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Key National Economic and Building Sector Trends: 198902018
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Energy use in the U.S. building sector
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U.S. DEPARTMENT OF ENERGY

Buildings Energy Use40% of U.S. total
Buildings Electricity Consumption75% of U.S. total
Buildings Peak Electricity Demandas much as 80% of regional total
Buildings CQ Emissions:36% of U.S. total
U.S Building Energy Bill:$415 billion per year

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




BTOO0s Approach

R&D (Emerging Technologies Program
Precompetitive, earlystage investment
in nextgen technology

Integration (Commercial and
Residential Programg
Technology validation, field & lab
testing, decision tools, market
integration

Codes &Standards Programs

Codes & standards development and
technical analysis, standards
promulgation

G
€

We lead R&D on technologies that

make our homes and buildings more
affordable and comfortable, and make

America more sustainable, secure, and
prosperous.

OQur i nvestments st
$68 billion building energy efficiency
marketplace

Without a catalyst likeBTO the
housing industry would take 10 to 25
years to adopt new technologies and

techniques.

FY20 Budget: $285M

Source: AEE Advanced Energy Now 2017 Markaport, Wolfe, Raymond M. (2016). Business Research and Development and Innovation: 2013 Detailed Statistical Tab

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Moving toward the grid of the future

TODAY: ONE-WAY POWER SYSTEM EMERGING: THE ENERGY CLOUD

Central, One-Way Power Systems Distributed, Two-Way Power Flows
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* PV and Storage 9
INDUSTRIAL
®2016 Navigant Consulting, Inc. All rights reserved. (Source: Navigant)
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Characteristics of Gridnteractive Efficient Bldgs.
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EFFICIENT CONNECTED FLEXIBLE SMART
Persistent low energy Two-way Flexible loads and Computing, data analytics,
use minimizes demand communication with distributed and machine learning
on grid resources and flexible technologies, generation/storage can supported by sensors and
infrastructure the grid, and occupants be used to reduce, shift, controls co-optimize

or modulate energy use efficiency, flexibility, and
occupant preferences

www.energy.gov/eere/buildings/GEB
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http://www.energy.gov/eere/buildings/GEB

EnergyStorage Grand Challenge

Vision By 2030, the U.S. will be the world leader in energy
storage utilization and exports, with aecure domestic

manufacturing supply chain independent of foreign sources of
critical materials.

m Arcq 1: NeafTerm Acceleration

A Enhance the diversity of storage and enabling

technologies to meet aggressive cost reductions and
performance improvements.

Area 2: Longlerm Leadership

A Strengthen the R&D ecosystem to maintain and grow US
storage leadership through constant innovation.

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Energy Storage Grand Challenge

ESGC sets thdollowing goalsfor the U.S.to reach by 2030

A Technology DevelopmenEstablish ambitious, achievable performance goals, and
a comprehensive R&D portfolio to achievihem

A Technology TransferAccelerate the technology pipeline from research to system
design to private sector adoption through rigorous system evaluation, performance
validation, siting tools, and targeted collaborations

A Policy and ValuationDevelop besin-class models, data, and analysis to inform
the most effective value proposition and use cases for storage technologies;

A Manufacturing and Supply ChairDesign new technologies to strengthen U.S.
manufacturing and recyclability, and to reduce dependence on foreign sources of
critical minerals;and

A Workforce Train the next generation of American workers to meet the needs of the
215t centuryelectric grid and energy storage value chain.

www.energy.gov/energgtoragegrandchallenge/energystoragegrandchallenge

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 9



http://www.energy.gov/energy-storage-grand-challenge/energy-storage-grand-challenge

Todayods Webinar

Marcus Bianchi Mark acCracken

Senior Research Engineer VP, CALMAC Portfolio
National Renewable Energy Laboratory TRANE Inc.

