychangingevery facet of the
energysector.

Reference: https://energy.stanford.edu/from-directors/nurturing-innovation-during-strategic-inflection-point-global-energy

https://energy.stanford.edu/from-directors/nurturing-innovation-during-strategic-inflection-point-global-energy
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Thermal Microgrids: Technology, Economics & Opportunity
Goals & Objectives of Local Energy System Development 

ÅTherearetypicallyseveralconsiderationsfor localenergysystemdeployment:

Å Economics

Å EnvironmentalImpact

Å Relianceon FossilFuel

Å LocalControl

Å Reliability& Resiliency

ÅWaterUsage

Å SystemFlexibility

Å LocalEconomicDevelopment

ÅStakeholdersmust first identify andprioritizegoalsto evaluatea thermalmicrogridvsan
alternativeenergysystemdesign
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Thermal Microgrids: Technology, Economics & Opportunity
Opportunity

Publicpower uniquelypositionedto leadthermalmicrogridexplorationanddevelopment:

ÅLocalenergysystemdesignchoicesoften result in tradeoffs/synergieswith other utility services
& munisoften haveseveral,in additionto electricpower

ÅMunis can standardize interconnection procedures and develop innovative policies and rate
structuresto harnessvalueof flexibleandcontrollableload

ÅSuccessfuldeployment requires ability to navigate complex, multi-stakeholder processesto
achievecommunitygoalsςmunishavedecadesof relevantexperience

ÅHistorically,munishaveshownleadershipon environmental issuesgiventhe direct accountability
to communitiesthey serve
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Thermal Microgrids: Technology, Economics & Opportunity
Technology Description

Thermal microgrids incorporate several
categoriesof technologies,including:

1. one or more heat and cooling sourcesand
centralequipment

2. one or more clean power generation
systems,either locatedon-siteor remotely

3. a thermal network of pipelines leading to
delivery points referred to as substations,
with a secondarynetwork of pipes feeding
endusers

4. building interconnection equipment to
couple the thermal network to the heating
and cooling systems located at the
customersite
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