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ISSUES

� Energy Consumption

� Global Warming
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� Water Consumption

� Legionella Disease



GLOBAL WARMING - MAN MADE

� Due to Burning of Fossil Fuels for Power 

Generation and Transport

� Escape of Chemical Refrigerants – HFC’s.    

CFC’s have been Banned for Nearly 20 Years by 

the Montreal Protocol  - Ozone Depletion Causing 

Ozone Hole
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Ozone Hole

� Burning of Forests for Land Clearing – BRAZIL,  

INDONESIA

� Burning of Forests for Fuel – AFRICA,  INDIA



HOW DO WE REDUCE GLOBAL WARMING

� By Reducing Energy Consumption in the Building by 

Choosing

� More Efficient Ways to Generate Cooling

� Distribute Such Cooling Through the Building more 

Efficiently

� Generating Base Load Power by Gas Engine Driven 

Generators Using Waste Heat Partially for Refrigeration
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Generators Using Waste Heat Partially for Refrigeration

� Recover Heat from AC Plant to Provide Heating for Tap 

Water and AC Process Hot Water – THIS SAVES GAS

� Use “FREE” Cooling at Times of Low Ambient 

Conditions

� Recover Energy from Building Exhaust Air



HOW DO WE REDUCE GLOBAL WARMING (cont.)

� Use a Natural Refrigerant with Zero GWP like

� Ammonia – Toxic

� Propane – Flammable

� Carbon Dioxide – Odourless, Chemically Inert.
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THE AVERAGE HUMAN ADULT

PRODUCES ABOUT  17grams of NH3 plus        

1 kg of CO2 per DAY



TO REDUCE ENERGY CONSUMPTION WE NEED TO

� Improve Compressor COP

� Reduce Compressor Cooling Load & Heating Load

� Reduce Parasitic Power Consumption and Particularly

» Supply and Return Air Fans – These also Constitute 

Compressor Heat Loads

» Extraction Air Fans With Energy Recovery
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» Extraction Air Fans With Energy Recovery

� Design for Economizing Cycles, i.e. Fresh Air Cooling

� Following We Will Pursue Compressor COP, Heating Load 

and Fans



WHY USE CO2 FOR AIR CONDITIONING COOLING?

� Strong Forces Against HFC-EU – EU.F. Gases 

Regulation and MAC Directive [3]

� More Use of Ammonia Resisted Because of 

Toxicity

� The Status Quo Suits a Large Section of Industry –
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The Status Quo Suits a Large Section of Industry –

Investments in Plant,  Equipment,  People,  Etc..

� But Does CO2 Have any Extra Merit Compared to 

HFC’s, NH3 and Other Natural Refrigerants



WATER CONSUMPTION

� Water is Consumed in Buildings for

� Hot and Cold Tap Water and Sanitary Purposes

� Cooling Towers for AC Plant Cooling with the 

Danger of Legionella Disease Developing

� Cleaning etc..
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REDUCING WATER CONSUMPTION

� We may Reduce Water Consumption and 

Eliminate the Legionella Threat by

� Using Another Method of Cooling the AC Plant 

– Such as Air Cooling and Heating of Domestic 

and AC Reheat Water

In Melbourne this till Save About 95% of 
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In Melbourne this till Save About 95% of 

Cooling Tower Water Consumption

� The Water Reducing Method will Entirely  

Eliminate the Legionella Threat.  The Small 

Amount of Residual Water is used Infrequently 

During Hot Weather to Assist Air Cooling



Fig 1:- Total HVAC Primary Energy Use by Building Type [2]
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Table 1:- Existing Situation In USA – All Buildings Categories

Type Of Building COOLED HEATED TOTAL

Building Area,  (m2x106) 3,345 4,459

Total Energy Consumption All Building 

Categories ,  (GJx109) Primary Energy

4.86

Cooling,  (GJx109) Primary Energy 1.53 1.75 3.28

Cooling Parasitics,  (GJx109) Primary 

Energy

1.58 - 1.58

Total Cooling,  (GJx109) Primary Energy 3.11 1.75 4.86
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Total Cooling,  (GJx109) Primary Energy 3.11 1.75 4.86

Energy Consumption per m2,  (MJ) 930 392 1,090

Cooling Energy Consumption per m2,

MJ Primary Energy (kWhrs)

930 

(85.4)

Cooling Energy Consumption per m2, 

MJ Primary Energy (kWhrs)

457 

(42.0)

Cooling Energy Consumption 

Parasitics per m2,  MJ Primary 

Energy (kWhrs)

473 

(43.4)



Table 2:- How Does It Look For Large USA Buildings?

