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Webinar FAQ

Accessing the Chat in Meeting from a Desktop Device

A Thewebinarrecordingand slideswill be e-
mailed to registeredattendeeswithin one
weekof the event

Video Only or While Viewing a Screen Share

1. While in a meeting, click Chat in the meeting controls.

A Please Su bmlt queStionS in the Chat 2. This will open the chat on the right. You can type a message into the chat box or
WindOW’ aSShOWI‘]in ﬁgure at nght click on the drop down next to To: if you want to send a message to a specific
person.
A Questions will be answered during a
dedicatedQ&Aat the end

¢ Accessing Chat Function in a Zoom Meeting
: S €DF
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Agenda
Description Presenter Duration
Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min
Thermal Microgrids: Technology, Economics & Opportun Aimee 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!
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Efficiency Developments (DEED) grant t¢
the City of Palo Alto Utilities |

] SGSNI I3Ay 3 9 ELISNR
EDF to Develop Information and Tools fo
ThermalMicrogridCS | & A0 A f A (i &

https://www.publicpower.org/periodical/article/palealto-utilities-thermal

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

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

Sustainability Implementation Plan (2013020)

Palo Alto Community-wide GHG Emissions (MT CO2e) .
tNERGY
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Transportation and building electrificatiane key focus areas to achieve 2030 goal
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Thermal Microgrids: Technology, Economics & Opportunity

Project Deliverables
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[Partl: White paperdescribinghe technology,economics& opportunity] {dz6 2S00 27
webinar

Part2: CasestudydescribingStanfordEnergySysteminnovations(SESI)
Part3: Suiteof tools for assessingechnicaland economicfeasibility
Part4: Municipalcasestudiescarryingout feasibilityassessments
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DRAFT

Thermal Microgrids: Technology,
Economics and Opportunity
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~ E=) DRAFT - DO NOT DISTRIBUTE
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Thermal Microgrids: Technology, Economics & Opportunity
Summary of White Paper

Audience Staffat municipalutilities & similarorganizations

Keyquestions

2 KFG Aa | GGKSNXIf YAONBINRREK

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

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

What are the primary feasibility drivers?

ok~ w0 N PRE

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?

Peer Reviewers

Thankyou to the followingindustryexpertsfor their peerreview. /}
iforni issi Johnson )I('

Jeff Byron Former California Energy Commissioner dalkla
KeithDenni€ bl G4 Qf wdzN} f 9f SOGNRO ( "\ ot epfd @ Controls

Bertrand Guillemot Dalkia(EDF Group)
Jerry SchuettAffiliated Engineers

Affiliated ‘&{(? NRDC
Englneers NATURAL RESOURCES

DEFENSE COUNCIL

s NRECA /.I

America’s Electric Cooperatives

&\\)

Robert Turney Johnson Controls
Joe VukovichNatural Resources Defense Council
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Thermal Microgrids: Technology, Economics & Opportunity
Energy & Environmental Policy Context

A Within the U.S, buildingsare responsiblefor approximately40% of energy usageand one
third of emissions

A Asignificantportion is due to burning natural gasfor spaceandwater heating

A Studiessupportachievingdeepdecarbonizatiorrequiresfuel switchingin the buildingsector
from fossilfuel to electricity (akad St S O (i NJamrigWith tohtdyed ebetgy efficiency
andelectricity decarbonization

A Electrificationpoliciesgainingtraction ¢ currentfocuson building-level applianceswitch-out

A Analternativeapproachisto electrify an entire district

t“. References: ®{ ® 9y SNH®& LY FT2NXI GA2y ! ASyOeT ! o{d 9YyPANRBYYSYy(dlf t NBMSOMALTY 2 M
N eDF J.H. et. Al,, The Technology Path to Deep Greenhouse Gas Emissions Cuts by 2050: The Pivotal Role of Electricityn8@8b¢cdavoary 6, 2012; etc.
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Thermal Microgrids: Technology, Economics & Opportunity

