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APPENDIX A: SIZING OF DISTILLATION COLUMNS

A.1 FENSKE METHOD

‘The minimum number of stages was found using the Fenske equation (Sinnot, 2009)
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where
w.is the relative volatility of the more volatile component i to the less volatile component j,
3iis the vapor-liquid equilibrinm concentration of component i in the vapor phase,
% is the vapor-liquid equilibrinm concentration of component i in the liquid phase,

3;is the vapor-liquid equilibrium concentration of component j in the vapor phase and
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ABSTRACT
Because of an increase in the methanol demand the past decades, energy efficient and innovative solutions for methanol production are highly valuable. Today’s technology is mainly based on the ICI and the Lurgi Methanol Technology. This study looks on the possibility of reinjecting carbon dioxide in the process, and by so reducing the investment and operating costs and the expenses associated with the CO2 emissions. In addition, this solution is environmental friendly. 
The case is a natural gas field in the Norwegian Sea with a given spesification (0,955 methane, 0,03 ethane, 0,005 propane, 0,004 n-butane and 0,006 nitrogen, all mole fractions). The proposed plant location is close to Kollsnes process plant in west Bergen. The production capacity of the plant is approximately 2700 tonne methanol per day. High pressure steam is also produced and sold (3817 tonne/day).

With today’s prices on natural gas, electricity and methanol, the total annual operating costs are 2 billion NOK and total capital investment is also approximaty 2 billion NOK. The annual value of the products are about 2,6 billion NOK, which results in a pay back period of 4,9 years. This corresponds to a rate of interest of 40,21%, assuming the life time of the plant is 10 years. 

The investment analysis showed an acceptable perfermance of the project with the current assumptions. Neverthless the sensibility analysis indicated a relatively large sensibility to alternations in the product price as well as in the prices for the raw material.

1
INTRODUCTION
1.1
PROPERTIES AND HISTORY
Methanol is a colourless, water-soluble liquid also called methyl alcohol or wood spirit. Its freezing point is at -97.6(C and its boiling point 64.6(C at atmospheric pressure. It has a density of 0,791 at 20(C. 

Robert Boyle was the first to produce methanol. He did so through the distillation of boxwood in 1661 and called his product “spirit of the box”. Jean-Baptiste Dumas and Eugene Peligot described its chemical identity, CH3OH, in 1834 and called it methylene; from Greek meaning wine (methu) and wood (hyle). From methyl the name methyl alcohol arrived and later the systematic name methanol. Coal largely replaced wood during the industrial revolution. Fritz Haber and Carl Bosch contributed to the development of the chemical processing of methanol synthesis. In 1905 Paul Sabatier suggested the synthetic route to methanol production, by reacting carbon monoxide with hydrogen. 

The first large scale methanol plant was operated by BASF in 1923 in Germany. A few years later DuPomt company began to produce methanol using synthesis gas produced from coal. Based on the developments in the 1930’s, steam reforming of natural gas began in the United States. From then on, natural gas largely replaced coal as a feedstock for synthesis gas (Olah, 2006).
1.2
METHANOL APPLICATIONS
Methanol is one of the most important chemical materials that are produced. Worldwide, about 90% is used in the chemical industry and the remaining 10% for energy use. The world capacity for methanol synthesis was in 2000 about 40 million tonnes per year (Olah, 2006). About 35% of the methanol produced is used as a feed in the production of formaldehyde and further 27% is used in the production of MTBE (Methyl tert-butyl ether) and TAME (Tert-Amyl Methyl Ether). It is used in the production of other chemicals and solvents, acetic acid, single-cell protein and oxygenated compounds as well (I1). It can also be dehydrated over ZSM-5, an aluminosilicate zeolite, to produce gasoline (I2). Table(1.1 summarizes the methanol demand in both 1988 and 1999. 

Table 1.1 – Use of methanol (in %) (Olah, 2006)
	Product
	World
	USA
	Western Europe
	Japan

	
	1988
	1999
	1988
	1998
	1988
	1998
	1988
	1998

	Formalaldehyd
	39
	35
	27
	24
	44
	46
	43
	32

	Acetic acid
	6
	10
	14
	12
	7
	7
	8
	10

	Methyl halides
	7
	7
	6
	3
	7
	8
	5
	8

	MTBE
	12
	27
	24
	40
	10
	17
	5
	7

	DMT
	3
	2
	4
	2
	3
	1
	1
	1

	Methylamines
	4
	4
	3
	2
	4
	5
	4
	4

	MMA
	3
	3
	4
	3
	4
	3
	8
	7

	Solvents
	9
	4
	7
	6
	1
	1
	4
	3

	Others
	17
	8
	11
	8
	15
	12
	22
	28

	Total (106 tonnes)
	17.3
	26.7
	5.0
	8.3
	4.5
	6.3
	1.6
	1.9


Methanol has a large potential in many areas, for instance as a motor fuel, energy source, raw material for synthesis and a basis for protein. Therefore it has and will have for a long time a key position in the chemical industry. 
1.3
PRODUCTION TECHNOLOGIES
The main steps in producing methanol are the following:

· Production of synthesis gas

· Synthesis gas compression

· Conversion of the synthesis gas into methanol

· Distillation

Each step will now be explained.

1.3.1
Synthesis Gas

Synthesis gas, or syngas, denotes mainly CO/H2 mixtures in different proportions. Raw materials for synthesis gas generation can be coal, natural gas or mineral oil fractions. Due to the high H2 content, natural  gas and light oil fractions are best suited for synthesis gas. Since the methanol production in this study is based on natural gas as raw material, production methods of synthesis gas from natural gas will be explored. These methods are usually divided into three types (C.-J. Lee, 2009);

· Steam reforming

· Oxyreforming

· CO2 reforming

The selection of the production method for syngas generation depends on the price and composition of the natural gas, acceptance of energy export and the plant capacity (I1).  

Steam reforming

A majority of the methanol plants operating today are based on steam reforming of natural gas (I1). The reaction is described as follows:
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∆H(298K) = 247kJ/mol

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.1)

The equation shows that there is an excess of hydrogen. This means that there are more hydrogen obtained than is required to convert the carbon oxides to methanol. The reaction in the steam reformer is endothermic, which means that it prefers high temperatures. Nevertheless, a limitation for the reformer temperature is to make the material of the reformer withstand the high temperatures. Today new tube materials make it possible to design tubular reformers for tube wall temperatures up to 1050°C. Reactor simulations and experiments have shown that the reformer exit temperature can indeed be reduced to below 700(C while maintaining the same conversion (Aasberg-Petersen, 2001). Process data for the steam reforming section are as follows: 

The synthetic ratio of the syngas from the steam reformer can be adjusted by lowering the hydrogen concentration through the reverse water-gas shift reaction shown below:  
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∆H(298K) = -47kJ/mol
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.2)

This can be achieved by addition of carbondioxide. CO2 is added to match the excess hydrogen, thereby producing a syngas containing carbon oxides and hydrogen in stoichiometric proportions. This would reduce the feed and fuel requirement per ton methanol (I1). Taking into account the CO2 politics of today one would actually be paid for using CO2, so adding CO2 could be an economical gain. The hydrogen-carbon ratio in the syngas can also be adjusted by a secondary reforming reaction, such as oxyreforming or autothermal reforming (C.-J. Lee, 2009).  

Autothermal reforming
Autothermal reforming (ATR) is the combination of steam reforming and oxyreforming. Oxyreforming uses oxygen as a reactant to produce syngas and is generally used to adjust the synthetic ratio. Oxygen, or air with high concentration of oxygen, is fed into the reformer where it reacts with methane from the natural gas trough the following reaction:
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∆H(298K) = -36kJ/mol
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.3)

This reaction is exoterm which makes it thermodynamically preferable compared to the steam reforming process. Oxyreforming also gives syngas with the synthetic ratio 2, which is the stoichiometric ratio for methanol production from carbonmonoxide (C.-J. Lee, 2009). A drawback with this method is that one has to separate oxygen from the air to avoid large amounts of nitrogen as an inert in the system. The air separation can be a cost intensive operation.

Carbon dioxide reforming

This process uses CO2 as a reactant to produce syngas through the following reaction
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∆H(298K) = 206kJ/mol
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.4)

As can be seen from the equation that the synthetic ratio for carbondioxide reforming is 1, and the maximum yield for syngas can be obtained when the feed gas is supplied with a CO2/CH4 ration of 1. The reaction is endothermic which means that the conversion increases as the reaction temperature rises (S. Lee, 2009). It may be argued that CO2 reforming would be better than steam reforming to meet the required gas compositions, but CO2 reforming is rarely feasible. At the economic pressure of the synthesis gas plant, stoichiometric reforming will result in incomplete conversion of CH4 due to thermodynamics, and further the process economy depends strongly on the pressure and the cost of the CO2 available. An option can be combined steam and CO2 reforming. This may be feasible with natural gas containing CO2 and with cheap CO2 available (Aasberg-Petersen, 2001). The production economics of CO2 reforming is known to be similar to the steam reforming process (C.-J. Lee, 2009).
1.3.2
Methanol Synthesis
Methanol is produced from synthesis gas through the following equations: 



[image: image6.wmf]23

2

COHCHOH

+®





∆H(298K) = -91kJ/mol
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.5)
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∆H(298K) = -50kJ/mol
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.6)

In addition the water gas shift reaction occurs over the copper-catalyst:



[image: image8.wmf]222

COHOCOH

+®+





∆H(298K)= -47kJ/mol           MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.7)

There are three common processes for methanol production existing today. These are the BASF high pressure process, the UK-Wessling high pressure process and the ICI low pressure process. Their characterizations are given below.

BASF is a German chemical company, founded in 1865. The BASF process, also known as the high pressure process, for production of methanol is conducted at 320-380(C and approximately 340 bar (Olah, 2006). The process uses the ZnO-Cr2O3 catalyst. To avoid high temperatures (exothermic reaction) cold gas is injected in the catalyst bed. Short residence time (1 to 2 seconds) is used to prevent equilibrium from taking place. Conversions of 12‑15% for a single pass through the reactor are typical for this process. Another similar process was developed by UK Wesseling. This process operates at low CO partial pressure (≈13 bar in gas recycle) and reaction conditions at 300 bar and 350(C (Olah, 2006).
To be able to operate at lower pressures, more active Cu-based catalysts were introduced. In 2003 about 65% of the methanol production in the world was based on the ICI low pressure process (Olah, 2006). This process is characterized by lower investment and process costs. The operating conditions in the converter are 50-100 bar and 240-260(C. The ICI process uses a CuO-ZnO/Al2O3 catalyst.

An elegant method for methanol production is partial oxidation of methane, known as the direct route. The reaction mecanishm is 
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The problem with this method is that k2 is much larger than k1 and thus methanol production is not profitable with today’s technology. However, there is currently being put a lot of research on this field (Lødeng, 1991) 

Methanol Reactors

The most important section of the methanol synthesis process is the methanol reactor. As the synthesis reaction is strongly exothermic, heat removal is an important process (Tijm, 2001). High average heat flux leads to fewer tubes, smaller furnances and thus reduced costs (Aasberg-Petersen, 2001).
The methanol reaction is exothermic, so the primary task of the reactor is to control the temperature. The reactor technologies that have been used extensively in commercial settings fall into two categories; multiple catalyst bed reactors and single bed converters. 

Multiple bed reactors

The multiple catalyst bed reactors controls the reaction temperature by separating the catalyst mass into several sections with cooling devices placed between the sections. Bed sizes are generally designed to allow the reaction to go to equilibrium. In the following, three different multiple bed reactors will be presented (Tijm, 2001).

Haldor Topsoe collect, mix, distribute converter: This reactor have catalyst beds separated by support beams. The gas that is leaving the upstream catalyst is then collected and mixed with a quench gas for cooling. The mixed gas stream is evenly spread over the downstream catalyst bed. The reaction temperature is lowered and the conversion per pass rate is increased. 

Kellog, Brown and Root’s adiabatic reactors in series: In these reactors, which are in series, each catalyst layer is accommodated in a separate reactor vessel with intercoolers between each reactor. The feed gas is fed directly into the first reactor which increases the kinetic driving force for the reaction. This leads to a reduced catalyst volume compared to a quench-type reactor.

Toyo Engineering Corporation’s MRF-Z reactor: This reactor is a multi-stage radial flow reactor with intermediate cooling. This indirect cooling keeps the temperature close to the path of the maximum reaction rate curve (when the methanol concentration is plotted against temperature). Maximum, or close to maximum, conversion per pass is then achieved. 

Single bed reactors

In single bed reactors, heat is continuously removed from the reactor by transfer to a heat-removing medium. The reactor runs effectively as a heat exchanger. 

In most commercial methanol production today the gas phase reactor technology, which is a two-phase gas-solid reactor, is in use. Recently a three phase, gas-solid-liquid, technology has been introduced. These liquid phase technologies are contributing to cost reduction in the methanol industry through the simplicity of their converter design.
In the following three different single bed reactors will be presented (Tijm, 2001).

Linde isothermal reactor: In this reactor design helically-coiled tubes are embedded in the catalyst bed. It is very much similar to LNG (liquefied natural gas heat enchangers) with catalyst around the tubes. The Linde isothermal reactor allows for up to 50% more catalyst loading per unit of reactor volume. Compared to reactors with the catalyst inside the tubes, the heat transfer on the catalyst side is significant higher for a Linde isothermal reactor. As a result, material costs are saved since less cooling area is required.

Lurgi Methanol Reactor: The Lurgi Methanol Reactor is much like a heat exchanger; it has a vertical shell and tube heat exchanger with fixed tube sheets. The catalyst in the tubes rests on a bed of inert material. Steam is generated by the heat of reaction and drawn off below the upper tube sheet. To achieve presice control of the reaction temperature, steam pressure control is applied. Operating at isothermal conditions enables high yields at low recycles. In addition the amount of by-products produces is minimized (I3)

For plant capacities above 3000 tonnes per day, a two-stage converter system using two Lurgi methanol reactors in combination has been developed. As it needs to achieve only partial conversion of synthesis gas to methanol, the first converter can operate at higher space velocities and temperatures than a single-stage converter. Operating at higher temperatures enable the production of high-pressure steam. Also, the converter can be made smaller. The exit gas is led into the second converter, which operates at a lower reaction rate. 
Mitsubishi Gas Chemical/Mitsubishi Heavy Industri superconverter
This superconverter has double-tubes with the catalyst packed between the inner and the outer tubes. The feed enters the inner tubes and is heated when flowing through the tubes. The gas then enters the space between the inner and the outer tubes and flows through the catalyst bed. In addition to being cooled by the gas in the inner tubes, the catalyst is also cooled by boiler water outside the double-tube. Since the catalyst bed temperature is higher near the inlet of the reactor, then lowers towards the outlet, the gas proceeds along the maximum reaction rate line. This means that a higher conversion per pass rate is achieved. 

Catalysts

A good catalyst should remain active for several years, so as to sustain high plant output. Over time catalysts may be poisoned by inpurities or deactivated by thermal sintering or carbon deposition. Reasearch findings have suggested that carbon dioxide-rich conditions may cause irreversible damage to the catalysts (Tijm, 2001). The current catalysts used in low pressure methanol synthesis are composed of copper oxide and zinc oxide on a carrier of aluminium oxide; Cu/ZnO/Al2O3. This catalyst is proven to have a high activity, particularly at lower temperatures, and it perform well in both adiabatic and isothermal reactor systems. However, the catalyst is very sensitive to sulfur and the synthesis gas should be free of both sulfur and clorine. This catalyst is known as a second-generation catalyst. (Olah, 2006)
ZnO-Cr2O3 is known as a first-generation catalyst. The catalyst has a maximum activity when the Zn/Cr ratio is about 70:30 (Weissermer, 2003). Because the catalyst is very resistant to typical catalyst poisons, the catalyst can be used for several years. 
The metal catalysts active for steam reforming are the group VIII metals, and usually nickel. Drawbacks with the other metal groups are that the iron rapidly oxidizes and the cobalt cannot withstand the partial pressure of steam. Also, rhodium, ruthenium, platinum and palladium are too expensive for commercial operation. A typical nickel catalyst is made from 15‑25 wt% nickel that is dispersed onto the suppert material. As for the Cu/ZnO/Al2O3 catalyst, also the nickel catalyst is highly sensitive to poisioning by sulphur compounds (S. Lee, 1997). 
Conversion

Commercial methanol production based on synthesis gas has typically a conversion per pass at 50% (Aasberg-Petersen, 2001). Many commercial processes today take place at low pressure. As the conversion favors high pressures, low pressure processes tend to result in only a low fraction of the synthesis gas being converted in each pass, typically some 10 %. Therefore, the process uses a recycle loop to achieve adequate yields, with a purge to remove impurities that would otherwise build up over time. The amount of purge depends on the stoichiometric ratio of the reactants in the synthesis gas. If the gas is too rich in carbon oxides, it may be necessary to remove the excess through absorption or adsorption in the form of CO2. If the gas is too rich in hydrogen, rejection via water is required. In other cases CO2 injection can be carried out to adjust the carbon-hydrogen ratio (Tijm, 2001).       

Optimalization

The aim in methanol production is to achieve a relatively high carbon efficiency so as to minimize the amount of synthesis gas to be processed. The efficiency is defined as the percentage of carbon oxides in the syngas that is converted to crude methanol. The efficiency increases as the

· pressure increases

· molar CO:CO2 ratio in the syngas increases

· content of inerts in the syngas decreases

· conversion rate decreases

Synthesis optimization aims at minimizing the purge gas rate for a given feed and primarily depends on the selection of an adequate synthesis pressure and conversion rate.  A low purge rate and high carbon efficiency are favored by a higher synthesis pressure and a lower conversion rate. Both the conversion rate and the pressure variables vary with the plant capacity. Larger plants operate at higher pressure and conversion rates. Although carbon efficiency increases as the conversion rate are reduced, lower conversion rates would result in an increased recycle rate and then a larger compressor duty is needed for the recycle stream (I1). Commercial MeOH production based on synthesis gas has typically a recycle ratio of four (Aasberg-Petersen, 2001). 

Distillation 

Methanol is mainly produced as chemical grade or grade AA, with a purity of 99,9 wt% of the methanol product (Tijm, 2001). The design of the methanol distillation section can consist of two or three columns, depending on the energy situation in the front end. The two-column distillation unit represents the low cost unit, and the three column unit the low-energy system. The components present in raw methanol are shown in figure 1.1 below.

	CO

CO2

H2

CH4

N2

Dimethylester

Formiates

Aldehydes

Ketones
	Light ends

	Methanol
	Product

.

	Ethanol

Higher alcohols

Water
	Heavy ends


[image: image10.emf][image: image11.emf]  Figure 1.1: The components present in raw methanol

[image: image12.emf]
2
PROJECT BASIS
In the following the project basis will be described. The methanol product, production capasity, raw materials and location will be described. 
2.1
PRODUCT
Grade AA methanol is methanol which fulfills certain federally prescribed tests. Grade A methanol may contain more contaminants than Grade AA methanol. The specifications for Grade AA methanol is presented in Table 2.1 below (I1).
Table 2.1 – Grade AA Methanol, specification

	Component
	Value

	Dissolved gases
	None

	Acetone and aldehyde
	Max. 30 wt-ppm

	Acetone
	Max. 10 wt-ppm

	Ethanol
	Max. 10 wt-ppm

	Higher alcohols
	None

	Hydrocarbons
	Clear product

	Water
	Max. 1000 wt-ppm


2.2
PRODUCTION CAPACITY
The production capacity of the plant is approximately 2714 tonne methanol/day. The regularity of the plant is assumed to be 98,6%, which means the number of operating days is 360 days per year. The annual production capacity is the approximately 

977040 tonne methanol/year.
2.3
RAW MATERIALS
The raw materials used in the process are natural gas, air, make-up water and carbondioxide. Their properties and compositions are summarized in Table 2.2.
Table 2.2 – Properties and compositions of raw materials
	Property
	Natural Gas
	Make-up water
	Air
	CO2

	Temperature [°C]
	50
	10
	30
	50

	Pressure [bar]
	70
	1,013
	1
	50

	Mass flow [tonne/day]
	2076
	-
	12823
	1207

	Volume flow [m3/h]
	1759
	-
	466574
	469,4

	Density [kg/m3]
	49,18
	1019
	1,145
	107,1

	Heat Capacity [kJ/kg°C]
	2,676
	4,318
	1,013
	1,307

	Component (mole%)
	
	
	
	

	     Methane
	0,955
	-
	-
	-

	     H2O
	-
	1,00
	-
	-

	     CO2
	-
	-
	-
	1,00

	     Ethane
	0,03
	-
	-
	-

	     Propane
	0,005
	-
	-
	-

	     n-Butane
	0,004
	-
	-
	-

	     Nitrogen
	0,006
	-
	0,79
	-

	     Oxygen
	-
	-
	0,21
	-


Catalysators used are a zeolite-based catalyst for the prereformer, NiO catalyst for the steamreformer and Cu/ZnO/Al2 for the methanol synthesis.
2.4
LOCATION
The location of the methanol plant could be anywhere in the world where natural gas is available as an energy source. It is also preferable to have methanol costumers within certain proximity. The largest costumers in Western-Europe are Germany, Scandinavia, Poland and Great Britain (I4).
Possible locations could be at the west coast of Norway, integrating the methanol plant with the gas treatment facilities at Kollsnes or Kårstø. Another possibility is locating the methanol plant at the gas receiving terminals in Emden or Dornum in Germany. Since there is already one methanol producer close to these receiving terminals (Honeywell Specialty Chemicals Seelze GmbH, located in Seelze), this option is neglected. It should also be mentioned that Statoil ASA is producing methanol at Tjeldbergodden in Møre og Romsdal.

Because large area is available and a gas pipeline network already exists, the methanol plant is assumed to be located at Kollsnes west of Bergen, Norway. It is assumed that new ground has to be prepared. Also, sea water is widely available at the site for cooling purposes. Figure 2.1 shows the graphical location of the site.
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       Figure 2.1 – Methanol Plant Location (I7)
3
PROCESS DESCRIPTION

As described in the introduction part, the process consists of two separate processes, the synthesis gas production and the conversion of synthesis gas to methanol. For the synthesis gas production, the reformer is the main unit. The main unit in the methanol production is the methanol reactor. These two units will be described first, and the rest of the units afterwards. Finally, the heat exchanger network design will be described.

