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ABSTRACT

Gasification technology is recognized as next generation power plant
technology which can replace conventional coal power plant. It
produces not only electricity but also chemical energy as a form of
syngas. The syngas can be further transformed into valuable chemicals
such as H,, DME and liquid fuel etc. Present investigation focuses on
the evaluation of gasification performance based on the 300MW
gasification plant with various feedstocks such as Illinois#6 coal, heavy
residue oil and oil sand. The simulation model of the gasification plant
is composed of sub-process such as fuel pretreatment, gasification, ash
removal, AGR and combined cycle based on ASPEN plus. For
estimating performance of gasification plant model, simulation results
are compared with the actual operation data of demo plant. To do this,
evaluating parameters are chosen as cold gas efficiency and carbon
conversion of gasifier, power output of combined cycle and production
rate of H, and DME.

KEY WORDS: gasification, oil sand, heavy oil, poly generation,
ASPEN

1. INTRODUCTION

Many research and development for renewable energy technologies are
being performed with the recognition of without novel technology
producing energy, continuous high price of crude oil and climate
change of the earth. However it is their efforts for getting technologies,
it can not be supplied large capacity of required electricity in the
industrial sector. Gasification technology such as IGCC can be satisfied
former demand among the present power technologies. Moreover,
climate of our earth is gradually changed by CO, emission of
industrials. So the development for advanced CO, free power plant has
being required until now. The representative case is generation of
electricity applied gasification technology. Another advantage of IGCC
is not able to produce electricity cleanly and efficiently but also
produce chemicals such as hydrogen, methanol, DME with various
feedstocks. Additionally, IGCC can obtain with the process of energy
conversion without air pollutant emissions (SOx, NOx, PM etc). With
compared to conventional power plant, this technology could be led to
total cost reduction of 40~90%. Under the condition of generating 300
MW capability of electricity, it is indicated to characteristics of
gasification plant by supplying various feedstocks such as coal, heavy
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oil residues. The application range of gasification plant is indicated in
Fig 1.
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Fig. 1. Application range of gasification technology

2. SIMULATION OF GASIFICATION SYSTEM

To comprehend characteristics of gasification plant is dependent on the
various feedstock, so that the simulation code was made with the
parameters of 300MW gasification power plant using ASPEN plus.
Then the developed model was compared to required flow rate of
feedstock, oxidant and gasification performance index such as cold gas
efficiency and carbon conversion of gasifier through syngas
composition for each process. During the simulation, feedstocks were
chosen as bituminous coal, heavy oil residues and bitumen from oil
sand. After setting a base model of gasification plant, it was applied to
various chemical plant models such as DME, hydrogen.

2.1. INITIAL CONDITIONS AND ASSUMPTIONS

Feedstocks for the gasification were selected to Illinois #6 coal, bunker-
C and bitumen. Bitumen is extracted from oil sand produced in Alberta,
Canada. Characteristics of sample feedstock were presented in Table 1
such as ultimate, proximate analysis and higher heating value. The
following data were utilized during the simulation study for gasification
power plant.
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Fig. 1. Application range of gasification technology


2. SIMULATION OF GASIFICATION SYSTEM

To comprehend characteristics of gasification plant is dependent on the various feedstock, so that the simulation code was made with the parameters of 300MW gasification power plant using ASPEN plus. Then the developed model was compared to required flow rate of feedstock, oxidant and gasification performance index such as cold gas efficiency and carbon conversion of gasifier through syngas composition for each process. During the simulation, feedstocks were chosen as bituminous coal, heavy oil residues and bitumen from oil sand. After setting a base model of gasification plant, it was applied to various chemical plant models such as DME, hydrogen.

2.1. INITIAL CONDITIONS AND ASSUMPTIONS

Feedstocks for the gasification were selected to Illinois #6 coal, bunker-C and bitumen. Bitumen is extracted from oil sand produced in Alberta, Canada. Characteristics of sample feedstock were presented in Table 1 such as ultimate, proximate analysis and higher heating value. The following data were utilized during the simulation study for gasification power plant.

Table. 1. Ultimate and proximate analysis of feedstock


		

		Illinois#6 coal

		Bunker-C

		Bitumen



		Proximate


(wt %)

		Mo

		11.2

		-

		-



		

		V.M

		34.99

		-

		-



		

		F.C

		44.19

		-

		-



		

		Ash

		9.7

		-

		-



		Ultimate


(wt %)

		C

		71.72

		86.9

		83.2



		

		H

		5.06

		12.1

		10.8



		

		O

		8.08

		0.15

		1.36



		

		N

		1.41

		0.50

		0.72



		

		S

		2.82

		0.30

		3.95



		

		Ash

		10.91

		0.05

		0.00



		HHV (kcal/kg)

		7,217

		10,659

		10,033





The IGCC power plant modeled in this study is limited to gasification of dry coal feeding type. For the 300 MW electricity power, flow rates of fuels and utilities are calculated and considered at gasification power plant model. The supplying conditions of each fuel and utilities are presented in Table 2.

Table. 2. Supplying conditions of each feedstock

		Flow rate

(tons/hr)

		Illinois#6

Coal

		Bunker-C

		Bitumen



		Fuel

		87.5

		65.9

		70



		Oxygen (95%)

		75.1

		74.5

		79



		Nitrogen

		6.65

		-

		-



		Steam

		2.6

		30.2

		30.1





2.2. MODELING OF UNIT PROCESS

After simulated gasification power plant for each case, the results are gained and evaluated by comparison of reference data. The gasification plant is representatively composed of preparing fuel, gasification, ash removal, acid gas removal and combined cycle with gas turbine and steam turbine. For considering each gasification plant dependent on feedstock, the preparing fuel process is only changed and others are applied at the same. Preparing fuel process is composed of coal pulverizing, drying and transporting system with nitrogen gas in the section of coal gasification. After being pulverized by average particle size of 74㎛, those coals are dried at 95℃ of nitrogen gas and transported to gasifier with mixing. The case of heavy residue oil is composed of fuel mixing and supplying system appropriated at liquid phase. It is assumed that gasifier is identically operated at 28 kg/cm2, 1420℃ in this model. However gasification mechanism complexes with various reactions, those are simplified to limit 11 major equations in this model. The section of gasification process is composed of decomposition, gasification and soot (slag) generation, its process flow is shown in Fig.2. Those reaction equations are summarized in Eqs.1 through 11.
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The model of gasification process is made by Aspen Plus indicated in Fig.2.
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Fig. 2. Simulation model for gasification process

The gasification model is made of thermal decomposition process which changed volatile matter from solid particle and gasification process which proceeded to partial combustion of carbon particle and organic materials. With passing through the cyclone and metal filter by turns, fly-ash on the inside syngas is removed to near the 99% of removal efficiency. Then syngas removed ash lead to acid gas removal (AGR) process which can be captured CO2, H2S gas by absorbent of MEA solution , the syngas is washed without acid gases.

