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Webinar FAQ

Accessing the Chat in Meeting from a Desktop Device
* The webinar recording and slides will be e-

mailed to registered attendees within one
week of the event

Video Only or While Viewing a Screen Share

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

o Please SuU 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, as shown in flgu re at rlght click on the drop down next to To: if you want to send a message 10 a specific
person.
 Questions will be answered during a it
°

dedicated Q&A at the end

Meeting Topic Moally Parker's Zoom Meeting
Host Name Molly Parker

Invitation URL https:) {success. zo0om.us/)f

Participant 1D

~‘ Accessing Chat Function in a Zoom Meeting
iy
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Today’s Webinar

Agenda
Description Presenter Duration
Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min
Thermal Microgrids: Technology, Economics & Opportunity  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!

APPA’s Demonstration of Energy &
Efficiency Developments (DEED) grant to
the City of Palo Alto Utilities

“Leveraging Experience from Stanford and
EDF to Develop Information and Tools for
Thermal Microgrid Feasibility Assessments”

https://www.publicoower.org/periodical/article/palo-alto-utilities-thermal-

[T

microgrid-project-funded-through-deed-grant

Project Team Members:

Stanford EDF Innovation Lab
Joe Stagner Aimee Bailey
Jacques Adrian de Chalendar Stephanie Jumel

CITY OF
@ PALO ALTO

City of Palo Alto Utilities
Sonika Choudhary
Shiva Swaminathan

Page 5


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

Palo Alto’s Sustainability and Climate Action Plan

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

Sustainability Implementation Plan (2018-2020)

Palo Alto Community-wide GHG Emissions (MT CO2e) .
tNERGY

900,000

M Landfilling Recydable Material
800,000

i M Lifecycle Emissions From Annual

T waste to Landfill
600,000 - u Wastewater Process Emissions WOBILITY
RS  Landfill Fugivitive Emissions
400,000 -

M Natural Gas Leakage
300,000 -~ »

ici ATE,
200,000 - M Electricity WATER
100,000 -~ W Natural Gas
A J ' ' ¥ W Road Travel
1990 2005 2012 2013 2014 2015

Transportation and building electrification are key focus areas to achieve 2030 goal

CITY OF
@ PALO ALTO
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Today’s Webinar

Agenda
Description Presenter Duration
Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min
Thermal Microgrids: Technology, Economics & Opportunity 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
10 min

Q&A
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Thermal Microgrids: Technology, Economics & Opportunity

Project Deliverables

[Part 1: White paper describing the technology, economics & opportunity ] Subject of today’s
webinar

Part 2: Case study describing Stanford Energy System Innovations (SESI)
Part 3: Suite of tools for assessing technical and economic feasibility
Part 4: Municipal case studies carrying out feasibility assessments

\J
~ - ¥ Innovation Lab
- = €DF e

EIL-R-2017-1231

DRAFT

Thermal Microgrids: Technology,
Economics and Opportunity

EDF Innovation Lab

Amee Bailey, PhD
Stephanie Jumel PhD

December 2017

Funding provided by:

AFzAES > A
‘ X : . 122
~ E=) DRAFT - DO NOT DISTRIBUTE

Innovation Lab

[
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Thermal Microgrids: Technology, Economics & Opportunity
Summary of White Paper

Audience: Staff at municipal utilities & similar organizations

Key questions:
1. Whatis a “thermal microgrid”?

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?

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

o U bk w N

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

Peer Reviewers

Thank you to the following industry experts for their peer review: 4}
Jeff Byron, Former California Energy Commissioner ") < ~‘~ dalkia JOhI'ISOI'I )I('
' vy Controls

GROUPE €DF

Bertrand Guillemot, Dalkia (EDF Group)
-8 Lo ili +~>NRDC
Jerry Schuett, Affiliated Engineers /’lﬁ NREC A A = IE-\lflfg:gteeg‘s @(? NATURAL RESOURCES
®

DEFENSE COUNCIL
Robert Tu rney JO h nson CO nt ro | S America’s Electric Cooperatives
’

Keith Dennis, Nat’| Rural Electric Cooperative Assoc.