Building Catergories – Office, Mercantile And Service Public

FUNCTION COOLED HEATED

Combined Floor Area,  m2x106 2,166 
(64.8%)

2,644 
(59.3%)

Total Heating Energy,  GJx109 - 1.06
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Total Heating Energy,  GJx109 - 1.06

Total Cooling Energy,  GJx109 0.97 -

Total Parasitics Energy,  GJx109 0.98 -

Heating Energy per m2,  MJ - 401

Cooling Energy per m2,  MJ (kWhrs) 448 (41.2) -

Parasitic Energy per m2,  MJ (kWhrs) 452 (41.6) -



Fig 2:- Parasitic Primary Energy use by Type of Equipment [1]
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Table 3:- Breakdown Of Parasitic Cooling Energy

USA SURVEY BUILDING CATEGORY ALL BUILDINGS LARGE 

BUILDINGS

ENERGY UNIT GW hrs 

Total

kWhrs

/m²

GW hrs 

Total

kWhrs/

m²

Parasitic Cooling Energy 145.3 43.4 90.1 41.6

Supply and Return Air,  50% 72.6 21.7 45.1 20.8

Exhaust Fans,  33% 48.4 14.5 29.8 13.8
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Balance of Parasitic Loads 25.1 7.5 15.2 7.0

Terminal Boxes – Fan 

Powered

3.0 0.9 1.8 0.8

Condenser Fans 7.3 2.2 4.4 2.0

Cooling Tower Fans 1.5 0.4 1.0 0.6

Heating Water Pumps 7.3 2.2 4.4 2.0

Chilled Water Pumps 3.0 0.9 1.8 0.8

Condenser Water Pumps 3.0 0.9 1.8 0.8



Table 4:- HFC and HCFC Equipment Seasonal Efficiencies (COP’s) [1]

Centrifugal Chiller 4.4

Water Cooled Screw Chiller 4.14

Water Cooled Recip Chiller 3.91 

Air Cooled Screw Chiller 3.17 (1)

Air Cooled Recip Chiller 2.71 (1)

PTAC, PTHP 2.49 (2)

c-dig Meeting - TOKYO JAPAN - 27-29 August 2007

PTAC, PTHP 2.49 (2)

Room AC 2.34 (2)

Packaged AC 2.13 (2) 

Heat Pump 2.13 (2)

Absorption Chiller 0.98

(1)  Includes impact of condenser fans

(2)  Includes impact of condenser and evaporator fans



Fig 3:- Annual Ambient Dry Bulb Temperature – Tokyo [7]

Between 6am and 10pm – i.e. 5,840 hrs
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Fig 4:- Ambient Dry Bulb Temperature - Melbourne & Tokyo [4,7]
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Fig 5:- CO2 Compressor COP Values Variation with Sat 

Suction and Condensing Temp
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Fig 6:- CO2 Compressor COP Value Variation with Sat Suction Temp, 

Transcritical Discharge Pressure and Gas Cooler Outlet Temperatures
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Figure 7 :- Variation Of Energy Inputs To Fan Energy Inputs To 

Saturated Suction Temperatures [5]
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Ambient Temp.

ºC

Sat Cond. 

Temp., ºC 

Avg.

COP 

from 

Figs 5 

& 6

Refrig 

load % 

of full 

load

% of 

Time 

From 

Fig 5

Seasonally 

Weighted 

COP Direct 

CO2

Upto +15  +15 12 85 50 5.1

Table 5A:- Evaluation Of Weighted COP With Ambient Temp. 