3. SIMULATION OF APPLICATION SYSTEM

The gasification technology can variously convert primary resources to secondary energy such as DME, H2 and electricity. For simulating each system, common processes are basically set from fuel preparing to AGR process. Then the rest processes which are required in application system are appropriately added. The capacity of syngas used to application system is assumed to equal syngas flow rate of power plant produced to 300 MW. 

3.1. MODELING OF DME PROCESS

The simulation model of DME process was based on the design and operating parameters of pilot scale plant located in Institute for Advanced Engineering (IAE), Korea. The model developed with ASPEN plus is illustrated in Fig 3. It should be focused that fixed bed type reactor was chosen to simulate the characteristics of DME reactor during the study. The formation of the model is composed with various types of unit blocks; syngas compressor as compress 4 stages and operated to maximum 90 kg/cm2, PCV as valve controlling pressure, preheater as raising to 220℃ of syngas temperature, DME reactor as fixed bed reactor with shell & tube heat exchanger which being operated to the range of 240~310℃, 50~70 kg/cm2, steam drum as controlling reactor temperature with generating steam. Heat exchanger as cooling product gas after DME reactor, Sep-1 as separating methanol in the product, Sep-2 as separating high purity of DME in the product.

The syngas from the gasification is mainly composed of CO and H2. Overall DME synthesis process can include 3 steps such as methanol synthesis, dehydration and WGS (water gas shift) reaction as described in Eqs. (12) through (17). The formation of methanol was considered by two reaction mechanisms as illustrated in both Eq.12 and Eq.13, Eq.12 is formation of methanol participating CO and H2 as major reactants, and this reaction emits high reaction enthalpy. While Eq.13 is led by participating CO2 and H2, it has less reaction enthalpy than Eq.12. It is assumed that both reactions can be proceeded to produce methanol simultaneously in this study.
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Methanol experienced following reaction of dehydration with DME synthesis catalyst, as in Eq.14. DME catalyst used during the synthesis is assumed as Cu/ZnO/Al2O3+γ-Al2O3 in this process. Eq.15 is shown as WGS reaction. It has a role to supply CO2 and H2 for DME synthesis.
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By integrating Eqs.(12) through (15), two different cases of DME overall reaction are respectively obtained such as Eq.16 and Eq.17. The case of Eq.16 is combined into Eq.12, Eq.14 and Eq.15. And if WGS reaction slowly proceeded, DME overall reaction is led to Eq.17.




[image: image18.wmf]2332


33


COHCHOCHCO


+«+


     - 58.8 kcal/mol-DME      (16)




[image: image19.wmf]2332


24


COHCHOCHHO


+«+


 - 49.0 kcal/mol-DME      (17)




[image: image20.emf]Syngascomp


Syngas


PCV


Preheater


DME reactor


Steam heater


Supply pump


Steam drum


DME


SEP-1


SEP-2


Heat exchanger


Syngascomp


Syngas


PCV


Preheater


DME reactor


Steam heater


Supply pump


Steam drum


DME


SEP-1


SEP-2


Heat exchanger




Fig. 3. Simulation model of direct DME (catalyst) process

3.2. MODELING OF HYDROGEN PROCESS

The model of hydrogen manufacturing process is composed of high and low temperature shift reactor which respectively operated at 450℃, 220℃, AGR and PSA (pressure swing adsorption) for obtaining high purity of hydrogen. After passing through heat exchanger which can recovery waste heat for generating steam from high temperature of syngas, dividing two streams between HT and LT shift reactor with adding steam. Passing through HT and LT shift reactor, most CO component of syngas is converted to H2. Then 99% of acid gases (CO2, H2S) among the converted syngas are removed by 20 wt% MEA solutions. The washed syngas composed of H2 component is compressed, and 99.9% of H2 is separated by PSA. This model is illustrated in Fig 4.
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Fig. 4. Simulation model of H2 manufacturing process


3.3. MODELING OF COMBINED CYCLE

The washed syngas is compressed at 15~16 kg/cm2, the compressed syngas is injected to gas turbine combustor with high pressure of air and N2 gas. After being combusted near 1260℃ at the gas turbine cycle, it is generated electricity by high thermal and pressurized combustion gas. At last exhaust gas including high thermal pass through heat recovery steam generator (HRSG), waste heat of exhaust gas is recovered and used as heat source at the steam turbine cycle. Steam turbine composed of 3 stage compressors operated in LP (4 kg/cm2), IP (20 kg/cm2) and HP (98 kg/cm2) steam. It is important to supply air as oxidant and N2 as diluents gas into combustor of gas turbine in this process. So the amount of both air and N2 isn’t only related to power but also temperature of combustor at the gas turbine. Therefore input of gas turbine is determined to exhaust 7~9% of CO2 concentration among the burned gas, quantities of air and N2 gas set to following Table 3.

Table. 3. Supplying condition of gas turbine cycle for each case

		

		Illinois#6 coal

		Bunker-C

		Bitumen



		Air (ton/hr)

		900

		1,390

		1,390



		Diluents N2 (ton/hr)

		500

		253.6

		253.6





3.4. SIMULATION PROCEDURE

After setting each process model, various fuels are applied to these models. Considering fuels and products in the gasification model, there are 9 cases such as Fig. 5.
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Fig. 5. Cases of gasification plant with various fuels and products

For comparing production of each case, heating value of feedstock become equivalent to control quantities of fuels, oxygen and steam like as Table 2. The O2/fuel ratio was respectively set to 0.86 as Illinois #6 coal, 1.13 as bunker-C and bitumen. After integrated between gasification considering various fuels and products model such as DME, hydrogen and electricity, mediated streams like materials, heat and work for integrated each system.

4. SIMULATION RESULTS


It is considered that what is differs from gasification characteristics of each fuel. For indicating its gasification characteristics, it is suggested parameters can indicate gasification performance such as syngas composition, cold gas efficiency (CGE) and carbon conversion (CC). The CGE and CC are respectively defined as Eq.18 and Eq.19.
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Table. 4. Syngas composition of each fuel at the latter part of gasifier

		

		Illinois#6 coal

		Bunker-C

		Bitumen



		Syngas composition


(mole %)

		CO

		0.623

		0.381

		0.386



		

		H2

		0.290

		0.469

		0.472



		

		CH4

		0.009

		146 ppm

		161 ppm



		

		CO2

		0.023

		0.027

		0.025



		

		H2S

		trace

		107 ppm

		108 ppm



		

		H2O

		0.003

		0.112

		0.105



		

		O2

		trace

		trace

		trace



		

		N2

		0.042

		0.007

		0.012



		Syngas flow rate


(kmol/hr)

		7,502

		11,145

		11,746





It is shown that syngas composition of each fuel produced at the latter part of gasifier by Table 4. According to the results of syngas composition, H2/CO ratio of Illinois#6 coal(IC) is about 0.465, bunker-C (BC) and bitumen (BT) are similarly shown as 1.22.
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Fig. 6. H2/CO ratio, cold gas efficiency and carbon conversion by gasification of each fuel

In the face of gasification performance shown at Fig.6 as CGE and CC for each fuel, CGE and CC of Illinois#6 coal are respectively calculated on 75.8% and 94.0%. Illinois#6 coal has lowest CGE, that reason is that heat value of combustible syngas (CO, H2, and CH4) is the lowest among the 3 type of fuel.