X f
Richie Stever Heather Jackson
Director of Operations and Maintenance Innovation Consultant
Uni versity of Maryl and Medi dAazbna Bublitc Sesvicd s
Downtown and Midtown Campuses

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




+NREL

Transforming ENERGY

Energy Storage: Batteries
and Thermal Energy

Marcus V.A. Bianchi, Ph.D., P.E.
Building and Thermal Sciences Center, NREL

January 16, 2020
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Thermal Energy Storage for Buildings

Electrical Consumption for Homes
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Thermal EnedJses Dominate Building
Energy Consumption

A HVAC and refrigeration
I Major drivers of peak demand
I Easiest electrical load to shift
A Thermal storage has benefits

i Higher roundtrip efficiency
than batteries for HVAC

i Batteries are charged with
higher value energy

I Capital cost could be far lower
I Lifetime could be far greater

NREL |12



Thermal Energy Storage Examples

A Sensible

I Adobe

I Hot or chilled water

I Underground systems (borehole, aquifer, cavern)
A Latent

I Phase change materi@ce, paraffin)
A Chemical

I Sorption of water

NREL |13



Example of Ice Storage System

Ice storage
cooling
system

Chiller

— Tank —

Heat
exchange

coll
>1’.

NREL |14
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Thank You

Marcus.Bianchi@nreI.gov

++NREL

Transforming ENERGY




Thermal Energy Storage:
The Need, the Successes the
Challenges and the Opportunities

Mark MacCracken, PE, Pte, LEED Fellow
MEC@ President of CALMAC, a portfolio of Trane
mm@calmac.com
CALMAC is a portfolio of Trane

/ (’B) Ingersoll Rand
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Net Zero Grld Building:

Wind Turbine ,
'\:1;“\ [ - ‘
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Batteries

E Fossil Fuels
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Designers tend to remove building
sited renewable back up equipment

%
. Thermal Storage




Buildings: becoming: part-of the he
storage-andcdistribution:system
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Building Side (of meter) Energy Storage Technologies

Thermal Energy Storage
Battery (TES) Hot, Cold or Ice, Active or Passive
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Basic Thermal Storage
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Thermal Storage

How many Ibs. of ice do you need for each
person for a party?1 Ibs.

How many Ibs. of ice do you need each day to cool each p
In a typical office building?

Architect 100 fe/per person 200 ft?/per person
Engineer 300 fi'ton 400 ft/ton 500 ft/ton

100 fté/pp / 400 2 tonhrs” = 160Ibs of Ice/Person/Da
200 ft?/pp / 400 . = 5 torhs\= 400Ibs of Ice/Person/Dg
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*Load Factor = Avq. Load

Peak Load
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NEW YORK CITY ICE STORAGE INSTALLATIONS ~ 120 MW-HR

520 Park Ave, 730 3rd Ave. 11 Madison The New NYU Poly
Madison Plaza School Brooklyn

-

55 Water

Street\

« "

Vi

140 West St.

- 101 Batclay St

Rockefeller 787 1155 One B t Park 111 522 5™ Ave. 200
Center 7th Ave Ave. of the Americas NE Sryw, rw 8" Ave. West St



CALMAC US Projects Histogram 3D

v CALMAC has installed 530 MW / 3,422 MWH of TES
. storage systems in the US. At the end of 2017, the battery
- : industry had 25% more peak demand than
~ Trane/CALMAC but only 1/4 of the capacity *

‘ concentrated
w&UPEw( 2. zU

*Energy Information Administration
https://www.eia.gov/analysis/studies/electricity/batterystorage /

82


https://www.eia.gov/analysis/studies/electricity/batterystorage/
https://www.eia.gov/analysis/studies/electricity/batterystorage/

Why not more TES?

