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Thermal Energy Storage Technology
to Enable Microgrids with
Renewable Energy Generation
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In this presentation, | am planning to
cover

* Electricity supply — Overview of key issues
arising in our electric utility systems today
including growth of renewable generation

* Microgrids — What are they and potential role in
the future electricity supply

* Thermal storage — How and why it is a strategic
technology that more effectively utilizes
generation capacity while enable greater
deployment of renewable energy



What current event(s) are
impacting our energy systems?

(with a focus on electricity)
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Microsoft deal propels Three Mile Island February 24, 2025

restart, with key permits still needed Apple will spend more than
S:pt:r:b:rr;,202411:58AMCDT-Updated6monthsago ‘E‘ ‘E ‘g $500 billion in the U.S. over
the next four years

Teams and facilities to expand in Michigan, Texas, California,

Arizona, Nevada, lowa, Oregon, North Carolina, and
Washington

I _‘ Plans include a new factory in Texas, doubling the U.S.
ufacturing academy,

New York passes law banning fossil fuel silicon engineering
equipment in most new buildings 4 Toward

Five-year US load growth forecast
surges 456%, to 128 GW: Grid

Strategies

. U.S. electricity demand is forecast to increase 15.8% by 2029, according to a new

‘ report from Grid Strategies. Six regions of the country are driving the growth.

' Published Dec. 6, 2024 @ Robert Walton

Senior Reporter




Electricity
infrastructure

* We have grown accustomed to
electricity that is delivered
* With extremely high reliability
With resiliency
* At alow cost
* In capacity from small to very large

* Yet, many of these nominal
expectations are under fire
* Transmission infrastructure is aging

* Generation infrastructure is
undergoing a transformation

Customer demand is growing

Increased inverter-based resources
is creating challenging grid dynamics

Risk of physical and/or cyber attacks
on generation and transmission \ BUSINESS

infrastructure is increasing Power Grid Is Increasingly Unreliable

ages are new stresses on the system caused by aging power lines, a changing
imate and a power-plant fleet rapidly going green )




A few thoughts

e “Everything is tied to having electricity, and yet we're not
focusing on the reliability of the grid. That's absurd, and that's
frightening,” he said. “There's such an emotional drive to get
where we want to get on climate change, which | understand,

but we can't throw out the idea of having a reliable grid.”
Curt Morgan, CEO of Vistra Corp.

* “One of the biggest challenges facing grid operators and utility
companies is the need for better technology that can store
large amounts of electricity and discharge it over days, to
account for longer weather events that affect wind and solar
output. Most large-scale batteries currently use lithium-ion
technology, and can discharge for about four hours at most.”

Katherine Blunt

Source: “America's Power Grid Is Increasingly Unreliable; Behind a rising number of outages are new stresses
on the system caused by aging power lines, a changing climate and a power-plant fleet rapidly going green”,
Katherine Blunt, Wall Street Journal, Feb 18, 2022.
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Electric utilities and grid operators must continuously
match generation with customer demand

U.S. electricity overview (demand, forecast demand, net generation, and

total interchange) 2/20/2025 — 2/27/202%5, Central Time

megawatthours
800,000

600,000 | 7w Tw

400,000 \

Electric generation must

200,000 e
match electricity demand
in real-time
0
-200,000 | | , | |
20 Feb 2025 22 Feb 2025 24 Feb 2025 26 Feb 2025 28 Feb 2025

— US48 demand
UsS48 total interchange

UsS48 demand forecast

€la’ Data source U S. Energy Information Administration

UsS48 net generation
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Electric utilities and grid operators must continuously
match generation with customer demand

U.S. electricity overview (demand, forecast demand, net generation, and total interchange) 3/5/2025 —
3/12/2025, Eastern Time _
Actual demand underpredicted

megawatthours
600,000 by 108,500 kW (27%)
"-d-__h___- -_-_ .-- - L _'-“'__ ) _. __ __'!'""_ "‘-h"‘""l..
400,000 | Feet ' e ]_ T S
200,000
Forecasts are not
. always perfect
-200,000 | | ! ! | | ! | |
5 Mar 2025 6 Mar 2025 7 Mar 2025 8 Mar 2025 9 Mar 2025 10 Mar 2025 11 Mar 2025 12 Mar 2025 13 Mar 2025
— US48 demand US48 demand forecast US48 net generation US48 total interchange
eia Data source: U.S. Energy Information Administration
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Summer peak demands are driven by A/C
(hold this thought)