3.1
REFORMER SECTION
3.1.1
Choice of technology
The choice of technology for manufacturing of synthesis gas depends on the scale of operation. For capacitys below 1000-1500 tonne/day steam reforming would be cheapest, whereas autothermal reforming (ATR) would be cheapest at capacities around 6000 tonne/day. For the intermediate range, a combination would be the optimal solution (Assberg-Petersen, 2001).
Nevertheless, steam reforming was chosen as the technology to produce the synthesis gas. The reaction in a steam reformer is carried out according to equation (1.1). The idea of using this method was that this would be more economical viable compared to a combination, because of the reduction of capital costs. ATR requires pure oxygen, and not using an ATR in the process reduces the plant capital cost, because an expensive oxygen enriching plant is no longer needed. The problem of using only steam reforming is the hydrogen/carbon ratio (H/C). There is currently no method which will give the ideal H/C ratio for conversion of syngas to methanol. Steam reforming will produce an H/C of approximate 3. ATR on the other hand will produce an H/C of approximate 1,8 (O7). If the H/C ratio is too low H2 can be injected to adjust this ratio up. If the H/C ratio is too high CO2 or CO can be injected to adjust this ratio down. It was assumed that CO2 injection would be simplest solution, thus steam reforming would be the recommended technology. To be able to consume CO2, which often is considered to be a problem gas because of its relation to the greenhouse effect, would be very favorable. Stricter restrictions regarding emissions of CO2 will also in the future most likely be more prominent. 
The combination of the two methods described above (combined steam reforming and ATR) is today very well known methods, and the potential for major improvements would be limited. Therefore, the investigation of the solution with a steam reformer and CO2 injection is very interesting. It was assumed that the CO2 is available at the plant location. 

3.1.2
Structure of Reformer
A steam reformer is similar to a big furnace, with vertical tubes loaded with catalyst, see figure 3.1. The feed of natural gas and steam is mixed in a manifold at the inlet. The feed is then injected into the catalyst filled tubes. The reformer is heated by burners, usually located at the top or at the sides of the reformer.  The reformer can be divided into a radiant section, convective section and stack section. Heat transferred into the catalytic tubes is mostly done in the radiant section, with radiation. Approximate 50 % of the heat created by the burners is transferred into the tubes (O7). The simulation in UniSIM showed that 58% of the heat was transferred to the process gas and the rest to the tubes into the tubes, which is close to the approximate percentage. The convective section consists of horizontal tubes and coils which goal is to recover heat from the flue gas. The heat recovery is described in more details in the Chapter 3.4. The burners are assumed to be fueled by natural gas.
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Figure 3.1 – Side-fired (radiant wall) steam reformer (S. Lee, 1997)

3.1.3
Operating Parameters
The temperature of the steam reformer is assumed to be around 1000°C. UHDE reported an outlet temperature of 740-880C at 40 bar (I1). It was shown with thermodynamic calculations (appendix B) that the reaction of methane to syngas, equation (1.1), was spontaneous at approximately 1000°C, at an operating pressure of 30 bar. K. Aasberg-Petersen et.al reported that it is possible to design reformers, using modern materials, which could withstand temperatures up to 1050°C (Aasberg-Petersen, 2001). To ensure good conversion and spontaneous reaction, the steam reformer temperature was set to 1000C. The natural gas and steam feed was preheated to 650°C, which would lead to a reduction of the reformer size (Aasberg-Petersen, 2001). The reformer reactions are favored by low pressures, while the syngas to methanol reaction in the fixed-bed reactor is favored by high pressures. The pressure in the steam reformer is therefore a tradeoff between compression cost and methane conversion. The methanol plant at Tjeldbjergodden uses a pressure of 36 bar in their steam reformer (O3). K. Aasberg-Petersen et.al proposed a pressure in the interval 20-40 bar (Aasberg-Petersen, 2001). In this model the steam reformer pressure was set to 30 bar. 
The amount of natural gas needed to produce 2500 tonne/day methanol is calculated in appendix C. From the net reaction given by equation (1.1) and equation (1.5), it is easy to assume that the same amount of steam would be needed. However, data from the literature suggest an ideal steam/carbon ratio (s/c) between 2,2-2,5 (S. Lee, 1997). D.L. Trimm, M.S. Wainwright did suggest that it should be possible to perform coke free operations with s/c ratio as low as 1,3 (Trimm 1996). A case study executed in Unisim showed an increase in productivity with an increase in steam feed, see figure 3.2.  This increase in productivity is probably due to a shift to the right of the equilibrium reaction in equation (1.1). Another reason for increasing the s/c ratio is to prevent the formation of coke in the catalyst tubes. This formation of coke will deactivate the catalyst, and decrease the operating time of the catalyst (S. Lee, 1997). To keep the capital cost to a minimum it is also important not to have to high s/c ratio, thus the steam feed rate was chosen where the figure 3.2 starts to level out, at 7000kgmol/h. This corresponds to an s/c ratio of two, which agrees with the literature above.
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Figure 3.2 – Optimal steamfeed ≈ 7000 kgmole/h
3.1.4
Modeling

The steam reformer was modeled in Unisim using an equilibrium reactor, assuming that the reaction was occurring at equilibrium. It was only assumed that the reactions given in the equations (1.1), (1.6) and (1.2) took place. For the furnace part of the reformer, a conversion reactor was used to model the amount of heat produced in the burners. It was assumed a total combustion of the fuel, which was natural gas at 30 bar. The design parameters for the steam reformer are given in Table 3.1.
Table 3.1 –  Design parameters for the steam reformer
	
	Equilibrium reactor
	Conversion reactor

	Hydrocarbon feed [tonne/day]
	1444
	762

	Steam feed [tonne/day]
	3027
	-

	Massflow out [tonne/day]
	4471
	13585

	Air feed [tonne/day]
	-
	12824

	s/c
	2
	-

	Tin [°C]
	650
	-

	Tout [°C]
	1000
	1000

	Inlet Pressure [bar]
	30
	-

	Pressure drop [bar]
	4
	-

	Duty [105 kW]
	2,4
	-2,4


The steam reforming method will produce syngas with an approximate hydrogen/carbon ratio of 3. It is argued by K. Aasberg-Petersen et. al that the syngas ideally should have the same  stoichiometry  as the final product.  This can be expressed by the module, M, equation (1.1), which is equivalent to the H/C ratio. The module should be close to two for the methanol synthesis (Aasberg-Petersen, 2001 & O1). In this model, CO2 injection has been chosen to adjust the module down to the desired value of two to achieve the largest conversion of natural gas to methane. 
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3.1.5
Sizing 

The steam reformer dimension had to be found to be able to calculate the amount of catalyst needed in the reactor. Since the production rate of the methanol is in the same range as the production rate of the methanol plant at Tjeldbergodden, the size the steam reformer at Tjeldbergodden was used to estimate the dimension of the steam reformer in this model. The catalytic loaded tubes at Tjelbergodden was found to be 12 meters in height and 0,12 meters in diameter. The total number of tubes were 210. These tubes were distributed in two chambers, where each chamber was heated with 180 burners (O7). It was assumed that the steam reformer size a approximate the same as Tjeldbergodden. The total volme was calculated to be 28,5m3. It was used a common nickeloxide catalyst with an assumed void fraction of 0,5. S. Lee reported a typical catalyst loading of 2‑7 kg/hr/L (S. Lee, 2001), which would give a total steam reformer volume of approximate 26,7 m3, when assuming a void fraction of 0,5 and 4.5 kg/hr/L as the catalyst loading. This is consistent with the total volume of the steam reformer at Tjeldbergodden, which has a total steam reformer volume of 28,5 m3.
3.1.6
Choice of material

Due to the high temperature levels in the steam reformer, heat resistant stainless steel was chosen to be the material of construction. Stainless steel types like 309 and 310, which contain some nickel and chromium can be used for such high temperature application (Peters, 2003).
3.2
METHANOL REACTOR

3.2.1
Choice of Reactor Type

The choice of the methanol reactor is the Lurgi Methanol Reactor. There are other options that are interesting, but the Lurge reactor is believed to have a high level of temperature control. The choice is also based on the fact that the methanol industry has a very high level of experience with the Lurgi Methanol reactor, among others (Meyers, 2005):
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· Methanex, United States (1992)

· Statoil, Norway (1992)

· CINOPEC, China (1993)

· KIMI, Indonesia (1994)

· NPC, Iran (1995)

· Sastech, South Africa (1996)

· Titan, Trinidad (1997)

· PIC, Kuwait (1998)

3.2.2
Sizing
A fixed bed reactor (FBR) was used as the basis for the methanol reactor. The catalyst used was the common Cu/ZnO on an alumina support. The reactor was dimensioned to match the size of the largest Norwegian methanol plant, Tjeldbergodden.  The length was set to 7 m and the number of tubes was calculated to 5374 tubes, each with a diameter of 4 cm (O1). The number of tubes was calculated by setting the maximum velocity to 5 m/s (O4), with an assumed void fraction of 0,5 and recycle ratio of 4:1 (Aasberg-Petersen, 2001). The number of tubes of 5374 is somewhat smaller than the number of tubes used by Tjeldbergodden (O1), which is 14030 tubes with 4 cm diameter that are distributed in two reactor shells. The reason for this is probably that the tolerated maximum space velocity assumed in this report is a bit large. More detailed dimensioning calculations are given in the appendix D. 
Figure 3.3 below shows an illustration of the Lurgi Methanol Reactor.
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          Figure 3.3 - Lurgi Methanol Reactor (I3) 

3.2.3
Modeling

The reactor was modeled in Unisim using a plug flow reactor reactor, with kinetic data. The kinetic data used was the data reported by K.M Vanden Bussche and G.F.  Froment (Bussche 1996). This kinetic data was only valid from 180°C to 280°C and to pressures up to 51 bar. A case study of the temperature was preformed to ensure the highest conversion possible (see Figure 3.4). Table 3.2 shows some design data for the reactor. 
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          Figure 3.4 – Flow rate of methanol variation with temperature. 

Figure 3.4 shows that the optimal temperature was approximately 260°C. Since the reaction is favored at high pressures (Trimm, 1996) the pressure was set to 50 bar which are in the upper range of where the kinetic data is valid. 
Table 3.2  – Methanol reactor design data.

	Dimension
	Value

	Number of tubes
	5374

	Inner diameter tube, di [m]
	0,04

	Outer diameter tube, do [m]
	0,05

	Total tube volume [m3]
	47,27

	Diameter shell [m]
	4,8

	Height [m] 
	7

	Tube wall thickness [m]
	0,005

	Pitch [m]
	0,0625

	Temperature [°C]
	260

	Duty [104 kW]
	6,855


3.2.4
Challenges and Solutions

To ensure good heat recovery, heat from hot reactor outlet was used to preheat the input stream (see Chapter 3.4). However, since the methanol reactor in UniSIM is isothermal, the inlet temperature would be the same as the outlet temp|erature. In reality, the inlet temperature of the reactor would be smaller than the outlet temperature, but since the reaction is exothermic one would experience a rapid increase to the desired temperature by controlling the amount of cooling, and the reactor would be approximately isothermal. In UniSIM this was difficult to simulate since a colder feed in than out would result in a linear temperature profile in the reactor, see figure 3.5. The proposed solution was to add a heater at the reactor inlet, heating the inlet stream to the desired temperature of 260°C. The real heat flow from the reactor to the cooling water would then be the duty of the reactor minus the duty of the heater.
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Figure 3.5 – Temperature profile for methanol reactor. Tfeed = 236,7°C 

The graph in figure 3.6 is an illustration of how the temperature profile should roughly look like.
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Figure 3.6 – Temperature profile in reality

In figure 3.7 below is the proposed solution for solving the problem in UniSIM. 
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Figure 3.7 – UniSIM configuration


3.2.5
Choice of material
The material for the methanol reactor was chosen to be carbon steel. Since the process streams at this stage are only gasses, corrosion is not believed to be a problem. Due to the temperature conditions at about 250°C, metal dusting not comes into consideration. This leads to a construction material of carbon steel, which is the least expensive material (Peters, 2003). 
3.3
OTHER UNITS
3.3.1
Prereformer
Function

It is common to use prereforming because of the natural gas feed usually contains some larger hydrocarbons than methane. The main task of the prereformer is to crack the larger hydrocarbons to methane, but it was also assumed that the syngas reaction (equation 1.1) together with the shift reaction (equation 1.2) could occur in a small extent. 

Modeling
The required duty in the tubular reformer may be reduced by increase of the preheat temperature. This involves the problem that the preheater may then work as a steam cracker producing olefins from higher hydrocarbons in the feed. These olefins easily form carbon in the reformer. This problem can be solved by introduction of an adiabatic prereformer on which all the higher hydrocarbons are converted in the temperature range of 350-550°C. After the prereformer it is possible to preheat to temperatures around 650°C, thus reducing the size of the reformer (Aasberg-Petersen, 2001).
The prereformer was modeled in Unisim using one conversion reactor and one equilibrium reactor. Total conversion was assumed for the cracking reactions, and the syngas reaction and the shift reaction was assumed to be in equilibrium.  The prereformer was assumed to be adiabatic (Aasberg-Petersen, 2001). The feed was preheated to 455°C using the hot flue gas created by the steam reformer (see section 3.5 for details). This resulted in an outlet temperature of approximate 450°C, which is in the temperature range of 350-550°C reported by K. Aasberg-Petersen et. al (Aasberg-Petersen, 2001). The pressure was kept constant at 30 bar, which is the same as in the steam reformer. Pressure drop was assumed to be negligible. 

Synthetisis gas compression

After the steam reforming section the gas has to be cooled and compressed before entering the methanol reactor. The synthesis gas compression is a costly operation and therefore it is preferable that the reformer functions at a pressure as similar to the methanol reactor as possible.
Choice of material
The prereformer is chosed to be constructed in carbon steel, which is the most commonly used engineering material for low to medium temperatures. The main problem with carbon steel is the lack of corrosion resistance, and the material is seldom used above 500°C (Peters, 2003). The temperature in the prereformer is 446°C, which is under the limit for which carbon steel can not be used. The process stream does not contain any CO2 and metal dusting are not to be of a problem (Chang, 2008). 

3.3.2
Separators
Function 

A separator is used to separate dispersed liquid in a gas stream. It is important that the dimension of the separator is large enough so that liquid can settle in the bottom of the tank. When designing the separator size, a hold-up time of 10 minutes was assumed (O4). Two separators were used in the plant design, each equiped with demisters, to ensure good separation and to decrease equipment cost. When using a demister the vessel height can be reduced (Peters, 2003). The first separator (SEP-1), located between the reformer section and the methanol reactor, was inserted to separate excess water from the reformer section. The second separator (SEP-2) was inserted to separate the final product (methanol) from the recycle.
The separators where dimensioned using the procedure described by R. Sinnot and G. Towler (Sinnot 2009). Detailed descriptions of the calculations are given in the appendix E. 
Choice of material

The construction material of seperator SEP-1 was chosen to carbon steel with nickel-alloy clad. The nickel-alloy clad was added due to the water content in the actual process streams. Nickel exhibits high corrosion resistance to most alkalies and increases toughness and improves low temperature properties and corrosion recistance of the material (Peters, 2005). SEP-2 was chosen to be carbon steel due to the low temperature and low pressure.
3.3.3
Distillation columns

Function 

A distillation column is used to separate different components in a fluid, by using their difference in boiling point.
Arrangement
Since the outlet stream from the last separator contains many different components, a minimum of two distillations had to be used to obtain the desired product specification. The column arrangement used was the conventional arrangement described by R. Sinnot et.al known as the stripper and re-run column. This arrangement is illustrated in figure 3.8. The light components are separated in the first column, followed by a separation of mostly methanol and water in the last column.
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Figure 3.8- Column arrangement (Sinnot, 2009)

Sizing 
A plate spacing of 0,5 meters  was assumed according to the literature (Sinnot, 2009). This value, along with the described procedure, was used to calculate the column diameter. An alternative procedure was used to confirm the result from the first method (Peters, 2003). To determine the number of trays in the column, a short cut column in Unisim was used. The method described by R.Sinnot et.al was used to confirm the results from Unisim (Sinnot, 2009). A tray efficiency of 60% was assumed to find the real number of trays. For more details about column sizing, see appendixA.
Choice of material
The material of construction used in the distillation columns was assumed to be stainless steel due to the water content in the process stream. Using carbon steel would lead to corrosion.

3.3.4
Heat exchangers

Function 

A heat exchanger is a device for making fluids exchange heat without being mixed.

Sizing

Heat exchangers were dimensioned by using the duty and the logarithmic mean temperature difference from Unisim. Appropriate heat transfer coefficients were found and the heat transfer areas were calculated. Heat exchangers which experienced condensation or vaporization were split into multiple heat exchangers for calculation purposes. Some of the exchangers were also modeled using Aspen HTFS+ design system for comparison. Detailed calculations are given in the appendix F.

Application and material of construction
Heat exchangers used for preheating process streams in the reformer section was all assumed to be included in the heat recovery section of the steam reformer, where heat from the hot flue gas were exchanged. This was mostly done to ensure an easy startup after shutdown. More details about this part are found in Chapter 3.4.
For the methanol synthesis part, the preheating of the methanol reactor feed was done using heat from the reactor outlet. It was assumed to be wise to separate the reformer part and the synthesis part to ensure no complications could occur during startup procedure. Because of the relative large exchanger size, a flat plate heat exchanger was used.
Heat exchangers were also used to cool the process gas with cooling water before the separators. U-tube heat exchangers were used, which is better suited for high pressures than a regular shell and tube heat exchangers (Peters, 2003). These heat exchangers were constructed with a shell of carbon steel and tubes of nickel-alloy, due to the seawater used for cooling. Nonferrous metals, like nickel, are often employed in heat exchangers when water is one of the fluids. To reduce costs, the water may be passed through the more expensive tubes and the shell side of the exchanger can be constructed of steel (Peters, 2003).
High pressure steam was produced from the hot outlet process stream from the steam reformer. A forced circulation evaporator was used in this case due to its operating range and its ability to handle the somewhat corrosive seawater conditions (Peters, 2003). Due to the high CO2 rate combined with high operating pressure in this area, special materials had to be used when designing this heat exchanger, because of the risk of metal dusting. Metal dusting is a high temperaturecorrsion phenomen leading to the disintegration of materials into a dust of fine metal particles, graphite, carbides and oxides. This phenomenon is known to be of catastrophic character. It is generally believed that metal dusting starts to occure in the temperature range of 400–800°C, in an environment involving hydrocarbon or strongly carburising atmosphere. The temperature at the steam reformer outlett, and at the inlet of the heat exchanger the temperature are almost 1000°C, which is far beyond the limit for metal dusting. While increasing Ni content in Fe-Ni alloys, are known to suppress metal dusting. The high alloy, chromia-forming alloys are proved to show minimal extend of metal dusting (Chang, 2008). Based on this information the material in this heat excanger was chosen to be inconel, which is an Ni-Fe-Cr-alloy, known to maintain its strength at elevated temperature and is recistant to furnace gases (Sinnot, 2005).
The condensers and reboilers in the distillation columns were modeled using shell and tube heat exchangers for the condensers and kettle type heat exchangers for the reboilers. The reboiler and the column were chosen to be constructed in stainless steel due to the water content in the process stream. For the condensers the shell and tube were chosen to be constructed in carbonsteel for the shell and stainless steel for the tubes. Since the water content in the the top streams of the column are small, these streams are going through the carbon shells, while the cooling water, assumed to be corrosive seawater, goes through the tubes of stainless steel. 

3.3.5
Compressors

Function 

Compressors are used to increase the pressure of gases. Compressors are used for high operation from 200 kPa-400MPa. Staged compression is usually employed when the compression ratio is greater than 4 to avoid excessive temp. In multistage compression, the ratio should be about the same in each stage (Peters, 2003).
Sizing

The cost of the compressors was calculated based on the compressor duty given in UniSIM. When modeling the plant in UniSIM no pressure drop was assumed. To be able to calculate the compressor duty, a small expansion valve was inserted before the compressor to compensate for the pressure drop. The pressure drops were based on experience from the industry (O2). A total of two compressors were used in the model. The first compressor (COMP-1) was used to compress the synthesis gas from the reformer section. The pressure drop of the reformer section was assumed to be 4 bar (from 30 to 26 bar). Thus the compressor had to compress the gas from 26 to 50 bar. The second compressor (COMP-2) was used to compress the recycle over the methanol reactor, which had an assumed pressure drop of 2 bar. Both compressors were assumed to be regular centrifugal compressors.

Choice of material

Due to low temperatures and pure vapour phase in both the compressors, the materialof construction was chosen to be carbon steel. A driver was attached to both the compressors. 
3.3.6
Turbine/Expander

Function

The function of a turbine/expander is to extract energy from a fluid flow and converts it to useful energy

Sizing 

The cost of the expander (EXP-1) was calculated by using the duty found from the UniSIM model. No other sizing calculations was performed for the expander.
Application

It was assumed that the plant would be located nearby a natural gas pipe, which would be feeding the plant with natural gas. The gas was assumed to have a pressure of 70 bar upon arrival. The pressure had to be reduced to 30 bar before the entry into the prereformer. The ability to utilize the energy released by the expansion is discussed later.

The energy released from expanding of the raw methanol stream from 50 to 2,2 bar before the distillation columns, were not assumed to be feasible, and an expander valve was used instead of a turbine.
Choice of material

Due to low temperature conditions and gas stream, material of construction for the heat exchanger was chosen to be the basic carbon steel. 

3.4
HEAT EXCHANGER NETWORK AND ENERGY CONSUMPTION

Heat exchanger network (HEN) design is a very important part of the chemical process design; typically 20-30% energy saving can be realised by impoved HEN design (Linnhoff, 1983). In the following the minimum number of heat exchanger units in the process, minimum amount of utility requirement and different heat exchanger networks will be proposed.
3.4.1
Defining hot and cold streams and utilities

It is essentially two hot streams to be cooled and four cold streams to be heated. 
· The synthesis gas (H1) from the steam reformer is to be cooled from 1000°C to 30°C.

· The product out from the methanol reactor (H2) is to be cooled from 260°C to 30°C.

· The natural gas feed (C1) is to be heated from -0,26°C to 455°C.

· The methane rich gas from the prereformer (C2) is to be heated from 448,25°C to 650°C 

· The methanol reactor feed (C3) is to be heated from 41,32°C to 260°C.

flue gas is essentitally not a process stream since it is not involved in any reactions (apart from the combustion). Therefore it is considered as a utility and not included in the construction of the composite curve and the Grand composite curve. Steam and cooling water are also, of course, utilities available. 