A Fossil Fuels come with Free Storage
A Lack of awareness of Electrical costs, 50% less at night

APerceived more Oriskoé in t|
effort) because oModelingo

A Only for cooling season:
?$01 EOUDPI PEEUDPOO? wo
enable Thermal Energy Storage to
add value 12 months of the year

33



Electricity is 50% Less Expensive at Night

Consumers Energy (Mich.) General Primary rate

Energy (usage):

$0.170/kWh
Day: $IrSesdIIn

Demand: $IZ=8edetgionth



Jefferson Community College - - Watertown; NY




Thermal Energy Storage Myths Article

The folowng articie was pubished n ASHRAE Joumal, Sepleber 2003. © Copyright 2003 Amarcan Sodety of Heatng Reksgersting
and AsCondonng Engmesrs. inc. 1t 1s presented for educational pusposes only. This aricle may not be coped andir dstrbuted
n paper
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By Mark M. MacCracken, PE., Member ASHRAE

sing thermal energy storage has shifted gigawatts of power off of daytime peaks in a cost-effective

manner. However, thermal energy storage (TES) market penetration is small in comparisen to its
potential. Why? In TES' y (early 1980s), of carefully the
technelogy and installed equipment. In the technology's adolescent years (late 1980s and early 1990s),
dozens of manufacturers, chasing the new demand-side management rebate incentives. jumped into
the marketplace. These difficult adolescent years resulted in tarnished reputations and the spread of
misinformation about the technology.

© ~N o O

Reality:

This article aftermpts 1o set the recerd
straight on the myths and reality of this
techmmlogy by demorstrating how T
welkpassioned 1o help the move towards
mare encrgy-efficient and environn
friendly ag-<ondtioning sysiems.
The obvious reason for installing TES
8 10 reduce energy costs. Although de-
regaulation of the electric industry has cre-
ated localized anormalies in energy costs,
the basic reality of supply and demand is
that on-peak power is more expensive
than off-peak power.! One consistertly
proven aspect of TES is that it saves et
ergy costs, which has more significance
now that ANSUASHRAR/TESNA Stan-
dard 90.1, Energy Standard for Bulld-
ings Except Low-Rise Residential

36 ASHRAE Journal

Buildings, and the LEED rating sy
are based on energy cost savings. Sev
eral TES projects that have won
ASHRAE s Technology Award® detail

ooy shanbain ey otisic
ture that nomally oceurs.
The basic TES cooling systems that |
base most of my analysis on
Chiler-based systems. nmm;:-nn

the adolescent years of TES y of
systems inclusding site-built hwm over

produce the cooling. Chillers are fami
o reliable, capacity ratec, and conmpet-
tively prsced They cool water or a glycol
water solution.
e-based storage. For projects where
space 1t 0 s o  comderaion,
chilled water sorage 1s becomang widely
used $ Howeves, since s0 much HVAC
Work tinwlves retrofits where space i 3
conce, ie is the likely choice.
Closed system. Large district cooling
syscrns use exther waer and or e asthe
storage media and the het transfer fluxt
These “oper

equipment and cthers, were used siceess-
fully in other applications. However, 99%
of commercial ais-conditioning TES sys-
tems mstalled use a standard chiller 1o

draulic complications that need to be

R tha Austher.
Mark M. MacCracken, PE i pressdent s CEO
of CALMAC Mundacnrig n Engowonsd, N,

September 2003

TES is a Proven Technology that saves Money and Energy




Electrification = Big Heat Pumps

A Chillers are Big Heat Pumps, but only pump the
energy in one direction (not reversible)

A Water Cooled Chillers = Water to Water Heat Pumps

"1l “ F
Wl 1 El | ”I
- i|l|




Thermal Batteries

AYou know these as 0l ce
A They are actually Thermal Batteries

o When you take energy out, the water turns to ice
o When you put energy in, the ice melts



Wa t e lPhasse Change (Btus)

