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(57) Abstract: A method for improving the performance of thermodynamic cycles, particularly based on CO; gas absorbed in a li-
quid absorbent used as working- fluid in a system comprising at least one CO, gas absorber, at least one heat exchanger and a device
for converting gas expansion work to mechanical work. Said working fluid is fed to the device for releasing said CO ; gas under pres-
O sure by heat supplied from an external heating source operating at least at 70°C, preferably at 80 to 90°C or higher, wherein the
device being selected from the group consisting a modified 2-stroke engine, a turbocharger and a turbine.
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METHOD FOR IMPROVING THE PERFORMANCE OF THERMODYNAMIC CYCLES
Field of the invention

Reference is made to PCT/SE/2012/050319 with pr
1100208~¢6 (filed 22.03.2011}), US application ©61/468 474 (filed

5 28.03.2011) and SE 11005%6-4 (filed 16.08.2011), these

ot
(]

In the Carbon Carrier Cycle, C3, heat is used to chemically
degsorb CO; from a carrier medium or working fluid. After the
CCy has expanded so as to crea

is c¢hemically absorbed intce the carrier medium during cooling.
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pressure, and the CO; can be expanded to temperatures as low as
-78°C resulting in high power output, despite of low heat
source temperatures.
20 T o FRP s T art 5 v @ TN NIV AN T TN ONTYNT S Y O T Y 8 e N
21 All technical solutions for energy conversion are in constant

need of improvement, cost reduction, size reduction, increased
plant availability, and improved integration into existing

infrastructure. As examples, (1} turbines are usually the most

expensive parts of thermodynamic cycles, therefore any cheaper
25 solution can be competitive even 1f efficiency is sacrificed,

t
applications, therefore even marginal lmprovements (most often

size reductions} can have significant effects, (iii} systems

are rarely stand-alone, but form rather part ¢f a more complex

30 architecture, therefore smart integration of all material and

energy streams is highly desirable.



51

¢
N

Y
<

-
(@)

20

WO 2014/042580 PCT/SE2013/051059

v}
=
o
o.
n
O
O
[63]
o
0

Background of the invention

The invention disclosed here sclves the problem of the current

that the overall performance
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generation system is too low in terms of footprint, costs per

solutions can be used alone or in comd

b
embodiments are described showing preferred ways of solving

Summary of the invention

One object of the invention is to achieve a method by which
the performance of thermodynamic cycles, particularliy the

~ : o~

performance of the C3 (Carbon Carrier Cycle) based on CO, gas

m

iguld absorbent used as working fluid in a

This object iz achieved according to the invention by a method
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based on C0O; gas absorbed in a ligquid absorbent used as working
fluid in a system comprising at least one C0; gas absorber,
heat exchangers, at least one pump device and a pipe system
for transport of said working fiuid through t

device for converting gas expansion work to mechanical work,

characterized by:
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2

from an external
heating source operating at least at 70°C, preferably at 80 to
S0°C or higher, wherein the device being selected from the
group consisting a modified 2-stroke engine, a turbocharger

and a turbine.

Preferred embodiments are defined in the appending depsendent

claims.
Brief description of the drawings

The invention is described in more detail below in the form of

non~limited examplies, reference being made to the appended
drawings, in which

- Flg. 1 represents a generalized view of a Carbon Carrier

Cycle from a system perspective,
- Fig. 2 1s a schematic view of a pistcon engine in its

]
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jny
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stripping stage for converting energy it

pressurized gas intc chanical rotation of a rotating axis
and
- Fig. 3 1s a schematic view of said piston engine in Fig. 2

Cycle from & system perspective he g oan essentially closed
loop comprising a liguid pump &, 2 pre-reactor (which can for

most practical purposes be considered as heat exchanger and
preferably forms a part of a heat exchanger 12, a reactor 7, a
hooster 19, an expansion system 15, an absorber system 2 and a
cooling system 4. The pump 6 Iincreases the pressure cof a COp
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optional

temperat:

sooling tThe absorbent before
is chemically absorbed or

in the absorption system 3 du
system 4 for the process to ¢

replacement sinc

converting form

AT ey
enerdJgy

mechanical rotation of

generator may be coupled. It
turbines, but as piston engin

P o
oe

mode

99% of the theroretical maxim
per the a.m. disclosures), 1is
“rich liguid absorbent” into

liguid abs

o)
<

O

ngi

f

o

usad

or

aolven

tricity.
28 X
20 Ior €
L1ncC

les:

mass-—

e

o

the cos
of such

of operation

bent,

o
o

which

i~y
U9

{chemi

.
.g.

contains

nvention s

&

~

PCT/SE2013/051059

3 - e . ElNeY
Qooster LY

fficient

Lo the below
for turbine

means for

than

achieved.

mixture of

ca

N 4 ,
between 1 and



-
o

-
(@)

N
82

30

WO 2014/042580

which resembles a 2-stroke eng

with a wvalve 40 and an outlet

the outlet 42 provided with a

valve 40 as seen in the

id absorbent.

