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“In West Texas electricity prices dropped to zero
11% of the time In the 12 months through May

2009, says Bernstein Research analyst Hugh
Wynne.” (Forbes.com)
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Peak Load
"""" 2000 kw

Avg. Load
1050 kW

Total kWh = 28,000/day (Load Factor = 53%)



Peak Load
""""" 1500 kW

Total kWh = 19,200/day (Load Factor = 53%)



40% Peak Load Reduction

600 kW Shed

&

Total kWh = 19,200/day
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Chiller Based System
Closed System

So What is Different?




&k R e

FRE AR A LR

awrk










Coil &

Glycol
/Ice Melted




Would need 25% of roof
space on 100 story building!







Reality

The following article was published in ASHRAE Joumal, September 2003.

and Air-Conditioning Engineers, Inc. It is pr
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Secroricaty o ' paper or WL pemiesion of ASHRAE.
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ClSTirfe IRates Char
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 comparison to its
potential. Why? In TES" infancy (early |980s), a small number of manufacturers carefully researched the

and installed

In the technology's ad:

years (late 1980s and early 1990s),

dozens of manufacturers, chasing the new dum:nd-side management rebate incentives, jumped into
Ihi rnarkc:placo. These difficult adolescent years resulted in tarnished reputations and the spread of

about the tech

‘This article aftemps o set the record
straight on the myths and reality of this
technology by demonstrating how TES is.

Buildings, and the LEED rating system
are based on energy cos! savings. Sev-
eral TES projects that have won
ASHRAE s Technology Award? detail

well-positioned fo help the move towards
izy-¢ M and envi

more
friendly air-conditioning systems.

The obvious reason for installing TES
18 10 reduce energy costs. Although de-
regulation of the electric industry has cre-
ated localized anomalies inenergy costs,
1he basic reality of supply and demand is
that on-peak power is more expensive
than off-peak power.! One consistently
proven aspect of TES is that it saves en-
e1gy costs, which has more significance

the g aspect. However, less
emphasis has been given to the reduc-
tions of cquipment size and infrastruc-
ture that normally occurs.

The basic TES cooling systems that T
base most of my analysis on are:

Chiller-based systems. Throughout
the adolescent years of TES, a variety of
systems including site-built liquid over-
feed refrigeration systems, ice-harvesting
cquipment and others, were used success-

now that ABESNA Stan-
dard 90.1, Energy Standard for Build-
ings Except Low-Rise Residential

36 ASHRAE Journal

fully in However, 9%
of commercial air-conditioning TES sys-
tems installed use a standard chiller to

produce the cooling, Chillers are famil-
iar, reliable, capacity rated, and competi-
tively priced. They cool water or a glycol
‘water solution.

Tee-based storage. For projects where
‘space is not as much of a consideration,
chilled water storage is becoming widely
used.* However, since so much HVAC
work involves retrofits where space is
concern, ice is the likely choice

Closed system. Large district cooling
systems use either water and/or ice asthe
storage media and the heat transfer fluid.
“These “open” systems create added hy-
draulic complications that need to be
About tha Author
Mark M. MacCracken, PE., ispresidoncand CEO
of CALMAC Marufacturing in Englewood, N

September 2003

TES is a Proven Technology that saves Money and Energy



What is it?
How does it work?
Why is it Green?
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LEADERSHIF IN ENERGY & EMVIROMNMENTAL DESIGHN
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LEADERSHIP IN ENERGY & ENVIRONMENTAL DESIGN










Corporate Headqguarters
That went LEED
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Teamwork

Building for Sustainability

THE WILLIAM AND FLORA HEWLETT FOUNDATION



Real Reasons Energy Storage is Green:

Research from the Callfornla Energy Commission on 2 Cal.
Utllltles Reports : aw fuel when comparing On

Heat Rates for Base Load Plants ~7,800 Btu/kWh vs.
Peaking Plants ~9,400 to 14,000

Ashok Gupta (Director of Energy, NRDC) in NY Times article “Peak
Shifting results in lower emissions because some of the plants
used to meet demand peaks are among the dirtiest in the city’

New CA Report by Greg Kats The Costs and Financial Benefits

of Green Buildings states Peak power in CA is twice as dirty as
Off Peak Power.
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How does it work?

Why is it Green?