1 match takes 1 | 144 matches  takes
Ib. of water
from 1 Ib. of water from
39F to 33F i R 32F Ice to 32F water
& ﬁa‘j?;%?‘, - N N S A~
00 : ‘\\V,l "1 EOI DOl weEUI |
: ' (solid to liquid) stores

el tremendous amounts of
' thermal energy

W 1 Match MWN"NMM 144 Matches




Winter Simultaneous Heating & Cooling

During the winter months, most large New

| I=| York City buildings simultaneously heat
:==|_‘ and cool.
i Interior and
i Perimeter Zones A They cool with waterside economizers
A At the same time, they heat the building
Perimeter zones in the with natural gas boilers or steam

EUPOEDPOT zUwUIT 1 60
2001 WEEOOwWPEUI UUDPET wl |
which iIs a misnomer.

This process wastes energy that the HVAC plant
could efficiently use to warm the perimeter
zones.

3
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Heating with Thermal Battery and Heat Recovery Chiller

BOEF redurn
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The "G-pipe” dual
condenser Heat
Recovery Chiller
gliminates the
need for a Plate
and Frame Heat
Exchanger in the
heating loop
thereby increasing
efficiency and
streamlining the

), system.
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Uses and Lessons of Ice Storage on

the Medical Campus
Building Technologies Office Webinar

Richie Stever
Director of Operations and Maintenance
January 16, 2020

Respect and
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We Are Better Together
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We Seek To Advance
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ABOUT THE MEDICAL CENTER ] Sheers

MEDICAL
CENTER

757 bed academic teaching hospital
31 ORs
8600 employees

2.5 million square feet
= ] Hospital: 2,100,000sqft
et B Medical Office Buildings:121,000sqft
m Parking Garage: 309,000sqft
1) S| - .
e ';;E%ﬁ i $14 million on energy bills a year

500,000 gallons of water a day
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| UNIVERSITY
of MARYLAND
MEDICAL
CENTER

HVAC/REFRIGERATION

/A

21 Ice Storage Tanks

137 Cooling Towers

141 Chillers

56 T Air Handling Units

64 1 Exhaust Fans

95171 Ice Machines

1481 Fan Coil Units

156 1 Isolation/Protective Environment Rooms
521 - Refrigerators

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion 49



Electrical Usage 2019
Average: $700,956/month
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Steam Usage 2018
Average: $227,288/month
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BAS MONITORING ] Uy

of MARYLAND

Utility Dashboard R

UMMC Total Electric Total Steam Total Cooling OA Temp | Feels Like Temp
Demand E Demand Weather Service - 0A Temp/Feels Like

— Derand — Dermand — tmpermure — fosls lise

Demand 2582 kW Consumption 87527 EWh Demand 12800 Ib/hr Consumption 98272 |b OA Temp 48.0 °F Feels Like 51.0 °F

Western Hub Heat Recovery BTU's Comfort Link OA Humidity / Dewpoint
LMP CL Tonnage Weather Service - OA Humidity/Dewpoint

= CL Tormagz — humidief == dewpaint

LMP § 27.42 / MW Demand O tons OA Humidity 75.0 %rh OA Dewpoint 40.0 *F

PJM Total Load ice Storage
PJM E-Datafeed - PJM RTO Total DemancE

= PJu Demand —— LVL1 — LV12 s

North Plant South Plant

Demand 22044 MW Ice Stored S059 tons Ice Stored 2255 tons

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion
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COMPOUND HEAT RECOVERY CHILLER

| UNIVERSITY
of MARYLAND
MEDICAL
CENTER

/

Manufacturer: York
Capacity: 500 tons
Compressor: Two Stage Centrifugal

Evaporator Water is used to Chill Glycol
Temperature: 26 - 32F

CondenserWater is use forHeating Water
Temperature:140F

Demand

T A Y J,I,(J__,J;.J.] iy fl luf‘lh vl |
r""\' "' 1 i 'T" "l i

T ! | !
0S#13/2013 0571472013 O8MS2013 06/16/2013 08172013 0OSA82013 064192013

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion
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ICE PLANT ey

To: South Plant CHW Summary

South Plant
lce Build Manager

nnon.