3.4.2
Minimum number of units

The minimum number of units, if we aim for some, but not maximum heat recovery, is

Umin = N-1

where N is the number of hot and cold streams and utilities (Hohmann, 1971). With two hot streams, three cold streams and three utilities (flue gas, steam and cooling water) available, the minimum number of units become


Umin = 2 + 3 + 3 - 1 = 7 units

3.4.3
Minimum energy consumption

To see if there is a process pinch (or if we are dealing with a treshhold problem) and to find the minimum amount of energy consumption needed, composite curves are drawn. 

Temperature intervals for the cooling curve are:

	-0,26°C
	-
	41,32°C
	:
	C1 is heated
	Total mCp = 46,342 kW/°C
	Total ΔQ = 1,93 MW

	41,32°C
	-
	260°C
	:
	C1 and C3 are heated
	Total mCp = 804,822 kW/°C
	Total ΔQ = 176,00 MW

	260°C
	-
	448,25°C
	:
	C1 is heated
	Total mCp = 46,342 kW/°C
	Total ΔQ = 8,72 MW

	448,25°C
	-
	455°C
	:
	C1 and C2 are heated
	Total mCp = 188,304 kW/°C
	Total ΔQ = 1,27 MW

	455°C
	-
	650°C
	:
	C2 is heated
	Total mCp = 141,96 kW/°C
	Total ΔQ = 27,68 MW


Temperature intervals for the heating curve are:

	1000°C
	-
	260°C
	:
	H1 is cooled
	Total mCp = 178,00 kW/°C
	Total ΔQ = 131,72 MW

	260°C
	-
	30°C
	:
	H1 and H2 are cooled
	Total mCp = 910,76 kW/°C
	Total ΔQ = 209,47 MW


In figure 3.9 are the composite curves drawn.
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Figure 3.9 – Composite curve

From the composite curves it can be seen that a minimum amount of cooling required is 125,59 MW. These utilities can be either cooling water (for the lower temperature part) or steam generated (for the higher temperature part). From these curves it can also be seen that we are dealing with a treshold problem. 

3.4.4
Heat Cascade and Grand Composite Curve

To explore how much steam that can be generated, the Heat Cascade (figure 3.10) and the Grand composite curve is constructed.
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Figure 3.10- Heat cascade

Since the system has a heat surplus, QH is set to be equal to zero. Calculating the residuals, Ri, and the mininmum amount of cooling, QC, we get R1 = 587,39 MW, R2 = 65,77 MW, R3 = 65,69 MW, R4 = 90,48 MW, R5 = 77,94 MW, R6 = 98,99 MW, R7 = 126,06 MW and QC = 125,59 MW. 

Below, in figure 3.11, the Grand compostie curve is shown.


[image: image25]
Figure 3.11 – Grand Composite Curve
From the Grand composite curve it is seen that high pressure steam at 510°C (Modified temperature = 500°C) can be generated. 

3.4.5
Forbidden matches

It is also important to define which streams that should not be matched against eachother, i.e. forbidden matches. It has been decided to divide the process in two; the production of the synthesis gas is one part and the methanol production is one part. Thus, H1 should not be heat integratied with C3 and H2 should not be heat integrated with neither C1 nor C2. In addition, due to start-up considerations, H1 should neither be heat integrated with C1 nor C2. It is then obvious that H1 is a good source for HP steam production and flue gas can be used for heating purposes. Making restrictions like this reduces the number of choices for heat integration. Constructing the full heat cascade (and drawing the Grand composite curve) including all the forbidden matches would be very time consuming and is not done in this study. 

3.4.6
Final design
The pinch analysis only states that there is a surplus of heat in the process, but since the heat cascade with forbidden matched is not made, the pinch analysis does not give any explisit suggestions for paring of streams. However, the flue gas is a valuable source for heat integration with the process. Heat integrating the flue gas (from now, H3) with only the process streams before the steam reformer (C1 and C2) would ease the start-up of the plant. H3 can also be sued to produce MP steam. The synthesis gas from the steam reformer is used to make high pressure steam used for heat integration with the methanol reactor product. The methanol reactor product is also heat integrated with the methanol reactor feed. The final heat exchanger network is shown below in figure 3.12. For summary of hand calculations, see appendix G.
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Figure 3.12 – Heat Exchanger Network (Hand calculations) 
The proposed heat exchanger network is constructed in the UniSIM flow sheet. Figure 3.13 below shows the actual temperatures and duties calculated by UniSIM.


[image: image27.jpg]1000°C

Y ®——©—
:

1000 e 1433°C
Ha m 8s55°C @ 82°C @ .
1o°c

s10°C

| ) e
* II1

@ MP

455°C -028°C
) 4 &
B50°C \ 448.25°C
« I c2
260°C 4603°C
) 287C
« H VI c3

17,230 13707 Wy





     Figure 3.13 – Heat Exchanger Network (UniSIM calculations)

The main differences are in the two coolers (HE-5 and HE-7). This is because there is a phase transition over these coolers. The mCp value will be higher and therefore the duty will be higher in reality.
3.4.7
Flue Gas Heat Exchange

Since a major part of the heat exchange is between process streams and the flue gas, this part is explained. Figure 3.14 below shows a typical terraced-wall reformer from Foster Wheeler. The reactants and the catalyst in the steam reformer tubes are heated by gas burners on the steam reformer inlet walls to reach the desired temperature of 1000°C. The flue gas is sucked by a fan on the top of the steam reformer and sent through the tubes for heat exchange with the process gas.
[image: image28.jpg]Chapter 2 Synthesis Gas 43
stack fan ‘
b
e
economizer inlet
economizer
outlet
upper stea future tubes
gen outlet ' . v
4 4| / steam superheater inlet
inlet ananltold ; /
il
gl
WA 2 1 i
\ P= steam superheater outiet
i o B ¢ upper steam gen inlet
\ lower steam gen outlet
! \ auxillary
observation: I gas bumers
doors (typ) — \ ? \ ¢
[ 1 a 0 I
S 1 | ges bumers |
i b
o = D :
. L' ! ;
. 3
/@? [axial guides ; >
lateral centering
device >
20, '
g
waste . e
heat boiler Xy \,
N - , i

Figure 2.10  Foster Wheeler terraced-wall reformer. Source: [20].





Figure 3.14 – Heat exchange between flue gas and process streams
3.4.8
Flow sheet, methanol plant 
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Figure 3.15 – Flow sheet, methanol plant

3.5
REFLECTIONS

One of the elements not taken into consideration in this study is the possibility of sulphur content in the natural gas feed. In fact, there are several other consumables in addition to the catalysts. Among others are acids, sodium hydroxide, phosphate which are added to the boiler water where steam is produced and ammonia to improve the reactions in the sulphur removal section of the process. The sulfur removal is important to avoid poisioning of the catalysts in the steam reformer and the methanol reactor. Nitrogen is used as an inert and for pressurizing the tanks. Different chemicals are used in the waste treatment process such as acids and sodium hydroxide to get the right pH, different nutrients, coagulant, etc. Ion exchanger mass are used for cleaning of the process and boiler water (O2). All these additional consumables are not taken into consideration for the economical analysis. 

One possibility of utilizing the energy generated from the turbine (EXP-1) is connecting it to a compressor with a shaft. This unit is called a Turbo-Expander (TEX). Because of friction losses, the duty of the compressor should be approximately 98% lower than the duty of the turbine. The friction losses are minimized by holding the shaft in possision with a magnetic field. The duty of the EXP-1 is 1956 kW and the duty of the compressor should then be 1917 kW. The duty of COMP-2 is 2453 kW. Reduing this duty to 1917 kW requires a lower pressure drop over the recycle, i.e. 1,57 bar which is 0,43 bar lower than the assumed value. If this is feasable such a TEX configuration could be a possibility. The cost savings would be in the costs associated with running the recycle compressor (COMP-2). The investment costs related to a TEX would be in the same order as the total costs for a turbine and a compressor. The operating cost of a TEX is basically only maintenance costs plus a small duty for running the magnet bearing. Investment costs would be in in between 10 to 50 MNOK (O5). Figure 3.9 below shows a sketch of a TEX.
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Figure 3.16 – Sketch of a TEX

The carbon conversion of the plant was calculated in appendix I. The total conversion and conversion per pass in the methanol reactor are shown in table 3.3. Compared to Tjelbergodden the conversion in the modeled plant is much lower. This is probably due to that a large part of the methane was not converted in the steam reformer. 
The total amount produced was 2714 tonne/day. Natural gas consumed was 2076 tonne/day, of which 36,7% was consumed to pre-heat the steam reformer. Amount CO2 needed to adjust the hydrogen/carbon ratio was 1207 tonne/day.

Table 3.3 – Carbon conversion of the plant
	
	Our model
	Tjeldbergodden(O2)

	Total carbon conversion]n over the whole plant [%]
	74,1
	98.5

	Conversion per pass over the reactor [%]
	13
	63


The amount of CO2 released into the atmosphere was a lot larger than expected. This was mainly due to the large amount of CO2 released in the flue gas. To avoid these emissions, one could use carbon free fuels, like H2.Then there would be a net consumption of CO2 in the process. Another solution would be to install a CO2 capturing plant, but this alternative would probably be costly because of the low pressure and low concentration of CO2 in the flue gas.
The heat integration part could have been done with introducing forbidden matches. Then the Grand Composite Curve would have been more useful in terms of realizing the real process-to-process potential.
4
SUMMARY OF CALCULATIONS

4.1
MAIN EQUIPMENT

The main equipment used in the process is summarized in table 4.1 and table 4.2 For details about the calculation, see Appendix A – F.
Table 4.1 – Main Equipment I
	
	Height  /length [m]
	Inner diameter [m]
	#tubes
	#trays
	Volume [m^3]

	Prereformer (PREREF)
	2,8
	3,5
	-
	-
	27,5

	Steam reformer tubes (STEAMREF)
	12
	0,12
	210
	-
	28,5

	Methanol reactor (REACTOR)
	7
	4,8
	
	-
	126,7

	Methanol reactor tubes
	7
	0,04
	5374
	-
	0,0088

	Separator (SEP1)
	6,4
	2,4
	
	-
	29,0

	Separator (SEP2)
	9,9
	5,5
	
	-
	235,2

	Distillation column (COL-1)
	4,5
	1,4
	
	9
	

	Distillation column (COL-2)
	22,5
	7,1
	
	45
	

	Storage tank (TANK-1)
	23,2
	45
	
	
	36666

	Storage tank (TANK-2)
	23,2
	45
	
	
	36666

	Storage tank (TANK-3)
	23,2
	45
	
	
	36666


Table 4.2 – Main Equipment II
	
	Duty [kW]
	Surface area [m^3]
	Type

	Compressor (COMP-1)
	8936
	-
	Centrifugal

	Compressor (COMP-2)
	2453
	-
	Centrifugal

	Expander (EXP-1)
	1956
	-
	Axial gas turbine

	Heat exchanger (HE-1)
	28673
	-
	-

	Heat exchanger (HE-2)
	20360
	-
	-

	Heat exchanger (HE-3)
	121776
	-
	-

	Heat exchanger (HE-4)
	-61583
	1321
	U-tube

	Heat exchanger (HE-5)
	137072
	13087
	Flat plate

	Heat exchanger (HE-6)
	-74205
	2934
	U-tube

	Heat exchanger (E-105)
	133129
	894
	Evaporator*

	Pump (PUMP-1)
	139
	-
	Centrifugal

	Pump (PUMP-2)
	197
	-
	Centrifugal

	Pump (PUMP-3)
	3386
	-
	Centrifugal

	Pump (PUMP-4)
	4080
	-
	Centrifugal

	Pump(PUMP-5)
	14
	-
	Centrifugal

	Pump (PUMP-6)
	3333
	-
	Centrifugal

	Reboiler (REB-1)
	9434
	99
	Kettle

	Reboiler (REB-2)
	59945
	473
	Kettle

	Condenser (CON-1)
	262
	163
	Shell and tube

	Condenser (CON-2)
	60620
	7508
	Shell and tube


4.2
MATERIAL BALANCE

UniSIM was used to perform the mass balance for the system. The overall mass balance is summarized in table 4.3.

Table 4.3 – Overall Mass Balance
	MASS IN
	MASS OUT

	Stream
	In (kg/h)
	Stream
	Out (kg/h)

	Natural Gas
	86495
	Flue Gas Exit
	566050

	Air
	534320
	SEP-1 (L)
	64820

	Process steam
	131510
	Purge
	29147

	CO2
	50288
	COL-1 (T)
	7772

	
	
	COL-2 (B)
	21717

	
	
	Methanol Product
	112048

	Total
	802614
	Total
	801556

	
	
	

	  Difference = Mass In - Mass Out =
	1058 kg/h
	

	% Error = 
	0,13 %
	


The % Error is smaller than 1 %, and thus acceptable. 

The component mass balance is summarized in table 4.4.

Table 4.4 – Component Mass Balance
	Object
	Mass In (kg/h)
	Mass Out (kg/h)
	Error (kg/h)
	% Error

	PREREF
	60163,97
	60164,21
	-0,2464
	-0,0004

	PREREF*
	60164,21
	60164,05
	0,1614
	0,0003

	COMBUSTION
	566056,11
	566050,28
	5,8276
	0,0010

	STEAMREF
	186269,75
	186272,34
	-2,5893
	-0,0014

	REACTOR
	985336,02
	985332,83
	3,1959
	0,0003

	SEP-1
	186272,34
	186272,34
	0,0000
	0,0000

	SEP-2
	985332,83
	985332,83
	0,0000
	0,0000

	COL-1
	142590,42
	142590,42
	0,0000
	0,0000

	COL-2
	134596,36
	134596,36
	0,0000
	0,0000

	Total
	3306782,02
	3306775,67
	6,3492
	0,0002


The % Error for each component is much smaller than 0,1%, and thus acceptable.

4.3
HEAT BALANCE
4.3.1
Component heat balance

The heat balance is performed using the properties calculated by UniSIM and a set of equations. For heat exchange systems where no phase transition is occuring, the following equation should be satisfied
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(4.1)
Data for the first heat exchanger (HE-1):

	Heat Exchanger
	Tube/Shell side
	Mass flow (kg/s)
	Cp (kJ/kg°C)
	ΔT (°C)

	HE-1
	Tube side
	51,742
	2,744
	201,8

	
	Shell side
	157,236
	1,356
	-134,5


The heat balance for HE-1 becomes
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The difference is 0,02 MW, or 0,08%, which is acceptable.

The same procedure is used for HE-2 where no phase transition occurs. 

For heat exchange systems where phase transition occure on shell side, the following equation should be satisfied
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(4.2)
Phase transition occure on the shell side (where HP Steam is made) for HE-3. Data for the third heat exchanger (HE-3):

	Heat Exchanger
	Tube/Shell side
	Mass flow (kg/s)
	Cp1 (kJ/kg°C)
	ΔT1 (°C)
	Cp2 (kJ/kg°C)
	ΔT2 (°C)

	HE-3
	Tube side
	36,531
	4,789
	224,37
	2,249
	220,4

	
	Shell side
	157,236
	1,236
	-625
	-
	-


The heat of vaporization for the stream in the shell side (water/steam) is 1822,70 kJ/kg.

The heat balance for HE-3 becomes:
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The difference is 2,49 MW, or 2,03%, which is a bit high, but acceptable. Phase transitions contribute to larger errors.

The same procedure is used for HE-4, HE-5, HE-6 and HE-7 where phase transition occurs. 

4.3.2
Overall Heat Balance

The heat flows in to and out of the system are summarized in table 4.3 and table 4.4, respectively.

Table 4.3 – Heat flows in to the system
        Table 4.4 – Heat flows in to the system
	Streams In
	Heat Flow

(108 kJ/h)
	
	Streams Out
	Heat Flow

(108 kJ/h)

	Natural Gas
	-3,8684
	
	Q-108
	0,0704

	Process Water
	-20,9792
	
	Flue Gas Exit
	-16,2867

	Q-110
	0,0050
	
	HP Steam
	-17,4085

	Air
	0,0256
	
	47
	-1168,2500

	Q-118
	8,7627
	
	SEP-1 (L)
	-10,2772

	Q-100-3
	-8,7179
	
	Purge
	-1,8387

	Water 1
	-22,2082
	
	Q-106
	3,0881

	Q-115
	0,0071
	
	48
	-1407,7064

	Syngas CW
	-1170,4669
	
	COL-1 (T)
	-0,6827

	Q-103
	0,3217
	
	Q-101
	0,0096

	CO2
	-4,5134
	
	Q-112
	2,1823

	Q-109
	0,6204
	
	Methanol Product
	-8,3571

	Methanol CW
	-1410,3778
	
	COL-2 (B)
	-3,3446

	Q-105
	0,3396
	
	
	

	Q-111
	2,1603
	
	
	

	Total
	-2628,8895
	
	Total
	-2628,8013


Heat flow in – Heat flow out 
= -2628,8895 x 108 kJ/h – (-2628,8013) x 108 kJ/h 





= -0,0882 x 108 kJ/h

The percentage error is 0,0034 %, which is acceptable.

4.4
EQUIPMENT COSTS

The cost of the process equipment is executed in Chapter 5.

4.5
PROCESS CONTROL
There has been a focus on easy start-up in the design of the process. Since the heat exchangers in the synthesis gas part of the process (HE-1, HE-2 and HE-3) are only heat exchanging the process streams with the flue gas, the start-up will be easy for this part. The steam reformer should be fired first, so that the flue gas has the desired temperature of 1000°C when the process natural gas is entering HE-1 and HE-2 and the water is entering HE-3. As indicated in figure 3.16 the methanol reactor should be equipped with an inlet for start-up steam. This ensures that the methanol reactor is preheated and the Cu/ZnO/Al2O3 is activated. Also, as mentioned before, the Lurgi reactor ensures good temperature control by exchanging heat with the cooling water. This is done by controlling the flow of the cooling water.
5
ECONOMICAL ESTIMATION

Chemical plants are bulit to make profit, and an estimate of the investment required and the cost of production, are needed before the profitability of a project can be assesed. Since the net profit equals total income minus all expenses, it is essential to be aware of the various types of costs assosiated with each manufacturing step (Peters, 2003). In the economical analysis of a chemical plant, the costs for the plant are devided into investment cost and operating cost. In the following section these costs are considered for the methanol plant.  
5.1
CAPITAL INVESTMENT

Before an industrial plant can be put into operation, a large sum of money must be available to purchase and install the required equipment. Land must be obtained, service facilities must be made available, and plant must be erected complete with all piping, controls and services. In addition, funds are required to pay the expenses involved in the plant operation before sales revenue becomes available. The capital needed to supply the required manufacturing and plant facilities is called the fixed-capital investment, FCI, while that needed for the operation of the plant is called working capital, WC. The sum of the fixed capital investment and the working capital is known as the total capital investment, TCI (Peters, 2003).  

5.1.1
Fixed capital investment

The fixed capital investment is the total cost of the plant ready for start-up. It is a one time cost that is not recovered at the end of the project life. The fixed capital investment can be subdivided into manufacturing fixed-capital also known as direct cost, and nonmanufacturing fixed capital or indirect cost. The direct costs represent the capital necessary for the installed process equipment with all components that are needed for operation. The indirect costs include the capital required for contruction overhead and for all plant components that are not directly related to the process operation. These plant components include processing such as buildings, offices, laboratories, transportation, shipping, and receiving facilities, and other permanent parts of the plant. The construction overhead cost includes field office and supervision expenses, miscellaneous construction cost, contractors’ fees, and contingencies (Peters, 2003). Table 5.1 below gives a presentation of the direct and indirect cost related to a chemical plant. The right column of Table 5.1 gives typical values of the direct and indirect costs as fractions of of the cost of the delivered equipments.  

Table 5.1: An overview of the direct and indirect cost assosiated with building of a chemical plant.

	Direct Costs
	Typical fraction of delivered equipment

	Purchased equipment, E'
	0,10

	Delivery, fraction of E'
	 

	Subtotal:  delivered equipment
	0,47

	Purchased equipment installation
	0,36

	Instrumentation&Controls(installed)
	0,68

	Piping (installed)
	0,11

	Electrical systems (installed)
	0,18

	Buildings (including services)
	0,10

	Yard improvements
	0,70

	Service facilities (installed)
	2,60

	
	

	Indirect costs
	

	Engineering and supervision
	0,33

	Construction expenses
	0,41

	Legal expenses
	0,04

	Contractor's fee
	0,22

	Contingency
	0,44


In this project the estimation of the fixed capital investment was based on the module costing technique, which is a common technique to estimate the cost of a new chemical plant (Turton, 2003). This costing technique relates all costs back to the purchased cost of equipment evaluated for some base conditions, which is equipment made of carbon steel and operating at ambient pressure. Deviations from these base conditions are handeled by using multiplying factors that depends on the following:

· The specific equipment type

· The specific system pressure

· The specific materials of construction

The total fixed cost for the purchased equipment is estimated by the total module equipment cost, CTM, which is the sum of the direct and indirect costs, including total concigency and fee costs. The total module cost for each piece of equipment, are based on the bare module cost, through the following equation:
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where CBM is a measure of the purchased equipment including indirect and direct costs, but not including concigency and fee. The factor of 1,18 then corrigates for the concigency and fee, which generally are estimated to be 15% and 3% of the bare module, respectively. The bare module cost for a single equipment is calculated according to the following equation:
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(5.2)

where FBM are the bare module factor, which is a multiplication factor to account for the direct and indirect cost, as well as the material of construction and the operating pressure assosiated with the equipment. C0p are the purchased cost for the base conditions, which is equipment made of carbon steel operating at ambient pressure. 

If the plant in question is a completely new facility in which we start the construction on essentially undeveloped land one has to add auxililary facilities costs to the total module. These costs include costs for site development, auxiliary buildings, and off site utilities. In our case these costs are assumed to be 50% of the bare module costs for the base case conditions, which should be an reasonable assumption (Peters, 2003). The fixed cost of a single equipment was then calculated by the following equation:
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(5.3)

Data for the purchased equipment cost of, at ambient operating pressure and using carbon steel construction are given by the parameter, Cp0, were calculated by the following equation given by Turton (Turton, 2003):




[image: image40.wmf]2

123

loglog()[log()]

p

CKKAKA

=++






(5.4)

where A is the capacity or size parameter for the equipment. Values for the parameters K1, K2 and K3, depends on the equipment type. These values are given in Appendix H. The cost of equipment, increase with increasing operating pressure. The deviation from ambient pressure, are accounted for by the use of pressure factors. To calculate the pressure factors for process vessels and distilation towers the following equation given by Turton was used:
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(5.5)

where P are the operating pressure, and D represent the diameter of the vessel. The pressure factor for the remaining process equipment, are given by the following equation [Turton]:
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(5.6)

where the unit for pressure are barg. The constants C1, C2 , and C3 depends on the equipment type. These values are given in Appendix H. The bare module factor also depends on the choice of material of construction. This is accounted for by a material factor FM. The way the material factor, FM, as well as the pressure factor, FP, relates to the bare module factor differentiate somewhat according to the equipment in question. The bare module factors for the various equipments are given by the following equation:
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(5.7)

where the constant B1 and B2 depends on equipment type, these values are given in Appendix?. The material factors FM used were given by Turton. For some kind of equipment only the bare module factor, FBM, are given, and the bare module is calculated directly from this value. The basis for calculating the bare module factor from different equipment, are given in Table 5.2 below. The bare variables used in these equations were given as process condition, or they were found from tables or figures given by Turton (Turton, 2003).         
Table 5.3: Equations for bare module cost for various equipment.