Joe Vukovich, Natural Resources Defense Council

" % Innovation Lab
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Thermal Microgrids: Technology, Economics & Opportunity

Energy & Environmental Policy Context

* Within the U.S., buildings are responsible for approximately 40% of energy usage and one
third of emissions

* Asignificant portion is due to burning natural gas for space and water heating

e Studies support achieving deep decarbonization requires fuel switching in the building sector
from fossil fuel to electricity (aka “electrification”), along with continued energy efficiency
and electricity decarbonization

 Electrification policies gaining traction — current focus on building-level appliance switch-out

e An alternative approach is to electrify an entire district

References: U.S. Energy Information Agency; U.S. Environmental Protection Agency’s “Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2015"; Williams,

t‘g
N eDF 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.
Innovation Lab Page 10



Thermal Microgrids: Technology, Economics & Opportunity

District Energy

Advantages of a district energy approach include:

 Economies of scale from aggregating a collection
of loads from dozens of buildings

« Waste heat recovery technologies that are not

available or efficient at a building-level e

* Load and resource diversity enabling optimized Enerey Management System
central equipment sizing and resultant enhanced "
efficiency - -

@
~ 5 €DF

Innovation Lab

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

Central Energy Facility

Chilled Water Storage  Hot Water Storage

D

Chiller Heat
Equipment Generator

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

[l critied water Network

. Hot Water Network

Page 11



Thermal Microgrids: Technology, Economics & Opportunity
What Is a “Thermal Microgrid”?

Distributed Generation

Building Heating,

i ii Cooling & Electricity Loads
L]

v @

H ~N Smart Electrical
Vehicles & Chargers

& & &

Central Energy Facility

Energy Management System

Distributed
Battery
Storage

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
Equipment Generator Equipment . Hot Watar NEtiark

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.
& SeDF / /
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Thermal Microgrids: Technology, Economics & Opportunity

Trends Driving Interest in Thermal Microgrids

e The same three trends driving the transformation of the entire energy sector are
responsible for increasing interest in thermal microgrids:

* Decentralization. Increasing adoption of behind-the-meter solar, smart thermostats
and other building energy management devices enabled by exponentially decreasing
costs and novel business/financing structures are leading to a decentralized grid
paradigm.

* Decarbonization. Local and state governments across the U.S. have adopted climate
goals and corresponding energy policies and regulations to promote decarbonization
of the energy sector.

* Digitization. Increased deployment of low-cost sensors, advanced control
technologies, and artificial intelligence is fundamentally changing every facet of the
energy sector.

: N e DF Reference: https.//enerqy.stanford.edu/from-directors/nurturing-innovation-during-strategic-inflection-point-global-enerqy
Innovation Lab
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https://energy.stanford.edu/from-directors/nurturing-innovation-during-strategic-inflection-point-global-energy

Thermal Microgrids: Technology, Economics & Opportunity

Goals & Objectives of Local Energy System Development

* There are typically several considerations for local energy system deployment:
* Economics
* Environmental Impact
e Reliance on Fossil Fuel
e Local Control
e Reliability & Resiliency
* Water Usage
e System Flexibility
e Local Economic Development

e Stakeholders must first identify and prioritize goals to evaluate a thermal microgrid vs an
alternative energy system design

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity
Opportunity

Public power uniquely positioned to lead thermal microgrid exploration and development:

* Local energy system design choices often result in tradeoffs/synergies with other utility services
& munis often have several, in addition to electric power

* Munis can standardize interconnection procedures and develop innovative policies and rate
structures to harness value of flexible and controllable load

e Successful deployment requires ability to navigate complex, multi-stakeholder processes to
achieve community goals — munis have decades of relevant experience

e Historically, munis have shown leadership on environmental issues given the direct accountability
to communities they serve

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Technology Description

Thermal  microgrids  incorporate  several
categories of technologies, including:

