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Sir Frank Whittle  Inventor of Jet Engine 
 



Matterhorn 
Zermatt, Switzerland 
First successful ascent by Edward Whymper July 1865  
     



August 19, 2012 
 

Matterhorn 
Zermatt, Switzerland 
Summitted by Mark M MacCracken (with son with guide)     



 Founded in 1947 by Calvin D MacCracken 
 Developed over 250 products for major others 
 Mark M MacCracken Joined in 1976 
 First commercial TES project in 1979 
 Currently have 4000 projects in 37 countries 
 Reduced Peak demand by over 1 GW  
 Shift 6GW-hr. daily from On to Off Peak 
 33% of our business is Export and 1% has been 

to UK (~60MW-hrs reducing peak by ~10MW) 



“To see the Earth as it truly is,  
small and blue and beautiful 

 in that eternal silence where it floats,  
is to see ourselves as riders on the Earth together,  

brothers on that bright loveliness in the eternal 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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We Are Creating the Changes; 
It Is Our Earth--  

It is Our Responsibility to Both 
Slow the Rate of Change and 
Prepare Society to Deal With 

the Changes that Are Coming!! 

Warming will create  a new look for the Arctic 
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Water Heater (Electric)  
 

Assume one low-flow shower 
((2.5gpm x 8.33 lb/gal x (110-60))  
x 60 minutes/hr / 3,414 Btu/kW =  

18.3 kW 
 

4.5 kW 
Heater  
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Grid 
Past 

Residential 

Fossil Fuels 
Commercial 

Hydro 

Nuclear 
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Energy 
Storage 

Grid 
 

Residential 
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Wind 

Commercial 

Hydro 

Grid Today 

Nuclear 
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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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Energy 
Storage 

Smart 
Grid 

Residential 

Energy 

Solar 
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Electric   
Cars 

 
 

Hydro 

Energy Storage added to Grid 

Nuclear 

Storage 
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 Thermal Storage 
 
 



 Thermal Storage 
 
 



 Thermal 
Storage 

 
 



Transmission Distribution 

95% 93% 

97% 96% 

1 ton-hr of Cooling 
 13,000 Btu’s 

Source Energy* 

Pumped Hydro - 70%  

Grid 
Storage 

Building 
Storage 

Understanding End-to-End Cycle Efficiency 
 Grid Storage  vs. Building Energy Storage 

0.9 kW/ton 

1.0 kW/ton 

1 ton-hr of Cooling 
 9,650 Btu’s 

Source Energy* 

Off Peak - Nighttime 

Transmission Distribution 
On Peak - Daytime 

1.45kWh to create 
1 ton-hr of Cooling 

1.07kWh to create 
1 ton-hr of Cooling * Fossil Fuel Power Plant Eff.= 38% 
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Technology Cost
$/W

Gas Turbine 0.70-1.00
Combined Cycle Plant 2.00-4.00
New Coal Plant 3.00-5.00

Clean Coal Plant >4.00
Nuclear 4.00-8.00

Wind 1.50-2.50
PV (30% Cap Factor -15% Peak Red) 6.50

Building Thermal Storage 0.5-1.0



Peak Load 
2000 kW  

Avg. Load 
1050 kW 

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



Avg.  
Load 

 800 kW 

Peak Load 
1500 kW  

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



Total kWh = 19,200/day (Load Factor = 88%) 

Charging 
Storage 

 
 

600 kW Shed 

Avg.  
Load 

800kW 

40% Peak Load Reduction  

Peak Load  
900kW 

30% Better Than ASHRAE 90.1 
 with Thermal Energy Storage 
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3-D Electric Load Profile -- Full Year 

4200 ton-hr of Storage 
Installed 1990 



Expansion 
Chamber 

Heat 
Exchanger 

 