	Equipment type
	Equation for Bare Module Cost

	Compressors without drivers
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	Evaporators and vaporators
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	Fired heaters and furnances
	
[image: image47.wmf]0

BMpBMP

CCFF

=



	Power recovery equipment
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	Sieve trays, valve trays, and demister pads
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	Tower packing
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	Heat exchangers, process vessels, and pumps
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The resulting total module costs for the various equipments are presented in Table 5.4 below:

Table 5.4: The different equipment and the assosiated construction material, and total cost module in MNOK.

	Equipment
	Equipment type
	Material
	CT [NOK]
	% of CT

	Steam Reformer 
	Reformer furnance
	SS
	566821280
	0,438865

	Prereformer 
	Process vessel vertical
	CS
	3727413,9
	0,006469

	Separator (SEP-1)
	Process vessel vertical
	CS-Ni-alloy clad
	19337929
	0,014973

	Methanol reactor 
	fixed tubes
	CS
	6446659,8
	0,004991

	Separator (SEP-2)
	Process vessel vertical
	CS
	54702428
	0,042354

	Column (COL-1)
	Tower
	SS
	271087,61
	0,00021

	Trays
	Sieve
	SS
	242652,22
	0,000188

	Reboiler (COL-1)
	Kettle reboiler
	SS
	4204794,4
	0,003256

	Condenser (COL-1)
	fixed-tube
	CS/SS
	1138002,9
	0,000881

	Column (COL-2)
	Tower
	SS
	34688216
	0,026858

	Trays
	Sieve
	SS
	29236963
	0,022637

	Reboiler (COL-2)
	Kettle reboiler
	SS
	33188918
	0,025697

	Condenser (COL-2)
	fixed-tube
	CS/SS  
	16091423
	0,012459

	Expander (EXP-1)
	axial gas turbine
	CS
	6803540
	0,005268

	Compressor (COMP-1)
	Centrifugal
	CS
	18749049
	0,014517

	Driver for (COMP-1)
	
	 
	10044133
	0,007777

	Compressor (COMP-2)
	Centrifugal
	CS
	6095133
	0,004719

	driver for (COMP-2)
	
	 
	3265249,8
	0,002528

	Valve (VLV-100)
	relief valve
	CS
	172131
	0,000133

	Heat exchanger (HE-4)
	U-tube
	CS/Ni-alloy
	9646642,9
	0,007469

	Heat exchanger (HE-5)
	flat plate
	CS/CS
	64901890
	0,050251

	Heat excahanger (HE-6)
	U-tube
	CS/Ni-alloy
	23686845
	0,01834

	Pump-1
	Centrifugal
	CS
	714512,6
	0,000553

	Pump-2
	Centrifugal
	CS
	1006790,5
	0,00078

	Pump Recycling Syngas CW
	Centrifugal
	CS
	6593390,1
	0,005105

	Pump Recycling Methanol CW
	Centrifugal
	CS
	19806114
	0,015335

	Pump Recycling Cond CW COL-1
	Centrifugal
	CS
	96089,01
	7,44E-05

	Pump Recycling Cond CW COL-2
	Centrifugal
	CS
	6475963,3
	0,005014

	Expander (K100) 
	axial gas turbine
	CS
	2151087,8
	0,001665

	Evaporator (E-105) 
	Forced circulation
	Ni/Ni
	314069540
	0,24317

	Storage tank 1
	API-floating roof
	CS
	7519689,3
	0,005822

	Storage tank 2
	API-floating roof
	CS
	7519689,3
	0,005822

	Storage tank 3
	API-floating roof
	CS
	7519689,3
	0,005822


Table 5.4 shows that the the steam reformer and the prereormer are responsible for 44% of the total fixed investment costs. This might be reasonable based on similar plants where the synthesis gas manufacture is reported to be due to 60 % of the investment (Aasberg-Petersen, 2001). Other equipments that are due to a large amount of the equipment costs are the evaporator used to produce high pressure steam after the steam reformer. This evaporator have to be constructed in a special material due to the condition of metal dusting at the given temperature and steamcondition. This equipment are responsible to 24% of the equipment expences. Other equipment that makes a fairly high percent of the total equipment costs are the rest of the heat exchangers, the separators as well as the total costs of the destillation columns.       

The values of the different equations used in the total module calculation were normalized to 2001 values. The costs then had to be correted to the current value of money. This was done by the chemical engineering plant cost index, CEPCI. The annual indexes were used, and the costs were updatet to the annual 2008 value by the following equation:
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5.2.1
Working capital

The working capital for an industrial plant consist of the total amount of money invested in raw materials and supplies carried in stock, finished products in stock and semifinished products in the process of being manufactured, account receivable, cash kept on hand for monthly payment of operating expenses, accounts payable, and taxes payable. 

The ratio of working capital to total capital investment varies with different companies, but most chemical plants use an initial working capital from 10-20 percent of the total capital investment (Peters, 2003). In our analysis the working capital was estimated to be 20 percent of the total capital cost, which equals a value of 25 percent of the total fixed capital cost. The total capital investment (TCI) is the sum of the fixed capital investment end the working capital. Table 5.5 presents the estimate of the obtained total investment cost.

Table 5.5: Estimation of capital investment costs.

	Cost
	MNOK

	Fixed capital investment (FCI)
	1613,992843

	Working capital (WC)
	403,4982108

	Total capial investment (TCI)
	2017,491054



5.2
OPERATING COSTS

The operating costs can be divided into variable costs of production and fixed costs of production (Peters, 2003). 

The variable costs of production include the costs of
· Raw materials

· Utilities

· Consumables

· Effluent disposal

· Shipping

The fixed costs of production include the costs of

· Operating labour

· Supervision

· Direct salary overhead

· Maintenance

· Property taxes and insurance

· Rent of land/buildings

· General plant overhead

· Allocated environmental charges

· Running license fees and royalty payments

· Capital charges

· Sales and marketings costs

5.2.1
Variable Operating Costs

Raw material costs

The raw materials in the process are natural gas, water/steam, air and CO2.

Natural Gas

Figure 5.1 shows the internal natural gas price for Statoil ASA (I5). In this project a price of 1,4 NOK/Sm3 (natural gas flow at 20°C and 1 atm) will be used for the entire operating period. 

With a volume flow of 673,91 MSm3/year natural gas for the process and 390,56 MSm3/year natural gas for combustion, the the annual cost for natural gas consumption becomes
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Figure 5.1 – Internal natural gas price, Statoil ASA (I5)

Raw water

Medium pressure steam is produced and consumed by the process. A rough estimate for raw water is 0,26£/tonne. With today’s currency (November 17, 2009), the cost of raw water is approximately 2,50 NOK/tonne.

The water from SEP-1 and COL-2 is assumed to be recycled. The total amount of raw water needed is then


   131,51 tonne/h water to prereformer and steam reformer


-  64,82  tonne/h water from SEP-1


-  21,63  tonne/h water from COL-2


= 45,06  tonne/h water needed 
With a mass flow of 45,06 tonne/h of water the annual cost of raw water becomes
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Air

Air is used in the steam reformer at atmospheric pressure, and therefore assumed freely available. 

CO2

In Norway the industry has to pay a quota to release CO2 to the atmosphere. The existing methanol plant at Tjeldbergodden can discharge 338.000 tonne CO2 per year without paying any charges, but for every tonne of CO2 above this limit they must pay 160 NOK (O2). This is used as a basis for the CO2 expenses in this study as well. 

A mass flow of CO2 on 2079,87 tonne/day in the flue gas minus the mass flow of CO2 injected in the process on 1206,91 tonne/day results in a net discharge of CO2 on: 


2079,87 tonne/day – 1206,91 tonne/day  = 872,96 tonne/day 







      = 314.265,64 tonne/year

This is below the limit mentioned above, and therefore it will be assumed no CO2 expenses. Instead, injecting CO2 represents a saving in costs of


     (2079,87 tonne/day x 360 days/year – 338.000 tonne/year) x 160 NOK/tonne


=   65,72 MNOK/year

compared to if no CO2 had been injected.

Utilitiy prices
Utilities used by the process are electricity, steam and cooling water. 

Electric power

The price of electric power for the industry in Norway is given for the last eleven year in figure 5.2 below. The price is assumed to be constant and equal to 0,30 NOK/kWh throughout the whole period of production. With a total power consumption of 11726 kW the annual cost is
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       Figure 5.2 – Electric power prices in Norway (Source: Statistics Norway)
HP Steam

High pressure steam at 50 bar is produced in the process and used to heat exchange with the reboilers in the columns. The excess HP Steam is 


   3341 tonne/day HP Steam produced from heat associated with syngas stream


+ 1720 tonne/day HP Steam produced from heat associated with methanol reactor


-  1244 tonne/day HP Steam consumed by heat associated with column reboilers


=  3817 tonne/day HP Steam
Assuming a HP Steam price of 29,97 $/tonne (Turton, 2009) ≈ 167 NOK/tonne the earnings of selling HP steam is 


3817 tonne/day x 360 days/year x 167 NOK/tonne = 229,48 MNOK/year

An alternative is that the HP steam can be used to generate power by expanding it through a turbine. Using UniSIM, expanding a mass flow rate of 3817 tonne/day HP Steam through a turbine, gives a duty of 29097 kW. Assuming a price on electric power of 0,30 NOK/kWh, the annual income becomes


29097 kW x 0,30 NOK/kWh x 24 x 360 h/year = 75,42 MNOK/year.

In this study it will be assumed that all the HP steam can be sold. This is of course dependent on the fact that there is a costumer that wants this amount of steam. Since the project basis is a methanol plant at Kollsnes, it is assumed that heat is needed for the process plant at Kollsnes, possibly in addition other industry in close proximity.
Cooling water

The cost of the cooling water is the cost of pumping the cooling water through the system, costs for water make-up and chemical treatment of the water. The power used in the recirculating cooling water system is assumed to be 0,40 kWh/m3 of circulating water (Sinnot, 2009). 

Consumables cost

The consumables in the process are only the catalysts. The cost of the catalysts is dependent on the cost of the catalyst itself and the turnover number (number of molecules of substrate converted by one molecule of catalyst before the catalyst loses its activity) (Sell, 2003). In this study a catalyst cost of 80 NOK/L is assumed (O6). If the catalyst had contained noble metals this price would have been significant higher. A deactivation time of 4 years is assumed. 

With a total volume of catalyst being 75,59 m3 and a lifetime of 4 years, the total annual catalyst costs become


75,59 m3 x 80000 NOK/m3 / 4 years = 1,51 MNOK/year
The other consumables discussed in Chapter 3.4 are not taken into consideration for the economical analysis.

Waste-water treatment costs

Since all the water from SEP-1 and COL-2 is reacycled, this cost is assumed to be zero. 

Other variable operating costs

Other variable operating costs are (Peters, 2003): 

· Operating supervision = 0,15 x Operating labour

· Maintainance and repairs = 0,06 x FCI

· Operating supplies = 0,15 x Maintenance & repair

· Laboratory charges = 0,15 x Operating labour

· Royalties = 0,01 x co (Total product cost without depreciation)

The costs are summarized in Table 5.6.
5.2.2
Fixed Operating Costs

Labour costs

The number of operators per shift, N, are
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where p is the number of processing steps involving the handling of particulate solids and U is the number of main units in the process (Turton, 2009). p is zero and U is 14, and the number of operators is
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The number of shifts is assumed to be 5 and the wage for each operator is assumed to be 300.000 NOK/year. 

The total labour cost then becomes
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Other fixed operating costs

Other fixed operating costs are (Peters, 2003):

· Taxes (property) = 0,02 x FCI

· Insurance = 0,01 x FCI

The costs are summarized in table 5.6.
In addition, plant overhead, administation, distribution & selling and research & development are taken into consideration. These costs are (Peters, 2003):

· Plant overhead = 0,6 x (labour, supervision and maintenance)

· Administration = 0,2 x (labour, supervision and maintenance)

· Distribution & selling = 0,05 x co
· Research and development = 0,04 x co
5.2.3
Summarizing operating costs

In Table 5.6 the operating costs are summarized.

Table 5.6 – Summarize of operating costs
	Quantity
	Annual cost (MNOK/year)

	Raw materials
	1744,16

	Operating labour
	4,63

	Operating supervision
	0,694

	Utilities
	58,418

	Maintenance and repairs
	3,007

	Operating supplies
	0,451

	Laboratory charges
	0,694

	Royalties
	20,225

	Taxes (property)
	1,002

	Insurance
	0,501

	Plant overhead, general
	4,996

	Administration
	1,665

	Distribution & selling
	101,123

	Research and development
	80,898

	Total product cost w/o depreciation, co
	2022,459


6
INVESTMENT ANALYSIS
As the purpose of investing money in a chemical plant is to earn money, some means of evaluating the economic performance of the project is needed. This can be done by methods that not consider the time value of the money such as rate of return on investment, payback period, or the methods that consider the time value of money involving the discounted cash flow rate of return and net present worth. Cash flows diagrams can be nice tools to illustrate the performance of the project. The yielding investment at this project was analysed at a production rate of 2700 tonne/day, which corresponds to a yearly production rate of approximately 972 000 tonne methanol. The life time of the project was assumed to be 10 years. The depreciation for the plant is estimated to be at 20 percent. The tax to be payed to the government is assumed to be at 28%. The result from the different project performance parameters are shown in Table 6.1 below.

Table 6.1: Performance measurement of the investment.

	Rate of return, ROR
	14,4 %

	Pay-back period, PBP
	4,9 year

	Net present worth, NPW
	670,07

	Discounted cash flow rate of return, DCFRR
	21,70 %



6.1
RATE OF RETURN CALCULATIONS
Rate of return, ROR, is the of annual profit to investment, is a simple index of the performance of the money invested. This can be expressed as follows:
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Where Ccum are the cummulative nat cash flow at the end of the project, N are life of the project, amd C0 are the original investment in the project. 
The rate of return on the methanol project was calculated to be 14,28 %. The minimum acceptable rate of return for a new capacity with established market position are suggested to be somewhere between 8-16% [Peters, 2003]. That means that the calculated rate of return, are inside the acceptable limit. This limit corresponds to the rate of earnings that must be achieved by an investment in order for it to be acceptable for an investor. Since the value of ROR is in the range that is considered to be among the minimum acceptable, the value might be a bit low. That corresponds to a somewhat low annual profit for the investment.  

6.2
PAY-BACK PERIOD
Pay back time is another measure of performance of the capital invested. This profitability measure the length of the time nessesary for the total return to equal the capital investment. Figure 6.1 below shows the cash flow diagram for the methanol project. 
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Figure 6.1 – Cash flow diagram
The cash flow diagram shows the predicted cumulative net cash flow over the life of the project. The annual cash flow corresponds to the money that goes out minus the money that comes in, which means the differnce between the earnings and the expenditure. From the figure the pay back period can be estimated to 4,9 years. 
6.3
TIME VALUE OF MONEY
The performance measurement present encounted so far does not take the time value of the money into account. Neverthless the money earned in the early year of the project is more valuable than that earned in later years. This value of money is accounted for by a discount factor. This factor should account for loss of interest, the inflaction as well as the risk connected to the project. In this project we assumed the yearly loss of rent to be 3%, while the annual inflation is assumed to be at 4%. Then the marginal return are at 7,1%, which correstponds to the minimum interest rate an investor can accept to invest in a project. If there are risks attached to the investment, the investor requires larger returns, and this have to be reflected in the discoun factor [Erikson, 2005]. For the methanol project the investment are relatively high, and the there are not accounted for any variation in the marked demand for the product. At the other side there are a well established merket for the product. The risk assosioted with the project can be assumed to be of average size and a risk premium is assumed to be at 6%. This means that the discount factor is estimated to be at 13%.

6.4
NET PRESENT WORTH

One method to evaluate the investment is the net present worth method. In this method the value of cash earned in the future are converted to the present value through the following equation: 
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Where i is the discount rate and CF0 are the original investment, CFt are the annual cash flow, and n are the life time of the project. A disadventage with this method is that it is sensitive to the interest rate assumed. By usind an interest rate at 13 %, the net present value over the life time of the project was calculated to be 660 MNOK, ergo a positive net present net worth of the project. A positive net present value means that the capital that is invested gives higher return than if it was not invested. Then there will be a risement of the fortune of the investors and the project should be realized [Erikson, 2005]. A question can be raised whether the assumed discounted rate are too low, considering the risk assosiated with the project. This will have a great influence to the net present worth, and can be considered as a weakness for the method.  

6.5
DISCOUNTED CASH-FLOW RATE OF RETURN (DCFRR) 
An alternative profitability measurement to the net present worth value is the discounted cash-flow rate of return. The obtained value gives us effective yield of the capital that at a given time is invested in a project. It is determinded as the interest rate at which the total NPW of the project is zero. The value of the discounted cash flow rate of return for the methanol plant was found to be 21,55 % and equals the maximum rate that the project could pay and still break even by the end of the project. If the DCFRR for a project are higher then the discount rate the project should be accepted, if else it shoud not. In our case, the discount rate or the required rate of retur was set to 13 %. This means that DCFRR gives a higher value than the discount rate, and the project should be accepted (Erikson, 2005). 

6.6
SENSIBILITY ANALYSIS 

To evaluate the robustness of the project a sensibility analysis is made. A sensibility analysis is a way of examining the effects of uncertainties assosiated with a project, by introducing alterations of ±10 per cent for the different variables considered. In the following section the economics of the methanol plant is evaluated at changes in the raw material costs, variation in product prices and variation in energy prices. The responding result is evaluated by the performance measurement evaluated for the methanol at the yielding production rate. The resulting values are shown in Table 6.4. 

Table 6.2 – Performance of the project at different scenarios
	Profitability measurement
	At design conditions
	Deviation in product prices +10 %
	Deviation in raw material prices
	Deviation in energy prices
	Accounted for 10 % product loss

	
	
	10 %
	-10 %
	10 %
	-10 %
	10 %
	-10 %
	+10%

	ROR [%]
	14,40
	23,47
	5,27
	8,12
	20,68
	14,4
	14,4
	5,27

	PBP [year]
	4,9
	3,5
	8
	6,6
	3,9
	4,9
	4,9
	8

	NPW [MNOK]
	670,07
	1605,13
	-275,35
	23,1
	1316,95
	670,03
	670,03
	-275,35

	DCFRR [%]
	21,7
	32,58
	9,05
	13,32
	29,33
	21,7
	21,7
	9,05


From the performance metrics in Table 6.4 it is obvious that a 10 percent increase in the product price would lead to a considerable increase in the profit of the project. A negative NPW value and a DCFRR lower than the discount rate, indicate that the project should not be realized. Table 6.4 shows that a decrease by 10 percent in the product price or a 10 percent product loss would make the project unprofitable, considering the NPW values and the DCFRR. Further on the table indicate how the pay back time changes with the applied variations. This is also illustrated in the bar graph in Figure 6.4 below. A decrease in the pay back time would be preferable to the project. An increase in pay back time would lead to a longer periode without profit, which would not be preferable for the project. For the product, increase in the price would be desired, while the opposite is the case for an increase in the energy price or the raw material cost, which are payments for the project.
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Figure 6.2 - Pay-back period as functions of ± 10 % deviation from design conditions in product prices, raw materials, energy prices and production loss.

From figure 6.2 it is obvious that deviation in the product price is the one of the parameters considered that has the greatest influence on the pay back time. This also indicates that the project has a great dependens on the obtained sale. A variation in the market demand will probably have a cathastrophical effect on the profitability on the project. The figure also tells that a 10 percent decrease in product prices would have a greater relative negative influence at the payback time than what the corresponding positive effect would be with a 10 percent increase. Further on, Figure 6.2 tells that the raw material also have a somewhat great influence at the pay back time. A decrease in the raw material prices, which means that the payment are decreased, would be profitable for the project, while a raise in the raw material prices would be of negative influence. An increase of 10 percent in the raw material prices will increase the payback time by 1,7 years, while a decrease 10 percent price decrease will lead to a pay back time that is one year less than what is the case at design conditions. Both Table 6.2 and Figure 6.2 shows that the energy prices are of less importance to the project compared to the other factors considered. This can be due to a somewhat small energy consumption of the process. The last column in Figure 7.1 figures the influence at the pay back time for a 10 % production loss. This leads to an increase in the pay back time of 0,37 year. Table 6.2 tells that the NPW are sensitive to production losses.          

6.6.1
Worst case scenario of the methanol price

Based on historical costs of methanol a worst case scenario considering the cash flow diagram was abtained. The cost data for methanol are shown in Figure 7.2 below (I8). 
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Figure 6.3 - Methanol prices every quarter from 2001 to 2009. (I8)

Since methanol is the product in our case, the worst case scenario based on variation in the cost of methanol would be the lowest cost during the period. This scenario corresponds to a value of 1,25 NOK/kg methanol, compared to 2,45 NOK/kg that is the assumed price used in in the evaluation of the methanol project. Figure 6.4 and Table 6.3 below shows the responding change of of the profitability of the project in the worst case scenario for the methanol price.
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Figure 6.4 – Cash flow diagram of the worst case scenario for the methanol price based on historical costs.
Table 6.3 – Performance measurement of the investment.

	Rate of return, ROR
	-41,30124866

	Pay-back period, PBP
	-

	Net present worth, NPW
	-5706,7

	Discounted cash flow rate of return, DCFRR
	-


From Figure 7.2 and Table 7.3 it is obvious that the worst case scenario for the methanol price would be ruinous for the project. The project will never start earning money, and no annual cash flow would be positiv. 

