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Introduction of New Concept of CCU Technology for Smart Farm
Network Model based on CHP(Combined Heat and Power)
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Smart Farm Solution R&BD Convergence Project

EnergyHOT Smart Farm Development Project
Energy IOT-Smart Farm Tech. Assistance for Venture Company Project

(2004. 07 — 2012. 06) Senior Researcher , Korea Institute of Energy Research (KIER)
(2012. 07 — & xH) Principal Researcher, KIER
(2013. 12 -2015. 11) Chief of Energy Network Lab., KIER

(2015. 11 —2018.10) Smart Farm Solution Development Convergence Group, Korea
Institute of Science and Technology(KIST)

IEA-DHC “Low Temperature District Heating and Cooling” TS1T member

= Combined Heat & Power

= District Heating and Cooling

= Smart Energy Network System & Smart City Platform
= Smart Farm Energy Management System

R&:D Accomplishment

IP: Smart Farm Energy Management Tech. 18 (Registration 4/ Application 14)
IP: Smart Energy Network System 58(Domestic 51/ Oversea 7)
« SCI Journal 9 (Energy Network Optimization etc.)




Needs: Climate Change & GHG Reduction
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Annual allocation of a coal-fired CHP plant for DH*  Annual allocation of a gas-fired CCGT-CHP plant

(Amount of freely allocated emission allowances)

for DH*
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* Technical assumotions according to table 4
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Needs on Business: CCU on Smart Farm
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Business Target : Smart Farm Network

Connected Network is required!!

Leveringsgebieden OCAP

Westland

B-driehoek Vet

Zuidplaspoider

s COy-transport (pijpleiding) oy o i
Levering CO; aan kassen
Noord. ) -
#, Plan levering CO; aan kassan
v' 400,000 tons of CO2«amnual)
v' 500 Greenhouse (annual) ="

v 2,000 Hectar®s™ .

y &
& e

Masevlat

Pipe network for supplying CO, to Green
House



l Approach...

% Gaseous CO, vs Liquid CO,

‘/ G&S@OUS C02 . Capital Costs Increase by extra pipe implementation, Blowing Power

‘/ qu UId C02 : Cost for CO2 compression beyond 50 bar, Capital cost for high pressure pipe

v Not Adequate for long distance CO2 transportation at the moment...

\ 4

Aqueous CO, solution

v Go-transportation of CO2 with Hot water (or Chilled water)



Approach : Co-Transportation of CO2 & Heat

“ Agqueous CO2 Solution Transportation via Pipe Network

Water Temperature (deg C)

e = ¢ | TABLE 4. Calculated solubilities for carbon dioxide in water at various
g p— .| CO; partial pressures
: .
5 i) s -
g’ T //// Temperature  Solubility of CO in water at various partial pressures
2 d % //// H (°C) (Solubility in mole fraction % 1000, pressure in kPa)
AN 50 101325 200 500
vy
Eos|[/f ) 0 0.671 1355 266  6.52
4 I 10 0477 0963 189  4.65
g8 | 20 0353 0713  1.400  3.45
00 L . . ; ; 25 0308 0622 1223 301
’ . 30 0271 0548 1077  2.66
4 40 0.216 0.858  2.12
50 0178 0359 0706 175
=¥ 60 0.150 0304  0.598 1.480
£ s AN coz 70 0.131 0264 0520  1.288
2, 80 0.116 0236 0463  1.148
g \ 90 0.106 0.214 0.422 1.046
g8 2 N 100 0.098  0.199 0391  0.971
245 S~ 110 0.093 0.8 0370 [0.917
£ ~ 120 0.089  0.180 0354  0.880
z ! 130 0.086 0175 0345  0.856
% 08 - E— 140 0.085 0172 0339  0.844
o | Spemeeratooibaxcom 150 0.085  0.172 0338  0.841
0 10 20 30 40 50 60 160 0.085 0.173 0.340 0.846




Competitors and Competitiveness

< GO0, Pipe Network (Liquid Phase, > 50 bar)

Plant side; Consumers’ /individual providers’ side

(Heatlng i CUOIIHQ plant} | Healting (open lnop Heating (closed loop Electricity generation _ summer
HAAE ) heed pump) Waler cycle between the ORG o
1 < S . - .. s winter
7,, 9 & ﬂu.d COy; liguefaction /
. dtm vaporization
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collectors
Nighttima
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Status of the patent
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Main concept of the patent

210 210

120

202 130



Technology Development and Verification
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Technology Development and Verification

Mid&Small Scale Network

A

PEX pipe
(No Corrosion)

> Large Scale Network

» | Protective layer of corrosion

WSl T o el i - Super-hydrophobic coating
cusbonlsiiesnvesinyofeuiomedi s ol sip e chnesen - Reduce friction

- Anti-corrosion of CO2

Fe + COs + HoO — FeCO3 + H»




l Greenhouse Development Stage by HVAC
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Competitiveness : CO, fertilization cost down

Greenhouse with Window
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l The Technology: Smart HVAC System for A.C. Greenhouse

Passive

© @

bacterial
ORGANIC

> 6
—\ , POLLUTANT
a% .
& G

Tio,

©

co,

Insula

ENEL \.g cft tion
H

tion

~ -
~—
-~

~—
~—
-~

~—
-~
~—
-

@ © © ©

~—~
~—
-




1 ) . .
Photocatalytic Process(Nano Scale Coating of TiO,)

. ORGANIC
POLLUTANT

Electrophoretic deposition of
particle-polymer assemblies




Benefits & Business Target
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l Benefits: Business Model

ccy -

Waste Heat

Effluent Heat
_Recovery
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1*'_. = Nocontron * TIO, HEA| HE Mot
e ‘ - - NT|02 = 10 X N2contror| 1032 X N2contror| 1,584 X N2controrl
.+ - 15848012 MZ ZA

oEIe WRE(EN: 10-2017-0142689)
<+ Ng¥s (1.23 kg/m2h):

- BN RS o O4F = 3m2
- X 2E O HM&AS = 3.7kg/h

- 200 24 x1|ggg = 3.7(kg/h * 7) x 140(7}) = 518kg/h

- MEZ|=: 27gr/m3(@ 32°C RH80% ) - 10.9gr/m3 (@ 24°C 50%) = 16.1gr/m?3
- (200" 24! HH™ =3,305m3/ $+2MH 2azk=3,305X16.1/1000= 53.29 kg
- ©9F10& O|L{=2 RH 30% X Z 7} (AT=8C)

< COZ Self-Generation (3.0 g/mz2h):
B D5 CF HA = 3m2
. GX 2S D CO2 MAF=9g/h - T
_ 200% 2AI CO2 MAF = 9g/h - W x 140(7}) = 1,260g/h =1.26kg/h
~200® 24 H& = 3,300m3 (H=5m)
- 1ppm(C0,)=1.8mg/m3
- 1260000/2300 = 380ppm/h




