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“To see the Earth as it truly is,
simall and blue and beautiful
in that erernal silence where it floats,
i3 1o see ourselves as Fiders on the Earth together,
brothers on that bright loveliness in the erernal cold—
brothers who know now they are truly brothers.”

Archibald MacLeish
American writer

The New York Times
25 December 1968



Ferdinand de Magellan
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Warming will create a new look for the Arctic
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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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Technology

Gas Turbine
Combined Cycle Plant

New Coal Plant

Clean Coal Plant
Nuclear

Wind
PV (30% Cap Factor -15% Peak Red)

Building Thermal Storage

Cost
S/W

0.70-1.00
2.00-4.00
3.00-5.00

>4.00
4.00-8.00

1.50-2.50
6.50

0.5-1.0




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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Would need 25% of roof
space on 100 story building!
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T.IHI‘IIIH' Enaruy Stnraun

By Mark M. MacCracken, P.E., 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

gy and installed

Inthe

dozens of manufacturers, chasing the new di

gy's
d-sid

years (late 1980s and early 1990s),

rebate i

jumped into

the marketpla:u These difficult adolescent years resulted in tarnished reputations and the spread of

about the tech

“This article antempts to set the record
straight on the myths and reality v[mis
technology by demonstrating how
well-positioned to m:p u» e e
more

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

fhiendly air- mnmmmmg uymm

‘The obvious reason for installing TES
is 10 reduce energy costs. Although de-
re ulation of the electric industry has cre-
ated localized anomalies in energy costs,
the 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-
<crgy costs, which has more significance
now that ANSVASHRAE/AESNA St
dard 90.1, Energy Standard for Build-
ings Except Low-Rise Residential

36 ASHRAE Journal

aspect. However, less
enmlv.’m! has been given 1o the reduc-
tions of cquipment size and infrastruc-
ture that normally accurs.

‘The basic TES cooling systems that |
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
equipment and others, were used success-
tully in other applications. However, 99%
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 a
concem, ice is the likely choice

Closed system. Large district cooling
systems use either water andior ice asthe
storage media and the heat transfer fluid.
These “open” systems creale added hy-
draulic complications that need 1o be

About the Author
Mark M. MacCracken, PE, is president and CEO
of CALMAC Manufactring in Englewood. N

September 2003
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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
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Nighttime

£0.99 / liter



0.105 P/kWh
0.034 P/kWh



0.05

?/

?/

KW

KW




Off-Peak Electricity



BUILDING FOR THE FUTURE
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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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