Conditions For 12 Months Running of Direct CO2 Refrigerated AC @ 

+10ºC Sat Suction Temp in The City of Tokyo [7]
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Upto +15  +15 12 85 50 5.1

16 – 20 +20 9.5 90 20 1.71

21 – 25 +25 7.0 95 22 1.46

26 +  transcrit.@ 75 bar, 

+25ºC gas cooler out
– 5.3 100 8 0.42

TOTALS 100 8.69

NB: The weighted COP of the system would reduce to 7.69 if 35% of capacity runs 

continuously in transcritical mode to heat water.  This would save fuel like gas, and a boiler.



Ambient Temp.

ºC

Sat Cond. 

Temp., ºC 

Avg.

COP 

from 

Figs 5 

& 6

Refrig 

load % 

of full 

load

% of 

Time 

From 

Fig 5

Seasonally 

Weighted 

COP Direct 

CO2

Upto +15  +15 10.8 85 50 4.59

Table 5B:- Evaluation Of Weighted COP With Ambient Temp. 

Conditions For 12 Months Running of Direct CO2 Refrigerated AC @ 

+8ºC Sat Suction Temp in The City of Tokyo [7]
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Upto +15  +15 10.8 85 50 4.59

16 – 20 +20 8.4 90 20 1.51

21 – 25 +25 6.2 95 22 1.30

26 +  transcrit.@ 75 bar, 

+25ºC gas cooler out
– 4.9 100 8 0.39

TOTALS 100 7.79

NB: The weighted COP of the system would reduce to 6.94 if 35% of capacity runs 

continuously in transcritical mode to heat water.  This would save fuel like gas, and a boiler.



Ambient Temp.

ºC

Sat Cond. 

Temp., ºC 

Avg.

COP 

from 

Figs 5 

& 6

Refrig 

load % 

of full 

load

% of 

Time 

From 

Fig 5

Seasonally 

Weighted 

COP Direct 

CO2

Upto +15  +15 9.2 85 50 3.91

Table 5C:- Evaluation Of Weighted COP With Ambient Temp. 

Conditions For 12 Months Running of CO2 Refrigerated Chilled Water 

AC @ +5ºC Sat Suction Temp in The City of Tokyo [7]

c-dig Meeting - TOKYO JAPAN - 27-29 August 2007

Upto +15  +15 9.2 85 50 3.91

16 – 20 +20 7.1 90 20 1.28

21 – 25 +25 5.1 95 22 1.07

26 +  transcrit.@ 75 bar, 

+25ºC gas cooler out
– 4.3 100 8 0.34

TOTALS 100 6.60

NB: The weighted COP of the system would reduce to 5.93 if 35% of capacity runs 

continuously in transcritical mode to heat water.  This would save fuel like gas, and a boiler.



Table 6:- Analysis of Energy savings for all USA Survey and Office–, Mercantile and Service–, and Public  

buildings with CO2 including water heating, 75% fan speed, improved return air and otherwise constant 

parasitic loads.  Total kWhrs and heating energy consumption and savings over the entire sector - Tokyo

Parameter All Buildings in USA Survey Office, Mercantile & Service and Public 

Building Categories Combined

No Description Current 

State from 

Table 1 

and 

Figure 2

Direct CO2

air gas 

cooling and 

heat 

recovery

Direct LR 

CO2 air gas 

cooling and 

heat 

recovery

Current 

State from 

Table 1 

and 

Figure 2

CO2 cooled 

water chiller 

with air 

cooled Gas 

cooling and 

water heating

Direct LR 

CO2 Water 

Cooled Gas 

Cooling & 

water heating

1 Evaporating Temperature,  °C +5 +10 +8 +5 +5 +8

2 COP 2.5 – 4.4 – – 2.5 – 4.4 – –

.1 % Water / % Air cooled 50/50 – – 50/50 – –

.2 Average SWCOP 3.5 7.69 6.94 3.5 5.93 6.94

3 Water heating from compressor 

discharge

No Yes Yes No Yes Yes
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discharge