4 292 F 2850 gpm

(=)
=

3

0O m =

oo
-

B 3

3408 tons
285 °F ra— 329 °F i—

b b

o
a P-3A 323 °F 1

—
s/s On

status On

ﬂ___P”E

—
sls Off

status Off
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ICE STORAGE TANK

Interior View of Ice Tank Glycol Coill

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion
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| UNIVERSITY
of MARYLAND
MEDICAL
CENTER

/A

Manufacturer: Baltimore
Aircoil Company

Capacity: 4200 tons

Consists of 4 double
walled tanks with copper
coils inside. Chilled glycol
(<32F) produced by the
heat recovery chiller is rul
through the coils to cool
the water around them,
bubblers are used to
prevent freezing and
discourages temperature
variations.

55



PROCESS COOLING LOOP

HX-2 &3

Lead Lag
HX-2 Lead HX-3Lag =

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion
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| UNIVERSITY
of MARYLAND
MEDICAL
CENTER

/

An independenthilled
water loop for cooling
heavy metal equipment
such as MRIs and other
high power medical
scanner devices. Ice
water is used to
supplement cooling whe
necessary.

56



AIR HANDLER UPGRADES

of MARYLAND
MEDICAL
CENTER

=
"l UNIVERSITY
N~

“NH AHU 1

To: Riser Summary

cmd Closed
tatus Closed

Respect and Integrity | Teamwork and Collaboration | Excellence and Innovation | Diversity and Inclusion




Peak Shaving

=

"l UNIVERSITY

of MARYLAND

- MEDICAL
Reduces capacity charges ($100k/MW CENTER
20,000 20,000 :
11 dispatches, captured
18,000 18,000
June 2019 July 2019
Sun Mon Tue Wed Thu Fri Sa Sun Mon Tue Wed Thu Fn Sat
16,000 16,000 1 1 2 2 4 5 5
5 3 4 5 & 7 B 7 8 g9 (@0 2 1
9 10 1" 13 14 15 14 15 @ 20
14,000 14,000 %6 17 18 13 20 22 21 22 23 28 25 26 27
23 24 25 26 2 w2z @ 3 =
a0
12,000 12,000
August 2019 September 2019
Sun Mon Tue Wed Thu Fri oa Sun  Mon Jue Wad Thu Fri Sat
10,000 10,000 T | [ v ——
4 5 5 7 ] 9 10 a g 10 @ 12 13 14
1 22 413 14 15 16 17 15 1B 17 1 19 20 21
8,000 H - 8,000 - - 18 @ @ 2 23 24 2 23 24 25 2 21 28
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4.000 A 1 4000 4 ! | O peakcal O pympeak
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0 T T T T T O T T T T T
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ST W o0V o 8
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Pros and Cons of Ice Storage

/A

Pros

Provides redundancy via thermal storage
Stable water temperatures

Ability to peak shave

Potential energy savings (off-peak usage)
Low maintenance

Cons

High first costs
Flood potential
Requires Space
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Questions?




Ilce Storage In Arizona

Heather Jackson
1/16/2020
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Affordable.

S Grid Benefits?

Elx‘s“' < ~ oy
N .
% Sustainable?
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For utilities and building owners:

A Find each other!

I District cooling,
schools, hospitals,
hotels, cold storage
warehouses

A Create a triple win
I System owner
I Utility
I environment

District

Large facility |
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Energy Storage scale and cost

A Existing infrastructure
I District cool i
I Large facility: MWh scale

A New infrastructure

I Already cost -competitive for
high density cooling loads

I Special rates
I Ultility incentives?
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What weoOre doing
storage in Arizona

A Connecting with owners of ice
storage systems

A Rates

I Make ice when renewables are
abundant

A Incentive Programs: must societal
cost test

A Finding large / new cooling loads
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