6.6.2
Worst case scenario of the raw product price

The robustness of the process toward changes in prices of raw material were considered based on cost data for natural gas during the period from 2000 given in Figure 6.5. 
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Figure 6.5 – Natural gas prices from 2000 until 2009 and estimated until 2014. (I8)  

A high price for the raw material would be of negative characther for the methanol production. The highest price for natural gas is predicted to be around 2010, then the price is estimated to be 2,32 NOK/Sm3, compared to a value of 1,40 NOK/Sm3 that was used in the primary analysis of the methanol plant. This value of 4,90 NOK/Sm3 was used to estimate a worst case scenario according to price changes in natural gas. Figure 6.5 shows the cash flow diagram assosiated with the worst case scenario of the variation in the natural gas prices.
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Figure 6.6 – the responding of the cash flow at the worst case scenario assosiated with the raw material prices.
Figure 6.6 shows that the worst case scenario for the material prices, in the same way as for the worst case scenario for the product prices, would be deterious to the project. The annual cash flows do never start to be positve.

6.6.3
Variation in energy prices

The sensitivity analysis in section 7.1 compared the profitability of a ±10 percent variation in the electricity, raw material and product prices for the methanol plant. From this consideration the prices of the electricity seemed to be of litle importance to the performance of the project. To do a closer examination of the imfluence of the electricity prices to the profitability of the project a worst case analysis were performed. Since the process has to buy electricity, a low energy price would be preferable. The analysis was done based on average prices of energy in Norway from 1998 to 2009. The prices during this period are shown in Figure 6.7 
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      Figure 6.7 – Average electricity prices from 1998 to 2009 (I6). 

The highest price for electricity over the period was in 2003. At this time the cost per kWh electricity was at a value of 60 NOK/kWh. This value is used in the worst case scenario to evaluate the sensitivity of variation in energy prices for the methanol process. Figure 6.8 as well as Table 6.4 below presents the profitability of the project at the worst case scenario for the energy price. 
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Figure 6.8 – Cash flow diagram of the worst case scenario for the methanol price based on historical costs

Table 6.4: Performance measurement of the investmen at the worst scenario for the prices of energy..

	Rate of return, ROR
	5,27

	Pay-back period, PBP
	8

	Net present worth, NPW
	-275

	Discounted cash flow rate of return, DCFRR
	9,05


From both Figure 6.8 and Table 6.4 it is obvious that at its worst case scenario, the prices of the electricity are of considerable influence to the project. Compared to the design conditions all the performance variables show a relatively large degree of poorer profitability at this scenario. The increase in pay back time is 3,1 year.    
6.6.4
CO2 expences – a question in the future

Lately the CO2-emission as well as emission of other greenhouse gasses from a contantly growing industraly has gained much attention in the international politics. Prognosis indicates that the climate is in change, and it is generally accepted that the emission of greenhouse gasses must take some of the responsibilty. This has leaded to that the industri have to pay CO2 expences for the CO2-emission. Today the CO2-emission limit for a industrial plant are at a value of 338 000 tonn/year (Source: Mail Tjeldbergodden). The CO2-balance of the methanol plant shows that the annual net emission from the plant are 314 265 tonn/y, which is under the payment limit. This means that one have to pay for the emission of CO2 from our plant. It is reasonable to believ that this policity are going to change in the future. Therfore a sensivity analysis is performed to see the effect of a possible CO2-expense payed for each tonn of discharged CO2. In the analysis the CO2 expenses was assumed to be 800 NOK/tonn CO2 discharged. Figure 6.8 as well as Table 6.5 below shows the response of the profitability of the project at the scenario in question.
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Figure 6.8 – Cash flow diagram when the CO2-expenses are assumed to be 160 NOK/tonn per tonn disharged
Table 6.5 – Performance measurement of the investmen when CO2-expences have to be payed.

	Rate of return, ROR [%]
	3,04

	Pay-back period, PBP [year]
	9,2 year

	Net present worth, NPW [MNOK]
	-512

	DCFRR [%]
	5,43


From Figure 6.8 the pay back period can be estimated to be around 9,2 years, this corresponds to an increase of 4,3 compared to the normal case. Table 6.5 shows that all the profitability measurement shows poorer performance. At this scenario the value of DCFRR equals 5,43%. This is less than the discount rate at 13 %, which means that the project should not be realized. The value of NPW is less than zero. This amlify the suggestion about that the project should be rejected at this scenario (Erikson, 2005).  

6.6.5
 Summary of sensitivity analysis
The sensitivity analysis indicated that the performance of the project is sensitive to alterations in product prices and raw material. The largest influence was found for alterations in the product price, where a 10 percent increase result in a DCFRR from 21,7% to 32,58 %, while a 10 percent decrease made the DCFRR to be as low as 9 % which is lower than the discount rate of the project. The worst case scenario of the product prices and the raw material figured deterious effect on the project performance. The energy prices seemed to be of less importance. A change of ±10% in the energy prices was hardly noticed. Neverthless the worst case scenario of the energy prices showed a relatively large influence of the project profitability. 
7
CONCLUSIONS AND RECOMMENDATIONS

The methanol plant described in this report was able to produce methanol of the specified purity (AA grade) and amount of product. The original idea was to design a simple, non-conventional methanol plant consuming more CO2 than released. However, this was not possible without the installation of a CO2 capturing plant. Flue gas was the main CO2 source in the plant. The heat load in the steam reformer was higher than initially anticipated. Thus, the amount of flue gas became larger and therefore also the CO2 emissions increased. 

Total carbon conversion was low compared to other technologies. Similarly, the carbon conversion per pass was lower as well. This was probably mainly because of low conversion of methane to synthesis gas. 

The payback time of the investment was found to be 4.9 years. Both the measure of NPW and the value of DCFRR indicated that the project would be profitable. Further on the rate of return was calculated to be 14,28 %. The sensitivity analysis indicated that the performance of the project is sensitive to alterations in product prices and raw material. The largest influence was found for alterations in the product price. The worst case scenario of the product prices and the raw material figured deterious effect on the project performance. The energy prices seemed to be of less importance. A change of ±10% in the energy prices was hardly noticed. Neverthless the worst case scenario of the energy prices showed a relatively large influence of the project profitability. 

The main problem is the low carbon conversion compared to other technologies. Our recommendations are to try to increase the conversion in the reformer section, thereby reducing the amount of non-reactive components in the synthesis loop. Savings in the capital investment, stable marked price and demand, and the increasing demand for CO2 free solutions, could make this technology feasible if the conversion of methane in the reformer section were to be increased

SYMBOL LIST

	Symbol
	Unit
	Description


	∆Hr
	kJ/mol
	Heat of reaction

	∆Hvap
	kJ/kg
	Mass heat of vaporization

	°C
	°C
	Temperature in celsius

	K
	K
	Temperature in kelvin

	cp
	kJ/kg°C
	Spesific heat capacity

	J
	Nm
	Energy

	W
	J/s
	Watt

	t
	1000 kg
	Mass, tonne

	v
	m/s
	Fluid velocity

	V
	m3                   
	Volume

	A
	m2
	Area

	M
	kg
	Mass

	g
	0,001 kg
	Gram

	E
	J
	Energy

	kWh
	J
	Energy

	M
	-
	Mega

	G
	-
	Giga

	K
	-
	Kilo

	Q
	J/s
	Heat energy

	U
	W/m2K
	Overall heat transfer coefficient

	Pa
	N/m2
	Pressure, Pascal

	k
	mol1-nLn-1s-1(nth order)
	Reaction rate constant
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Net Cash Flow

Years after Start-Up

Sum (Billion NOK)

0

-2.3742551365

-2.9687923398

-3.5633295432

-4.1578667465

-4.7524039499

-5.3469411532

-5.9414783565

-6.5360155599

-7.1305527632

-7.7250899665

-7.8447761426



Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1899404109

						Working Capital						474851027

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1899404109

						Working Capital										-474851027

						Recovery of Working Capital																														474851027.301031

						Annual Sales Income						1450635289						1450635289		1450635289		1450635289		1450635289		1450635289		1450635289		1450635289		1450635289		1450635289		1450635289

						Annutal Working Expenses						2045172492						2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492

						Gross operating Result												-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203

						Avskrivning (velg alternativ)												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Resultat før skatt												-974418025		-898441861		-837660929		-789036184		-750136388		-719016551		-694120681		-674203986		-658270629		-645523944

						Tax, percentage 28%						28						0		0		0		0		0		0		0		0		0		0

						Net Profit												-974418025		-898441861		-837660929		-789036184		-750136388		-719016551		-694120681		-674203986		-658270629		-645523944

						Depreciation												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Net Cash Flow										-1899404109.20		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203		-594537203

						Accumulated NCF								0		-2374255136.51		-2968792340		-3563329543		-4157866747		-4752403950		-5346941153		-5941478357		-6536015560		-7130552763		-7725089967		-7844776143

														0		-2.3742551365		-2.9687923398		-3.5633295432		-4.1578667465		-4.7524039499		-5.3469411532		-5.9414783565		-6.5360155599		-7.1305527632		-7.7250899665		-7.8447761426

						Rate of Interest (%)						9.05				1.00		0.92		0.84		0.77		0.71		0.65		0.59		0.55		0.50		0.46		0.42

						Discounted Cash Flow										-1899404109.20413		-545202620		-499961811		-458475076		-420430902		-385543626		-353551290		-324213671		-297310483		-272639716		-250016124		-5706749427.5

						Internal Interest						9.0

						Net Present Value						-5706749427.45515

								ROR		-41.301248663

										670.0207806189

										-5706.7494274551
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Net Cash Flow

Years after Start-Up
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0

0

0

0
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0
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0
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Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1899404109.20413

		Working capital (WC)		0.25		474851027.301031

		Total capial investment (TCI)				2374255136.50516

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		1.25		976.93		1221.16				1221.1572486634

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						1450.64

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		1.40		NOK/Sm3		673.91		MSm3/y		943.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		1.40		NOK/Sm3		390.56		MSm3/y		546.79

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		0.00		NOK/tonne		0.314		Mton/y		0.00

		Consumables

		Catalyst (PREREF)		20000.00		NOK/m3y		37.699		m3		0.75

		Catalyst (STEAMREF)		20000.00		NOK/m3y		14.205		m3		0.28

		Catalyst (REACTOR)		20000.00		NOK/m3y		23.636		m3		0.47

		Total annual cost of raw materials  =										1492.76

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton

		Profitability measurement		At design conditions		Deviation in product prices +10 %				Deviation in raw material prices				Deviation in energy prices				Accounted for 10 % product loss

						10%		-10%		10%		-10%		10%		-10%

		Rate of return, ROR [%]		14.40%		23.47		5.27		8.12		20.68		14.4		14.4		8

		Pay-back period, PBP [year]		4.9		3.5		8		6.6		3.9		4.9		4.9		5.27

		Net present worth, NPW [MNOK]		670.07		1605.13		-275.35		23.1		1316.95		670.03		670.03		-275.35

		Discounted cash flow rate of return, DCFRR [%]		21.7		32.58		9.05		13.32		29.33		21.7		21.7		9.05

		PBP

				4.9				3.5		8				4.9		4.9				5.27						8

				normal conditions				product prices		product prices				raw materials		raw materials				energy prices		energi prices

				4.9		normal conditons		4.9				normal

				3.5		product prices		3.5		8		product price

				8				6.6		3.9		raw materials

								4.9		4.9		energy price

				6.6		raw				5.27		production loss

				3.9		materials

				4.9		energy

				4.9		prices

				5.27		product loss
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		0
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Total operating costs

		0		0		0		0		0		0		0		0		0		0		0		0



normal conditions

+10% MeOH price

-10% MeOH price

+10% in energy price

-10 % in energy price



Fixed capital costs

		0		0

		0		0

		0		0

		0		0

		0		0



10 %

-10 %



		TOTAL UTILITY COST =		64.260				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45		$/100m3 #		0		100 m3#/y		0.000

		Instrument air		0.90		$/100m3 #				100 m3#/y		0.000

		Electricity

		COMP-1		0.33		NOK/kWh		8936.00		kW		25.48		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.33		NOK/kWh		2453.00		kW		6.99

		PUMP-1		0.33		NOK/kWh		138.70		kW		0.40

		PUMP-2		0.33		NOK/kWh		197.40		kW		0.56

		Recycling Syngas CW		0.33		NOK/kWh		3385.80		kW		9.65		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.33		NOK/kWh		4079.79		kW		11.63		0.47

		Recycling Condenser CW COL-1		0.33		NOK/kWh		14.43		kW		0.04

		Recycling Condenser CW COL-2		0.33		NOK/kWh		3332.77		kW		9.50

		Refrigeration, to temperature

		15 oC		4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

		-20 oC		8.00		$/GJ				GJ/y		0.000

		-50 oC		14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53		$/m3				m3/y						121776.24

		Treatment		0.53		$/m3		0		m3/y		0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water				NOK/ m3				m3/y

		Cooling		0.08		$/ m3				m3/y		0.000

		Process

		General		0.53		$/m3				m3/y		0.000

		Distilled		0.90		$/m3				m3/y		0.000

		#measured at 101.3 kPa and 15°C.





		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714		106 kg per year

		Fixed Capital Investment, FCI						1899.404		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

		Raw materials												1492.755

		Operating labor												4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

		Utilities												58.418

		Maintenance and repairs						0.06		of FCI		1899.404		113.964

		Operating supplies						0.15		of maintenance & repair		113.964		17.095

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01		of co		2045.172		20.452

		Variable cost =												1708.698

		Taxes (property)						0.02		of FCI		1899.404		37.988

		Financing (interest)						0		of FCI		1899.404		0.000

		Insurance						0.01		of FCI		1899.404		18.994

		Rent						0		of FCI		1899.404		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												56.982

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.284		71.570

		Plant Overhead  =												71.570

		Manufacturing cost  =												1837.250

		Administration						0.2		of labor, supervision and maintenance		119.284		23.857

		Distribution & selling						0.05		of co		2045.172		102.259

		Research & Development						0.04		of co		2045.172		81.807

		General Expense  =												207.922

		TOTAL PRODUCT COST WITHOUT  DEPRECIATION    =   co  =												2045.172

												NOK/y		2045172492.001



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		27.5		[m3]		3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										552242.190196981		651645.784432438		3727413.88695355		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382		[m3]		3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278		[m3]		4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809		[m3]		3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254		[m3]		3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085		[m2]		2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003		[m2]		4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784		[m2]		4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591		[m3]		3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426		[m2]		2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419		[m2]		4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872		[m2]		4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858		[m2]		4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491		[m2]		4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075		[m2]		4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977		[m2]		5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				224988625.411506		1286934937.35381

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1878017659.02456

		For grassrootdesign

		Cgr		1899404109.20413
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		4.634

		4.639

		4.644

		4.649
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		6.419

		6.424

		6.429

		6.434

		6.439

		6.444

		6.449

		6.454
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		6.984

		6.989
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y

Length (m)

T (°C)

240

260

240.0997504161

260

240.199003325

240.2977612079

240.3960265339

240.4938017594

240.591089329

240.6878916748

240.784211217

240.8800503633

240.97541151

241.0702970409

241.1647093283

241.2586507325

241.3521236019

241.4451302734

241.5376730723

241.629754312

241.7213762946

241.8125413106

241.9032516393

241.9935095483

242.0833172941

242.1726771219

242.2615912657

242.3500619483

242.4380913816

242.5256817662

242.612835292

242.6995541378

242.7858404715

242.8716964503

242.9571242207

243.0421259182

243.1267036681

243.2108595846

243.2945957718

243.377914323

243.4608173211

243.5433068389

243.6253849384

243.7070536718

243.7883150806

243.8691711965

243.9496240407

244.0296756248

244.1093279499

244.1885830074

244.2674427787

244.3459092352

244.4239843386

244.5016700408

244.5789682839

244.6558810005

244.7324101133

244.8085575355

244.8843251709

244.9597149136

245.0347286484

245.1093682507

245.1836355864

245.2575325122

245.3310608755

245.4042225146

245.4770192585

245.5494529272

245.6215253314

245.6932382729

245.7645935447

245.8355929306

245.9062382056

245.9765311358

246.0464734786

246.1160669824

246.1853133873

246.2542144242

246.3227718158

246.3909872759

246.45886251

246.526399215

246.5935990793

246.6604637828

246.7269949973

246.7931943859

246.8590636037

246.9246042974

246.9898181055

247.0547066584

247.1192715783

247.1835144794

247.2474369676

247.311040641

247.3743270899

247.4372978962

247.4999546343

247.5622988707

247.6243321639

247.6860560647

247.7474721163

247.8085818541

247.8693868057

247.9298884915

247.9900884238

248.0499881076

248.1095890406

248.1688927127

248.2279006064

248.2866141971

248.3450349525

248.4031643332

248.4610037924

248.5185547761

248.575818723

248.6327970648

248.689491226

248.7459026239

248.8020326687

248.8578827638

248.9134543053

248.9687486826

249.0237672781

249.0785114672

249.1329826185

249.1871820938

249.2411112481

249.2947714296

249.3481639799

249.4012902336

249.4541515191

249.5067491579

249.5590844648

249.6111587483

249.6629733102

249.7145294459

249.7658284443

249.8168715878

249.8676601527

249.9181954085

249.9684786187

250.0185110403

250.0682939242

250.1178285149

250.1671160508

250.2161577641

250.2649548808

250.3135086209

250.3618201982

250.4098908205

250.4577216896

250.5053140012

250.5526689452

250.5997877054

250.6466714598

250.6933213805

250.7397386338

250.78592438

250.8318797739

250.8776059643

250.9231040944

250.9683753015

251.0134207177

251.0582414688

251.1028386755

251.1472134528

251.1913669099

251.2353001507

251.2790142736

251.3225103713

251.3657895314

251.4088528358

251.451701361

251.4943361784

251.5367583536

251.5789689475

251.620969015

251.6627596064

251.7043417664

251.7457165344

251.786884945

251.8278480272

251.8686068052

251.9091622979

251.9495155193

251.9896674782

252.0296191783

252.0693716185

252.1089257926

252.1482826894

252.1874432928

252.226408582

252.2651795309

252.3037571089

252.3421422805

252.3803360052

252.4183392379

252.4561529287

252.493778023

252.5312154613

252.5684661796

252.6055311091

252.6424111766

252.6791073039

252.7156204086

252.7519514034

252.7881011965

252.8240706919

252.8598607886

252.8954723815

252.9309063608

252.9661636124

253.0012450178

253.0361514539

253.0708837934

253.1054429047

253.1398296516

253.174044894

253.2080894871

253.2419642821

253.2756701259

253.309207861

253.342578326

253.3757823552

253.4088207785

253.441694422

253.4744041075

253.5069506528

253.5393348716

253.5715575733

253.6036195637

253.6355216442

253.6672646124

253.6988492619

253.7302763823

253.7615467593

253.7926611747

253.8236204062

253.854425228

253.88507641

253.9155747187

253.9459209164

253.9761157618

254.0061600097

254.0360544114

254.0657997141

254.0953966615

254.1248459935

254.1541484464

254.1833047526

254.2123156412

254.2411818374

254.2699040628

254.2984830355

254.32691947

254.3552140772

254.3833675644

254.4113806356

254.4392539909

254.4669883274

254.4945843382

254.5220427134

254.5493641393

254.5765492991

254.6035988723

254.6305135352

254.6572939607

254.6839408182

254.710454774

254.7368364909

254.7630866284

254.7892058428

254.8151947871

254.841054111
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		0.253		254.3552140772