Table. 5. Production rate of each product by various fuels

		

		Illinois#6 coal

		Bunker-C

		Bitumen



		Electricity (MWe)

		301.6

		289.3

		291.8



		DME (ton/hr)

		30.4

		71.4

		72.2



		H2 (ton/hr, 99.9%)

		13.2

		17.7

		18.8





It is obtained production rate of 9 cases by various feedstock through individual model as Table.5. These results are just indicated total quantities of final products. For comparing with each case equivalently, it is approached energy conversion ratio (caloric of product/caloric of input materials) in the view of the thermodynamic 1st law. Before calculating energy conversion ratio of the each case, it is firstly performed to determine control volume in the individual model. Then caloric of final products (electricity, DME, H2) obtained by simulation is divided by caloric of input materials (fuel, O2, air, required electricity etc) reflected in each model. Through the procedure of converting equivalent caloric, it is obtained followed energy conversion ratio of various products with feedstock as Fig.7.
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Fig. 7. Energy conversion ratio of various feedstocks and products

However cold gas efficiency of Illinois#6 coal is the lowest among the fuels, utilization of coal is relatively prior to the other feedstock as 0.373 of energy conversion ratio in the face of electricity generation. As comparing with energy conversion ratio in this case, it has to consider controlling concentration of exhaust gas (CO2, O2, NOx etc) in the gas turbine cycle. So the quantities of air and diluents N2 injected to combustor are different Illinois#6 coal from liquid oil such as bunker-C, bitumen. These parameters are effected generating power. Coal is shown into the lowest energy conversion ratio as 0.321 in the face of DME production. That reason is syngas derived from pulverized coal has lower H2 portion than liquid oil such as bunker-C and bitumen. It is important that H2/CO ratio approach near the 1.0 in the DME process. In the face of hydrogen production, bitumen has competitive among the feedstock. H2 production is proportional to hydrogen content of syngas before shift reaction.

5. SUMMARY

Through the simulation study for gasification system applied to various feedstocks and products, base models of both gasification and application system were constructed by ASPEN plus. After being integrated each unit model composed gasification system, overall systems such as power, DME and H2 manufacturing plant were simulated with changing feedstocks as Illinois#6 coal, bunker-C and bitumen. Then it was evaluated gasification performance used by cold gas efficiency, carbon conversion and H2/CO ratio for each case. In case of gasification with Illinois#6 coal, there were shown 0.465 of H2/CO ratio, 75.8% of cold gas efficiency and 94.0% of carbon conversion. The gasification models applied bunker-C and bitumen were respectively shown 1.231, 1.223 of H2/CO ratio, 91.7%, 97.6% of cold gas efficiency and 95.3%, 99.5% of carbon conversion. For comparing with gasification systems had different feedstock and products, caloric values of the both input and output materials were calculated and become equivalent used energy conversion ratio in the view of thermodynamic 1st laws.
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합성가스조성


									Coal (Illinois#6)			CWS			Bunker-C			Naphtha			Bitumen			Coal
(kideco)			Coal
(datong)			Biomass
(sawdust)


			Proximate			Mo			11.2			11.2			-			-						20			11.3			7.1


			Analysis			V.M			34.99			34.99			-			-						40.08			29.73			78.6


			(wt %)			F.C			44.19			44.19			-			-						38.58			50.88			12.9


						Ash			9.7			9.7			-			-						1.34			8.09			1.4


			Ultimate			C			71.72			71.72			86.9			84.4			83.2			63.04			67.08			49.3


			Analysis			H			5.06			5.06			12.1			15.6			10.77			5.11			4.31			6.42


			(wt %)			O			8.08			8.08			0.15			0.01			1.36			29.41			19.26			42.54


						N			1.41			1.41			0.5			0.5			0.72			0.24			0.66			0.2


						S			2.82			2.82			0.3			0			3.95			0.52			0.6			0.04


						Ash			10.91			10.91			0.05			0			0			1.68			8.09			1.51


			PONA			Paraffines			-			-			-			71						-			-			-


			(mole %)			Olefines			-			-			-			0.5						-			-			-


						Naphthenes			-			-			-			19						-			-			-


						Aromatics			-			-			-			9.5						-			-			-


			HHV (kcal/kg)						7,217			6,951			10,659			11,433			10,033			5,975			6,306			4,862


									Coal												BC						NAPT


									ILD-r			ILD-w			ILS-r			ILS-w			BC-r			BC-w			NP-r			NP-w


						CO			0.623			0.635			0.516			0.513			0.426			0.432			0.450			0.451


						CO2			0.023			0.000			0.049			0.000			0.037			0.000			0.018			0.000


						H2			0.291			0.304			0.421			0.475			0.523			0.554			0.518			0.536


						CH4			0.009			0.007			0.000			0.000			0.000			0.000			0.000			0.000


						N2			0.042			0.043			0.008			0.009			0.008			0.009			0.006			0.006


						H2S			0.000			0.000			0.002			0.000			0.000			0.000			0.000			0.000


						COS			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


						NH3			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


									Coal


									ILD-A			ILS-A			BC-A			NP-A


						CO			0.09996			0.19388			0.15900			0.17913


						CO2			0.14226			0.15058			0.32858			0.21570


						H2			0.00000			0.00000			0.00000			0.00000


						CH4			0.01395			0.00080			0.00032			0.00080


						O2			0.00000			0.00000			0.00000			0.00000


						N2			0.00574			0.00265			0.00240			0.00168


						AR			0.00388			0.00247			0.00261			0.00415


						H2S			0.00020			0.00536			0.00050			0.00057


						COS			0.00002			0.00019			0.00004			0.00005


						NH3			0.00067			0.00004			0.00013			0.00023


						MEA			0.20387			0.00004			0.00001			0.00001


						H2O			0.52945			0.64400			0.50642			0.59768


						mole flow			1208.3			2124.2			1152.2			869.7








합성가스조성
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Mole fraction





냉가스탄소전환율
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CO


CO2


H2


N2


Fuel sample


mole fraction





습식비교검증


			


