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Introduction

Global warming and CO, concentration in the atmosphere have hastened research and development of new carbon free energy production
technologies. One of the most progressive technologies to reduce CO; emissions in the atmosphere is the CO, sequestration process: capture and
underground storage of CO, emissions produced by energy and manufacturing sectors. Despite the benefits, CO, capture and sequestration
consumes additional energy, and thus lowering the total energy efficiency of this complex technological approach is important. This analysis is
aimed to identify the overall efficiency of the CO, compression-injection phase and its implication to climate change mitigation.

Objective

The purpose of this analysis was to investigate the energy consumption required for the implementation of CO, sequestering from the
compression phase to the injection phase including, and in comparison with, the CO, potential saved up by using sequestration technology. This
analysis is the initial step in the life-cycle analysis of the CO, compression- injection processes. The CO, emissions generated by the
transportation of CO, by pipelines are not covered in this paper.

Methods

The research is theoretically divided into several parts:

1. Analysis of CO, emissions generated by a reference power plant. The reference power plant is a 400 MW plant with electricity
production of 2400000 MWh annually. Two scenarios were examined - combined cycle gas turbine technology and pulverized coal fired
technology.

2. Calculation of energy required for CO, compression after capture and energy for CO, injection into a reference geological trap. As
mentioned above, the research does not include the CO, transportation (incl. booster stations) phase from the compressors at the plant to
the geological injection site.

3. Analysis of the results and conclusions.

For the purpose of this research, it is assumed that the compressed CO, is injected into the geological formation in the north-western part of

Latvia named Snépele. The calculations of the pump and compressor power requirements were performed in accordance with the McCollumm
and Ogolen methodology [2]. The general scheme of the calculation algorithm is shown in Figure 1.
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Figure 1. Data collection and screening algorithm

The estimation processes begins with the calculation of CO, emissions produced from (1) the gas power plant and (2) the pulverized coal power
plant. The amount of CO, emissions were calculated in accordance with the methodology used in the Latvian National Allocation Plan for CO,
Allowances for 2005-2007:

N, xTxR
€O, =EQ,, =IT (1
N el —installed electrical capacity, MWel,;
T - operating time, h/year;
R — emission factor, t CO,/MWh;
n - efficiency of the plant.

The total amount of CO, emissions for the gas plant is equal to 964 561 t/year and for the coal plant - 1 991 485 t/year. For further calculations
these numbers are modified to the amount of emissions produced per CO; injection system operating day, i.e. 20 hours/day.

When CO, is captured from the flue gases, it should be compressed from the atmospheric pressure to the pressure applicable for CO,
transportation via the pipelines. Therefore, the amount of energy consumed by the compressor system must be evaluated as a potential impact to
the environment through the compression power requirements:

ks
W :( 100 j mZ RT, \ k, [( CR) 1}
T 24x3600 \ Mn, |k, -1 2

W1 — compression power requirements for each stage, kW;

m - CO, mass flow to be injected in the geological formation, t/day;
Z- CO, compressibility for each stage;

R — gas constant, kJ/kmol*K;

Ti, - CO, temperature at compressor inlet zone, K;

M - CO, molecular weight, kg/kmol;

n,, - efficiency of compressor;

k, - average ratio of specific heats of CO, for each individual stage.
It is assumed that eligible number of compression stages is five.

To calculate the pumping power requirements the following formula is used:
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W, — pumping power, kW;

m — CO, mass flow, t/day;

p — CO, density for pumping time, kg/m’;

n ,— efficiency of pump;

Piinai—pressure of CO, transport via pipelines, MPa;

Pouorr— pressure at which the compressor switches to pumping, MPa.