Tank 

 Insulation 



Coil  & 
Glycol 

Temperature 
Control Valves 

500 ton chiller 

1000 ton 
Load 
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Ice 



Ice 

Temperature 
Control Valves 

Coil  & 
Glycol 

500 ton chiller 

500 ton 
Load 

44 54 



Melted 
Ice 

Temperature 
Control Valves 

Coil  & 
Glycol 

500 ton chiller 

52 60 

34-44 44 

52 

1000 ton 
Load 

Ice 

Centrifugal 
Screw  
Scroll 

Reciprocating 



 

Full Storage:    0.70% of cooled floor space 
 

Partial Storage: Ice provides about 33% of 
a cooling system reducing ice tank floor 
space to 0.23% of cooled floor space.  

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

Same ratio as the water heater in your house 

1 ton cools 500 ft2 

1 tank provides 20 tons 
1 tank cools 10,000 ft2  
1 tank needs 70 ft2   (60 ft2 ) 
 



Ice Storage Tanks  
for the entire 

Project 

4,700 Ton Hrs of Storage 
On-Peak Chiller – 1122 Tons 
On-Peak Ice Contribution – 729 Tons 
40% On-Peak Chiller Demand Avoided  



 
 
 

1.  Uncommon 
2.  Too Much Space 
3.  Too Complicated 
4.  Doesn’t  Save Energy 
5.  Too Expensive 
6.  Lack of Redundancy (Risky) 
7. Rates Will Change 
8. Modeling doesn’t Show Results 

Reality 

TES is a Proven Technology that saves Money and Energy 



Back Pressure 

CHILLER 

Air Handlers 

Regulating Valve 

V1 

P2 



Storage System - 80 ton Chiller & 1,100 ton-hr Storage 

Load Reduction 
90 ton or ~ 70 kW ICE    

  DISCHARGE 

CHILLERS 

Installed Chillers  
Max Capacity 

ICE 
 CHARGE 

ICE 
 CHARGE 



LEED™ Green Building Rating System 

One Metric is…. 



 

   

Materials & 
Resources 

Energy & 
Atmosphere 

Water 
Efficiency 

Sustainable 
Sites 

Indoor 
Environmental 
Quality 

LEEDTM Credits V3 NC 

Sustainable Sites:                    26  points 

Water Efficiency:                     10  points 

Energy* & Atmosphere:           35  points 

Materials & Resources:            14  points 

Indoor Environment Quality:   15 points 

Base Points Possible               100 

 

Innovation & Design:              6   points 

Regional Priority                     4  points 

points 

*19 Energy Credits are based on ASHRAE 90.1 
which is based on Energy COST Reduction 

Certified 40–49 points 
Silver 50–59 points 
Gold 60–79 points 
Platinum 80 points and above 



www.usgbc.org 





Section 
Lighting System 

•Indirect Natural Lightening  
•Operable Windows with Natural Ventilation 
•PV for 24 hour lights 
•Energy Storage Cooling system 
 
 



80 Ton Evaporative 
Condensing Chiller 

1100 Ton-Hrs of Storage 



 

1. It is much more Energy Efficient to create and deliver a 
kWh of Electricity at night than during the hot of the 
day. 
• Research from the California Energy Commission on 2 Cal. Utilities 

Reports 8 to 34% savings in raw fuel when comparing On and Off  Peak 
Operation! 

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

2. The last power plants to come on during peak hours are 
normally the dirtiest per kW 
• 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. 