ligquid
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inlet 41 is provided

absorbent
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shown)} may be coupled to the

crankshaft 5 so as to produce electric energy. After the CO,
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depleted absorbent (Mlean, hot

ler 43

preferably pumping out

t
and injection / ejection periods of the liguid absor

the CC, gas is a kbalancing
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sressure I1n the cylinder 43 can
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pressure in t

e

near vacuum. This tur the pis

causes

left, as seen The absorbent 1
supply 54, and

-1
valilve

times and adjustment to the piston

carefully., Optionally, & gas expansion
between the desorber and the absorber en

2

pressurized gas from the
pushing back the piston {to the right}.

the adsocorption engines

Compared with other solutions, such as t

reguired absorbent flow will be about 10

liter

realized using a rotary

Exanple 2

In example Z the turb

is described. Similar to the pis

device

example 1, turbocharger

g =

in

-
kf
o

R
o8}
“+
b

O
3

conx

for e.qg.

be absorbed

cylin

ton 4

gine,

o
may

heat

urbines, th

in

the

contain

ay <

PCT/SE2013/051059

-

the absorbent

der 43 to drop to

The

cold

led by a

turbine is placed

however, the
more useful fo
the descrber a
51

samne axis

transfer

higher degree of dischar

amount of ligquid p
n

dimensions,

00 kg/

eacn

cchargers as

CO; expansion,

generator,

assuming a
the
g. Accordingly,
operating at 1
nders, 12 literx
uction can be
s expansion
h as used in
however, Lhey

r

5
N«
AU

5



WO 2014/042580 PCT/SE2013/051059

are cheap due to mass fabrication. An additional benefit is

that a plurality of turbochargers or expanders can be used
guch that variable heat supplies can be accommodated, simply

by using only one, two, three or as many as technically ideal

Example 3

Counter-current absorpticn of C0» in a spray reactor, and

fnd
(o]

reducing the space requirement of the absorber section.

According to the referenced documents, lean absorbent is
spraved intc the absocorption reactor in the form of drop
e.g., between 5

heated by the excothermic abscrption c¢f CO;, and 1t turned out
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Lo operate this absorption section in a

countercurrent mode, and also to collect ligquid at least once
and to re-spray partially loaded, and preferably cooled

absorbent again into the C0; gas stream. In this way, a coid

i

rich absorbent stream can be collected at the point where the
20 CCy gas enters the absorber section. Preferably, the absorber

is placed horizontally such that

absorber, in order to pump absorbent and improve the heat
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per Example 1 and 2. The absorbent liguid may be pumped

ters or nozzles which generate the spray, or the
u

atomizer, such as generally known from the powder production

or painting industry, or similar devices which disintegrates
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anically into droplets. Other known engineerir
solutions are concelvable inciuding wiped-film arrangements
which help to agitate the absorbent and lerate the uptake
of CO, gas by the abscrbent. Cooling elements may be Iincluded
> in the absorber in a way and at adeguate spacing
gas can flow unhindered within
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Example 4

An amine/solvent liguid

the turbine or expansion

order to selectively heat

Lasl

Tengeratures above 1107C
reasonable costs, except
activity {e.g. Iceland).
production of 90°C water
producticon using the C3

n this sense, a highly

20°C temperature delta

o))

the residual flow {70-40

Maximizing the temnperature difference

4
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of about 90°C

obtain at

with volcanic

couple the

electricity

heating networks.
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Example 7

and
describad in
turned out that certain
reducing
preventing crystallization of
lubrication
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optimizing the s

during flash evaporation in t
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D

between 120 or a0°C

these streams are diluted to a

or 80°C, for pumping into

irst cooling device for the

to cool the hot water

4 . o
oaded absorpbent, D)

or dialkyl-

Ie)
I

propyvlene oxides.
moncethyiether is one

price/performance

are also preferred for
7 A\ - Ty f7 O o - T 2 v TN
vy “highly” means pK, values below

and

h

useful ratio ¢
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dibutylamine and Carbitol is 2 weight parts amine and 1 weight

part Carbitol, or preferably

exothermicity of the CO; absorp

the mixing of amine and solvents such as ethylene glyceol,
Carbitol Solwvent, phencl, cresols, glycerol and the like

of energy per mass CO, which can be absorbed in the mass of
amine used in the specific experiment. It is found that this

energy {(in the order of 100-300 kJ/kg CO») is about 50% of the

measured reduction of the absorption enthalpy or energy. Also,

pure carbamates such as the reaction product of 2 moles

dibutviamine and 1 mole C0,, were dissolved in Carbitol,
ethylene glycol, methanol and the like., Surprisingly, the