Distributed Generation

¥ ¥ ¥ Cooli?\:ilgiglge:'tﬁii?t;gioads
H Distributed
1. one or more heat and cooling sources and ey ol Rty

central equipment I £ : :
2. one or more clean power generation I n

systems, either located on-site or remotely L

sl

3. a thermal network of pipelines leading to ORI

Central Thermal Equipment

delivery points referred to as substations,
with a secondary network of pipes feeding -@- _nsm@ =
Chilled Water Storage  Hot Water Storage Electricity Distribution

end users m m w Thermal Microgrid = E——

4. building interconnection equipment to e oy B =
couple the thermal network to the heating
and cooling systems located at the
customer site

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Heat Sources

Low
Grade
Heat

Waste Heat Recovery From Buildings. Stanford’s state-of-the-art system uses the overlap in heating and cooling needs by
capturing waste heat from the cooling network return pipe.

Waste Heat Recovery from Municipal Wastewater (50-80 °F). Sewage is a heat source that is available in almost every
community. A few degrees of heat can be extracted before or after sewage treatment.

Shallow Geothermal (50-80 °F). Shallow geothermal (aka geoexchange) is the recovery of heat from within several yards of the
earth’s surface, where the temperature remains relatively constant. Shallow geothermal as a heat source is becoming
increasingly common for district energy systems.

Other Waste Heat Recovery Opportunities. There are a variety of other sources of waste heat, a largely untapped potential
energy source, including air- and water-source heat.

Waste Heat Recovery from Industrial Processes (200-1,800 °F). Waste heat from industrial processes is commonly available,
varying in temperature from extremely hot process industry flue gases down to lower temperature refrigeration exhaust.

Deep Geothermal (150-350 °F). Recovering geothermal heat requires deep boring into the ground. When economically
feasible, deep geothermal offers a renewable heat source for base load needs.

Waste Heat Recovery from Municipal Waste Incineration (130-300 °F). The combustion of municipal waste to provide
electricity and/or heating (aka waste-to-energy) has been practiced in Europe for many years.

Biomass (130-300 °F). Biomass can be used as fuel for large boilers or for CHP plants, a common choice for district energy
systems. Biomass can also be used within existing fossil-fueled boilers as a co-firing to reduce emissions.

Solar Thermal (175-275 °F). Solar energy can either augment existing heat sources in a thermal network, or feed a stand-alone
system incorporating thermal storage to provide thermal heating year-round.

nnovation Lab
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Thermal Microgrids: Technology, Economics & Opportunity

Cooling Sources

e Heat Recovery Chillers (HRCs) in a Heat Network. As illustrated by Stanford’s system, cooling can be produced from
a heat network using large HRCs located at a central plant.

e Absorption Heat Pumps/Chillers with a Heat Source. A heat source can be used to produce chilled water using
absorption heat pumps/chillers, either located at the building site or at a central plant. Alternatively, a centralized
trigeneration system utilizing similar equipment can produce a separate cold supply to serve a district, in addition to
power and heat.

e Surface Water (40-75 °F). Also known as hydrothermal, lakes, rivers and oceans can be used as cooling source. Some
systems use surface water not just as a cooling source, but in a combined scheme to prepare or provide potable
water supply.

@
~ ~ €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Thermal Storage

e Central thermal storage enables optimized
system operation of a thermal microgrid

* Incorporated into the overall energy system
design, thermal storage:

1. increases the amount of heat recovery
potential that can be used

2. enables electricity load shifting from on-
peak to off-peak periods

3. enhances reliability and resilience by during
grid disturbances

4. reduces chiller capacity requirements

* Hot and chilled water are the most common Figure: Stanford’s Central Energy Facility, Showing Its Chilled
: d Hot Water St Tank
forms of hot and cold storage, although ice and Hot Water Storage Tanks
or ice slurry can be used as cold storage
¢
o D
v\ €DF