4 Supply, return and exhaust fan speeds, % 100(1) 100 75 100(1) 75 75

5 Parasitic load due to supply, return and 

exhaust fans, %

83(2) 83 35 83(2) 35 35

6 Other paretic loads, % 17(3) 17 17 17(3) 17 17

7 Compressor energy, kWhrs/m2 42 19.1 19.1 41.2 22.0 18.8

8 Fan energy supply, ret exhaust 36.2 36.2 12.7 34.6 12.1 12.1

9 Other parasitics, kWhrs/m2 7.5 7.5 7.5 7.0 7.0 7.0

10 Total Cooling Energy, kWhrs/m2 392 – – 401 – –

11 Heating, MJ/m2 85.7 62.8 39.3 82.8 41.1 37.9

12 Energy Savings

.1 Cooling, kWhrs/m2 – 22.9 – 41.7 44.9

.2 Heating, MJ/m2 – 392 392 – 401 401



Fig 8:- Schematic Of A Central System With Cooled Water Chiller
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Fig 9:- Schematic Of A Central System With C02 Cooled Water Chiller, Exhaust Air Energy 

Recovery And Two Stage Water Heating. Air Or River Water Gas Cooling
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Fig 10:- Schematic Of A Central System With Direct Pumped CO2 Evaporators, Exhaust Air Energy 

Recovery And Two Stage Water Heating. Air Or River Water Gas Cooling
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Fig 11:- Commercial Building Trends in Energy Consumption by 

Energy Source for the BAU Scenario [8]
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Table 7:- Evaluation Of Reductions In Energy Consumption And CO2 Emissions With CO2 Cooling Of AC Plant, 

Coupled With 50% Lighting And 25% Fan Speed Reduction [8]

APPLICATION OF ENERGY TO:

BASE YEAR 1990

Energy consumption – PJ/annum CO2 Emissions – kT/annum

Existing 
Technology

CO2 Refrig Reduction Existing 
Technology

CO2 Refrig. Reduction

Air handling 23.5 8.2(1) 15.3 7,017 2,448 4,569

Cooling 27.4 16.2(3) 11.2 7,854 4,644 3,210

Pumping 4.2 4.2 0 1,248 1,248 0

TOTAL 55.1 28.6 26.5 16,119 8,340 7,779

Heating – Electric 4.3 0 4.3 1,298 0 1,298

Gas 33.2 0 33.2 1,970 0 1,970

Oil 9.1 0 9.1 679 0 679

Coal 3.5 0 3.5 312 0 312

Wood 0.7 0 0.7 0 0 0
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Wood 0.7 0 0.7 0 0 0

TOTAL 50.8 0 50.8 4,259 0 4,259

Processes – Electric 2.9 1.5 1.4 847 438 409

Gas 3.9 3.4 0.5 230 201 29

Oil 1.5 0 1.5 111 0 111

Coal 1.5 0 1.5 131 0 131

TOTAL 9.8 4.9 4.9 1,319 639 680

Other – Electric 12.8 12.8 0 3,809 3,809 0

Oil 0.3 - 0.3 0 0 0

TOTAL 13.1 12.8 0.3 3,809 3,809 0

Lighting 22.4 11.2(2) 11.2 6,694 3,347 3,347

TOTAL 151.2 57.5 93.7 32,225 16,135 16,090

Notes: 1. 75% supply & return fan speed   2. 50% lighting reduction   3. Reduced heat load due to (1) and (2) and COP increase from 4 to 5.5
Source Ref: Table 3a: Trends in Energy Consumption and CO2 Emissions by Application



Table 8:- Evaluation Of Reductions In Energy Consumption And CO2 Emissions With CO2 Cooling Of AC Plant, 

Coupled With 50% Lighting And 25% Fan Speed Reduction [8]

APPLICATION OF ENERGY TO:

1,999 PROJECTIONS TO YEAR 2010

Energy consumption – PJ/annum CO2 Emissions – kT/annum

Existing 
Technology

CO2 Refrig Reduction Existing 
Technology

CO2 Refrig. Reduction

Air handling 43.5 15.2(1) 28.3 13,007 4,545 8,462

Cooling 50.9 29.0(3) 21.9 14,588 8,311 6,277

Pumping 7.8 7.8 0 2,347 2,347 0

TOTAL 102.2 52.0 50.2 29,942 15,203 14,739

Heating – Electric 8.1 0 8.1 2,439 0 2,439

Gas 69.9 0 69.9 4,153 0 4,153

Oil 13.1 0 13.1 984 0 984

Coal 2.3 0 2.3 200 0 200

Wood 0.2 0 0.2 0 0 -
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Wood 0.2 0 0.2 0 0 -