The CO, power requirements for the pumping (injection) process mostly depend on the CO, flow and injection site geological properties and are
integrated into thee calculation of the number of CO, injection wells. The geological properties significant for such calculation are pressure,
temperature in the reservoir, permeability, thickness, depth, mobility and infectivity of CO, in the reservoir. The formula used for the calculation
of the number of injection wells is the following:

N, cale — m/ QCOZ/well

Neae - number of injection wells;

m- CO, mass flow to be injected in the geological formation, t/day;

Qcozwel - CO; injection rate per well, t/day/well;

Qcozwen = £ (CO, injectivity, CO, mobility, permeability of reservoir, reservoir pressure, temperature, depth, thickness).

(4)

The general results on energy consumption requirements needed for CO, compression and injection phases are shown in Table 1.

Table 1.
Energy consumption for CO, compression and injection in the geological reservoir

Fuel used in power | Amount of CO, CO; emissions from electricity consumption
plant transported to the for
injection site, t/day
compression phase, pumping phase,
t/day t/day
Natural gas 2 643 t/day 52,191 3,963
Pulverized coal 5 456 t/day 222,383 16,894

Conclusions

The analysis shows the interrelations of CO, emissions generated during the injection and compression phases of CO, sequestration processes
and stored CO, emissions. CO; generated in the injection phase is not significant in comparison with total amount of CO, stored in the geological
storage - it produces approximately 0.1 % from CO, emissions sequestrated in the case of the gas power plant, and between 0.1- 0.3% for the
coal burning energy plant.

The impact of the energy consumed for CO, compression and injection phases were also analysed with a life cycle analysis approach -
Ecoindicators 99. The results show that the impact to the environment varies from 1% to 2.5 % from the total amount of CO, stored in the
geological trap. These numbers are reliable for the Latvian energy sector, where a considerable proportion of primary energy is produced from
renewable energy resources, such as hydro energy, and therefore the impact to climate change is lower.

To get more detailed results, it is necessary to include CO, transportation phase and additional booster stations, which were not discussed in this
paper, in the process analysis.
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Gusca J., Demidko J., Blumberga D. Oglekla dioksida emisiju geologiska uzglabaSana: energijas patérina modelis iesiiknéSanas posmam

CO? piesaistes un geologiska uzglabasana ir pasaulé atzits siltumnicefekta gazu (SEG) emisiju izraisito klimata parmainu samazinasanas veids. Tomér pats emisiju piesaistes
un uzglabasanas process ir saistits ar paaugstindtu energijas patérinu, kas iespaido art kopéjo sisteémas lietderibas koeficientu. Aprakstitaja pétijuma tiek apskatita oglekla
dioksida saspiesanas un iesitknésanas posmu ietekme uz vidi no procesu istenoSanai nepieciesamas elektroenergijas patérina. Par atskaites energijas sistemu tiek nemta 400
MW elektroenergijas stacija ar gada sarazoto elektroenergijas daudzumu 2400000MWh pie diviem scendarijiem: razojot elektroenergiju no dabas gazes un akmenoglém. Par
oglekja dioksida emisiju uzglabasanas vietu pétijuma ietvaros ir izvélets Snépeles kolektorrezervuars, kurs atrodas Latvijas rietumdala: rezervuara geologiskie un
hidrogeologiskie raksturlielumi manami ietekmé sitkna jaudas izveli un lidz ar to arl pateretas energijas daudzumu. Lai noteiktu saspieSanas un iepumpésSanas procesu
ietekmi uz vidi, pétijuma tika izmantota dzives cikla analizes (DZA) Ekoindikatoru 99 metode un Latvijas energotirgum raksturigais saraZotas energijas ietekmes indikators.
letekmju analizes pilnveidosanai ir ieteicams papildinat pétijumu, veicot dzives cikla analizi ar specializétas datorprogrammas palidzibu.