									ILD			ILS			BC			NP			BIT			HHV(KJ/mol)						ILD			BC			BT


			원소분석			C			71.72			71.72			86.90			84.40			83.20						CGE			75.8			91.7			97.6


			(dry, wt%)			H			5.06			5.06			12.10			15.60			10.77						CC			94.0			95.3			99.5


						O			8.08			8.08			0.15			0.01			1.36						PNE			41.07			35.41			35.73


						N			1.41			1.41			0.50			0.50			0.72						NPW			301.6			289.3			291.8


						S			2.82			2.82			0.30			0.00			3.95


						Ash			10.91			10.91			0.05			0.00			0.00


			발열량(kcal/kg)						7,216.75			6,951.00			10,659.17			11,432.65			10,033.18


			가스화기공급조건			연료			87.50			111.00			65.90			61.50			70.00


			(ton/hr)			산소			75.10			94.00			74.50			69.50			79.00


						질소			6.65			0.00			0.00			0.00			0.00


						water			0.00			41.60			0.00			0.00			0.00


						steam			2.56			0.00			30.18			30.10			30.10


			가스터빈공급조건			공기			900.00			900.00			1,390.00			1,390.00			1,390.00


			(ton/hr)			diluent N2			500.00			500.00			253.60			253.60			253.60


			생성가스(mol%)			CO			0.6230			0.4150			0.3810			0.3760			0.3860			283.0


						H2			0.2900			0.3377			0.4690			0.4670			0.4720			286.0


						CH4			0.0090			0.0002			0.0001			0.0001			0.0002			891.0


						CO2			0.0230			0.0402			0.0270			0.0290			0.0250


			생성가스량(kmol/h)						7,502.4			8,274.9			11,144.6			10,501.0			11,745.8


			투입연료 총발열량			MMBtu/hr			2,506.9			3,063.1			2,788.7			2,791.3			2,788.2


			생성가스 총발열량			MMBtu/hr			1,900.5			1,680.3			2,557.1			2,389.6			2,720.5


			투입연료 총 탄소량			tons/hr			5,229.6			6,634.1			4,772.3			4,325.5			4,853.3


			생성가스 총 탄소량			tons/hr			4,914.1			3,768.7			4,548.6			4,254.3			4,829.4


			CGE			%			75.8			54.9			91.7			85.6			97.6


			CC			%			94.0			56.8			95.3			98.4			99.5


			NPW			MW			301.6			298.8			289.3			286.8			291.8


			PNE(HHV)			%			41.07			33.30			35.41			35.07			35.73


			반응전가스조성(mol%)			CO


						CO2


						CH4


						H2


			반응후가스조성(mol%)			CO


						CO2


						CH4


						H2


			H2 Products			tons/hr			13.15						17.68						18.79


						mol%			1.00						1.00						1.00


			Required work			MW			18.00						19.78						21.02


			H2 Yield			%


			conversion			%


			반응전가스조성(mol%)			CO			0.632						0.428						0.428


						CO2			0.001						0.000						0.000


						CH4			0.008						0.046						0.016


						H2			0.299						0.509						0.538


			반응후가스조성(mol%)			CO			0.554						0.001						0.001


						CO2			0.155						0.320						0.315


						CH4			0.013						0.113						0.041


						H2			0.052						0.108						0.124


			DME Products			tons/hr			30.42						71.38						72.20


						mol%			0.14						0.35						0.37


			MeOH Products			tons/hr			0.18						4.97						6.11


						mol%			0.00						0.04						0.05


			Required work			MW			32.06						44.50						44.30


			DME Yield			%			0.45						0.82						0.87


			H2 Conversion			%			0.83						0.79						0.77


			CO conversion			%			0.12						1.00						1.00


						ILD			ILS			BC			NP			BT


			O2/fuel			0.858			0.616			1.131			1.130			1.129


			(H2O+O2)/fuel			0.858			1.222			1.131			1.130			1.129


			H2/CO ratio			0.465			0.814			1.231			1.242			1.223








습식비교검증
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건식비교검증


			ILD			ILD			ILD


			ILS			ILS			ILS


			BC			BC			BC


			NP			NP			NP





&A


Page &P


O2/fuel


(H2O+O2)/fuel


H2/CO ratio


Fuel sample


O2/fuel, (H2O+O2)/fuel ratio


Syngas H2/CO ratio


0.8582857143


0.8582857143


0.4654895666


0.6159895151


1.2216216216


0.8137349398


1.1305007587


1.1305007587


1.2309711286


1.1300813008


1.1300813008


1.2420212766





벙커C검증


			0			0
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CGE
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납사검증


			


			feedrate(kg/h)			Texaco IGCC base			cws-IGCC 300


			coal			125458.000			111076.300


			water			47042.000			41607.000


			coal water slurry			170737.800			152683.300


			oxidant(95%)			105089.300			94052.900


			steam			0.000


			trans N2			0.000


			O2/fuel			0.616			0.616


			steam/O2			0.000


			N2/fuel			0.000


			steam/fuel			0.000


			(H2O+O2)/fuel			1.213			1.221


			mole fraction


			CO			0.4160			0.4150			0.23			0.41778021


			CO2			0.0880			0.0402			54.31			0.054714


			H2			0.3140			0.3377			7.54			0.36115787


			CH4			0.0007			0.0002			66.25			8.53E-05


			O2			0.0000			0.0000			0.00			7.75E-13


			N2			0.0090			0.0068			24.90			0.00672176


			AR			0.0072			0.0023			68.01			0.00241716


			H2S			0.0002			0.0016			677.30			0.00022615


			COS			0.0000			0.0001			837.84			8.99E-06


			NH3			0.0003			0.0000			90.86			2.00E-05


			H2O			0.1650			0.1961			18.86			0.15686858


						Ref			R/I			R			T/I			T						Ref: texaco reference data


			CO			0.4160			0.4150			0.4342			0.4154			0.4496						R: 반응식 고려


			CO2			0.0880			0.0402			0.0467			0.0399			0.0308						I: inert fraction(반응성)고려


			H2			0.3140			0.3377			0.3646			0.3392			0.3499						T: 반응온도(1370)만 고려


			CH4			0.0007			0.0002			0.0003			0.0000			0.0000


			O2			0.0000			0.0000			0.0000			0.0000			0.0000


			N2			0.0090			0.0068			0.0064			0.0068			0.0064


			AR			0.0072			0.0023			0.0022			0.0023			0.0022


			H2S			0.0002			0.0016			0.0148			0.0004			0.0142


			COS			0.0000			0.0001			0.0006			0.0000			0.0012


			NH3			0.0003			0.0000			0.0000			0.0000			0.0000


			H2O			0.1650			0.1961			0.1301			0.1960			0.1456
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heat value
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			feedrate(kg/h)			Shell IGCC base			pdc-IGCC 300


