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Learning Objectives

1. Describe why the cost of electricity is much less during off
peak hours and how renewable wind and solar energy will
reinforce this.

2. Describe why energy storage is a vital component for large
scale deployment of renewables

3. Recognize the two major types of storage and how and
where they are best applied in commercial buildings

4. Explain how energy storage relates to LEED and Zero
Energy Buildings




Big Picture

* Electrical Grid is changing
- Remote, smaller sources of generation
- Direction of current :
- Ownership of inputs
- More microgrids
- More off the grid customers
- More ‘Net Zero’ buildings
- PV & Wind
- Electric Cars

* Electricity is cheaper when?
- When there is an abundance of supply — off peak
- Now and in the future




Old Grid

Transmission Lines
765, 500, 345, 230, & 138kV

Generation Transmission Distribution

Generating Generating Transmission Substation  Subtransmission Primary Secondary
Station Step Up Customer Step Down Customer Customer Customer
Transformer 138kV or 230kV Transformer 26kV & 69KV 13kV & 4kV 120V & 240V

Energy flows mostly one way




Modern Grid

. . Energy Flow
Microgrid
Control Center ......... Information Flow
PV Panels ".
%
Electron I
Battery . \, & Wind
~ Turbines
PV Panels "..
.|'/\ Energy
Storage
— System
Thermal
Batteries
Wind L, E:]
{/
Turbines | — % Bhotclavoltaic
anels

Thermal
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Net Zero Grid Building

Wind Turbine

el N
The grid becomes responsible
for
backup energy when the wind
stops blowing or the sun is not

shining

| Fossil Fuels
m‘% lgossil fuel is a form of
stored energy

h Thermal Designers tend to remove building 9

sited renewable back up equipment

Batteries




Net Zero Building
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ASHRAE Research Paper 1607:
Thermal energy storage increases
2z utilization of renewable energy
Batteries  Fosil Fuels by as much as 50%.
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Florida Electricity costs

__________|FPLl___|TECO’

On peak energy charge $0.055/kwh $0.067/kwh $0.07/kwh $0.13/kwh
Off peak energy charge $0.0348/kwh $0.067/kwh $0.07/kwh $0.03/kwh
On peak demand charge $13.48/kW $11.87/kW $15.58/kW $10.15/kwW
Off Peak demand charge $0/kW $0/kW $O/kW $0.0/kW
Blended on peak energy $0.167/kwh $0.165/kwh $.20/kwh $0.21/kwh
charge?

Off peak energy charge $0.0348/kwh $0.067/kwh $0.07/kwh $0.03/kwh
Discount for off peak 79% 59% 65% 87%

1 - GSLDT rate (TOU)

2 —blend on peak demand charge into energy charge

3 — GSDT rate (TOU)

4 — GSD rate (non TOU)

5 - GSD rate (non TOU) 11
6 —does not include franchise fees, taxes




Daytime Nighttime

$ 3.00/gallon $ 1.20/gallon

When Would you Fill-up?



Utility Rebates to use MORE off
peak (less on peak) Energy with
Thermal Batteries

» FPL

- $600/kW (pays for most or all of the cost of the
thermal batteries!)

e TECO
- $200/kW

e Duke
- $350/kW

13



Stable Electric Rates

Edison Electric Institute stated that
the only form of Energy that has
stayed the same cost or gone down
In last 30 to 40 years has been

Off-Peak Electricity |
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Texas — Free energy

 RTP pricing option; pricing can go negative when
there’s too much wind power being added to the grid!
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How to use more energy off
peak - Basic Thermal Storage
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Thermal Storage Basics

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
person in a typical office building?

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

100 ft?/pp / 400 x}8hr =J2 ton-hrs =}160 Ibs of Ice/Person/Day
200 ft?/pp / 400 x}10hr.}= 5 ton-hrs 400 Ibs of Ice/Person/Day
17
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Energy Storage Types

E Metal-Air Flow Batteries
= . B-aeries VRB
— s @ - NaS Battery :
@ High Enerogy , .
E é E Super Capacitors Thermal Sfﬁfage
i - d .
(- | - _ Li-ion 7S
s 8, gy,
@ a (S e,
= k., Q’q Sy
o & pm— D, Q
s E High Power Fly Wheels & LR o
= S, “n
o 2 K LY
a £ >
2 High Power Suporcaps
1 kw 10 kKwy 100 KW 1 MW 10 MWW 100 Mwy 1 GW

System Power Ratings

*Energy Storage Association
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TESLA

Powerwall




Customer Side (of meter) Energy Storage
Technologies

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

-

BUILDING
ICOOLING
COILS

|
ON

CHILLER (OFF) l

—
Off
-

CHILLER (OFF) i

— CHILLED —»

THERMAL ENERGY
STORAGE TANK

100 kW
700 kwh storage )




Comparison:

Energy Storage Options

Energy Storage Tech Useful Life Capital Costs
Technology Maturity Eff (%) Yrs. /kWh
=Pumped-Hydro TrTatare 7060 70+ ST0=380—
Na-S Batteries mature 80 5 650-700
Lead-acid Batteries mature 85-90 7-15 500-750
Li-lon Batteries new 80-90 7-10 450-1125
Ehadheoale nowy a0 20 £200-0000.
—Gorpressed-Air SRS +6=86 4G+ &8-1+56—
Thermal Storage mature 90-100+/- 50+ 30-500

Thermal Energy Storage (TES) has low initial cost, high efficiency, and longer useful life

22




Electric Load Profile — Energy

Ig(t)oe_nsny

1800
1600
1400
1200

= 1000 -

800 -
600 -
400
200 -

0

6 am

Cooling

Pumps
Fans
Lighting

Base Load

Noon
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Electric Load Profile
2000 -