Innovation Lab Page 19



Thermal Microgrids: Technology, Economics & Opportunity

Technology Description

Thermal  microgrids  incorporate  several @

Distributed Generation

categories of technologies, including:
¥ ¥¥ Cooling & Electricity Loads
1. one or more heat and cooling sources and A sman e e
central equipment @ﬁd O £ %
2. one or more clean power generation I n
systems, either located on-site or remotely ‘”"“ﬁi‘,’”‘““y
alill
3. a thermal network of pipelines leading to ORI

delivery points referred to as substations, —
with a secondary network of pipes feeding - - fr—tcral Heat Source =
Chilled Water Storage  Hot Water Storage Electricity Distribution

end users m m w Thermal Microgrid = E——

4. building interconnection equipment to e oy B =
couple the thermal network to the heating
and cooling systems located at the
customer site

@
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Thermal Microgrids: Technology, Economics & Opportunity

Technology Description

Thermal  microgrids  incorporate  several

Distributed Generation

categories of technologies, including:
¥ ¥¥ Cooling & Electricity Loads
H Distributed
1. one or more heat and cooling sources and N nangeaia Bty
central equipment I £ : :
2. one or more clean power generation I n
systems, either located on-site or remotely L
e
o ] alill
3. a thermal network of pipelines leading to ORI

Central Thermal Equipment

delivery points referred to as substations,
with a secondary network of pipes feeding - - r— el Heat Soure =
Chilled Water Storage  Hot Water Storage Electricity Distribution

end users m m w Thermal Microgrid -ChilledWaterNetwork

4. building interconnection equipment to e oy B =
couple the thermal network to the heating
and cooling systems located at the
customer site

@
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Thermal Microgrids: Technology, Economics & Opportunity

Thermal Network

A thermal network is the distribution network of pipes, substations, valves and controls to deliver
steam, hot water or chilled water from a central energy facility to end customers.

e District energy has an advantage over building-level
approach when cost savings of the central vs building-
level equipment is greater than costs of distribution
network

e Three types of thermal networks, shown at right:

1. A heat network supplies required heating and can
provide cooling at the building via absorption chillers.

2. A cooling network supplies required cooling and can
also provide heat at the building via heat pumps.

3. A tempered water system provides heat or cooling
supply directly to the building.

e Like an electricity grid, thermal networks have network
operators to control outgoing water temperature and

4 regulate flow to ensure all customer needs are met

ve Innovation Lab

Heat Network
Heat Cooling
Delivery Delivery
Absorption
T Chiller
Centralized ) * -
Heat
Production
Cooling Network
Heat Cooling
Delivery Delivery
Heat Pump +
Centralized ) * -
Cooling
Production
Tempered Water Network s e
Delivery Dl—:.eat [(;clt?ling Deliver%‘
(Low Temp) elivery elivery (High Temp)

Centralized
Heat/Cooling
Production

Heat Pump

Compression

Chiller
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Thermal Microgrids: Technology, Economics & Opportunity

Technology Description

Thermal  microgrids  incorporate  several

Distributed Generation

categories of technologies, including:
¥ ¥¥ Cooling & Electricity Loads
H Distributed
1. one or more heat and cooling sources and N nangeaia Bty
central equipment I £ : :
2. one or more clean power generation I n
systems, either located on-site or remotely L
sl
3. a thermal network of pipelines leading to ORI

delivery points referred to as substations, —
with a secondary network of pipes feeding - - fr—tcral Heat Source =
Chilled Water Storage  Hot Water Storage Electricity Distribution

end users m m w Thermal Microgrid = E——

4. building interconnection equipment to e oy B =
couple the thermal network to the heating
and cooling systems located at the
customer site

@
~ 5 €DF

Innovation Lab Page 23



Thermal Microgrids: Technology, Economics & Opportunity

Building Interconnection Equipment

* The thermal network can interconnect with customer buildings in two ways:

. Direct Connection. The district energy system’s supply (i.e. steam, hot water or chilled water) is directly
pumped through the customer’s building heating and cooling equipment (e.g. radiators).