Gusca J., Demidko J., Blumberga D. Geological storage of carbon dioxide emissions: energy consumption model for injection phase
CO?2 capture and geological storage is a tool accepted worldwide for climate change mitigation caused by greenhouse gases (GHG). Nonetheless, the CO2 sequestration
process consumes additional energy and affects the total efficiency of the energy production chain (incl. GHG reduction). The paper describes the impact of CO2
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compression and injection phases to the environment from energy consumption point of view. A 400MW power plant (2400000MWh electricity produced per year) is used as
a reference plant for the analysis. It is assumed that electricity is produced from gas (I° scenario) and pulverized coal (2" scenario). Snepele geological trap situated in the
north-western part of Latvia is selected as the potential storage site. The geological and hydrogeological conditions of the trap affect the amount of electricity used for the
injection phase. The Ecoindicators 99 method based on life cycle analysis (LCA) approach is used to determine the impact to the environment of the compression and
injection phase. Energy indicator, specific for Latvian energy sector, is used in the LCA analysis. For future investigations it is recommeded to improve the impact assessment
of the processes through the analysis with specialised LCA software.

T'ywa FO., [lemuoxo E., Baymoepea /l. I'eonozuueckoe xpanenue plopocoes yeieKucio2o 2a3a: Mooeib ROmpedaenus IHEPZUU 6 RPOUEcce UHICEKMUPOBCAHUS
Ynaenusanue u ceonocuueckoe xpanenue 8bl0pOCO8 Y2neKUCI020 2a3A SAGNAEMCA 0OWENPUSHAHHBIM MEMOOOM NO YMEHbULEHUIO B030€UCMEUs HA OKPYHCaowyio cpedy u
enobanvroe nomenienue. OOHAKO cam NPoyecc YIaeIueanust U XPAHeHUs: Cé3aH ¢ NOBLIUEHHBIM NOmpeOienuemM SHepeuLl, 4mo, @ C60I0 ouepedb, OKA3bleAem GIUsHUE HA
0bwyio s¢hpexmusnocms 0anHol cucmemvl. B onucannom ucciedosanuu paccmMampueaemcs GIUSHUE RPOYECCO8 COHCAMUs U 3aKAYKU IMUCCULL YeleKUCT020 2d3a Ha
OKPYIHCAIOWYIO CPedy ¢ MOUKU 3peHust NOMpPebaseMol 8 IMUX Npoyeccax dAeKmpoeHepeul. 3a OMm4emHylo IHEPeOCUCTEMY 8 UCCIe008aHUU NPUHSIMA 8 PACCMOMpPEHUe
anekmpocmanyusi mowrocmoio 400 MBm, ¢ 200060ii npousgooumenvhocmoio 2400000 MBmY. Paccmampusaiomes 08a cyenapus pabomuvl OAHHOU IAEKMPOCAHYUU.
UCNONBL3YS KAK MONAUBO KAMEHHBIU Yo (1-vlil cyenaputl) u npupoonwiil 2az (2-ou cyenapuii). I eonocuyeckas Ko1IeKmMopHas 108ywKa Ha cesepo-3anade Jlamsuu- Cnenene -
NPUHAMA 8 UCCIe008AHUU KAK NOMEHYUATbHOE MECMO 3aKAYKU IMUCCULL Y2NeKUCTIO20 2a3d: XapaKmepHbvle 2e0102UtecKUe GelUYUHbL JT08YULKYU GIUAIOM HA OAbHelublil
paccyem u pe3yibmamyl 8b100pa MOWHOCHU HACOCA, U TMeM CAMbIM 00EMOM nompebaaemou dnekmpoenepauu. s OYeHKu 6IUSHUSL RPOYECCO8 CHCAMUS U 3aKAUKY IMUCCUL
HA OKPYACAIOWYIO Cpedy, 8 UCCCAeO08ANUU NPUMEHAEMC MEMOOUKA AHANU3A HCUSHEHHO20 YUKIA Yepe3 Memo0 DKouHOuKkamopog -99 u xapakmepHozo Oasi 1amseuticko2o
9HEP2OPLINKA UHOUKAMOPA NPOU3EEOEHHOU DNIEKMPOCHEPSUU.
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