District Energy

Advantage®f adistrict energyapproachinclude

A Economiesof scalefrom aggregatinga collection
of loadsfrom dozensof buildings

A Waste heat recovery technologiesthat are not
availableor efficientat a buildinglevel

A Load and resource diversity enablingoptimized
central equipmentsizingand resultantenhanced
efficiency

Central Energy Facility

A
alull

S
Energy Management System

Central Thermal Equipment

Chilled Water Storage  Hot Water Storage

D

Chiller Heat
Equipment Generator

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

[l critied water Network

. Hot Water Network

4
: ) EDF Referencedistrict Heating and Coolin§vend-rederiksen and Sven Werner (2013)
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Thermal Microgrids: Technology, Economics & Opportunity
2 KFdG LA I dG¢KSNXYIFf aAONRINRREK

Distributed Generation

Building Heating,

i ii Cooling & Electricity Loads
L]

v @

H ~N Smart Electrical
Vehicles & Chargers

& & &

Central Energy Facility

Distributed
Battery
Storage

Energy Management System

Central Thermal Equipment

- - | External Heat Source

Chilled Water Storage  Hot Water Storage . Electricity Distribution
. .
m m m Thermal M|crogr|d I chited ater Network
Chiller Heat Heat Recovery . Hot Water Network
Equipment Generator Equipment

A thermal microgrid utilizes energy efficiency; renewable electricity powered heat
recovery; thermal storage; and, advanced analytics and controls to prowioietiooized
power and thermal services to a group of interconnected and controllable energy |oads
\J within a defined boundary.
& SeDF Y
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Thermal Microgrids: Technology, Economics & Opportunity
Trends Driving Interest in Thermal Microgrids

A The same three trends driving the transformation of the entire energy sector are
responsiblefor increasingnterestin thermal microgrids

A Decentralization Increasingadoption of behindthe-meter solar, smart thermostats
and other buildingenergymanagementdevicesenabledby exponentiallydecreasing
costs and novel business/financingstructures are leadingto a decentralizedgrid
paradigm

A Decarbonization Localand state governmentsacrossthe U.S haveadoptedclimate
goalsand correspondingenergypoliciesand regulationsto promote decarbonization
of the energysector.

A Digitization Increased deployment of low-cost sensors, advanced control
technologiesand artificial intelligenceis fundamentallychangingeveryfacet of the
energysector.

b‘a
N eDF Referencehttps://energy.stanford.edu/frordirectors/nurturinginnovationduring-strategicinflectionpoint-globalenerqy
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Thermal Microgrids: Technology, Economics & Opportunity
Goals & Objectives of Local Energy System Development

A Therearetypicallyseveralconsiderationsfor local energysystemdeployment
A Economics
A Environmentalmpact
A Relianceon FossiFuel
A LocalControl
A Reliability& Resiliency
A WaterUsage
A SystenFlexibility

A LocalEconomidevelopment

A Stakeholdersnustfirst identify and prioritize goalsto evaluatea thermal microgridvsan
alternativeenergysystemdesign
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Thermal Microgrids: Technology, Economics & Opportunity
Opportunity

Publicpower uniquely positionedto leadthermal microgridexplorationand development

A Localenergysystemdesignchoicesoften resultin tradeoffs/synergieswith other utility services
& munisoften haveseveral,n additionto electricpower

A Munis can standardize interconnection procedures and develop innovative policies and rate
structuresto harnessvalueof flexibleand controllableload

A Successfuldeployment requires ability to navigate complex, multi-stakeholder processesto
achievecommunitygoals¢ munishavedecadesof relevantexperience

A Historically munishaveshownleadershipon environmentalissuesgiventhe direct accountability
to communitiesthey serve

¢
by B
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Thermal Microgrids: Technology, Economics & Opportunity
Technology Description

Thermal microgrids incorporate several
categorienf technologiesincluding

1. one or more heat and cooling sourcesand
centralequipment

2. one or more clean power generation
systemsegither locatedon-site or remotely

3. a thermal network of pipelinesleadingto
delivery points referred to as substations,
with a secondarynetwork of pipesfeeding @ @
endusers

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

4
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