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Warnings from global warming

* Svalbard Global Seed Vault in Norway-- Arctic
stronghold of world’s seeds flooded after
permafrost melts.

* Fast-growing moss is turning Antarctica green!

e BUT, Donald Trump proclaimed withdrew the US
from the Paris climate accord!!!!



https://www.regjeringen.no/en/topics/food-fisheries-and-agriculture/jordbruk/svalbard-global-seed-vault/id462220/

Carbon tax & emission trading

Source: Carbon pricing watching, 2015, Ecofys

Source: D.G. Victor and
D. Cullenward, 2007



Think about This!

* Suppose the engine . 65% of waste heat x 15% of
efficiency is around 35%; it ORC efficiency ~ extra 10%

means 65% of waste heat is
. : a1 of power.
dissipated to ambient. ki ..
== That is, it can reduce about

g * Assume ORC recovery o
efficiency is 15%. o

ption!
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Industrial BTUs Lost by Temperature

U.S. DOE-EIA Annual Energy Survey

More Waste Energy available
from U.S. Industry than all
renewable energy survey combined!

U.S. EPA: almost 60% of heat lost
is low temperature (<350 F)
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Background in
Organic Rankine Cycle

Power Production from
Low Temperature Heat
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Organic Rankine Cycle (ORC)

Pump
® ORCs are primarily used

tor low-temperature heat - WA

Expander

Evaporator
Ty
2r 3

sources recovery, such as A
OTEC, geothermal or
waste heat, etc.

=
Ty,
Condenser

® ORCs use the fluids that can be selected to best
match wide temperature spectrum of heat source

and heat sink.
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Expander

Types of exps

Positive-Displacement

«o°

. ingle screw
Suitable expander

Multi-vane
Scroll, Multi-vane

Screw, Turbine

Turbine Source: Qju et al., 2011




Developed ORCs in our laboratory




Gen. 5 ORC -2 kW
(KNT-020)




} Gen. 5 experiment facility (KNT-020)




Pumping and power generation
for Gen. 5 ORC (KNT-020)

Expander Generator




Scroll expanders for Gen. 5 ORC
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Cycle pressure difference,
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ORC efficiency from 9.6% to 1

174 |

ORC @Taoyuan,
end 2013
(Northern Taiwan)




—dP=4 bar (dT=35C)

—dP=8 bar (dT=8C)




Gen. 6 ORC -3 kW
(KNT-030)




Present Scope

odularized 3~¥10kWe ORC (micro ~ sma

eat sources:

— < 120°C of liquid or

— = 1atm of steam

— < 160°C hot exhaust gas
suring safety

challenge in the simplicity and diffic
w-temperature and low-pressure



Power generatio

gl =HiII B =l I =D =S =y

S

O

preheater

o —— == -




Schematic ORC experimental
platform
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EXpander generator set
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roll expander (\m

Applied Thermal Engineering, Vol. 73, 2014, pp. 1444-

KNT-030| '**

Inlet flange

Main cover
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Orbiting scroll

\

main body
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Shaft cover \

Fixed scroll

» Outer cover design
» Sealing
» lubrication

seal seat » Generator coupling
B . .
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or large AT+
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3 kW ORC products




Gen. 7 ORC
(KNT100-1)




Gen. 7 Experiment facility
(KNT100-1)
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Updated and good results

from KNT100-2




10kWe ORC
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10kWe prototype ORC

ENERGY, Vol. 177 (April, 2019), pp. 94-105.




Mass flow rate = 11.8 LPM (0.26 kg/s) June, 2017
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300 W ORC unit

(with City Univ. of Hong Kong)




Turbine as expander of ORC
(current progress)




Why turbine?

* Scroll expanders are no more practical for the
proposed unit of scale > 10 kW!

 Our applications: Low temperature of the heat
source; pressure is relatively low as well.

* One stage or two stage of turbine is enough. It
means simple and low cost!
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here are the heat source
Tu and TH-TL




eat sources for ORC

COOLING SYSTEM
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Integrated Solar and OTEC
as Reservoir of ORC

ENERGY, Vol. 35, pp. 1403-1411, 2010.

OTEC:
Very small AT

- low efficiency
- high cost

=» Instead of OTEC, shallow
water is good for heat sink.

|




8 - OECD EFFECTIVE CARBON RATES 2021

oecd.org/tax/tax-policy/effective-carbon-rates-20



https://www.oecd.org/tax/tax-policy/effective-carbon-rates-2021-brochure.pdf
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Driving force = net buoyancy force.
It is employed to overcome the
friction along the flow path.

1
f pgdy —j pgdy = zJ S frpV2dy
cold path hot path = Jpath i

1

Longer path = stronger buoyancy force!!

B TR OLE SRR s
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vection is preferable Applied Energy, Vol. 154
2015, pp.651-662.
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2ering for Gas Turbines and Pc
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Entropy, kJ/kg-K

Layout of the
cycles

Net power output,
kW

Thermal efficiency,
%%

Exergy efficiency, %

3 cycles: A+B+C

7093.17

85.87

2 cycles: A+B

6674.86

80.80

Single cycle: B

5037.15

60.98




What we can do for them?

e Electricity + =» enhance and
stimulate the civilization

e Low-cost ORCs, 2"9-hand Microsoft and computers

supported from rich countries or charity groups
65