TOTAL 93.6 0 93.6 7,776 0 7,776

Processes – Electric 5.3 1.8 3.5 1,569 533 1,036

Gas 8.3 6.5 1.8 484 379 105

Oil 2.1 0 2.1 158 0 158

Coal 0.9 0 0.9 83 0 83

TOTAL 16.6 8.3 8.3 2,294 912 1,382

Other – Electric 23.6 24.0 (0.4) 7,060 7,180 (120)

Oil 0.4 - 0.4 33 0 33

TOTAL 24.0 24.0 0 7,093 7,180 (87)

Lighting 52.5 26.3(2) 26.2 15,673 7,837 7,836

TOTAL 288.9 110.6 178.3 62,779 31,132 16,090

Notes: 1. 75% supply & return fan speed   2. 50% lighting reduction   3. Reduced heat load due to (1) and (2) and COP increase from 4 to 5.5
Source Ref: Table 3a: Trends in Energy Consumption and CO2 Emissions by Application



Table 9:- Calculation Of Water Savings In CO2 Cooled Buildings With 50%  Lighting 

And 25% Fan Speed Reduction [8]

PARAMETER 1990 2010

No Description, Unit HCFC 
Cooling

CO2

Cooling
HFC 

Cooling
CO2

Cooling

1 Cooling power consumption, PJ 27.4 16.2 50.9 29

2 COP 4.0 5.5 40 5.5

3 Cooling capacity, PJ 109.6 89.0 204.0 100

4 Heat rejection, PJ 137.0 105 255 189

5 Percent water cooled 100 20 100 20

6 Heat rejection to cooling tower water, PJ 137 21 255 38

c-dig Meeting - TOKYO JAPAN - 27-29 August 2007

6 Heat rejection to cooling tower water, PJ 137 21 255 38

7 Heat rejected / kg of water, MJ 2.4 2.4 2.4 2.4

8 Total water evaporated, Gl 57.1 8.8 106.3 15.8

9 Bleed and loss, % 15 10 15 10

10 Total bleed and loss, Gl 8.9 1.2 11.7 1.6

11 Total water use, Gl 66.0 10 118 17.4

12 Water saving due to CO2 cooling

.1 Quantity, Gl – 56 – 100

.2 % – 85 – 85



Table 10:- Calculation Of Water Savings At The Powerstation Resulting From C02 AC Cooling 

Coupled With 50% Lighting And 25% Fan Speed Reduction

(1)

APPLICATION OF ELECTRICAL ENERGY TO:

ENERGY AND WATER CONSUMPTION

1990 2010

HCFC 

Cooling

CO2

Cooling

HFC 

Cooling

CO2

Cooling

1 Air handling, cooling pumping 55.1 28.6 102.2 52

2 Heating 4.3 0 8.1 0

3 Processes 2.9 1.5 5.3 1.8

4 Other 12.8 12.8 23.6 24.0

5 Lighting 22.4 11.2 52.5 26.3

6 Total electrical energy used, PJ 97.5 54.1 191.7 104.1

c-dig Meeting - TOKYO JAPAN - 27-29 August 2007

7 Say effective power station output, % 30 30 30 30

8 Total heat rejected to cooling tower, % 70 70 70 70

9 Total heat rejected to cooling tower, PJ 227.5 126.2 447.3 242.9

10 Heat rejection per kg of water, MJ 2.4 2.4 2.4 2.4

11 Water used, Gl 94.8 52.6 186.4 101.2

12 Say bleed and loss 10%, Gl 9.2 5.4 18.4 10.8

13 Total water used, Gl 104 58 205 112

14 Water saved

.1 Gl – 46 – 93

.2 % – 44.2 - 45.4

Notes: (1)  From Tables 7 and 8



Table 11:- Summary Of Potential Benefits Resulting From The Implementation Of CO2

Refrigeration Coupled With 50% Lighting And 25% Fan Speed Reduction

COMMODITY
YEAR

1990 2010

No Description QTY % QTY %

1 Energy reductions, PJ

.1 Electricity 43.4 44.5 87.6 45.7

.2 Gas 33.7 90.8 71.7 91.7

.3 Oil 10.9 100.0 15.6 100.0

.4 Coal 5.0 100.0 3.2 100.0
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.5 Wood 0.7 100.0 0.2 100.0

