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UK Industrial Energy

Average 37 GW (DECC 2015)

Estimated 70% for thermal processes 



Estimated that 60% of this is rejected as low temperature 

waste heat in the range of 70C to 100C to the environment

• Estimated 15000 cooling towers in the UK with average duty of 1 MW 

thermal

• USA estimated 125000 cooling towers

• Why not apply Organic Rankine Cycle to transform this heat into 

electricity?

• ORC success with higher temperature heat streams above 100C such 

as: -

• Waste steam ( steam has majority of heat as isothermal component)

• Flue Gas heat recovery

• Streams above 100C

• For lower temperatures, the problem is Carnot ( or at least his discovery 

of the basic thermodynamics)



Carnot

Source

Not Infinite Heat Source



Low Temperature Waste heat

1MW @85C to cold reservoir 20C 
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BASIC ORC
Honeywell Genetron 1.1 model R245fa



With ORC Extra Cooling Tower may be required

Capital Cost and low  electrical power generation = 

difficulty in constructing  viable business cases at low temperatures



Tri-lateral Flash Cycle (TFC)

First proposed by Prof Ian Smith, City University in 1984 



• Expand saturated liquid refrigerant

• Counter-current heat exchange to absorb more of  available heat

• Total cooling

• No extra cooling tower

• 2-3 times shaft power than ORC

Trilateral Flash Cycle

Key Elements



• Mass flow rate of refrigerant is approx. 3*greater than ORC

• Pumping power is highly parasitic

• Exacerbated by difficulty in finding efficient pumps at larger sizes e.g. 

approx. 15 kgs/sec per MW thermal

• Solution:-

TFC Achilles Heel



New Pumping Method applied to TFC

Patent Applied For



• Electricity generated 72 kW ( 2.3 times greater than ORC at same 

temperature)

• Capital cost circa £1500/kW installed

• Will provide positive business case in the range of 1-5MW  Thermal at 70 

to 100 C inlet temperature

Net Results for TFC 

85C, 1MW thermal



Waste Heat Inlet Temp 85C
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Year 11 Year 12 Year 13 Year 14 Year 15

Power Generated kW 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87 127.87

No of hours/annum 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000 7000

Electricity Price £/kWhr. ( CAGR 3%) 0.09000 0.09270 0.09548 0.09835 0.10130 0.10433 0.10746 0.11069 0.11401 0.11743 0.12095 0.12458 0.12832 0.13217 0.13613

Value Electricity 80559 82976 85465 88029 90670 93390 96192 99077 102050 105111 108265 111513 114858 118304 121853

Tonnes Carbon Saved 442 442 442 442 442 442 442 442 442 442 442 442 442 442 442

Decrease of Carbon Price Floor Tax 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963 7963

Total Customer Value 88,522 90,939 93,429 95,992 98,633 101,353 104,155 107,041 110,013 113,075 116,228 119,476 122,821 126,267 129,816 

Maintenance Costs

Refrigant Leak Testing (CAGR 3%) - 1,000 - 1,030 - 1,061 - 1,093 - 1,126 - 1,159 - 1,194 - 1,230 - 1,267 - 1,305 - 1,344 - 1,384 - 1,426 - 1,469 - 1,513 

Bearing and Seal Maintenace - 5,000 - - 5,000 - - 5,000 - - 5,000 - - 5,000 - - 5,000 - - 5,000 -

Customer Saving ( Revenue) 87,522 84,909 92,368 89,900 97,508 95,194 102,961 100,811 108,746 106,770 114,884 113,092 121,396 119,799 128,304 

Customer Saving as above 87,522 84,909 92,368 89,900 97,508 95,194 102,961 100,811 108,746 106,770 114,884 113,092 121,396 119,799 128,304 

Capital Allowance 18%- 31,002 - 25,422 - 20,846 - 17,094 - 14,017 - 11,494 - 9,425 - 7,728 - 6,337 - 5,197 - 4,261 - 3,494 - 2,865 - 2,349 - 1,927 

Tax on Benefit 20%- 11,304 - 11,898 - 14,304 - 14,561 - 16,698 - 16,740 - 18,707 - 18,617 - 20,482 - 20,315 - 22,125 - 21,920 - 23,706 - 23,490 - 25,275 

Net Benefit 76,218 73,012 78,063 75,338 80,810 78,454 84,254 82,194 88,265 86,455 92,760 91,172 97,690 96,309 103,028 

Capital Costs 

TFC rig and controls -150233

Installation -12000

Commissioning -5000

Grid Connection -5000

Capital Costs -172233

IRR

45% Net Cash flow - 172,233 76,218 73,012 78,063 75,338 80,810 78,454 84,254 82,194 88,265 86,455 92,760 91,172 97,690 96,309 103,028 

Cumaltive Cash Flow - 96,015 - 23,003 55,060 130,399 211,208 289,662 373,916 456,111 544,375 630,830 723,590 814,762 912,452 1,008,761 1,111,789 

Simple Payback 2.01 Years 

User Business Case

2MW @ 85C inlet 



Thank You 