		0.254		254.3833675644

		0.255		254.4113806356

		0.256		254.4392539909

		0.257		254.4669883274

		0.258		254.4945843382

		0.259		254.5220427134

		0.26		254.5493641393

		0.261		254.5765492991

		0.262		254.6035988723

		0.263		254.6305135352

		0.264		254.6572939607

		0.265		254.6839408182

		0.266		254.710454774

		0.267		254.7368364909

		0.268		254.7630866284

		0.269		254.7892058428

		0.27		254.8151947871

		0.271		254.841054111

		0.272		254.8667844609

		0.273		254.8923864802

		0.274		254.9178608089

		0.275		254.9432080839

		0.276		254.9684289388

		0.277		254.9935240042

		0.278		255.0184939074

		0.279		255.0433392727

		0.28		255.0680607212

		0.281		255.0926588709

		0.282		255.1171343369

		0.283		255.141487731

		0.284		255.1657196621

		0.285		255.1898307358

		0.286		255.2138215551

		0.287		255.2376927197

		0.288		255.2614448264

		0.289		255.2850784689

		0.29		255.3085942381

		0.291		255.331992722

		0.292		255.3552745054

		0.293		255.3784401705

		0.294		255.4014902963

		0.295		255.4244254591

		0.296		255.4472462323

		0.297		255.4699531865

		0.298		255.4925468892

		0.299		255.5150279054

		0.3		255.537396797

		0.301		255.5596541234

		0.302		255.5818004408

		0.303		255.603836303

		0.304		255.625762261

		0.305		255.6475788627

		0.306		255.6692866537

		0.307		255.6908861766

		0.308		255.7123779715

		0.309		255.7337625755

		0.31		255.7550405235

		0.311		255.7762123472

		0.312		255.797278576

		0.313		255.8182397365

		0.314		255.8390963529

		0.315		255.8598489464

		0.316		255.8804980359

		0.317		255.9010441377

		0.318		255.9214877653

		0.319		255.9418294299

		0.32		255.9620696401

		0.321		255.9822089018

		0.322		256.0022477185

		0.323		256.0221865912

		0.324		256.0420260183

		0.325		256.0617664959

		0.326		256.0814085175

		0.327		256.100952574

		0.328		256.1203991542

		0.329		256.1397487441

		0.33		256.1590018276

		0.331		256.1781588859

		0.332		256.197220398

		0.333		256.2161868404

		0.334		256.2350586872

		0.335		256.2538364104

		0.336		256.2725204792

		0.337		256.2911113609

		0.338		256.3096095201

		0.339		256.3280154194

		0.34		256.3463295189

		0.341		256.3645522765

		0.342		256.3826841477

		0.343		256.4007255857

		0.344		256.4186770418

		0.345		256.4365389645

		0.346		256.4543118006

		0.347		256.4719959943

		0.348		256.4895919877

		0.349		256.5071002207

		0.35		256.524521131

		0.351		256.5418551542

		0.352		256.5591027235

		0.353		256.5762642703

		0.354		256.5933402235

		0.355		256.61033101

		0.356		256.6272370546

		0.357		256.64405878

		0.358		256.6607966067

		0.359		256.6774509531

		0.36		256.6940222356

		0.361		256.7105108685

		0.362		256.7269172639

		0.363		256.7432418322

		0.364		256.7594849813

		0.365		256.7756471174

		0.366		256.7917286445

		0.367		256.8077299646

		0.368		256.8236514779

		0.369		256.8394935822

		0.37		256.8552566737

		0.371		256.8709411465

		0.372		256.8865473926

		0.373		256.9020758023

		0.374		256.9175267637

		0.375		256.9329006631

		0.376		256.9481978849

		0.377		256.9634188114

		0.378		256.9785638233

		0.379		256.9936332991

		0.38		257.0086276155

		0.381		257.0235471476

		0.382		257.0383922681

		0.383		257.0531633483

		0.384		257.0678607574

		0.385		257.0824848629

		0.386		257.0970360303

		0.387		257.1115146235

		0.388		257.1259210044

		0.389		257.1402555332

		0.39		257.1545185683

		0.391		257.1687104661

		0.392		257.1828315816

		0.393		257.1968822677

		0.394		257.2108628757

		0.395		257.2247737551

		0.396		257.2386152538

		0.397		257.2523877177

		0.398		257.2660914911

		0.399		257.2797269167

		0.4		257.2932943353

		0.401		257.3067940861

		0.402		257.3202265066

		0.403		257.3335919327

		0.404		257.3468906984

		0.405		257.3601231362

		0.406		257.373289577

		0.407		257.3863903499

		0.408		257.3994257824

		0.409		257.4123962005

		0.41		257.4253019282

		0.411		257.4381432884

		0.412		257.4509206021

		0.413		257.4636341886

		0.414		257.4762843659

		0.415		257.4888714501

		0.416		257.501395756

		0.417		257.5138575967

		0.418		257.5262572837

		0.419		257.5385951269

		0.42		257.5508714349

		0.421		257.5630865146

		0.422		257.5752406713

		0.423		257.5873342089

		0.424		257.5993674298

		0.425		257.6113406347

		0.426		257.623254123

		0.427		257.6351081925

		0.428		257.6469031396

		0.429		257.6586392591

		0.43		257.6703168445

		0.431		257.6819361877

		0.432		257.6934975792

		0.433		257.7050013081

		0.434		257.7164476618

		0.435		257.7278369266

		0.436		257.7391693872

		0.437		257.7504453269

		0.438		257.7616650277

		0.439		257.7728287699

		0.44		257.7839368328

		0.441		257.7949894939

		0.442		257.8059870297

		0.443		257.816929715

		0.444		257.8278178235

		0.445		257.8386516273

		0.446		257.8494313973

		0.447		257.8601574029

		0.448		257.8708299124

		0.449		257.8814491925

		0.45		257.8920155088

		0.451		257.9025291253

		0.452		257.9129903049

		0.453		257.9233993092

		0.454		257.9337563983

		0.455		257.9440618313

		0.456		257.9543158657

		0.457		257.9645187579

		0.458		257.9746707629

		0.459		257.9847721346

		0.46		257.9948231255

		0.461		258.0048239869

		0.462		258.0147749688

		0.463		258.02467632

		0.464		258.0345282879

		0.465		258.044331119

		0.466		258.0540850582

		0.467		258.0637903495

		0.468		258.0734472354

		0.469		258.0830559574

		0.47		258.0926167557

		0.471		258.1021298693

		0.472		258.1115955361

		0.473		258.1210139926

		0.474		258.1303854744

		0.475		258.1397102158

		0.476		258.1489884498

		0.477		258.1582204084

		0.478		258.1674063225

		0.479		258.1765464215

		0.48		258.1856409342

		0.481		258.1946900878

		0.482		258.2036941086

		0.483		258.2126532216

		0.484		258.2215676508

		0.485		258.2304376192

		0.486		258.2392633484

		0.487		258.248045059

		0.488		258.2567829708

		0.489		258.265477302

		0.49		258.27412827

		0.491		258.2827360912

		0.492		258.2913009807

		0.493		258.2998231526

		0.494		258.30830282

		0.495		258.3167401949

		0.496		258.3251354882

		0.497		258.3334889098

		0.498		258.3418006685

		0.499		258.3500709722

		0.5		258.3583000275

		0.501		258.3664880403

		0.502		258.3746352152

		0.503		258.3827417559

		0.504		258.390807865

		0.505		258.3988337443

		0.506		258.4068195943

		0.507		258.4147656147

		0.508		258.4226720042

		0.509		258.4305389604

		0.51		258.43836668

		0.511		258.4461553587

		0.512		258.4539051911

		0.513		258.4616163712

		0.514		258.4692890915

		0.515		258.476923544

		0.516		258.4845199195

		0.517		258.492078408

		0.518		258.4995991983

		0.519		258.5070824785

		0.52		258.5145284357

		0.521		258.521937256

		0.522		258.5293091247

		0.523		258.5366442261

		0.524		258.5439427435

		0.525		258.5512048593

		0.526		258.5584307552

		0.527		258.5656206118

		0.528		258.5727746089

		0.529		258.5798929252

		0.53		258.5869757388

		0.531		258.5940232267

		0.532		258.6010355651

		0.533		258.6080129293

		0.534		258.6149554938

		0.535		258.6218634321

		0.536		258.6287369169

		0.537		258.6355761201

		0.538		258.6423812126

		0.539		258.6491523645

		0.54		258.6558897452

		0.541		258.6625935231

		0.542		258.6692638657

		0.543		258.6759009399

		0.544		258.6825049115

		0.545		258.6890759456

		0.546		258.6956142066

		0.547		258.7021198579

		0.548		258.7085930621

		0.549		258.7150339811

		0.55		258.7214427759

		0.551		258.7278196066

		0.552		258.7341646328

		0.553		258.740478013

		0.554		258.7467599052

		0.555		258.7530104662

		0.556		258.7592298525

		0.557		258.7654182194

		0.558		258.7715757217

		0.559		258.7777025133

		0.56		258.7837987475

		0.561		258.7898645765

		0.562		258.7959001522

		0.563		258.8019056252

		0.564		258.8078811458

		0.565		258.8138268634

		0.566		258.8197429266

		0.567		258.8256294833

		0.568		258.8314866807

		0.569		258.8373146652

		0.57		258.8431135825

		0.571		258.8488835776

		0.572		258.8546247947

		0.573		258.8603373774

		0.574		258.8660214684

		0.575		258.8716772099

		0.576		258.8773047433

		0.577		258.8829042093

		0.578		258.8884757478

		0.579		258.8940194981

		0.58		258.8995355989

		0.581		258.905024188

		0.582		258.9104854026

		0.583		258.9159193793

		0.584		258.921326254

		0.585		258.9267061617

		0.586		258.9320592371

		0.587		258.9373856139

		0.588		258.9426854252

		0.589		258.9479588037

		0.59		258.953205881

		0.591		258.9584267885

		0.592		258.9636216565

		0.593		258.9687906151

		0.594		258.9739337934

		0.595		258.9790513199

		0.596		258.9841433227

		0.597		258.989209929

		0.598		258.9942512655

		0.599		258.9992674583

		0.6		259.0042586326

		0.601		259.0092249134

		0.602		259.0141664248

		0.603		259.0190832903

		0.604		259.0239756328

		0.605		259.0288435746

		0.606		259.0336872375

		0.607		259.0385067425

		0.608		259.0433022101

		0.609		259.0480737602

		0.61		259.0528215122

		0.611		259.0575455846

		0.612		259.0622460956

		0.613		259.0669231627

		0.614		259.0715769029

		0.615		259.0762074324

		0.616		259.080814867

		0.617		259.085399322

		0.618		259.0899609119

		0.619		259.0944997508

		0.62		259.0990159521

		0.621		259.1035096288

		0.622		259.1079808932

		0.623		259.1124298571

		0.624		259.1168566316

		0.625		259.1212613275

		0.626		259.1256440549

		0.627		259.1300049234

		0.628		259.134344042

		0.629		259.1386615191

		0.63		259.1429574627

		0.631		259.1472319801

		0.632		259.1514851784

		0.633		259.1557171637

		0.634		259.1599280419

		0.635		259.1641179183

		0.636		259.1682868976

		0.637		259.172435084

		0.638		259.1765625812

		0.639		259.1806694925

		0.64		259.1847559204

		0.641		259.1888219672

		0.642		259.1928677346

		0.643		259.1968933235

		0.644		259.2008988348

		0.645		259.2048843685

		0.646		259.2088500242

		0.647		259.2127959012

		0.648		259.216722098

		0.649		259.2206287129

		0.65		259.2245158434

		0.651		259.2283835867

		0.652		259.2322320396

		0.653		259.2360612983

		0.654		259.2398714585

		0.655		259.2436626154

		0.656		259.2474348639

		0.657		259.2511882981

		0.658		259.2549230121

		0.659		259.2586390991

		0.66		259.262336652

		0.661		259.2660157633

		0.662		259.2696765249

		0.663		259.2733190285

		0.664		259.2769433649

		0.665		259.2805496249

		0.666		259.2841378986

		0.667		259.2877082758

		0.668		259.2912608456

		0.669		259.2947956968

		0.67		259.298312918

		0.671		259.3018125969

		0.672		259.3052948211

		0.673		259.3087596776

		0.674		259.3122072531

		0.675		259.3156376338

		0.676		259.3190509053

		0.677		259.3224471531

		0.678		259.325826462

		0.679		259.3291889166

		0.68		259.3325346008

		0.681		259.3358635984

		0.682		259.3391759925

		0.683		259.342471866

		0.684		259.3457513012

		0.685		259.3490143802

		0.686		259.3522611845

		0.687		259.3554917954

		0.688		259.3587062934

		0.689		259.3619047591

		0.69		259.3650872724

		0.691		259.3682539129

		0.692		259.3714047596

		0.693		259.3745398915

		0.694		259.3776593868

		0.695		259.3807633235

		0.696		259.3838517793

		0.697		259.3869248314

		0.698		259.3899825566

		0.699		259.3930250313

		0.7		259.3960523316

		0.701		259.3990645331

		0.702		259.4020617113

		0.703		259.4050439409

		0.704		259.4080112966

		0.705		259.4109638526

		0.706		259.4139016827

		0.707		259.4168248602

		0.708		259.4197334584

		0.709		259.4226275498

		0.71		259.4255072069

		0.711		259.4283725017

		0.712		259.4312235057

		0.713		259.4340602903

		0.714		259.4368829264

		0.715		259.4396914845

		0.716		259.4424860349

		0.717		259.4452666474

		0.718		259.4480333915

		0.719		259.4507863365

		0.72		259.4535255511

		0.721		259.4562511037

		0.722		259.4589630627

		0.723		259.4616614957

		0.724		259.4643464701

		0.725		259.4670180533

		0.726		259.4696763118

		0.727		259.4723213123

		0.728		259.4749531207

		0.729		259.4775718029

		0.73		259.4801774244

		0.731		259.4827700503

		0.732		259.4853497455

		0.733		259.4879165743

		0.734		259.4904706011

		0.735		259.4930118895

		0.736		259.4955405033

		0.737		259.4980565055

		0.738		259.5005599592

		0.739		259.5030509268

		0.74		259.5055294706

		0.741		259.5079956526

		0.742		259.5104495346

		0.743		259.5128911777

		0.744		259.5153206431

		0.745		259.5177379915

		0.746		259.5201432833

		0.747		259.5225365786

		0.748		259.5249179374

		0.749		259.527287419

		0.75		259.5296450829

		0.751		259.5319909878

		0.752		259.5343251925

		0.753		259.5366477553

		0.754		259.5389587343

		0.755		259.5412581872

		0.756		259.5435461715

		0.757		259.5458227445

		0.758		259.548087963

		0.759		259.5503418837

		0.76		259.5525845629

		0.761		259.5548160567

		0.762		259.5570364209

		0.763		259.5592457109

		0.764		259.5614439821

		0.765		259.5636312894

		0.766		259.5658076874

		0.767		259.5679732306

		0.768		259.5701279731

		0.769		259.5722719688

		0.77		259.5744052712

		0.771		259.5765279338

		0.772		259.5786400095

		0.773		259.5807415513

		0.774		259.5828326115

		0.775		259.5849132425

		0.776		259.5869834964

		0.777		259.5890434248

		0.778		259.5910930792

		0.779		259.593132511

		0.78		259.5951617711

		0.781		259.5971809102

		0.782		259.5991899788

		0.783		259.6011890271

		0.784		259.6031781051

		0.785		259.6051572626

		0.786		259.6071265489

		0.787		259.6090860135

		0.788		259.6110357051

		0.789		259.6129756726

		0.79		259.6149059645

		0.791		259.616826629

		0.792		259.6187377142

		0.793		259.6206392678

		0.794		259.6225313373

		0.795		259.6244139701

		0.796		259.6262872132

		0.797		259.6281511135

		0.798		259.6300057176

		0.799		259.6318510718

		0.8		259.6336872222

		0.801		259.6355142148

		0.802		259.6373320953

		0.803		259.639140909

		0.804		259.6409407012

		0.805		259.6427315169

		0.806		259.6445134009

		0.807		259.6462863977

		0.808		259.6480505517

		0.809		259.6498059069

		0.81		259.6515525072

		0.811		259.6532903963

		0.812		259.6550196177

		0.813		259.6567402145

		0.814		259.6584522299

		0.815		259.6601557065

		0.816		259.6618506869

		0.817		259.6635372137

		0.818		259.6652153288

		0.819		259.6668850743

		0.82		259.668546492

		0.821		259.6701996232

		0.822		259.6718445095

		0.823		259.6734811918

		0.824		259.6751097112

		0.825		259.6767301082

		0.826		259.6783424235

		0.827		259.6799466974

		0.828		259.6815429699

		0.829		259.683131281

		0.83		259.6847116703

		0.831		259.6862841774

		0.832		259.6878488416

		0.833		259.689405702

		0.834		259.6909547975

		0.835		259.6924961669

		0.836		259.6940298487

		0.837		259.6955558812

		0.838		259.6970743025

		0.839		259.6985851508

		0.84		259.7000884636

		0.841		259.7015842786

		0.842		259.7030726332

		0.843		259.7045535647

		0.844		259.7060271099

		0.845		259.7074933058

		0.846		259.708952189

		0.847		259.710403796

		0.848		259.7118481631

		0.849		259.7132853264

		0.85		259.7147153218

		0.851		259.7161381851

		0.852		259.7175539518

		0.853		259.7189626573

		0.854		259.7203643369

		0.855		259.7217590256

		0.856		259.7231467583

		0.857		259.7245275696

		0.858		259.7259014941

		0.859		259.7272685661

		0.86		259.7286288198

		0.861		259.7299822892

		0.862		259.7313290081

		0.863		259.7326690103

		0.864		259.7340023292

		0.865		259.7353289981

		0.866		259.7366490502

		0.867		259.7379625185

		0.868		259.7392694359

		0.869		259.740569835

		0.87		259.7418637484

		0.871		259.7431512083

		0.872		259.744432247

		0.873		259.7457068965

		0.874		259.7469751886

		0.875		259.7482371552

		0.876		259.7494928276

		0.877		259.7507422373

		0.878		259.7519854156

		0.879		259.7532223935

		0.88		259.7544532019

		0.881		259.7556778717

		0.882		259.7568964334

		0.883		259.7581089175

		0.884		259.7593153543

		0.885		259.760515774

		0.886		259.7617102065

		0.887		259.7628986818

		0.888		259.7640812296

		0.889		259.7652578794

		0.89		259.7664286606

		0.891		259.7675936025

		0.892		259.7687527343

		0.893		259.7699060848

		0.894		259.771053683

		0.895		259.7721955575

		0.896		259.7733317369

		0.897		259.7744622496

		0.898		259.7755871238

		0.899		259.7767063877

		0.9		259.7778200692

		0.901		259.7789281963

		0.902		259.7800307965

		0.903		259.7811278975

		0.904		259.7822195266

		0.905		259.7833057113

		0.906		259.7843864785

		0.907		259.7854618555

		0.908		259.7865318689

		0.909		259.7875965457

		0.91		259.7886559123

		0.911		259.7897099954

		0.912		259.7907588211

		0.913		259.7918024159

		0.914		259.7928408056

		0.915		259.7938740164

		0.916		259.7949020741

		0.917		259.7959250042

		0.918		259.7969428325

		0.919		259.7979555844

		0.92		259.7989632851

		0.921		259.7999659599

		0.922		259.8009636338

		0.923		259.8019563319

		0.924		259.8029440788

		0.925		259.8039268993

		0.926		259.804904818

		0.927		259.8058778592

		0.928		259.8068460474

		0.929		259.8078094068

		0.93		259.8087679614

		0.931		259.8097217352

		0.932		259.810670752

		0.933		259.8116150355

		0.934		259.8125546095

		0.935		259.8134894972

		0.936		259.8144197223

		0.937		259.8153453078

		0.938		259.8162662769

		0.939		259.8171826526

		0.94		259.818094458

		0.941		259.8190017156

		0.942		259.8199044484

		0.943		259.8208026787

		0.944		259.821696429

		0.945		259.8225857218

		0.946		259.8234705792

		0.947		259.8243510234

		0.948		259.8252270763

		0.949		259.8260987599

		0.95		259.8269660959

		0.951		259.8278291061

		0.952		259.8286878121

		0.953		259.8295422352

		0.954		259.8303923968

		0.955		259.8312383183

		0.956		259.8320800206

		0.957		259.832917525

		0.958		259.8337508524

		0.959		259.8345800234

		0.96		259.835405059

		0.961		259.8362259797

		0.962		259.837042806

		0.963		259.8378555584

		0.964		259.8386642572

		0.965		259.8394689226

		0.966		259.8402695747

		0.967		259.8410662335

		0.968		259.841858919

		0.969		259.8426476509

		0.97		259.843432449

		0.971		259.8442133329

		0.972		259.8449903222

		0.973		259.8457634362

		0.974		259.8465326942

		0.975		259.8472981156

		0.976		259.8480597194

		0.977		259.8488175248

		0.978		259.8495715505

		0.979		259.8503218155

		0.98		259.8510683386

		0.981		259.8518111383

		0.982		259.8525502334

		0.983		259.8532856422

		0.984		259.8540173831

		0.985		259.8547454744

		0.986		259.8554699344

		0.987		259.8561907811

		0.988		259.8569080326

		0.989		259.8576217067

		0.99		259.8583318214

		0.991		259.8590383944

		0.992		259.8597414433

		0.993		259.8604409858

		0.994		259.8611370393

		0.995		259.8618296212

		0.996		259.8625187488

		0.997		259.8632044395

		0.998		259.8638867102

		0.999		259.864565578

		1		259.86524106

		1.001		259.865913173

		1.002		259.8665819339

		1.003		259.8672473593

		1.004		259.8679094658

		1.005		259.8685682701

		1.006		259.8692237886

		1.007		259.8698760377

		1.008		259.8705250336

		1.009		259.8711707927

		1.01		259.8718133311

		1.011		259.8724526648

		1.012		259.8730888097

		1.013		259.8737217819

		1.014		259.8743515972

		1.015		259.8749782712

		1.016		259.8756018197

		1.017		259.8762222582

		1.018		259.8768396023

		1.019		259.8774538673

		1.02		259.8780650687

		1.021		259.8786732217

		1.022		259.8792783415

		1.023		259.8798804433

		1.024		259.8804795421

		1.025		259.8810756529

		1.026		259.8816687905

		1.027		259.8822589699

		1.028		259.8828462057

		1.029		259.8834305127

		1.03		259.8840119055

		1.031		259.8845903985

		1.032		259.8851660063

		1.033		259.8857387432

		1.034		259.8863086236

		1.035		259.8868756617

		1.036		259.8874398717

		1.037		259.8880012677

		1.038		259.8885598637

		1.039		259.8891156737

		1.04		259.8896687116

		1.041		259.8902189912

		1.042		259.8907665262

		1.043		259.8913113305

		1.044		259.8918534175

		1.045		259.8923928008

		1.046		259.8929294939

		1.047		259.8934635103

		1.048		259.8939948633

		1.049		259.8945235661

		1.05		259.895049632

		1.051		259.8955730742

		1.052		259.8960939056

		1.053		259.8966121394

		1.054		259.8971277885

		1.055		259.8976408658

		1.056		259.8981513841

		1.057		259.8986593562

		1.058		259.8991647948

		1.059		259.8996677125

		1.06		259.9001681219

		1.061		259.9006660354

		1.062		259.9011614656

		1.063		259.9016544249

		1.064		259.9021449255

		1.065		259.9026329797

		1.066		259.9031185998

		1.067		259.9036017978

		1.068		259.9040825858

		1.069		259.9045609759

		1.07		259.90503698

		1.071		259.90551061

		1.072		259.9059818778

		1.073		259.9064507952

		1.074		259.9069173738

		1.075		259.9073816253