Other “Green” Advantages












Storage System
(2)- 400 Ton Chillers
3,500 ton- hrs. Storage




Storage System
(2)- 400 Ton Chillers
3,500 ton- hrs. Storage










Storage System
(2)- 400 Ton Chillers
3,500 ton- hrs. Storage




Costs are about the same

53



Nighttime

$ .99 / gallon



$0.140/kWh
$0.054/kWh

How big an effect is the Demand Charge??



$0.30/kWh
$0.07/kWh

How big an effect is the Demand Charge??



Approximate Cost for Demand / kWh
$22,400/132,000 kWh/month =

Therefore Daytime Energy = $0.30









BUILDING FOR THE FUTURE

The following amck mns publulml in A‘inAE Iwmal hcplunb«.’l 2004, © Copyright 2004 American Socicty of Heating, Refrigerating

and Air-Condi Ine.

cally or in paper form without permission of ASIIRM‘..

Thermal Energy Storage
In Sustainable Buildings

By Mark MacCracken, RE., Member ASHRAE

This article demonstrates why designing a building with

stored cooling is a beneficial approach and how oversiz-

ing the chiller plant for safety factor does not make sense. This

article discusses what makes thermal energy storage (TES) a

green technology, TES and safety factor, and benefits from

incorporating storage.

LEED"™ Rating System

One system for rating the “greenness™
of buildings is the U.S,
ing Council's (USGBC) LEE
system. Based on this wnit of measure,
TES is considered green. The ratings are
based on a point system (10 points are
for energy savings),

LEED points are based on ANSI/
ASHRAE/IESNA Standard 90.1+
1999, Encrgy Standard for Buitdings
Except Low-Rise Residentiol Buildings.
is based on energy cost savings,
not encrgy savings. Cost is the only
common denominator for all the differ-
entencrey-clficient possibilities, as wi
as the common metric
a building owner's decis
LEED points, the building must s
Standard 90.1-1999 by more than a cer-
tain pereentage for a certain amount of
points (20% = 2 points, 30% = 4 points
up to 60% = 10 poinis).

52

TES and LEED
The reason TES is a green technology
inthe L 'stem is that, in most loca-

tions, electricity at nig s less than
half'as much as during the day.' As dem-
d in th ds of installati
major energy cost savings are realized
by using inexpensive power at night 1o
create and store cooling, and using stor-
age 10 cool the building during the next
day. These savings provide LEED points,
which was demonstrated in California’s
first LEED 2.0 Gold building built by The
William and Flora Hewlett Foundation in
the City of Menlo Park.

The building had a total of 43 points
(out of 69), of which five were because
of the 35% energy cost reduction. This
project took udwlnl'lyu of four major

fenergy-saving tech includi
external shading, natural lighting, natural
ventilation and off-peak cooling (OPC)
using ice-based thermal storage, Three

Building for the Future | A Supplement to ASHRAE Journal

I purposes only. This article may not be copied andéor distributed electroni-

of the four are reducing the amount of
mechanical cooling, and the OPC system
shifts most of what mechanical cooling
is required to the inexpensive off-peak
period.

Real Reason Thermal Storage Is Green

Many studies, mos! notably one by the
California Encrgy Commission,” have
demonstrated that, for many reasons, it
takes less fuel to make an ofT-peak kWh.
The main reasons ¢

* Off-peak, base-load plants are much
more energy efficient than on-peak plants,
with 7,900 to 8.500 Buw/kW (8335 to
8970 KI/KW) heat rates typical for base-
load plants, The existing stock of “peak-
ing” plants, which are comprised mainly
of simple cycle combustion turbine units,
are in the range of 9,000 to 12,000 Buw/
kW (9495 to 12 660 kJ/KW).

* Line losses are less ofT-peak because
that much less power is transmitted at
night,

* Spinning reserve requirements are
lower. (Spinning reserve essentially
means power plants are forced to spin
turbines at night, without generating
power. So, the plants are ready 10 help
meet the following day’s peak load).
Therefore, lower on-peak power require-
ments translate into less waste from spin-
ning reserves.

The results of the Califonia Energy
Commission’s study showed that for the
two major California utilities, it required

September 2004
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Main reason for Storage: Resiliency
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NEW YORK CITY INSTALLATIONS



17.6 million gallons (223.5 ft Dia. x 60 ft High)
TES tank footprint: 39,232 sq ft (<2 sq ft/ton)
160,000 ton-hr, 20,000 ton discharge rate



There are over 7,000 installations of
Energy Storage for cooling buildings in
40 countries, many installed over 25
years ago
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