U.S. electricity overview (demand. forecast demand, net generation, and
total interchange)|8/4/2024 — 8/10/2024| Eastern Time

megawatthours
600,000 1 —fF Y F 1t F 1 4 &

400,000
08/05/2024
o US48 demand: 729,191

US48 demand forecast: 730,152

200,000 US48 net generation: 718,756
Monday
0 | | | |
4 Aug 2024 6 Aug 2024 8 Aug 2024 10 Aug 2024
— US48 demand US48 demand forecast US48 net generation

&

ela’ Data source U S Energy Information Administration
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What is a microgrid?

“A group of interconnected loads and distributed energy
resources (DERs) within clearly defined electrical
boundaries that acts as a single controllable entity with
respect to the grid.

A microgrid can connect and disconnect from the grid to
enable it to operate in both connected or island-mode.”

U.S. DOE Microgrid Exchange Group

Tharmal/ Blecuics

Source: “Microgrids: An Old Concept Could Be New Again”, Power 8/1/17 14



Distributed energy resources
includes distributed generation

* Distributed generation is “the integrated or stand-alone

use of small modular resources by utilities, utility
customers, and third parties in applications that benefit
the electric system, specific customers, or both” [EpRrI]

* DG technologies include: PV, wind turbines, fuel cells,
microturbines, SMRs, IC engine gen sets, among others



DG Examples

Wayne Industrial Sustainability

Park in O 1

’Jai.‘
po

Ft

Northfield Area Solar Ga‘\raé;én §N..Q"chfield MN

-
-
-

6.63 MW of PV



Microgrid examples

* University campuses
* Military bases |
 Remote networks such as island communities

* Industrial and manufacturing campuses

* Large residential and light commercial developments
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Potential benefits of microgrids

* Closer proximity between power being generated and
consumed

* Lower transmission and distribution line losses

* Smaller generation affords increased ability to ramp up
or down and to start/stop

* Potential to better integrate combined heat and power

* More manageable scale for dynamic grid control using
approaches like DER

* Increased grid resiliency
* Energy storage is a key component of reliability



Energy storage provides flexibility

* Decouples demand from supply

* Allows “production” of storage when
e Resources are available
e Costs are low

* Bridges demand-production mismatches
* Affords potential downsizing for some equipment
* Enhances reliability/redundancy
* Can be located on the supply side or demand side of the

meter m'l

* Potentially increases end-use operating \nl.‘ﬁé
—— ~” |

efficiency
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What energy storage
technologies come to mind?



Remember we saw peak demand driven by A/C

Commercial Building Demand Summer Peak and Temperature
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48

Hour

Most electric utilities experience their peak demand during the summer, driven
by midday and early evening air-conditioning demand*

*Source NREL Technical Report NREL/TP-640-41410 May 2007
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Typical building chilling system

* Refrigeration plant connected directly to building loads

* Must operate whenever cooling loads exist
» Refrigeration capacity modulates in response to load
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Cool thermal storage concepts (traditional)

Decouples energy-intensive cooling generation from building load
demands

Matches total cooling load to chilling capacity over time

Enables downsizing chillers (meets average load instead of peak)

Shifts consumption of electricity from (1) periods when it is
available to when it is not or (2) high cost to low cost periods
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Cool thermal storage concepts (emerging)

Shifts consumption of electricity from periods when renewable
energy is not available to periods when renewable energy is available

Texas Wind Resource

1
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Will increasing deployment of renewable
energy production solve our problems?
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Sources for renewable electricity
production

e Solar

* Photovoltaic rL
e Concentrating Solar Power (CSP)

e Wind
* Biomass
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Photovoltaic solar resource

Annual average solar resource
data are shown for a tilt=latitude
collector. The data for Hawaii and
the 48 contiguous states are a 10
km satellite modeled dataset
(SUNY/NREL, 2007) representing
data from 1998-2005.