Cy. Also this energy
{(inn the order of 100-300 kJ/kg CO,) can be related to the
amount of CO, which is absorbed in the respective sample, and

ue 1s in the order of 50 % of the absorption

hat the observed energy changes reflect a change in

the reaction energetics. In practice, 1t is found that the
absorption enthalpy for the amine + C0, -2 products reaction is

van’ t Hoff diagram”}).
Exanple 8

Mixed carbamates: tertiary amines such as MDEA are
t

k
and are therefore

offer relati
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reaction

show low reaction spseds a

speculated that tertiary a
counterions for e.g. carba

emy e b o~ [ g i 3 v »’
on capture field. Typical
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partner for the formation of

nd therefore have to be

mited success. Water-free

are

protonated

the order of 800-1100 kJ/kg CC,, are
ciuding eguimolar mixtures of
mine, or dibutylamine and MDEA (N-

tertiary and secondary/primary amines. Useful tertiary amines
include MDEA, ftrialkylamines with alkyl being methyl, ethyl
7 14

propvl, butyl (not preferrsd due to toxicity), pentyl, hexyl,

cyclohexyl,

priperidines etc

R
as 1-

Methylimidazole in

such

as

necessarily reguire a cosolvent,
The mixtures described here can alszo be used for gas

separation pur

ter—-ghift gas or

ey
Wa

removal of CO, from biogas,

industrial gas streams from which COZ
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t
MDEA) , wabter can be removed easily

It will be appreciated that range of parameters can be
5 chosen quite freely for the operation of the C3 process for

power generation, including amine chemistry, absorption
enthalpy, pressure quote, pressure levels before and after the

turbine or expansion
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absorption liquid before and after the absorption section,

fnd
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total C0; content, all depending upon the avallable heat source
and cooling source. In some embodiments, volatile tertiary
gas flow through the turbine (L0, plus tertiary amine, =.d.

triethylamine} . In general, however, less volatile components

i5 {amines, solvents) are preferred in order to prevent problems

ion which has a negative impact on the pressure
20 guote. However, in special cases (e.g. thermomorphic systems)

the presence of water 1s acceptablie.

Elakorating on the freedom to chooze operaticon paraneters, one
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1f the system is able to produce

e under varying cilrcumstances without

The Carbon carrier cycle uses carbon dioxide, CC,, that is

30 axplained in the a.m. disclosures, the loading level will vary
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system configuration itself and also
absorbent that is used in the cycle mat
and ccoling source.

The average loading level 1in the cycle

for performing
expansion

producineg

designed for., T
system within a

order to maximi

s1ae
OO
at 80°C

to the inventive
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minutes
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average loadin
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rate ot

with

combined
used to control

e flow rate of

setpoint, thus

the heating

the

is used in ancther application where the
and the cooling source is at 10°C. In
10%~-30% loading of CO, is added to the
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concentraticn
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method
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Cold may be extracted from the closed loop thermodynamic cycle

as discleosed in the references menticned. The working medium
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arrangement is simple, but will cause a back-pressure to the
d

fucing the electricity production. A more

turbine thereby re
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advanced form of cold extraction i1s realized by pumping a

iguid through the space through which the gas moves towards

g

L

the absorption chamber, This liguid may be pumped in the form

5 & spray or a falling film or any cother configuration which

i5 allows good contact between the cold CO; gas and the liguid.
Preferably, liguids cof high boiling point and low melting
point are used. Silicone oils are suitable candidates. There
is a risk that droplets of said heat transfer liguld enter the
thermodynamic cycie. This may be controlled by elements such

20 as demisters. A preferred way of operating the cold extraction

amine/solvent from the absorption section to the cold

raction section. As the cold extraction medium is fu

o}

T
saturated, depending on the case a certain period after start-
up, there will be no heatlt development in the cold extraction

section due to additional CO, absorption. This liguid is

quid, such as gl

u h
the art, is carrying the cold energy
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Claims

1. A method for inmproving the
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which the licguid absorbent is spraved into the incoming CO, gas

- partially collecting said liguid absorbent, and

- re-gpraying gaid

5 the CO, gas stream,
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- optimizing the flow of droplets and theilr residence time in
the CO., gas absorber such that ligquid absorbent droplets loaded
with CO0, can transfer the heat generated during the absorption

d
0of gas to a cooling wall in the CC, gas absorber.

east one heat exchanger as central heat
exchanger for transferring heat from hot

to cold rich liguid absorbent.

25
8. The method according to claim 1, characterized by
- supplying heat from a geothermal power unit by a hot water
stream having a temperature from about 90 to 110°C,
- cooling the hot water stream to about 80 to 70°C, and

30 - using possible remaining hot water for district heating or

heating an underground reservolr for heat storage.
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ubrication, provide heat transfer, prevent foaming

crystallization of the liquid absorbent.
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aptation of the average gas lcoading level in the C3 cycle

rce, in order to the power output of the expansiocon
ice, and a decreasing of the average gas loading level in

e the C3 cycle iz operated at higher temperatures.

aim 1, characterized by the use

a booster section or super—heater section in which

:feralbly only the C0; gas is heated, prior to entering the
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expansion device, to a higher temperature than the temperature

provided by the primary heat source.
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