			coal			112532.900			87497.133


			oxidant(95%)			96710.500			75100.000


			steam			3272.300			2555.400


			trans N2			8605.000			6650.000


			O2/fuel			0.859			0.858


			steam/O2			0.034			0.034


			N2/fuel			0.076			0.076


			steam/fuel			0.029			0.029


			(H2O+O2)/fuel			0.888			0.888


			mole fraction						반응/inert 고려						반응만			1420접근(반응고려안함)			1420접근/inert 고려안함


			CO			0.6270			0.6223			0.74			0.6271			0.6295			0.6465


			CO2			0.0206			0.0229			11.15			0.0147			0.0126			0.0000


			H2			0.2970			0.2905			2.18			0.2712			0.3025			0.2917


			CH4			0.0004			0.0088			2100.69			0.0083			0.0000			0.0002


			O2			0.0000			0.0000			0.00			0.0000			0.0000			0.0000


			N2			0.0432			0.0420			2.84			0.0438			0.0428			0.0422


			AR			0.0092			0.0103			11.90			0.0097			0.0095			0.0093


			H2S			0.0000			0.0000			11.47			0.0096			0.0000			0.0089


			COS			0.0000			0.0000			72.43			0.0007			0.0000			0.0011


			NH3			0.0000			0.0002			0.00			0.0001			0.0002			0.0000


			H2O			0.0030			0.0029			1.78			0.0149			0.0029			0.0001


						Ref			R/I			R			T/I			T						S: shell reference data


			CO			0.6270			0.6223			0.6285			0.6289			0.6475						R: 반응식 고려


			CO2			0.0206			0.0229			0.0145			0.0139			0.0000						I: inert fraction(반응성)고려


			H2			0.2970			0.2905			0.2714			0.3028			0.2917						T: 반응온도(1420)만 고려


			CH4			0.0004			0.0088			0.0082			0.0000			0.0002


			O2			0.0000			0.0000			0.0000			0.0000			0.0000


			N2			0.0432			0.0420			0.0421			0.0412			0.0407


			AR			0.0092			0.0103			0.0103			0.0101			0.0100


			H2S			0.0000			0.0000			0.0096			0.0000			0.0088


			COS			0.0000			0.0000			0.0007			0.0000			0.0011


			NH3			0.0000			0.0002			0.0001			0.0002			0.0000


			H2O			0.0030			0.0029			0.0147			0.0029			0.0001
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			feedrate(kg/h)			Texaco Ref base			pdc-IGCC 300									ref			app


			Heavy Residue			323.000			75000.000						C			87.20			86.90


			oxidant(95%)			342.900			79700.000						H			9.90			12.10


			steam			148.000			34500.000						O			0.80			0.15


			trans N2			0.000			0.000						N			0.70			0.50


			O2/fuel			1.062			1.063						S			1.40			0.30


			steam/O2			0.432			0.433						ash			0.00			0.05


			N2/fuel			0.000			0.000


			steam/fuel			0.458			0.460


			(H2O+O2)/fuel			1.520			1.523


						R-BC			S-BC			R-NP			S-NP


			CO			0.4740			0.4261			0.4530			0.4507


			CO2			0.0570			0.0370			0.0270			0.0182


			H2			0.4580			0.5231			0.5120			0.5182


			CH4			0.0050			0.0001			0.0070			0.0003


			O2			0.0000			0.0000			0.0000			0.0000


			N2			0.0020			0.0081			0.0005			0.0054


			AR			0.0010			0.0035			0.0005			0.0054


			H2S			0.0030			0.0001			0.0000			0.0001


			COS			0.0000			0.0000			0.0000			0.0000


			NH3			0.0000			0.0000			0.0000			0.0000


			H2O			0.0000			0.1340			0.0000			0.0660


			C			87.20			86.90			83.80			84.40


			H			9.90			12.10			16.20			15.60


			O			0.80			0.15			0.00			0.01


			N			0.70			0.50			0.00			0.50


			S			1.40			0.30			0.00			0.00


			ash			0.00			0.05			0.00			0.00
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			feedrate(kg/h)			Texaco Ref base			pdc-IGCC 300									ref			app


			Naphtha			297.000			70000.000						C			83.80			84.40


			oxidant(95%)			341.400			80500.000						H			16.20			15.60


			steam			74.000			17500.000						O			0.00			0.01


			trans N2			0.000			0.000						N			0.00			0.50


			O2/fuel			1.149			1.150						S			0.00			0.00


			steam/O2			0.217			0.217						ash			0.00			0.00


			N2/fuel			0.000			0.000


			steam/fuel			0.249			0.250


			(H2O+O2)/fuel			1.399			1.400


			mole fraction			ref-NP			sim-NP


			CO			0.4530			0.4210


			CO2			0.0270			0.0170


			H2			0.5120			0.4840


			CH4			0.0070			0.0003


			O2			0.0000			0.0000


			N2			0.0005			0.0050


			AR			0.0005			0.0050


			H2S			0.0000			0.0001


			COS			0.0000			0.0000


			NH3			0.0000			0.0000


			H2O			0.0030			0.0660








			


												ILC			BC			BT						Gas			Gross Heating Value						Net Heating Value


						연료			공급량(ton/hr)			87.5			65.9			70.0									(Btu/ft3)			(Btu/lb)			(Btu/ft3)			(Btu/lb)


									연료발열량(kcal/kg)			7216.7			10659.2			10033.2						Acetylene (ethyne) - C2H2			1,498			21,569			1,447			20,837


									입열량(kcal/hr)			631465275.9			702439418.7			702322271.5						Blast Furnace gas			92			1,178			92			1,178


						산소			공급량(ton/hr)			75.1			74.5			79.0						Butane - C4H10			3,225			21,640			2,977			19,976


									현열(kcal/kg)			0.0			0.0			0.0						Butylene (Butene)			3,077			20,780			2,876			19,420


									입열량(kcal/hr)			0.0			0.0			0.0						Carbon monoxide - CO			323			4,368			323			4,368


						스팀			공급량(ton/hr)			0.0			30.2			30.1						Carburetted Water Gas			550			11,440			508			10,566


									현열(kcal/kg)			0.0			0.0			0.0						Coal gas			149


									입열량(kcal/hr)			0.0			0.0			0.0						Coke Oven Gas			574			17,048			514			15,266


						공기			공급량(ton/hr)			900.0			1390.0			1390.0						Digester Gas (Sewage or Biogas)			690			11,316			621			10,184


									현열(kcal/kg)			71.3			71.3			71.3						Ethane - C2H6			1,783			22,198			1,630			20,295