. Indirect Connection. The district energy system is coupled to the building via heat exchangers used to
transfer heat between the supply and the customer’s building system, keeping the supply isolated from

the building heating and cooling system.

 Controls, heat meters, and isolation valves & filters are installed for network balancing, billing and
equipment protection, respectively

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Overview of Project Economics

 Thermal microgrids are a major infrastructure project with substantial fixed project costs

 However, they may lead to significant offsets: costs that would have been incurred if maintaining the
existing energy system (e.g. expensive electric transmission and distribution system upgrades)

e Costs can be broken down into the following categories:
. Primary fixed costs. Central equipment, thermal network and building interconnection costs
. Primary variable costs. Electricity/fuel and operations & maintenance (O&M)

. Other costs. Project development, customer acquisition, metering, billing, customer service &
administration

e Costs depend strongly on local conditions and project details

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Comparison of Project Economics Across System Design
Stanford University
Central Energy Facility Replacement Options (October 2016 update)

&‘a
> Y

€DF

Innovation Lab

PVC 2015-2050 (Millions)
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Thermal Microgrids: Technology, Economics & Opportunity

Drivers of System Feasibility

* Key feasibility drivers include:

. Load density. The thermal network is a major source of project costs: the closer the buildings and the
denser the load, the more cost-efficient the thermal network will be. IEA estimates a region can be served
economically with district energy if heating load density is >0.93 kWh per square foot.

. Cost of heating and cooling supply. Advanced heat recovery enables low cost source heat for a thermal
microgrid design. Regions near data centers or other sources of industrial waste heat could capitalize on
this proximity.

. Load diversity. Sizing each individual building for annual peak is more expensive than sizing a cluster of
buildings with load diversity. Advanced communications and controls to operate the resources and loads

of the thermal microgrid can capitalize on load diversity and further enhance efficiency gains.

@
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Thermal Microgrids: Technology, Economics & Opportunity

Assessment of Potential in the U.S.

 Many types of regulations would serve to promote thermal microgrids, including carbon tax, cap-

and-trade program, energy efficiency targets, and local air quality standards

e Several non-technical barriers that could significantly inhibit thermal microgrid deployment:

« Comprehensive potential assessment is beyond the scope of the white paper, but the subject of

Lower familiarity with district energy and advanced waste heat recovery in the U.S.

Parts of the value chain for district energy are under-developed in U.S.
Complex, multi-stakeholder processes for energy infrastructure development
Securing large initial investment

Timing of building equipment replacement

Economic and policy uncertainties over the long project lifetime

Etc.

ongoing R&D activity

@
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Thermal Microgrids: Technology, Economics & Opportunity
Utility Business Models for Thermal Services

e District energy systems, like electricity and gas networks,
are natural monopolies

 Multiple utility business model choices for thermal

services, similar municipal electric utility options )
* Ownership & governance examples: | tanford
. Enterprise fund and operational department within a / @ STYLCB ALTO
university or local government \_ J
Special district organizationally independent from existing N

local governments
. Community-owned non-profit cooperative
DISTRICT ENERGY ST. PAUL™
. Community-owned limited liability corporation \- J/
 Metering & billing could be based on square footage or
estimation of usage, based on common engineering
standards — easiest and most straightforward

@
~ 5 €DF
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Thermal Microgrids: Technology, Economics & Opportunity

Conclusions

* Decentralization, decarbonization & pisrbuted Generaton
digitization driving transformation of 3
energy sector =) Vehices . Chargers

& & &

i1}

. . . Grid Substation
e Same drivers encourage consideration of n
efficient district electrification

Building Heating,
Cooling & Electricity Loads

Distributed
Battery
Storage

Central Energy Facility
e Stanford’s system demonstrates the il
potential of thermal microgrids for EVM':"?"‘
achieving a decarbonized, cost-effective - -
and resilient local energy system i g i, =
e Several non-technical barriers challenge m m “i ThermallMicrogri :V:www

market transformation

* Munis are in a unique position to lead
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Today’s Webinar