   



1. Safety Factors/Redundancy (Over-sizing) 
 
• Well documented that over-sizing chiller plants 

creates less efficient real world operation. 
• Engineers have to protect their license 

 
 Storage is the Natural solution  

 







Storage System 
(2)- 400 Ton Chillers 

3,500 ton-hrs. Storage 



Storage System 
(2)- 400 Ton Chillers 

3,500 ton-hrs. Storage 

500 ton Load Reduction 
or ~ 375 kW 

Installed Chillers  
Max Capacity 



Conventional 
2   (3)- 400 Ton 

Chiller 



Conventional 
2   (3)- 400 Ton 

Chiller 



Storage System 
(2)- 400 Ton Chillers 

3,500 ton-hrs. Storage 

Conventional 
2   (3) - 400 Ton 

Chillers 



  Standard Chiller Plant Installed? 
 $1000/ton, $1300/ton, $1600/ton, $1800/ton 
 
Storage Costs installed ~ $100 to $180 per ton-hr 
 Depending on location, application and design 
 
For each 1 ton of chiller you reduce you need about 8 

to 10 ton-hrs of storage. 
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Costs are about the same 
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Daytime 

£ 1.59/ liter 

Nighttime 

 £0.99 / liter 



Energy:  
 Day:     0.034 P/kWh  
 Night:  0.034 P/kWh 
 
Demand:  8.75kW/Month (4 Summer months) 

How big an effect is the Demand Charge?? 

62% less costly at night 

0.034 P/kWh 

0.105 P/kWh 



Energy:  
 Day:     0.07 P/kWh  
 Night:  0.05 P/kWh 
 
Demand:  22.00/kW/Month (4 Summer months) 

How big an effect is the Demand Charge?? 

72% less costly at night 

0.05 P/kWh 

Con Edison Rate w/demand 

0.18 P/kWh 



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 



 
 Topics: 

LEED 
Why Green 
Safety Factory 
Redundancy 
Back-up Generation 
 

(ASHRAE Journal Sept 04) 



California Sets Terms of Massive Energy Storage 
Mandate  1.3 GW 
 
DECC - June 2013  Funding that at least £20m 
will be made available to run a pilot on electricity 
demand reduction. 
 
The electric utility energy storage market is 
projected to top $2.5 billion by 2015. Eight 
technologies will compete ……… 
 
Shale Gas? 
 



 
41 Stories 

  

3400 Ton Hours Storage 
  

Avoids ≈ 700kW out of 
3500kW Original Total 



VFD PUMP 

TS 

TO 
LOAD 

FROM 
LOAD 

ICE 
 STORAGE 

ICE 
 STORAGE 

Ice Plant in Series with Water Chiller 

HX 

DEMAND LIMITED 
TO 700 TONS  

  

600 Nominal TONS 
 
 

~1200 TONS 
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30 Model Tanks 
  

6,500 ton- hrs 
  

On 28th Floor Roof 



30 Stories, 2.2 Million Ft2 
  

6200 Ton Hours Storage 
  

Savings ~ £ 626,000/year 
Avoids ~ 1000 kW 
 
 

Main reason for Storage:  Resiliency 



9000 ton-hrs 
Saving £ 750,000/year 



Rockefeller 
 Center 

1155 Ave. of the Americas 
Durst Organization 

One Bryant Park 
Bank of America Tower 

522 5th Ave. 
Morgan Stanley 

Goldman 
 Sachs 

CALMAC NEW YORK CITY ICEBANK® INSTALLATIONS 

AXA 
Equitable 

11 Madison 
Ave. 

Credit Suisse 

 

55 Water Street 

Verizon Building 

 

The New School  

 

TIAA-CREF 





Mark M MacCracken 
CEO of CALMAC 

MM@CALMAC.com 
 

1. The creation of cooling is what is the major 
cause of our electric Grid issues (US) 

2. Ice Based Energy Storage is a proven 
technique to store cooling for commercial 
building 

3. Everybody Wins 
1. Owners Lower Operating Costs 
2. Enhances utilization of Renewables 
3. Reduces Grid Load at most critical times 

in most critical locations 
 

 
 



 Martyn Love 
 LTi Advanced Systems Technology Ltd 
 3 Kinsbourne Court 
 96-100 Luton Road 
 Harpenden Hefts ALS 3BL 
 Phone:44-15-8246-9769 
 Email: love@lti-ast.co.uk 
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