The data for Alaska are a 40 km
dataset produced by the
Climatological Solar Radiation
Model (NREL, 2003).

kWh/m?/Day

T — =

@ o o « »NR=L
L \\;// www.nrel.gov/gis

Author :Billy Roberts - October 20,2008 This map was produced by the National Renewable Energy Laboratory for the U.S. Department of Energy. 28



Wind energy resource

United States - Land-Based and Offshore Annual Average Wind Speed at 100 m

Wind Speed
m/s
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6.5

6.0

56
5.0
4.5
4.0
<40

Source: Wind resource estimates developed by AWS Truepower,
LLC. Web: http:/mww.awstruepower.com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km.
Projection: Albers Equal Area WGS84.

3 " AWS Truepower” E:E N R E L

Where science delivers performance. NATIONAL RENEWABLE ENERGY LABORATORY
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Here electricity is free all weekend!

reliant.
an NRG company Shop My Reliant Save Energy Moving Customer Care

Google Home Hub at no cost(+ FREE electricity all weekend )
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Where is electric power needed?

2020 POPULATION DISTRIBUTION IN THE UNITED STATES
AND PUERTO RICO

One dot = 7,500 people

Prepared by Geography Division, U.S. Department of Commerce Economics and Statistics Administration U.S. Census Bureau



Which state in the U.S. has the highest
electricity consumption?

Washington
Montana
Oregon
Idaho
Wyoming
Nevada
Utah

Colorado

California

Arizona
New Mexico

Alaska

Hawaii

North Dakota

Minnesota

South Dakota

Nebraska

Kansas

Oklahoma

Texas

Ao nans T
wisconsin

Michigan

lowa

New

Hampshire .

Vermont, *

Massachusetts .

Ohio

Winois Indiana

Missouri
Kentucky

Arkansas

Alabama
Mississippi

North Carolina

New York

Pennsylvania

Virginia

South
Carolina

Georgia

Florida
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* Connecticut
TT—New Jersey

-~ Delaware

Maryland

S West Virginia

Washington, D.C.
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Where is electricity needed?

Retail sales of electricity : all sectors : annual 2021

VT: 5,364

.

CA: 251,900 TX: 475,400

“L: 248,800

million kilowatthours

)

cla 0 100000 200000 300000 400000 500000
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Key renewable energy production
characteristics

* Resource and the associated renewable
energy production varies geographically

* Greatest resource not necessarily coincident
with regions having greatest power demands

* Energy resource is intermittent

* For many locations, wind and PV are
complementary resources



There are other dimensions to the challenges with

increasing renewable energy utilization:

Balancing intermittent electricity generators with increasingly dynamic

Load & Net Load (MW)

electric demands from end-users

CAISO Load, Wind & Solar Profiles — High Load Case
January 2020

46 000 10,000
44.000 6,300 MW IS 13,500 MW
8,000 MW - in2hours & in 2 hours 9,000
42.000 in 2 hours
- 8,000
40,000
38.000 = 7.000
36 000 y ;* 6,000
/ y
34,000 /
¢ - 5000
32.000
30 000 - 4 000
2€.000 3,000
2€ 000
- 2,000
24,000 ‘:
‘I_ - 1,000
22.000 \
m mo ' v v 2 2 v ) v r > r v v :\: 7-—‘«;1" v v o
Q00 130 300 430 600 730 900 1030 1200 1330 1500 1630 1800 1630 2100 2230 000

el ond esmmiNet Load ss=\Wind - Solar

Wind & Solar (MW)
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Megawatts

The “duck” curve

~8,000 MW | ~8,000+ MW ramp rate

morning ramp rate (decreasing demand as Head

(morning start-up demand ~11  renewables are increasing)

with no or low renewables) aﬁ:ern,uw. R — Spo
LEASSS (increasing demand while

¢ renewables are declining) //\

30,000 / N \ /1 SR
28,000 ‘ 2
26,000
24,
22,
20,000

18,000




The “dragon” curve

Figure 4.3: The Statewide Aggregated Electricity Load for a Typical Weekday
1000 T T T T T

B Residential L1
B Residential L2
[ work L2

Bl Public L2
[EFast Charging

©
8

8

8

o
8

FS
8

Weekday PEV chg load, MW
w (4]
g g

8

100

0 4 8 12 16 20 24
Time of day

The California Energy Commission's report “California Plug-In Electric Vehicle Infrastructure Projections: 2017-2025”