		1.076		259.9078435614

		1.077		259.9083031936

		1.078		259.9087605333

		1.079		259.909215592

		1.08		259.9096683811

		1.081		259.910118912

		1.082		259.9105671958

		1.083		259.9110132437

		1.084		259.911457067

		1.085		259.9118986768

		1.086		259.9123380839

		1.087		259.9127752996

		1.088		259.9132103346

		1.089		259.9136431998

		1.09		259.9140739062

		1.091		259.9145024644

		1.092		259.9149288851

		1.093		259.9153531791

		1.094		259.9157753568

		1.095		259.916195429

		1.096		259.916613406

		1.097		259.9170292984

		1.098		259.9174431165

		1.099		259.9178548707

		1.1		259.9182645712

		1.101		259.9186722284

		1.102		259.9190778523

		1.103		259.9194814532

		1.104		259.9198830412

		1.105		259.9202826262

		1.106		259.9206802182

		1.107		259.9210758273

		1.108		259.9214694632

		1.109		259.9218611359

		1.11		259.9222508551

		1.111		259.9226386306

		1.112		259.923024472

		1.113		259.9234083891

		1.114		259.9237903913

		1.115		259.9241704884

		1.116		259.9245486896

		1.117		259.9249250046

		1.118		259.9252994427

		1.119		259.9256720133

		1.12		259.9260427257

		1.121		259.9264115891

		1.122		259.9267786128

		1.123		259.927143806

		1.124		259.9275071778

		1.125		259.9278687373

		1.126		259.9282284935

		1.127		259.9285864553

		1.128		259.9289426319

		1.129		259.929297032

		1.13		259.9296496645

		1.131		259.9300005383

		1.132		259.930349662

		1.133		259.9306970445

		1.134		259.9310426945

		1.135		259.9313866205

		1.136		259.9317288311

		1.137		259.932069335

		1.138		259.9324081406

		1.139		259.9327452564

		1.14		259.9330806909

		1.141		259.9334144523

		1.142		259.9337465491

		1.143		259.9340769896

		1.144		259.934405782

		1.145		259.9347329345

		1.146		259.9350584553

		1.147		259.9353823526

		1.148		259.9357046345

		1.149		259.936025309

		1.15		259.9363443841

		1.151		259.9366618678

		1.152		259.936977768

		1.153		259.9372920927

		1.154		259.9376048497

		1.155		259.9379160468

		1.156		259.9382256918

		1.157		259.9385337925

		1.158		259.9388403565

		1.159		259.9391453915

		1.16		259.9394489051

		1.161		259.9397509049

		1.162		259.9400513986

		1.163		259.9403503935

		1.164		259.9406478971

		1.165		259.940943917

		1.166		259.9412384604

		1.167		259.9415315348

		1.168		259.9418231475

		1.169		259.9421133057

		1.17		259.9424020168

		1.171		259.942689288

		1.172		259.9429751263

		1.173		259.9432595391

		1.174		259.9435425333

		1.175		259.9438241161

		1.176		259.9441042945

		1.177		259.9443830755

		1.178		259.9446604661

		1.179		259.9449364731

		1.18		259.9452111036

		1.181		259.9454843644

		1.182		259.9457562623

		1.183		259.946026804

		1.184		259.9462959965

		1.185		259.9465638463

		1.186		259.9468303602

		1.187		259.9470955449

		1.188		259.947359407

		1.189		259.947621953

		1.19		259.9478831896

		1.191		259.9481431233

		1.192		259.9484017606

		1.193		259.9486591079

		1.194		259.9489151716

		1.195		259.9491699583

		1.196		259.9494234742

		1.197		259.9496757256

		1.198		259.949926719

		1.199		259.9501764605

		1.2		259.9504249565

		1.201		259.950672213

		1.202		259.9509182364

		1.203		259.9511630327

		1.204		259.9514066081

		1.205		259.9516489687

		1.206		259.9518901204

		1.207		259.9521300695

		1.208		259.9523688217

		1.209		259.9526063832

		1.21		259.9528427599

		1.211		259.9530779576

		1.212		259.9533119822

		1.213		259.9535448397

		1.214		259.9537765358

		1.215		259.9540070763

		1.216		259.9542364669

		1.217		259.9544647135

		1.218		259.9546918217

		1.219		259.9549177972

		1.22		259.9551426456

		1.221		259.9553663726

		1.222		259.9555889837

		1.223		259.9558104846

		1.224		259.9560308807

		1.225		259.9562501776

		1.226		259.9564683808

		1.227		259.9566854956

		1.228		259.9569015276

		1.229		259.9571164822

		1.23		259.9573303646

		1.231		259.9575431803

		1.232		259.9577549346

		1.233		259.9579656327

		1.234		259.95817528

		1.235		259.9583838817

		1.236		259.9585914429

		1.237		259.9587979689

		1.238		259.9590034649

		1.239		259.959207936

		1.24		259.9594113873

		1.241		259.9596138238

		1.242		259.9598152507

		1.243		259.960015673

		1.244		259.9602150957

		1.245		259.9604135237

		1.246		259.9606109621

		1.247		259.9608074157

		1.248		259.9610028895

		1.249		259.9611973884

		1.25		259.9613909173

		1.251		259.9615834809

		1.252		259.9617750841

		1.253		259.9619657316

		1.254		259.9621554283

		1.255		259.9623441789

		1.256		259.9625319881

		1.257		259.9627188606

		1.258		259.9629048011

		1.259		259.9630898141

		1.26		259.9632739045

		1.261		259.9634570766

		1.262		259.9636393352

		1.263		259.9638206848

		1.264		259.9640011299

		1.265		259.964180675

		1.266		259.9643593246

		1.267		259.9645370832

		1.268		259.9647139553

		1.269		259.9648899451

		1.27		259.9650650573

		1.271		259.965239296

		1.272		259.9654126658

		1.273		259.9655851708

		1.274		259.9657568155

		1.275		259.9659276041

		1.276		259.9660975409

		1.277		259.9662666301

		1.278		259.966434876

		1.279		259.9666022827

		1.28		259.9667688545

		1.281		259.9669345956

		1.282		259.96709951

		1.283		259.9672636018

		1.284		259.9674268753

		1.285		259.9675893344

		1.286		259.9677509833

		1.287		259.967911826

		1.288		259.9680718664

		1.289		259.9682311086

		1.29		259.9683895566

		1.291		259.9685472144

		1.292		259.9687040858

		1.293		259.9688601748

		1.294		259.9690154853

		1.295		259.9691700213

		1.296		259.9693237864

		1.297		259.9694767847

		1.298		259.9696290198

		1.299		259.9697804957

		1.3		259.9699312161

		1.301		259.9700811848

		1.302		259.9702304055

		1.303		259.970378882

		1.304		259.970526618

		1.305		259.9706736171

		1.306		259.970819883

		1.307		259.9709654194

		1.308		259.97111023

		1.309		259.9712543183

		1.31		259.971397688

		1.311		259.9715403427

		1.312		259.9716822858

		1.313		259.971823521

		1.314		259.9719640518

		1.315		259.9721038816

		1.316		259.9722430141

		1.317		259.9723814526

		1.318		259.9725192007

		1.319		259.9726562618

		1.32		259.9727926392

		1.321		259.9729283365

		1.322		259.973063357

		1.323		259.9731977041

		1.324		259.9733313811

		1.325		259.9734643914

		1.326		259.9735967383

		1.327		259.9737284251

		1.328		259.9738594551

		1.329		259.9739898316

		1.33		259.9741195579

		1.331		259.9742486371

		1.332		259.9743770726

		1.333		259.9745048675

		1.334		259.974632025

		1.335		259.9747585483

		1.336		259.9748844405

		1.337		259.9750097049

		1.338		259.9751343445

		1.339		259.9752583625

		1.34		259.9753817619

		1.341		259.9755045459

		1.342		259.9756267175

		1.343		259.9757482798

		1.344		259.9758692357

		1.345		259.9759895884

		1.346		259.9761093408

		1.347		259.976228496

		1.348		259.9763470569

		1.349		259.9764650264

		1.35		259.9765824076

		1.351		259.9766992033

		1.352		259.9768154165

		1.353		259.9769310501

		1.354		259.977046107

		1.355		259.97716059

		1.356		259.977274502

		1.357		259.9773878459

		1.358		259.9775006245

		1.359		259.9776128406

		1.36		259.977724497

		1.361		259.9778355966

		1.362		259.977946142

		1.363		259.9780561361

		1.364		259.9781655816

		1.365		259.9782744812

		1.366		259.9783828376

		1.367		259.9784906537

		1.368		259.978597932

		1.369		259.9787046753

		1.37		259.9788108861

		1.371		259.9789165673

		1.372		259.9790217213

		1.373		259.9791263509

		1.374		259.9792304587

		1.375		259.9793340472

		1.376		259.9794371191

		1.377		259.9795396769

		1.378		259.9796417232

		1.379		259.9797432605

		1.38		259.9798442914

		1.381		259.9799448184

		1.382		259.9800448441

		1.383		259.9801443708

		1.384		259.9802434012

		1.385		259.9803419376

		1.386		259.9804399826

		1.387		259.9805375386

		1.388		259.9806346081

		1.389		259.9807311934

		1.39		259.9808272969

		1.391		259.9809229212

		1.392		259.9810180685

		1.393		259.9811127413

		1.394		259.9812069419

		1.395		259.9813006727

		1.396		259.9813939359

		1.397		259.9814867341

		1.398		259.9815790694

		1.399		259.9816709441

		1.4		259.9817623607

		1.401		259.9818533213

		1.402		259.9819438282

		1.403		259.9820338838

		1.404		259.9821234901

		1.405		259.9822126496

		1.406		259.9823013644

		1.407		259.9823896367

		1.408		259.9824774688

		1.409		259.9825648627

		1.41		259.9826518209

		1.411		259.9827383453

		1.412		259.9828244381

		1.413		259.9829101016

		1.414		259.9829953378

		1.415		259.9830801489

		1.416		259.983164537

		1.417		259.9832485043

		1.418		259.9833320527

		1.419		259.9834151844

		1.42		259.9834979015

		1.421		259.9835802061

		1.422		259.9836621002

		1.423		259.9837435858

		1.424		259.983824665

		1.425		259.9839053398

		1.426		259.9839856123

		1.427		259.9840654843

		1.428		259.9841449581

		1.429		259.9842240354

		1.43		259.9843027184

		1.431		259.9843810089

		1.432		259.9844589089

		1.433		259.9845364205

		1.434		259.9846135454

		1.435		259.9846902856

		1.436		259.9847666432

		1.437		259.9848426198

		1.438		259.9849182176

		1.439		259.9849934383

		1.44		259.9850682838

		1.441		259.9851427561

		1.442		259.9852168569

		1.443		259.9852905881

		1.444		259.9853639516

		1.445		259.9854369492

		1.446		259.9855095827

		1.447		259.985581854

		1.448		259.9856537648

		1.449		259.9857253169

		1.45		259.9857965122

		1.451		259.9858673524

		1.452		259.9859378393

		1.453		259.9860079746

		1.454		259.9860777601

		1.455		259.9861471976

		1.456		259.9862162887

		1.457		259.9862850353

		1.458		259.9863534389

		1.459		259.9864215015

		1.46		259.9864892245

		1.461		259.9865566098

		1.462		259.986623659

		1.463		259.9866903737

		1.464		259.9867567558

		1.465		259.9868228067

		1.466		259.9868885283

		1.467		259.986953922

		1.468		259.9870189896

		1.469		259.9870837326

		1.47		259.9871481528

		1.471		259.9872122516

		1.472		259.9872760308

		1.473		259.9873394919

		1.474		259.9874026364

		1.475		259.987465466

		1.476		259.9875279823

		1.477		259.9875901867

		1.478		259.9876520809

		1.479		259.9877136664

		1.48		259.9877749448

		1.481		259.9878359175

		1.482		259.9878965861

		1.483		259.9879569521

		1.484		259.9880170171

		1.485		259.9880767825

		1.486		259.9881362498

		1.487		259.9881954205

		1.488		259.988254296

		1.489		259.988312878

		1.49		259.9883711678

		1.491		259.9884291668

		1.492		259.9884868766

		1.493		259.9885442985

		1.494		259.9886014341

		1.495		259.9886582846

		1.496		259.9887148517

		1.497		259.9887711366

		1.498		259.9888271408

		1.499		259.9888828657

		1.5		259.9889383126

		1.501		259.988993483

		1.502		259.9890483782

		1.503		259.9891029997

		1.504		259.9891573487

		1.505		259.9892114266

		1.506		259.9892652349

		1.507		259.9893187747

		1.508		259.9893720476

		1.509		259.9894250547

		1.51		259.9894777975

		1.511		259.9895302772

		1.512		259.9895824951

		1.513		259.9896344526

		1.514		259.989686151

		1.515		259.9897375916

		1.516		259.9897887755

		1.517		259.9898397042

		1.518		259.9898903789

		1.519		259.9899408009

		1.52		259.9899909713

		1.521		259.9900408916

		1.522		259.9900905628

		1.523		259.9901399864

		1.524		259.9901891634

		1.525		259.9902380951

		1.526		259.9902867828

		1.527		259.9903352277

		1.528		259.990383431

		1.529		259.9904313938

		1.53		259.9904791174

		1.531		259.990526603

		1.532		259.9905738518

		1.533		259.9906208649

		1.534		259.9906676435

		1.535		259.9907141888

		1.536		259.990760502

		1.537		259.9908065842

		1.538		259.9908524366

		1.539		259.9908980602

		1.54		259.9909434563

		1.541		259.990988626

		1.542		259.9910335705

		1.543		259.9910782907

		1.544		259.9911227879

		1.545		259.9911670632

		1.546		259.9912111177

		1.547		259.9912549524

		1.548		259.9912985685

		1.549		259.9913419671

		1.55		259.9913851492

		1.551		259.9914281159

		1.552		259.9914708684

		1.553		259.9915134076

		1.554		259.9915557347

		1.555		259.9915978506

		1.556		259.9916397565

		1.557		259.9916814534

		1.558		259.9917229423

		1.559		259.9917642243

		1.56		259.9918053004

		1.561		259.9918461717

		1.562		259.991886839

		1.563		259.9919273036

		1.564		259.9919675663

		1.565		259.9920076283

		1.566		259.9920474904

		1.567		259.9920871537

		1.568		259.9921266192

		1.569		259.9921658878

		1.57		259.9922049606

		1.571		259.9922438386

		1.572		259.9922825226

		1.573		259.9923210137

		1.574		259.9923593128

		1.575		259.9923974208

		1.576		259.9924353389

		1.577		259.9924730678

		1.578		259.9925106085

		1.579		259.992547962

		1.58		259.9925851292

		1.581		259.992622111

		1.582		259.9926589084

		1.583		259.9926955222

		1.584		259.9927319535

		1.585		259.992768203

		1.586		259.9928042717

		1.587		259.9928401606

		1.588		259.9928758704

		1.589		259.9929114022

		1.59		259.9929467567

		1.591		259.9929819349

		1.592		259.9930169377

		1.593		259.9930517658

		1.594		259.9930864203

		1.595		259.9931209019

		1.596		259.9931552116

		1.597		259.9931893501

		1.598		259.9932233183

		1.599		259.9932571172

		1.6		259.9932907474

		1.601		259.99332421

		1.602		259.9933575056

		1.603		259.9933906352

		1.604		259.9934235995

		1.605		259.9934563995

		1.606		259.9934890358

		1.607		259.9935215094

		1.608		259.993553821

		1.609		259.9935859714

		1.61		259.9936179616

		1.611		259.9936497921

		1.612		259.9936814639

		1.613		259.9937129777

		1.614		259.9937443344

		1.615		259.9937755346

		1.616		259.9938065793

		1.617		259.9938374691

		1.618		259.9938682049

		1.619		259.9938987873

		1.62		259.9939292172

		1.621		259.9939594954

		1.622		259.9939896225

		1.623		259.9940195994

		1.624		259.9940494268

		1.625		259.9940791054

		1.626		259.994108636

		1.627		259.9941380193

		1.628		259.994167256

		1.629		259.994196347

		1.63		259.9942252928

		1.631		259.9942540943

		1.632		259.9942827521

		1.633		259.994311267

		1.634		259.9943396397

		1.635		259.9943678708

		1.636		259.9943959612

		1.637		259.9944239115

		1.638		259.9944517223

		1.639		259.9944793945

		1.64		259.9945069286

		1.641		259.9945343254

		1.642		259.9945615856

		1.643		259.9945887098

		1.644		259.9946156987

		1.645		259.994642553

		1.646		259.9946692734

		1.647		259.9946958605

		1.648		259.994722315

		1.649		259.9947486376

		1.65		259.9947748289

		1.651		259.9948008895

		1.652		259.9948268202

		1.653		259.9948526215

		1.654		259.9948782942

		1.655		259.9949038388

		1.656		259.994929256

		1.657		259.9949545464

		1.658		259.9949797107

		1.659		259.9950047495

		1.66		259.9950296635

		1.661		259.9950544531

		1.662		259.9950791191

		1.663		259.9951036621

		1.664		259.9951280827

		1.665		259.9951523815

		1.666		259.9951765591

		1.667		259.9952006161

		1.668		259.9952245531

		1.669		259.9952483708

		1.67		259.9952720696

		1.671		259.9952956503

		1.672		259.9953191133

		1.673		259.9953424593

		1.674		259.9953656889

		1.675		259.9953888026

		1.676		259.9954118011

		1.677		259.9954346848

		1.678		259.9954574544

		1.679		259.9954801105

		1.68		259.9955026535

		1.681		259.9955250841

		1.682		259.9955474029

		1.683		259.9955696103

		1.684		259.9955917069

		1.685		259.9956136934

		1.686		259.9956355702

		1.687		259.9956573379

		1.688		259.995678997

		1.689		259.9957005481

		1.69		259.9957219917

		1.691		259.9957433283

		1.692		259.9957645586

		1.693		259.9957856829

		1.694		259.9958067019

		1.695		259.9958276161

		1.696		259.9958484259

		1.697		259.995869132

		1.698		259.9958897348

		1.699		259.9959102348

		1.7		259.9959306326

		1.701		259.9959509287

		1.702		259.9959711235

		1.703		259.9959912176

		1.704		259.9960112115

		1.705		259.9960311057

		1.706		259.9960509006

		1.707		259.9960705968

		1.708		259.9960901948

		1.709		259.996109695

		1.71		259.996129098

		1.711		259.9961484042

		1.712		259.9961676141

		1.713		259.9961867282

		1.714		259.996205747

		1.715		259.9962246709

		1.716		259.9962435005

		1.717		259.9962622361

		1.718		259.9962808782

		1.719		259.9962994274

		1.72		259.9963178841

		1.721		259.9963362488

		1.722		259.9963545218

		1.723		259.9963727037

		1.724		259.9963907949

		1.725		259.9964087959

		1.726		259.9964267071

		1.727		259.996444529

		1.728		259.996462262

		1.729		259.9964799065

		1.73		259.996497463

		1.731		259.996514932

		1.732		259.9965323139

		1.733		259.996549609

		1.734		259.9965668179

		1.735		259.996583941

		1.736		259.9966009786

		1.737		259.9966179313

		1.738		259.9966347995

		1.739		259.9966515835

		1.74		259.9966682838

		1.741		259.9966849008

		1.742		259.9967014349

		1.743		259.9967178866

		1.744		259.9967342562

		1.745		259.9967505441

		1.746		259.9967667509

		1.747		259.9967828768

		1.748		259.9967989222

		1.749		259.9968148877

		1.75		259.9968307735

		1.751		259.9968465801

		1.752		259.9968623078

		1.753		259.9968779571

		1.754		259.9968935284

		1.755		259.996909022

		1.756		259.9969244383

		1.757		259.9969397777

		1.758		259.9969550406

		1.759		259.9969702274

		1.76		259.9969853385

		1.761		259.9970003742

		1.762		259.9970153349

		1.763		259.997030221

		1.764		259.9970450328

		1.765		259.9970597708

		1.766		259.9970744352

		1.767		259.9970890265

		1.768		259.9971035451

		1.769		259.9971179912

		1.77		259.9971323653

		1.771		259.9971466677

		1.772		259.9971608987

		1.773		259.9971750588

		1.774		259.9971891482

		1.775		259.9972031674

		1.776		259.9972171167

		1.777		259.9972309964

		1.778		259.9972448068

		1.779		259.9972585484

		1.78		259.9972722215

		1.781		259.9972858263

		1.782		259.9972993633

		1.783		259.9973128328

		1.784		259.9973262351

		1.785		259.9973395706

		1.786		259.9973528395

		1.787		259.9973660423

		1.788		259.9973791792

		1.789		259.9973922506

		1.79		259.9974052568

		1.791		259.9974181981

		1.792		259.9974310749

		1.793		259.9974438875

		1.794		259.9974566362

		1.795		259.9974693212

		1.796		259.997481943

		1.797		259.9974945019

		1.798		259.9975069981

		1.799		259.997519432

		1.8		259.9975318039

		1.801		259.9975441141

		1.802		259.9975563629

		1.803		259.9975685506

		1.804		259.9975806775

		1.805		259.9975927439

		1.806		259.9976047501

		1.807		259.9976166965

		1.808		259.9976285833

		1.809		259.9976404108

		1.81		259.9976521793

		1.811		259.9976638891

		1.812		259.9976755405

		1.813		259.9976871338

		1.814		259.9976986692

		1.815		259.9977101472

		1.816		259.9977215679

		1.817		259.9977329316

		1.818		259.9977442386

		1.819		259.9977554893

		1.82		259.9977666838

		1.821		259.9977778225

		1.822		259.9977889057

		1.823		259.9977999336

		1.824		259.9978109065

		1.825		259.9978218246

		1.826		259.9978326883

		1.827		259.9978434978

		1.828		259.9978542534

		1.829		259.9978649554

		1.83		259.9978756039

		1.831		259.9978861994

		1.832		259.997896742

		1.833		259.9979072321

		1.834		259.9979176698

		1.835		259.9979280555

		1.836		259.9979383893

		1.837		259.9979486717

		1.838		259.9979589027

		1.839		259.9979690827

		1.84		259.997979212

		1.841		259.9979892907

		1.842		259.9979993191

		1.843		259.9980092976

		1.844		259.9980192262

		1.845		259.9980291054

		1.846		259.9980389353

		1.847		259.9980487161

		1.848		259.9980584482

		1.849		259.9980681317

		1.85		259.998077767

		1.851		259.9980873541

		1.852		259.9980968935

		1.853		259.9981063853

		1.854		259.9981158297

		1.855		259.9981252271

		1.856		259.9981345775

		1.857		259.9981438814

		1.858		259.9981531388

		1.859		259.9981623501

		1.86		259.9981715154

		1.861		259.998180635

		1.862		259.9981897091

		1.863		259.998198738

		1.864		259.9982077218

		1.865		259.9982166608

		1.866		259.9982255553

		1.867		259.9982344053

		1.868		259.9982432113

		1.869		259.9982519733

		1.87		259.9982606916

		1.871		259.9982693665

		1.872		259.998277998

		1.873		259.9982865865

		1.874		259.9982951322

		1.875		259.9983036353

		1.876		259.9983120959

		1.877		259.9983205144

		1.878		259.9983288909

		1.879		259.9983372256

		1.88		259.9983455187

		1.881		259.9983537704

		1.882		259.9983619811

		1.883		259.9983701507

		1.884		259.9983782796

		1.885		259.998386368

		1.886		259.998394416

		1.887		259.9984024239

		1.888		259.9984103918

		1.889		259.99841832

		1.89		259.9984262087

		1.891		259.998434058

		1.892		259.9984418682

		1.893		259.9984496394

		1.894		259.9984573719

		1.895		259.9984650657

		1.896		259.9984727213

		1.897		259.9984803386

		1.898		259.9984879179