Agenda
Description Presenter Duration
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Building Energy- Scale

Energy use in developed countries

» Electricity, Heating, and Cooling of structures

> 40% of GHG emissions
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Pathways for Sustainable Building Energy

v

Carbon Capture & Storage

Less efficient, much higher cost, not distributable

Carbon Fuel
Sustainable Bio-Fuel

Not scalable, usually higher cost

Electrification + Renewable Electricity

Most efficient, lowest cost, scalable, distributable, flexible, sustainable

Non-Carbon Fuel (H, N)

Less efficient, higher cost, not distributable
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Stanford, IEA, National Labs, UN, SCE, and others agree
about the clean electrification pathway:

/. Stanford
(.1 ENERGY SYSTEM
7 INNOVATIONS

THE CLEAN POWER AND ELECTRIFICATION PATHWAY
quumu#l Eliisire Mk oues i st
pathways to g

£

deep decarbonization
in the United States

" DISTRICT ENERGY

{. INCITIES

Technology Roadmap

nergy-efficient Buildings: Heating and Cooling Equipment

al A
'y
é k
'
IR
‘ C — -
" 1ea/

2009 2011 2014 2015 2017
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Heat Pump is Key to Building Electrification

6,816 btu of gas = 1 KWH = 3,413 btu of heat

E|E.Ctr.'IC :5,f'.’“"’v"‘"‘""“"f“"‘,‘.‘,"3"‘""_;.‘,*‘.‘"'..::'.‘7_".?% 7 (50% efficient grid gas power plant)
Resistive s hatih
4,000 btu of gas = 3,413 btu of heat
Gas

(85% efficient heater)

1,133 to 2,040 btu of gas = .17 (120F) to .3 (160F) KWH
= 3,413 btu of heat
(50% efficient grid gas power plant)

Electric Heat
Pump
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Assessing Heat Recovery Potential- Stanford Example
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60,265,616 Ton-Hr (723,187) MMbtu
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Stanford Heat Recovery Potential

Use Heat Pump first for: 1) Heat Recovery, then 2) Heat Extraction from Ground, Water, or

Air
Stanford University Heat Recovery Potential
6,000
Cooling Load = 60,265,616 Ton-Hr (723,187) MMbtu

4,000
2,000

4

iu AA “ A2
:  lconine & Heat Recovery 53%
£ Heating 1.4 88%

Potential

(2,000) w* . \ ) v

Heating Load = 610,205 MMbtu

(4,000)
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Combined Heat & Power

(CHP)
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Electric
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Types of Building Energy Supply Systems
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Heat
Recovery
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Basic Overall System Components

1. Heat Pump (aka Heat Recovery Chiller)
2. Chiller

3. Boiler/Hot Water Generator

Optional but highly desirable and cost effective

4. Hot thermal energy storage (typically water)
5. Cold thermal energy storage (typically water)

6. Model Predictive Control software for planning, design, and operation
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Stanford Central Energy Facility
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Reduces Capital & O&M cost

Increases system efficiency (6% more heat recovery)
Reduces electricity peak demand by 17% (36 v 43 MW)
Provides equivalent of 7 MW electricity storage
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Model Predictive Control Software
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Increases system efficiency

Reduces electricity peak demand and total cost
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Benefits of Model Predictive Control

. .
Manual Operation Computer Operation
Stanford Peak Daily Electrical Demand (2016) Operators Dispatch Stanford Peak Daily Electrical Demand (2016) EOS Dispatch
e CEFBLDGKWH e HWDISTKWH = CWDISTKWH s CampusKWH === TotalKWH e CEFBLDGKWH e HWDISTKWH = CWDISTKWH = s CampuskWH === TotalKWH
80.00 80.00
70.00 70.00
60.00 60.00
50.00 50.00
Lower electricity peaks & commodity costs save $5$
. K M
= i WWWMWWWWWWVMM
20.00 20.00
10.00 10.00
S5955EEERRREEsssREEEs AR R s s s oSS s e e 000000 SR UU 35535 S R URERES | BEEESSEEBSNRNEENERsbANsmAAsannnn s se co e e 0000 R0 UL 8BRS BB UL