									입열량(kcal/hr)			64188000.0			99134800.0			99134800.0						Hydrogen (H2)			325			61,084			275			51,628


						질소			공급량(ton/hr)			506.7			253.6			253.6						Landfill Gas			476


									현열(kcal/kg)			0.0			0.0			0.0						Methane - CH4			1,011			23,811			910			21,433


									입열량(kcal/hr)			0.0			0.0			0.0						Natural Gas (typical)			950			19,500			850			17,500


						물			공급량(ton/hr)			565.1			656.0			632.2									-			-			-			-


									현열(kcal/kg)																		1,150			22,500			1,050			22,000


									입열량(kcal/hr)															Propane - C3H8			2,572			21,500			2,365			19,770


						합계			총입열량(kcal/hr)			695653275.9			801574218.7			801457071.5						Propene (Propylene) - C3H6			2,332			20,990			2,181			19,630


						전력			생산량(MW)			301.6			289.3			291.8						Sasol			500			14,550			443			13,016


									발열량(kcal/kg)															Water Gas (bituminous)			261			4,881			239			4,469


									총생산열량(kcal/hr)			259329252.0			248753158.5			250902771.0


									output/input			0.373			0.310			0.313


						DME			생산량(ton/hr)			30.4			71.4			72.2


									발열량(kcal/kg)			7567.0			7567.0			7567.0


									소요전력(MWe)			32.1			44.5			44.3


									총생산열량(kcal/hr)			202621717.7			501869846.5			508246761.1


									output/input			0.321			0.714			0.724


						H2			생산량(ton/hr)			13.2			17.7			18.8


									발열량(kcal/kg)			33959.7			33959.7			33959.7


									소요전력(MWe)			18.0			19.8			21.0


									총생산열량(kcal/hr)			431092753.0			583399638.1			620028689.6


									output/input			0.683			0.831			0.883


						1. 고위발열량 기준


						2. 298K, 1atm 기준 산출


												IC			BC			BT


									Electricity			0.373			0.31			0.313


									DME			0.321			0.714			0.724


									H2			0.683			0.831			0.883
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합성가스조성


									Coal (Illinois#6)			CWS			Bunker-C			Naphtha			Bitumen			Coal
(kideco)			Coal
(datong)			Biomass
(sawdust)


			Proximate			Mo			11.2			11.2			-			-						20			11.3			7.1


			Analysis			V.M			34.99			34.99			-			-						40.08			29.73			78.6


			(wt %)			F.C			44.19			44.19			-			-						38.58			50.88			12.9


						Ash			9.7			9.7			-			-						1.34			8.09			1.4


			Ultimate			C			71.72			71.72			86.9			84.4			83.2			63.04			67.08			49.3


			Analysis			H			5.06			5.06			12.1			15.6			10.77			5.11			4.31			6.42


			(wt %)			O			8.08			8.08			0.15			0.01			1.36			29.41			19.26			42.54


						N			1.41			1.41			0.5			0.5			0.72			0.24			0.66			0.2


						S			2.82			2.82			0.3			0			3.95			0.52			0.6			0.04


						Ash			10.91			10.91			0.05			0			0			1.68			8.09			1.51


			PONA			Paraffines			-			-			-			71						-			-			-


			(mole %)			Olefines			-			-			-			0.5						-			-			-


						Naphthenes			-			-			-			19						-			-			-


						Aromatics			-			-			-			9.5						-			-			-


			HHV (kcal/kg)						7,217			6,951			10,659			11,433			10,033			5,975			6,306			4,862


									Coal												BC						NAPT


									ILD-r			ILD-w			ILS-r			ILS-w			BC-r			BC-w			NP-r			NP-w


						CO			0.623			0.635			0.516			0.513			0.426			0.432			0.450			0.451


						CO2			0.023			0.000			0.049			0.000			0.037			0.000			0.018			0.000


						H2			0.291			0.304			0.421			0.475			0.523			0.554			0.518			0.536


						CH4			0.009			0.007			0.000			0.000			0.000			0.000			0.000			0.000


						N2			0.042			0.043			0.008			0.009			0.008			0.009			0.006			0.006


						H2S			0.000			0.000			0.002			0.000			0.000			0.000			0.000			0.000


						COS			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


						NH3			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


									Coal


									ILD-A			ILS-A			BC-A			NP-A


						CO			0.09996			0.19388			0.15900			0.17913


						CO2			0.14226			0.15058			0.32858			0.21570


						H2			0.00000			0.00000			0.00000			0.00000


						CH4			0.01395			0.00080			0.00032			0.00080


						O2			0.00000			0.00000			0.00000			0.00000


						N2			0.00574			0.00265			0.00240			0.00168


						AR			0.00388			0.00247			0.00261			0.00415


						H2S			0.00020			0.00536			0.00050			0.00057


						COS			0.00002			0.00019			0.00004			0.00005


						NH3			0.00067			0.00004			0.00013			0.00023


						MEA			0.20387			0.00004			0.00001			0.00001


						H2O			0.52945			0.64400			0.50642			0.59768


						mole flow			1208.3			2124.2			1152.2			869.7








합성가스조성
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습식비교검증


			


									ILD			ILS			BC			NP			BIT			HHV(KJ/mol)						IC			BC			BT


			원소분석			C			71.72			71.72			86.90			84.40			83.20						CGE			75.8			91.7			97.6


			(dry, wt%)			H			5.06			5.06			12.10			15.60			10.77						CC			94.0			95.3			99.5