37


https://www.nrel.gov/docs/fy18osti/70893.pdf

New utility operating “issues” with
increased renewable energy generation

e Extremely high ramp rates

e Requires ISO to bring on or shutdown generation resources quickly
to meet increasing or decreasing demand

* Traditional generation assets cannot meet these ramp rates

* Overgeneration

* More electricity produced than needed for instantaneous demand
* Renewables will be idled when baseload generation is encroached

* Intermittent production utilities do not control
* Intermittent renewable energy production from NUGs



Strategies to cope

* Increased end-use energy efficiency

* Every reduction in kW and kWh is less power/energy
needing to be generated

* Demand response

* DR is a tool for load management that enables a utility

to call for end-use demand reduction when needed

* Energy storage

e Cool thermal storage (most effective)
* Battery storage

* Increase flexibility of generation
* Power production that can cycle more frequently

* Microgrids?

— Duck on a diet

— “Flatten the duck”

— “Fatten the duck”

=

} Ducklings
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For buildings, thermal energy storage is the
best choice

* A building’s cooling system

* |s a significant energy user — particularly in hot humid
climates

 Dominates building electrical demand

 Compared to other storage technologies, TES is

* More cost-effective

e Uses off-the-shelf technology

* More reliable with longer life

* Compatible with microgrid
applications

41



Commercial building load profile

TYPICAL 24 HOUR BUILDING ELECTRICAL LOAD PROFILE

LIGHTING

APPLIANCES & EQUIPMENT

ALL OTHER ELECTRICAL USES

€ OFF PEAK e PEAK

If A/C load could be shifted off peak, a facility can reduce its electric energy
demand and electricity costs (demand and energy).



Thermal storage enables shifting chiller
operation to off-peak periods

2

A/IC
LIGHTING

APPLIANCES & EQUIPMENT

{, OFF PEAK

ALL OTHER ELECTRICAL USES

¥ PEAK
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Design and Utilization of
Thermal Energy Storage to
Increase the Ability of Power
Systems to Support Renewable
Energy Resources

ASHRAE RP-1607



Key conclusions from RP-1607

* Buildings equipped w/CTES & appropriate
control strategies, enabled increased
renewable energy utilization ranging from
10%-50% vs. non-storage cases

* Improvements are consistent across
geographic regions and building types

* CTES is cost-effective and available today



Energy Storage Example
University of Nebraska-Lincoln (UNL)

Two CHW TES at UNL, ;”‘ . pe
each providing: -
1) energy storage, plus

2) peaking capacity for the campus CHW
network

UNL East Campus

Storing 16,326 ton-h (12 MWh elec) and
shifting up to 4,000 tons (3 MW)

UNL City Campus

Storing 52,000 ton-h (39 MWh elec) and
shifting up to 8,333 tons (6.25 MW)

Source: J. Andrepont 50




Example: 39 MWh at UNL

Storage Element
Peak cooling discharge

Peak electric discharge

Duration at peak disch.

Net storage (thermal)
Net storage (electric)
Storage unit cap cost
Storage capital cost
Full system cap cost

Full system unit cap cost

Source: J. Andrepont

Lithium-lon
Advanced Batteries

(hypothetical)

not applicable
6.25 MW

6.24 h

not applicable
39.0 MWh
$350/kWh
$13.65 million
$27.3 million
$700/kWh

Chilled Water (CHW)

Thermal Energy Storage (TES)

(actual, 2017-18)

8,333 tons

6.25 MW equivalent

6.24 h

52,000 ton-h

39.0 MWh equivalent

$100/ton-h

$5.20 million (38% of batteries)
$11.7 million (43% of batteries)
$225/kWh (43% of batteries)
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Conclusions

* Electricity demand is expected to grow significantly in the
next decade

* Air conditioning is a significant proportion of peak demand

* AC systems are often the building’s single largest electric
energy consumer

* TES is the most cost-effective technology to decouple
production of cooling from electricity-intensive demand

* TES will enable a greater fraction of our electricity
consumption to originate from renewables — including
microgrid applications



Questions?

Douglas Reind|
dreindl@wisc.edu
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