» 2016 full year Operators vs. Computer simulation conducted

> Benefits of computer optimization:
» Reduces peak demand on grid by 7.3 MW (35.9 MW vs 43.2MW)(17%)
> Saves $500,000 per year (10%) in CEF electricity cost

» Functions as ‘autopilot’ to run CEF
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Stand Alone vs. District Energy
All concepts work at stand alone building level- residential on up

But application via District Energy even better
Application in new development even easier and more efficient

ety
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Technology Roadmap

Energy-efficient Buildings: Heating and Cooling Equipment
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Reliability & Resiliency

“The electrical grid is far more reliable out west than back east...we have outages all
the time and can’t rely on the grid for something as essential as heating in winter”

“Electrification & Heat Recovery only works in mild climates like Stanford’s...it won’t
work in cold climates like the Midwest or East”

SEPTEMBER 12, 2016

Heat Recovery (CHC)

EIA data show average frequency and duration of electric system has 4 sources of
power outages winter time heating

Average electric power service interruptions per customer by utility type, 2015 = energy:

frequency (number of instances) total duration (minutes) €la

1. Electricity (primary)
2. Thermal Storage
without major with major (baCkU p)

Svents svents 3. Natural Gas (backup)
4. Liquid Fuel (backup)

all utility types all utility types

without major with major
events events

municipal municipal

investor-owned investor-owned

SHP and CHP systems
only have 2 sources:
1. Natural Gas (primary)

0 1 2 3 0 60 120 180 240 300 : :
Source: U.S. Energy Information Administration, Annual Electric Power Industry Report (EIA-861) 2015 early release 2 I—IqUId Fuel (baCku p)

co-op co-op
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Electrification makes sense in all climates

Stanford University (Redwood City Admin Campus) Heat Recovery Potential

Stanford University Heat Recovery Potential
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Total Energy Micro-grid...thermal before electric

on-site
electricity
generation

Stanford energy micro-grid

electrical micro-grid

distributed electricity resources

electric vehicles

electricity storage

substation

>
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Electricity
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Today’s Webinar

Agenda
Description Presenter Duration
Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min
Thermal Microgrids: Technology, Economics & Opportunity  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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Project Next Steps

Project Deliverables

Part 1: White paper describing the technology, economics & opportunity

Part 2: Case study describing Stanford Energy System Innovations (SESI)
[Part 3: Suite of tools for assessing technical and economic feasibility

Part 4: Municipal case studies carrying out feasibility assessments

] In Progress

* There are two additional parts to the project, shown
above

* If you are a muni and interested in being the subject
of the 2" case study, please contact us

e A second webinar will be organized in Fall/Winter 2018
covering final results from the project

¢
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Today’s Webinar

Agenda
Description Presenter Duration
Project Introduction & Context Sonika Choudhary, City of Palo Alto Utilities 5 min
Thermal Microgrids: Technology, Economics & Opportunity  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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Q&A and Contact Information

Q&A Contact Information

Please type your questions into the chat window. Sonika Choudhary

Resource Planner
City of Palo Alto Utilities
sonika.choudhary@cityofpaloalto.org

Accessing the Chat in Meeting from a Desktop Device

Video Only or While Viewing a Screen Share

1. While in 2 meeting, click Chat in the meeting controls.

2. This will open the chat on the right. You can type a message into the chat box or Aimee Gotway Bailey’ Ph.D.
click on the drop down next to To: if you want to send a message 1o a specific Pr| nCi pa| Energy Ana |ySt
person. .
- s e EDF Innovation Lab

aimee.bailey@edf-inc.com

Joe Stagner, P.E.
Exec. Director, Sustainability & Energy Management

o &b Stanford University

istagher@stanford.edu
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