						O			8.08			8.08			0.15			0.01			1.36						H2/CO			0.465			1.231			1.223


						N			1.41			1.41			0.50			0.50			0.72						PNE			41.07			35.41			35.73


						S			2.82			2.82			0.30			0.00			3.95						NPW			301.6			289.3			291.8


						Ash			10.91			10.91			0.05			0.00			0.00


			발열량(kcal/kg)						7,216.75			6,951.00			10,659.17			11,432.65			10,033.18


			가스화기공급조건			연료			87.50			111.00			65.90			61.50			70.00


			(ton/hr)			산소			75.10			94.00			74.50			69.50			79.00


						질소			6.65			0.00			0.00			0.00			0.00


						water			0.00			41.60			0.00			0.00			0.00


						steam			2.56			0.00			30.18			30.10			30.10


			가스터빈공급조건			공기			900.00			900.00			1,390.00			1,390.00			1,390.00


			(ton/hr)			diluent N2			500.00			500.00			253.60			253.60			253.60


			생성가스(mol%)			CO			0.6230			0.4150			0.3810			0.3760			0.3860			283.0


						H2			0.2900			0.3377			0.4690			0.4670			0.4720			286.0


						CH4			0.0090			0.0002			0.0001			0.0001			0.0002			891.0


						CO2			0.0230			0.0402			0.0270			0.0290			0.0250


			생성가스량(kmol/h)						7,502.4			8,274.9			11,144.6			10,501.0			11,745.8


			투입연료 총발열량			MMBtu/hr			2,506.9			3,063.1			2,788.7			2,791.3			2,788.2


			생성가스 총발열량			MMBtu/hr			1,900.5			1,680.3			2,557.1			2,389.6			2,720.5


			투입연료 총 탄소량			tons/hr			5,229.6			6,634.1			4,772.3			4,325.5			4,853.3


			생성가스 총 탄소량			tons/hr			4,914.1			3,768.7			4,548.6			4,254.3			4,829.4


			CGE			%			75.8			54.9			91.7			85.6			97.6


			CC			%			94.0			56.8			95.3			98.4			99.5


			NPW			MW			301.6			298.8			289.3			286.8			291.8


			PNE(HHV)			%			41.07			33.30			35.41			35.07			35.73


			반응전가스조성(mol%)			CO


						CO2


						CH4


						H2


			반응후가스조성(mol%)			CO


						CO2


						CH4


						H2


			H2 Products			tons/hr			13.15						17.68						18.79


						mol%			1.00						1.00						1.00


			Required work			MW			18.00						19.78						21.02


			H2 Yield			%


			conversion			%


			반응전가스조성(mol%)			CO			0.632						0.428						0.428


						CO2			0.001						0.000						0.000


						CH4			0.008						0.046						0.016


						H2			0.299						0.509						0.538


			반응후가스조성(mol%)			CO			0.554						0.001						0.001


						CO2			0.155						0.320						0.315


						CH4			0.013						0.113						0.041


						H2			0.052						0.108						0.124


			DME Products			tons/hr			30.42						71.38						72.20


						mol%			0.14						0.35						0.37


			MeOH Products			tons/hr			0.18						4.97						6.11


						mol%			0.00						0.04						0.05


			Required work			MW			32.06						44.50						44.30


			DME Yield			%			0.45						0.82						0.87


			H2 Conversion			%			0.83						0.79						0.77


			CO conversion			%			0.12						1.00						1.00


						ILD			ILS			BC			NP			BT


			O2/fuel			0.858			0.616			1.131			1.130			1.129


			(H2O+O2)/fuel			0.858			1.222			1.131			1.130			1.129


			H2/CO ratio			0.465			0.814			1.231			1.242			1.223








습식비교검증
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납사검증


			


			feedrate(kg/h)			Texaco IGCC base			cws-IGCC 300


			coal			125458.000			111076.300


			water			47042.000			41607.000


			coal water slurry			170737.800			152683.300


			oxidant(95%)			105089.300			94052.900


			steam			0.000


			trans N2			0.000


			O2/fuel			0.616			0.616


			steam/O2			0.000


			N2/fuel			0.000


			steam/fuel			0.000


			(H2O+O2)/fuel			1.213			1.221


			mole fraction


			CO			0.4160			0.4150			0.23			0.41778021


			CO2			0.0880			0.0402			54.31			0.054714


			H2			0.3140			0.3377			7.54			0.36115787


			CH4			0.0007			0.0002			66.25			8.53E-05


			O2			0.0000			0.0000			0.00			7.75E-13


			N2			0.0090			0.0068			24.90			0.00672176


			AR			0.0072			0.0023			68.01			0.00241716


			H2S			0.0002			0.0016			677.30			0.00022615


			COS			0.0000			0.0001			837.84			8.99E-06


			NH3			0.0003			0.0000			90.86			2.00E-05


			H2O			0.1650			0.1961			18.86			0.15686858


						Ref			R/I			R			T/I			T						Ref: texaco reference data


			CO			0.4160			0.4150			0.4342			0.4154			0.4496						R: 반응식 고려


			CO2			0.0880			0.0402			0.0467			0.0399			0.0308						I: inert fraction(반응성)고려


			H2			0.3140			0.3377			0.3646			0.3392			0.3499						T: 반응온도(1370)만 고려


			CH4			0.0007			0.0002			0.0003			0.0000			0.0000


			O2			0.0000			0.0000			0.0000			0.0000			0.0000


			N2			0.0090			0.0068			0.0064			0.0068			0.0064


			AR			0.0072			0.0023			0.0022			0.0023			0.0022


			H2S			0.0002			0.0016			0.0148			0.0004			0.0142


			COS			0.0000			0.0001			0.0006			0.0000			0.0012


			NH3			0.0003			0.0000			0.0000			0.0000			0.0000


			H2O			0.1650			0.1961			0.1301			0.1960			0.1456








납사검증
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			feedrate(kg/h)			Shell IGCC base			pdc-IGCC 300


			coal			112532.900			87497.133


			oxidant(95%)			96710.500			75100.000


			steam			3272.300			2555.400


			trans N2			8605.000			6650.000


			O2/fuel			0.859			0.858


			steam/O2			0.034			0.034


			N2/fuel			0.076			0.076


			steam/fuel			0.029			0.029


			(H2O+O2)/fuel			0.888			0.888


			mole fraction						반응/inert 고려						반응만			1420접근(반응고려안함)			1420접근/inert 고려안함


			CO			0.6270			0.6223			0.74			0.6271			0.6295			0.6465


			CO2			0.0206			0.0229			11.15			0.0147			0.0126			0.0000


			H2			0.2970			0.2905			2.18			0.2712			0.3025			0.2917


			CH4			0.0004			0.0088			2100.69			0.0083			0.0000			0.0002


			O2			0.0000			0.0000			0.00			0.0000			0.0000			0.0000


			N2			0.0432			0.0420			2.84			0.0438			0.0428			0.0422


			AR			0.0092			0.0103			11.90			0.0097			0.0095			0.0093


			H2S			0.0000			0.0000			11.47			0.0096			0.0000			0.0089


			COS			0.0000			0.0000			72.43			0.0007			0.0000			0.0011


			NH3			0.0000			0.0002			0.00			0.0001			0.0002			0.0000


			H2O			0.0030			0.0029			1.78			0.0149			0.0029			0.0001


						Ref			R/I			R			T/I			T						S: shell reference data


			CO			0.6270			0.6223			0.6285			0.6289			0.6475						R: 반응식 고려


			CO2			0.0206			0.0229			0.0145			0.0139			0.0000						I: inert fraction(반응성)고려


			H2			0.2970			0.2905			0.2714			0.3028			0.2917						T: 반응온도(1420)만 고려


			CH4			0.0004			0.0088			0.0082			0.0000			0.0002


			O2			0.0000			0.0000			0.0000			0.0000			0.0000


			N2			0.0432			0.0420			0.0421			0.0412			0.0407


			AR			0.0092			0.0103			0.0103			0.0101			0.0100


			H2S			0.0000			0.0000			0.0096			0.0000			0.0088


			COS			0.0000			0.0000			0.0007			0.0000			0.0011


			NH3			0.0000			0.0002			0.0001			0.0002			0.0000


			H2O			0.0030			0.0029			0.0147			0.0029			0.0001
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Ref