.6 TOTAL 93.7 62 178.3 61.7

2 Water use reductions, Gl

.1 At the PowerStation 46.0 44.2 93.0 45.4

.2 At the AC plant 56.0 85.0 100.0 85.0

.3 TOTAL 102.0 60.0 193.0 59.8

3 CO2 emissions, kT

.1 Calculated reductions 16,090 49.9 31,646 50.4

.2 Kyoto protocol target reduction for Australia – – 28,000 44.9



Fig 12:- Projected Energy Savings in Australia Commercial Building Sector with Retrofitted CO2

Refrigeration, 25% Reduction in Air Flow and 50% Reductions in Lighting Energy [8]
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Fig 13:- Projected Reduction in CO2 Emissions in Australian Commercial Buildings if Equipped with  

CO2 Refrigeration, 25% Reduction in Air Flow and 50% Reductions in Lighting Energy [8]
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Table 12:- Some Food Processing Industries Using Simultaneous 

Heating, Cooling and Freezing [6]

TYPE OF HEAT TREATMENT APPLIED

Process Area Warm 

Water

Hot 

Water

Chilled 

Water

Space 

Cooling

Product 

Heating

Product 

Chilling

Product 

Freezing

Beef slaughter � � � Decontamination � �

Sheep slaughter � � � Decontamination � �

Pig slaughter � � � Scalding � �

Chicken � � � � Scalding � �
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Chicken

processing

� � � � Scalding � �

Milk processing � � � Pasteurizing �

French fries Drying �

Vegetables � � Blanching � �

Beer brewing � � � �



Table 13:- Energy Consumption of Three Processing Plants

Parameter Type of Processing 

Plant

No. Description Pork (Actual) Chicken (Actual) Beef (Proposed)

1 Annual Dressed Weight,  (Tonnes) 15,000 47,500 22,500

2 Annual Electrical Energy Cons.

2.1 kWhrs x 1000 1,800 15,000 3,600

2.2 GJ,  (GJ/t) 6,480  (0.43) 54,000  (1.14) 12,960  (0.58)

3 Annual Gas Consumption

3.1 Current Practice  - GJ,  (GJ/t) 18,250  (1.22) 56,905  (1.18) 18,037  (0.8)
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3.2 With Heat Recovery – GJ,  (GJ/t) 7,000  (0.47) 5,000  (0.11) 5,175  (0.23)

4 Total Energy Consumption

4.1 Current Practice  (2.2 + 3.1)  (GJ/t) 1.65 2.32 1.38

4.2 With Heat Recovery  (2.2+3.2)  (GJ/t) 0.90 1.25 0.81

5 Energy Saving

5.1 GJ/t 0.75 1.07 0.57

5.2 % 45.0 46.0 41.3



CONCLUSIONS

� Applying Direct CO2 Cooling to Building Air Conditioning 

and Water Heating has the Scope to Significantly Reduce 

the Total Energy Consumption for Cooling, Domestic 

Water Heating and Water Heating for AC Reheat for 

Humidity Control and Building Heating
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� Retrofitting CO2 Cooling Systems to Existing Building AC 

Systems with Chilled Water and Hot Water Coupled with 

Airflow Reduction and Slightly Lower Air Temperatures 

Offers the Possibility to Significantly Reduce Building 

Energy Consumption, Particularly When Coupled with 

Reduction in Lighting Energy



CONCLUSIONS (cont.)

� In Food Processing Operations Where Simultaneous 

Cooling and Heating is Required in Different Processes 

Transcritical CO2 Refrigeration Coupled with Subcritical 

CO2 Refrigeration Offers Significant Scope for Reductions 

in Energy Consumption

c-dig Meeting - TOKYO JAPAN - 27-29 August 2007

� Other Advantages are No Cooling Towers and/or 

Evaporative Condensers, Much Reduced Water 

Consumption for Cooling Duties, No Legionnaire's 

Disease, No Chemical Water Treatment, etc..
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