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Waste Heat Streams Classified by Temperatures
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*One Quadrillion Btu is equal to one US football field 3.5 miles high of ol

1) 24.7 Quads of energy is used by industry = of this 20-50 percent is lost In the form of Waste Heat (US DOE}

2) Conventional hydroelectric power

3) Fuel ethanol and biodiesel consumption, plus losses and co-products from the production of fuel ethanol and biodiese!
4)Municipal solid waste from béogenic sources, landfill gas, sludge waste, agricultural byproducts, and other biomass. Through 2000,
aso includes non-renewable waste (municipal solid waste from non-biogenic sources, and tire-derived fueks)

HTRD.
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Around 60% of the global increase in emissions in 2005-2030
comes from China & India
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SEPA In June 2008 IEA Released the 2008 version of @

111111111111

tnv-r'qnm(«-n'{aI Protection Energy TeChn0|ogy Perspectives

» Mandate by G-8 Leaders and Energy Ministers
» in 2006 their ACT scenario (2050 =2005 emissions) still yielded ~3.1 C warming

+ In light of IPCC (2007), they analyzed new Blue scenario to limit warming to ~ 2.4 C;
this requires 2050 emissions to be 1/2 of 2005 values (1.5% annual reduction for 45+
years)

+ They concluded:
“We are facing serious challenges in energy sector”
“The situation is getting worse”
“A global revolution is needed in ways that energy is supplied and used”

“The Blue scenarios require urgent implementation of unprecedented and far reaching
new policies in the energy sector”



Thermodynamic Cycle to WHP Gitro)

Rankine Cycles

Fluids :
Water -- Water Rankine Cycle (WRC)
ORC Fluids -- Organic Rankine Cycle (ORC)
Binary Fluids (Ammonia + Water) -- Kalina Cycle

Brayton Cycle
Air --  Air Brayton Cycle
Helium -- He Brayton Cycle
SCo2 -- Supercritical SCo2 Cycle




ORC System & T-S Diagram
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Energy Harvesting Technologies ~ (Gm=e)

Rankine Cycle Families :
(Working Fluids)
Rankine Cycle Organic Rankine Cycle
Water Organic fluids

Saturation Properties:

v, ou.ft/lb

Water 99.6 27.1
3 133.5 9.7

R245fa 1 14.5 2.7
3 45.5 0.96

Pentane 1 35.7 5.45

3 2.1 1.92



ORC @} WRC Turbine #HM& g8 G

Turbine Efficiency

> /= 10MW 70 ~ 80% 75 ~ 80%
1~5MW 50 ~ 70% 75 ~ 80%
200 ~ 500 KW 30 ~ 50% 78 ~ 80%

10 ~ 100KW 25 ~ 50% 65 ~ 75%
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Korea Project Update
Asia Cement K-4 Kiln Heat Recovery System
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Typical Non-Hermetic Turbine Gen. Unit Layout with Gearbox,
Lube Oil System and Shaft Seal Pressure Control System
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Challenges of Existing, Non-Hermetic O
HTRD.

ORC Systems

e Shaft Seals

— Generally Accepted to be the Least Reliable Component
In Rotating Machinery

— Working Fluid Leakage
« Possibility of Fire with Flammable Refrigerants
« Must Measure and Log Refrigerant Levels
 Leaked Refrigerant Replacement is Expensive
 Other Problems

— Requires Shaft Seal Pressure Control System,
Temperature Monitors, Leak Monitors, Etc.

— High Inspection and Maintenance Costs; Periodic Seal
Replacement

— Mechanical Losses



Challenges of Existing, Non-Hermetic O
HTRD

ORC Systems (Continued)

o Gearbox

— Inspection and Maintenance Costs
— Mechanical Losses

« Couplings
— Inspection and Maintenance Costs
— Alignment

« Lubricated Bearings
— Mechanical Losses, Requires Oil System
— High-Speed Lubricated Bearings Have
— Rotordynamics Complications



Challenges of Existing, Non-Hermetic

ORC Systems (Continued) @
* Oil Systems

— Use of Oil Limits Maximum Temperature of Heat Source
« High Temperatures Degrade Oil
 Limits Applicability of ORC Technology
— Includes Oil Separator, Oil Filter, Oil Strainer, Oil Cooler
— Periodic Oil Filter Changes, Oil Strainer Changes, etc.
— Parasitic Power Losses

— High Maintenance Issues and Costs
* Must Measure and Log Oil Levels
 Periodic Oil Additions; Periodic Oil Changes

 Periodic Oil Sampling and Analysis (Moisture, Acidity, and Metal Co
ntent)

« Separate Vibration Probes and Proximity Sensors
Usually Required to Monitor Turbine and/or Gearbox
Shaft Vibration Levels on High-Speed Rotary Shafts



New Trend of Advanced ORC TGU Design ~ (#m=o)

1. Axial Flow Turbine from the Radial Type Turbine
2. Hermetically Sealed TGU from the Conventional Gear Box
- All Hermetically Sealed TGUs can be equipped with either
Foil Bearings, Gas Bearings, or Magnetic Bearings.
Among these, the Magnetic Bearings are found to be the
most reliable.
- Generator Control

Power outputs Trend .
>/ =300 kW ~ 500 kW Electronics Conditioner
> [ =2, 500 kW No Electrics Conditioner

** TGU : Turbine Generator Unit**



A Hermetic, Turbine-Generator System Eliminates Lube Oil System,
Gas Shaft Seal and Barrier-Buffer Gas, Redundant Instrumentation
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