R/I


R


T/I


T


mole fraction





			


			feedrate(kg/h)			Texaco Ref base			pdc-IGCC 300									ref			app


			Heavy Residue			323.000			75000.000						C			87.20			86.90


			oxidant(95%)			342.900			79700.000						H			9.90			12.10


			steam			148.000			34500.000						O			0.80			0.15


			trans N2			0.000			0.000						N			0.70			0.50


			O2/fuel			1.062			1.063						S			1.40			0.30


			steam/O2			0.432			0.433						ash			0.00			0.05


			N2/fuel			0.000			0.000


			steam/fuel			0.458			0.460


			(H2O+O2)/fuel			1.520			1.523


						R-BC			S-BC			R-NP			S-NP


			CO			0.4740			0.4261			0.4530			0.4507


			CO2			0.0570			0.0370			0.0270			0.0182


			H2			0.4580			0.5231			0.5120			0.5182


			CH4			0.0050			0.0001			0.0070			0.0003


			O2			0.0000			0.0000			0.0000			0.0000


			N2			0.0020			0.0081			0.0005			0.0054


			AR			0.0010			0.0035			0.0005			0.0054


			H2S			0.0030			0.0001			0.0000			0.0001


			COS			0.0000			0.0000			0.0000			0.0000


			NH3			0.0000			0.0000			0.0000			0.0000


			H2O			0.0000			0.1340			0.0000			0.0660


			C			87.20			86.90			83.80			84.40


			H			9.90			12.10			16.20			15.60


			O			0.80			0.15			0.00			0.01


			N			0.70			0.50			0.00			0.50


			S			1.40			0.30			0.00			0.00


			ash			0.00			0.05			0.00			0.00
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			0			0			0			0
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R-BC


S-BC
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mole fraction





			


			feedrate(kg/h)			Texaco Ref base			pdc-IGCC 300									ref			app


			Naphtha			297.000			70000.000						C			83.80			84.40


			oxidant(95%)			341.400			80500.000						H			16.20			15.60


			steam			74.000			17500.000						O			0.00			0.01


			trans N2			0.000			0.000						N			0.00			0.50


			O2/fuel			1.149			1.150						S			0.00			0.00


			steam/O2			0.217			0.217						ash			0.00			0.00


			N2/fuel			0.000			0.000


			steam/fuel			0.249			0.250


			(H2O+O2)/fuel			1.399			1.400


			mole fraction			ref-NP			sim-NP


			CO			0.4530			0.4210


			CO2			0.0270			0.0170


			H2			0.5120			0.4840


			CH4			0.0070			0.0003


			O2			0.0000			0.0000


			N2			0.0005			0.0050


			AR			0.0005			0.0050


			H2S			0.0000			0.0001


			COS			0.0000			0.0000


			NH3			0.0000			0.0000


			H2O			0.0030			0.0660








			


												ILC			BC			BT						Gas			Gross Heating Value						Net Heating Value


						연료			공급량(ton/hr)			87.5			65.9			70.0									(Btu/ft3)			(Btu/lb)			(Btu/ft3)			(Btu/lb)


									연료발열량(kcal/kg)			7216.7			10659.2			10033.2						Acetylene (ethyne) - C2H2			1,498			21,569			1,447			20,837


									입열량(kcal/hr)			631465275.9			702439418.7			702322271.5						Blast Furnace gas			92			1,178			92			1,178


						산소			공급량(ton/hr)			75.1			74.5			79.0						Butane - C4H10			3,225			21,640			2,977			19,976


									현열(kcal/kg)			0.0			0.0			0.0						Butylene (Butene)			3,077			20,780			2,876			19,420


									입열량(kcal/hr)			0.0			0.0			0.0						Carbon monoxide - CO			323			4,368			323			4,368


						스팀			공급량(ton/hr)			0.0			30.2			30.1						Carburetted Water Gas			550			11,440			508			10,566


									현열(kcal/kg)			0.0			0.0			0.0						Coal gas			149


									입열량(kcal/hr)			0.0			0.0			0.0						Coke Oven Gas			574			17,048			514			15,266


						공기			공급량(ton/hr)			900.0			1390.0			1390.0						Digester Gas (Sewage or Biogas)			690			11,316			621			10,184


									현열(kcal/kg)			71.3			71.3			71.3						Ethane - C2H6			1,783			22,198			1,630			20,295


									입열량(kcal/hr)			64188000.0			99134800.0			99134800.0						Hydrogen (H2)			325			61,084			275			51,628


						질소			공급량(ton/hr)			506.7			253.6			253.6						Landfill Gas			476


									현열(kcal/kg)			0.0			0.0			0.0						Methane - CH4			1,011			23,811			910			21,433


									입열량(kcal/hr)			0.0			0.0			0.0						Natural Gas (typical)			950			19,500			850			17,500


						물			공급량(ton/hr)			565.1			656.0			632.2									-			-			-			-


									현열(kcal/kg)																		1,150			22,500			1,050			22,000


									입열량(kcal/hr)															Propane - C3H8			2,572			21,500			2,365			19,770


						합계			총입열량(kcal/hr)			695653275.9			801574218.7			801457071.5						Propene (Propylene) - C3H6			2,332			20,990			2,181			19,630


						전력			생산량(MW)			301.6			289.3			291.8						Sasol			500			14,550			443			13,016


									발열량(kcal/kg)															Water Gas (bituminous)			261			4,881			239			4,469


									총생산열량(kcal/hr)			259329252.0			248753158.5			250902771.0


									output/input			0.373			0.310			0.313


						DME			생산량(ton/hr)			30.4			71.4			72.2


									발열량(kcal/kg)			7567.0			7567.0			7567.0


									소요전력(MWe)			32.1			44.5			44.3


									총생산열량(kcal/hr)			202621717.7			501869846.5			508246761.1


									output/input			0.321			0.714			0.724


						H2			생산량(ton/hr)			13.2			17.7			18.8


									발열량(kcal/kg)			33959.7			33959.7			33959.7


									소요전력(MWe)			18.0			19.8			21.0


									총생산열량(kcal/hr)			431092753.0			583399638.1			620028689.6


									output/input			0.683			0.831			0.883


						1. 고위발열량 기준


						2. 298K, 1atm 기준 산출


												IC			BC			BT


									Electricity			0.373			0.31			0.313


									DME			0.321			0.714			0.724


									H2			0.683			0.831			0.883
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