1800 -
1600 -
1400 -
1200 -

= 1000 -

800
600
400

200 Base Load
0

Pumps
Fans
Lighting

6 am Noon 6 pm 24



Cool Storage Systems

Two Basic Systems:
 Water
* |ce




Water Storage
Storage Tank

SO What iS “Diﬁerent”? Keeping System delta T is a must
Open System

I ' i

Cold Water
40 F

40
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Ice Storage Systems

Chiller Based System Control Logic

Closed System

So What is Different? Heat Transfer Fluid

Storage Tank l I Temperature

Control Valves

27



Thermal Battery: Ice-on-Coil Internal Melt

Tank

Insulation

Expansion
Chamber

Heat
Exchanger
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lce Making

Coil &
Glycol

500 ton chiller

Temperature
Control Valves

1000 ton
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Direct Cooling — Chiller

Coll &
Glycol

500 ton chiller

e

I 1]

54

Temperature
Control Valves

500 ton
Load
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Direct Cooling — Ice

Coll &
Glycol

500 ton chiller

54

Temperature
Control Valves

500 ton
Load
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Chiller & Ice Cooling

Coil &

Glycol 500 ton chiller

| ||

|I_|'-|-|-|- 1y

52 60 1000 ton

Load

Centrifugal
Screw
Scroll

i
i
Reciprocating :
i

Temperature
Control Valves
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School Installations in CALMAC
Florida — over 150 by
CALMAC

Sarasota County

St Lucie County
Lee County

Collier County
Hillsborough County
St. Lucie County
Martin County

Palm Beach County
Broward County
Flagler County

St. John’s County
Charlotte County




For more on Renewables and

LEED

Go to
article

for pdf of

Thermal Batteries &

Tha folllowing amiche was publisbed in ASHEAE Josrmal, Sept
- [

and Adronditiomenyg Engincers, b, 1L

BUILDING FOR THE FUTURE

cally e i pagees o wilho povebesion of ASHRAT.

Thermal Energy Storage
In Sustainable Buildings

By Mark MacCracken, PE., Mambar ASHIAR
This article demonstrates why designing a building with
stored cooling is a beneficial approach and how oversiz-

ing the chiller plant for safety facter doss not make sense, This

article discusses what makes thermal energy storage (TES) a

green technology, TES and safery factor, and benefits from

incarparating storage.

LEED™ Rating System

Une sysiem For mting the “grecancss™
of husldings is the Green Build-
img Couneil’s (USGERC) LEED rating
system, Hased on this umit of messure,
TES is considered green. The mbings an:
Tased om @ poind system {10 poinis are
far energy savings),

LEED poims are based on ANSI
ASHRAEESNA Standard 90,1«
1590, Encrgy Sumdand for Bwilidings
Evceps LoveRise Residourial Butfings.
which is hascd on cnergy cons savings,
nod encrgy savings, Cost s the only
camemon denominator for all the differ-
ot cmergyecificient possibilisies. as well
a5 the common metric that ususlly drives
abuilding cwner’s dectsions. Toreceive
LLEED poirts. the bisilding must sirpass
Stamdard $0.,1-1999 by morc than a cer-
Lin percentage For @ certain amaoun of
polas {20% = 2 points, 30% = 4 poinis
U 10 60% = 10 points)

TES and LEED
The ecason TIES i a green fechnology
inthe LEED s that. i

mber 2. £ Copyright 2004 Amesican Secicry of Heating. Refrigeratiog

of the Four mre reducing the ansount of
mchanical caling, and the OFC system
shifis most of what mechanical ceeling
Is required o ke incxpensive offpeak
period.

Real Reasan Tharmal Storage |s Green

‘Many studics, most motably one by the
California Encrgy Commistion,’ have
demonstraved that, for many reasons, it
ks hess fiaed b0 make an offepeak KWh.
The main reasons arc:

» Offepesk, base-kad plangs sré musch
more enengy <o tham on-peak plants,
with 7900 to 8,500 BrwkW (8335 o

)t rates typheal for buse-

o, ehoetricity ol night costs bess than
balfas much as during the day. As dom-

Joad plasts. The cuisin stock of “peak-
ing™ plarss, which are comprised maiely

onstrated in bousands of installati
major energy eodl savings are realized
By wsing inespensive power al night e
erease and store cooling. and wsiig stor-
age o cool the buibding daring the nexi
day. These savings provide LEED polets,
wiaich was densonstraeed in California’s
First LEEE 20 Geld building built by The
William o Flora Hewleti Foundaton in
the City of Menka Park.

The buikding had a sotal of 43 paints
{out of 69}, of whish five were because
of the 315% cncrgy cost reduction, This
peaject took advantsge of four major
cosllenergy-saing tochmiques mchding
evternal shading. natral lighting, naturs]
venlilathon snd off-prak cooling (OPC)
using ice-based themal ssarage. Theee

ol simpk
are i the range o 9,000 1o 12,000 B’
KW (9405 10 12 660 LIAW),

» Lime bosses are bess of ook becane
that misch less power s tramsmitted =1
aight,

= Spinning reserve requrements are
bwer, {Spinning reserve essentially
meams pwer plants are forced 10 spin
turhines 3t night, withoul gencrating
penwer, S, the plants are ready 10 help
meet the following day's peak loadh
Therefiare, lower on-peak power roquires
muemts iranshate into bess wasts frem spin-
nang pescrves,

The results af the Califonia Encrpy
Commission"s study showed that for the
v major California utilities, it required

‘\iz Bullding for the Future | A Supplement to ASHRAE Journal September 2004



http://www.calmac.com/

Questions?

Joe Neri: joe.neri@trane.com
Mark Johnson: mjohnson@-calmac.com

Bruce Lindsay: Lindsay.Bruce@brevardschools.org
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