		1.899		259.9984954595

		1.9		259.9985029634

		1.901		259.9985104299

		1.902		259.9985178592

		1.903		259.9985252514

		1.904		259.9985326067

		1.905		259.9985399254

		1.906		259.9985472075

		1.907		259.9985544534

		1.908		259.998561663

		1.909		259.9985688368

		1.91		259.9985759747

		1.911		259.9985830771

		1.912		259.998590144

		1.913		259.9985971757

		1.914		259.9986041723

		1.915		259.998611134

		1.916		259.998618061

		1.917		259.9986249535

		1.918		259.9986318116

		1.919		259.9986386354

		1.92		259.9986454253

		1.921		259.9986521812

		1.922		259.9986589035

		1.923		259.9986655923

		1.924		259.9986722476

		1.925		259.9986788698

		1.926		259.998685459

		1.927		259.9986920153

		1.928		259.9986985389

		1.929		259.99870503

		1.93		259.9987114887

		1.931		259.9987179151

		1.932		259.9987243096

		1.933		259.9987306721

		1.934		259.9987370029

		1.935		259.9987433021

		1.936		259.9987495699

		1.937		259.9987558065

		1.938		259.9987620119

		1.939		259.9987681864

		1.94		259.9987743301

		1.941		259.9987804432

		1.942		259.9987865257

		1.943		259.9987925779

		1.944		259.9987986

		1.945		259.998804592

		1.946		259.9988105541

		1.947		259.9988164865

		1.948		259.9988223893

		1.949		259.9988282627

		1.95		259.9988341067

		1.951		259.9988399216

		1.952		259.9988457076

		1.953		259.9988514646

		1.954		259.998857193

		1.955		259.9988628927

		1.956		259.9988685641

		1.957		259.9988742071

		1.958		259.9988798221

		1.959		259.998885409

		1.96		259.998890968

		1.961		259.9988964993

		1.962		259.9989020031

		1.963		259.9989074793

		1.964		259.9989129283

		1.965		259.9989183501

		1.966		259.9989237449

		1.967		259.9989291127

		1.968		259.9989344538

		1.969		259.9989397682

		1.97		259.9989450561

		1.971		259.9989503177

		1.972		259.998955553

		1.973		259.9989607622

		1.974		259.9989659454

		1.975		259.9989711028

		1.976		259.9989762344

		1.977		259.9989813405

		1.978		259.9989864211

		1.979		259.9989914763

		1.98		259.9989965064

		1.981		259.9990015113

		1.982		259.9990064913

		1.983		259.9990114464

		1.984		259.9990163769

		1.985		259.9990212827

		1.986		259.9990261641

		1.987		259.9990310211

		1.988		259.9990358539

		1.989		259.9990406626

		1.99		259.9990454473

		1.991		259.9990502082

		1.992		259.9990549453

		1.993		259.9990596588

		1.994		259.9990643487

		1.995		259.9990690153

		1.996		259.9990736586

		1.997		259.9990782788

		1.998		259.9990828759

		1.999		259.99908745

		2		259.9990920014

		2.001		259.9990965301

		2.002		259.9991010361

		2.003		259.9991055197

		2.004		259.999109981

		2.005		259.99911442

		2.006		259.9991188368

		2.007		259.9991232316

		2.008		259.9991276045

		2.009		259.9991319556

		2.01		259.999136285

		2.011		259.9991405928

		2.012		259.9991448791

		2.013		259.9991491441

		2.014		259.9991533877

		2.015		259.9991576102

		2.016		259.9991618117

		2.017		259.9991659921

		2.018		259.9991701518

		2.019		259.9991742907

		2.02		259.9991784089

		2.021		259.9991825066

		2.022		259.9991865839

		2.023		259.9991906408

		2.024		259.9991946775

		2.025		259.9991986941

		2.026		259.9992026906

		2.027		259.9992066672

		2.028		259.9992106239

		2.029		259.999214561

		2.03		259.9992184784

		2.031		259.9992223762

		2.032		259.9992262546

		2.033		259.9992301137

		2.034		259.9992339535

		2.035		259.9992377742

		2.036		259.9992415758

		2.037		259.9992453585

		2.038		259.9992491223

		2.039		259.9992528673

		2.04		259.9992565936

		2.041		259.9992603014

		2.042		259.9992639906

		2.043		259.9992676615

		2.044		259.9992713141

		2.049		259.9992893054

		2.054		259.9993068525

		2.059		259.9993239664

		2.064		259.9993406577

		2.069		259.9993569369

		2.074		259.9993728142

		2.079		259.9993882995

		2.084		259.9994034024

		2.089		259.9994181325

		2.094		259.9994324988

		2.099		259.9994465105

		2.104		259.9994601762

		2.109		259.9994735045

		2.114		259.9994865037

		2.119		259.999499182

		2.124		259.9995115472

		2.129		259.9995236071

		2.134		259.9995353693

		2.139		259.9995468411

		2.144		259.9995580296

		2.149		259.9995689419

		2.154		259.9995795848

		2.159		259.9995899649

		2.164		259.9996000887

		2.169		259.9996099625

		2.174		259.9996195926

		2.179		259.9996289849

		2.184		259.9996381453

		2.189		259.9996470795

		2.194		259.9996557931

		2.199		259.9996642916

		2.204		259.9996725803

		2.209		259.9996806643

		2.214		259.9996885487

		2.219		259.9996962385

		2.224		259.9997037384

		2.229		259.9997110531

		2.234		259.9997181873

		2.239		259.9997251452

		2.244		259.9997319314

		2.249		259.9997385501

		2.254		259.9997450053

		2.259		259.9997513011

		2.264		259.9997574415

		2.269		259.9997634303

		2.274		259.9997692712

		2.279		259.999774968

		2.284		259.999780524

		2.289		259.9997859429

		2.294		259.999791228

		2.299		259.9997963826

		2.304		259.9998014099

		2.309		259.9998063131

		2.314		259.9998110953

		2.319		259.9998157593

		2.324		259.9998203083

		2.329		259.9998247449

		2.334		259.9998290719

		2.339		259.9998332922

		2.344		259.9998374082

		2.349		259.9998414226

		2.354		259.9998453379

		2.359		259.9998491565

		2.364		259.9998528808

		2.369		259.9998565132

		2.374		259.9998600559

		2.379		259.9998635112

		2.384		259.9998668811

		2.389		259.9998701678

		2.394		259.9998733734

		2.399		259.9998764998

		2.404		259.999879549

		2.409		259.999882523

		2.414		259.9998854235

		2.419		259.9998882524

		2.424		259.9998910115

		2.429		259.9998937024

		2.434		259.9998963269

		2.439		259.9998988866

		2.444		259.9999013831

		2.449		259.9999038179

		2.454		259.9999061927

		2.459		259.9999085088

		2.464		259.9999107677

		2.469		259.9999129709

		2.474		259.9999151196

		2.479		259.9999172153

		2.484		259.9999192593

		2.489		259.9999212528

		2.494		259.9999231971

		2.499		259.9999250933

		2.504		259.9999269428

		2.509		259.9999287466

		2.514		259.9999305058

		2.519		259.9999322216

		2.524		259.9999338951

		2.529		259.9999355272

		2.534		259.9999371191

		2.539		259.9999386716

		2.544		259.9999401858

		2.549		259.9999416626

		2.554		259.999943103

		2.559		259.9999445078

		2.564		259.9999458779

		2.569		259.9999472142

		2.574		259.9999485175

		2.579		259.9999497886

		2.584		259.9999510283

		2.589		259.9999522374

		2.594		259.9999534167

		2.599		259.9999545668

		2.604		259.9999556886

		2.609		259.9999567826

		2.614		259.9999578497

		2.619		259.9999588904

		2.624		259.9999599054

		2.629		259.9999608953

		2.634		259.9999618608

		2.639		259.9999628025

		2.644		259.9999637209

		2.649		259.9999646166

		2.654		259.9999654902

		2.659		259.9999663423

		2.664		259.9999671733

		2.669		259.9999679838

		2.674		259.9999687743

		2.679		259.9999695452

		2.684		259.9999702972

		2.689		259.9999710305

		2.694		259.9999717458

		2.699		259.9999724434

		2.704		259.9999731238

		2.709		259.9999737873

		2.714		259.9999744345

		2.719		259.9999750657

		2.724		259.9999756814

		2.729		259.9999762818

		2.734		259.9999768674

		2.739		259.9999774385

		2.744		259.9999779956

		2.749		259.9999785389

		2.754		259.9999790688

		2.759		259.9999795856

		2.764		259.9999800896

		2.769		259.9999805812

		2.774		259.9999810606

		2.779		259.9999815282

		2.784		259.9999819843

		2.789		259.9999824291

		2.794		259.9999828629

		2.799		259.9999832861

		2.804		259.9999836987

		2.809		259.9999841012

		2.814		259.9999844938

		2.819		259.9999848766

		2.824		259.99998525

		2.829		259.9999856142

		2.834		259.9999859694

		2.839		259.9999863158

		2.844		259.9999866537

		2.849		259.9999869832

		2.854		259.9999873046

		2.859		259.999987618

		2.864		259.9999879237

		2.869		259.9999882219

		2.874		259.9999885127

		2.879		259.9999887963

		2.884		259.9999890729

		2.889		259.9999893427

		2.894		259.9999896059

		2.899		259.9999898625

		2.904		259.9999901128

		2.909		259.9999903569

		2.914		259.999990595

		2.919		259.9999908272

		2.924		259.9999910537

		2.929		259.9999912746

		2.934		259.99999149

		2.939		259.9999917001

		2.944		259.999991905

		2.949		259.9999921049

		2.954		259.9999922998

		2.959		259.9999924899

		2.964		259.9999926754

		2.969		259.9999928562

		2.974		259.9999930326

		2.979		259.9999932046

		2.984		259.9999933724

		2.989		259.999993536

		2.994		259.9999936956

		2.999		259.9999938513

		3.004		259.9999940031

		3.009		259.9999941512

		3.014		259.9999942956

		3.019		259.9999944364

		3.024		259.9999945738

		3.029		259.9999947078

		3.034		259.9999948384

		3.039		259.9999949659

		3.044		259.9999950902

		3.049		259.9999952114

		3.054		259.9999953296

		3.059		259.9999954449

		3.064		259.9999955574

		3.069		259.9999956671

		3.074		259.9999957741

		3.079		259.9999958784

		3.084		259.9999959802

		3.089		259.9999960794

		3.094		259.9999961762

		3.099		259.9999962706

		3.104		259.9999963627

		3.109		259.9999964525

		3.114		259.9999965401

		3.119		259.9999966255

		3.124		259.9999967088

		3.129		259.9999967901

		3.134		259.9999968693

		3.139		259.9999969466

		3.144		259.999997022

		3.149		259.9999970956

		3.154		259.9999971673

		3.159		259.9999972372

		3.164		259.9999973054

		3.169		259.9999973719

		3.174		259.9999974368

		3.179		259.9999975001

		3.184		259.9999975618

		3.189		259.999997622

		3.194		259.9999976808

		3.199		259.999997738

		3.204		259.9999977939

		3.209		259.9999978483

		3.214		259.9999979015

		3.219		259.9999979533

		3.224		259.9999980038

		3.229		259.9999980531

		3.234		259.9999981012

		3.239		259.999998148

		3.244		259.9999981938

		3.249		259.9999982384

		3.254		259.9999982819

		3.259		259.9999983243

		3.264		259.9999983657

		3.269		259.999998406

		3.274		259.9999984454

		3.279		259.9999984837

		3.284		259.9999985212

		3.289		259.9999985577

		3.294		259.9999985933

		3.299		259.999998628

		3.304		259.9999986619

		3.309		259.9999986949

		3.314		259.9999987272

		3.319		259.9999987586

		3.324		259.9999987892

		3.329		259.9999988191

		3.334		259.9999988483

		3.339		259.9999988767

		3.344		259.9999989045

		3.349		259.9999989315

		3.354		259.9999989579

		3.359		259.9999989836

		3.364		259.9999990087

		3.369		259.9999990332

		3.374		259.9999990571

		3.379		259.9999990803

		3.384		259.9999991031

		3.389		259.9999991252

		3.394		259.9999991468

		3.399		259.9999991679

		3.404		259.9999991884

		3.409		259.9999992084

		3.414		259.999999228

		3.419		259.9999992471

		3.424		259.9999992656

		3.429		259.9999992838

		3.434		259.9999993015

		3.439		259.9999993187

		3.444		259.9999993355

		3.449		259.9999993519

		3.454		259.9999993679

		3.459		259.9999993835

		3.464		259.9999993988

		3.469		259.9999994136

		3.474		259.9999994281

		3.479		259.9999994422

		3.484		259.999999456

		3.489		259.9999994694

		3.494		259.9999994825

		3.499		259.9999994953

		3.504		259.9999995077

		3.509		259.9999995199

		3.514		259.9999995318

		3.519		259.9999995433

		3.524		259.9999995546

		3.529		259.9999995656

		3.534		259.9999995763

		3.539		259.9999995868

		3.544		259.999999597

		3.549		259.9999996069

		3.554		259.9999996166

		3.559		259.9999996261

		3.564		259.9999996353

		3.569		259.9999996443

		3.574		259.9999996531

		3.579		259.9999996617

		3.584		259.99999967

		3.589		259.9999996782

		3.594		259.9999996861

		3.599		259.9999996939

		3.604		259.9999997014

		3.609		259.9999997088

		3.614		259.999999716

		3.619		259.999999723

		3.624		259.9999997298

		3.629		259.9999997365

		3.634		259.999999743

		3.639		259.9999997494

		3.644		259.9999997556

		3.649		259.9999997616

		3.654		259.9999997675

		3.659		259.9999997732

		3.664		259.9999997788

		3.669		259.9999997843

		3.674		259.9999997896

		3.679		259.9999997948

		3.684		259.9999997999

		3.689		259.9999998048

		3.694		259.9999998096

		3.699		259.9999998143

		3.704		259.9999998189

		3.709		259.9999998234

		3.714		259.9999998277

		3.719		259.999999832

		3.724		259.9999998361

		3.729		259.9999998402

		3.734		259.9999998441

		3.739		259.999999848

		3.744		259.9999998517

		3.749		259.9999998554

		3.754		259.999999859

		3.759		259.9999998624

		3.764		259.9999998658

		3.769		259.9999998692

		3.774		259.9999998724

		3.779		259.9999998755

		3.784		259.9999998786

		3.789		259.9999998816

		3.794		259.9999998845

		3.799		259.9999998874

		3.804		259.9999998902

		3.809		259.9999998929

		3.814		259.9999998955

		3.819		259.9999998981

		3.824		259.9999999006

		3.829		259.9999999031

		3.834		259.9999999055

		3.839		259.9999999078

		3.844		259.9999999101

		3.849		259.9999999123

		3.854		259.9999999145

		3.859		259.9999999166

		3.864		259.9999999186

		3.869		259.9999999206

		3.874		259.9999999226

		3.879		259.9999999245

		3.884		259.9999999264

		3.889		259.9999999282

		3.894		259.99999993

		3.899		259.9999999317

		3.904		259.9999999334

		3.909		259.999999935

		3.914		259.9999999366

		3.919		259.9999999382

		3.924		259.9999999397

		3.929		259.9999999412

		3.934		259.9999999427

		3.939		259.9999999441

		3.944		259.9999999455

		3.949		259.9999999468

		3.954		259.9999999481

		3.959		259.9999999494

		3.964		259.9999999506

		3.969		259.9999999519

		3.974		259.9999999531

		3.979		259.9999999542

		3.984		259.9999999553

		3.989		259.9999999564

		3.994		259.9999999575

		3.999		259.9999999586

		4.004		259.9999999596

		4.009		259.9999999606

		4.014		259.9999999616

		4.019		259.9999999625

		4.024		259.9999999634

		4.029		259.9999999643

		4.034		259.9999999652

		4.039		259.9999999661

		4.044		259.9999999669

		4.049		259.9999999677

		4.054		259.9999999685

		4.059		259.9999999693

		4.064		259.9999999701

		4.069		259.9999999708

		4.074		259.9999999715

		4.079		259.9999999722

		4.084		259.9999999729

		4.089		259.9999999736

		4.094		259.9999999742

		4.099		259.9999999749

		4.104		259.9999999755

		4.109		259.9999999761

		4.114		259.9999999767

		4.119		259.9999999773

		4.124		259.9999999778

		4.129		259.9999999784

		4.134		259.9999999789

		4.139		259.9999999794

		4.144		259.9999999799

		4.149		259.9999999804

		4.154		259.9999999809

		4.159		259.9999999814

		4.164		259.9999999818

		4.169		259.9999999823

		4.174		259.9999999827

		4.179		259.9999999832

		4.184		259.9999999836

		4.189		259.999999984

		4.194		259.9999999844

		4.199		259.9999999848

		4.204		259.9999999851

		4.209		259.9999999855

		4.214		259.9999999859

		4.219		259.9999999862

		4.224		259.9999999865

		4.229		259.9999999869

		4.234		259.9999999872

		4.239		259.9999999875

		4.244		259.9999999878

		4.249		259.9999999881

		4.254		259.9999999884

		4.259		259.9999999887

		4.264		259.999999989

		4.269		259.9999999893

		4.274		259.9999999895

		4.279		259.9999999898

		4.284		259.99999999

		4.289		259.9999999903

		4.294		259.9999999905

		4.299		259.9999999908

		4.304		259.999999991

		4.309		259.9999999912

		4.314		259.9999999914

		4.319		259.9999999916

		4.324		259.9999999918

		4.329		259.999999992

		4.334		259.9999999922

		4.339		259.9999999924

		4.344		259.9999999926

		4.349		259.9999999928

		4.354		259.999999993

		4.359		259.9999999932

		4.364		259.9999999933

		4.369		259.9999999935

		4.374		259.9999999936

		4.379		259.9999999938

		4.384		259.999999994

		4.389		259.9999999941

		4.394		259.9999999943

		4.399		259.9999999944

		4.404		259.9999999945

		4.409		259.9999999947

		4.414		259.9999999948

		4.419		259.9999999949

		4.424		259.9999999951

		4.429		259.9999999952

		4.434		259.9999999953

		4.439		259.9999999954

		4.444		259.9999999955

		4.449		259.9999999956

		4.454		259.9999999957

		4.459		259.9999999958

		4.464		259.9999999959

		4.469		259.999999996

		4.474		259.9999999961

		4.479		259.9999999962

		4.484		259.9999999963

		4.489		259.9999999964

		4.494		259.9999999965

		4.499		259.9999999966

		4.504		259.9999999967

		4.509		259.9999999968

		4.514		259.9999999968

		4.519		259.9999999969

		4.524		259.999999997

		4.529		259.9999999971

		4.534		259.9999999971

		4.539		259.9999999972

		4.544		259.9999999973

		4.549		259.9999999974

		4.554		259.9999999974

		4.559		259.9999999975

		4.564		259.9999999975

		4.569		259.9999999976

		4.574		259.9999999977

		4.579		259.9999999977

		4.584		259.9999999978

		4.589		259.9999999978

		4.594		259.9999999979

		4.599		259.9999999979

		4.604		259.999999998

		4.609		259.999999998

		4.614		259.9999999981

		4.619		259.9999999981

		4.624		259.9999999982

		4.629		259.9999999982

		4.634		259.9999999983

		4.639		259.9999999983

		4.644		259.9999999984

		4.649		259.9999999984

		4.654		259.9999999984

		4.659		259.9999999985

		4.664		259.9999999985

		4.669		259.9999999985

		4.674		259.9999999986

		4.679		259.9999999986

		4.684		259.9999999987

		4.689		259.9999999987

		4.694		259.9999999987

		4.699		259.9999999987

		4.704		259.9999999988

		4.709		259.9999999988

		4.714		259.9999999988

		4.719		259.9999999989

		4.724		259.9999999989

		4.729		259.9999999989

		4.734		259.9999999989

		4.739		259.999999999

		4.744		259.999999999

		4.749		259.999999999

		4.754		259.999999999

		4.759		259.9999999991

		4.764		259.9999999991

		4.769		259.9999999991

		4.774		259.9999999991

		4.779		259.9999999992

		4.784		259.9999999992

		4.789		259.9999999992

		4.794		259.9999999992

		4.799		259.9999999992

		4.804		259.9999999993

		4.809		259.9999999993

		4.814		259.9999999993

		4.819		259.9999999993

		4.824		259.9999999993

		4.829		259.9999999993

		4.834		259.9999999994

		4.839		259.9999999994

		4.844		259.9999999994

		4.849		259.9999999994

		4.854		259.9999999994

		4.859		259.9999999994

		4.864		259.9999999995

		4.869		259.9999999995

		4.874		259.9999999995

		4.879		259.9999999995

		4.884		259.9999999995

		4.889		259.9999999995

		4.894		259.9999999995

		4.899		259.9999999995

		4.904		259.9999999996

		4.909		259.9999999996

		4.914		259.9999999996

		4.919		259.9999999996

		4.924		259.9999999996

		4.929		259.9999999996

		4.934		259.9999999996

		4.939		259.9999999996

		4.944		259.9999999996

		4.949		259.9999999996

		4.954		259.9999999997

		4.959		259.9999999997

		4.964		259.9999999997

		4.969		259.9999999997

		4.974		259.9999999997

		4.979		259.9999999997

		4.984		259.9999999997

		4.989		259.9999999997

		4.994		259.9999999997

		4.999		259.9999999997

		5.004		259.9999999997

		5.009		259.9999999997

		5.014		259.9999999997

		5.019		259.9999999997

		5.024		259.9999999998

		5.029		259.9999999998

		5.034		259.9999999998

		5.039		259.9999999998

		5.044		259.9999999998

		5.049		259.9999999998

		5.054		259.9999999998

		5.059		259.9999999998

		5.064		259.9999999998

		5.069		259.9999999998

		5.074		259.9999999998

		5.079		259.9999999998

		5.084		259.9999999998

		5.089		259.9999999998

		5.094		259.9999999998

		5.099		259.9999999998

		5.104		259.9999999998

		5.109		259.9999999998

		5.114		259.9999999998

		5.119		259.9999999998

		5.124		259.9999999999

		5.129		259.9999999999
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Net Cash Flow

Years after Start-Up

Sum (NOK)

0

-2374255136.50516

-3123962845.01214

-3873670553.51911

-4623378262.02609

-5373085970.53307

-6122793679.04005

-6872501387.54703

-7622209096.05401

-8371916804.56099

-9121624513.06797

-9396481194.27391



Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1899404109

						Working Capital						474851027

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1899404109

						Working Capital										-474851027

						Recovery of Working Capital																														474851027.301031

						Annual Sales Income						2383599427						2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427

						Annutal Working Expenses						3133307135						3133307135		3133307135		3133307135		3133307135		3133307135		3133307135		3133307135		3133307135		3133307135		3133307135

						Gross operating Result												-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709

						Avskrivning (velg alternativ)												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Resultat før skatt												-1129588530		-1053612366		-992831434		-944206689		-905306893		-874187056		-849291187		-829374491		-813441135		-800694449

						Tax, percentage 28%						28						0		0		0		0		0		0		0		0		0		0

						Net Profit												-1129588530		-1053612366		-992831434		-944206689		-905306893		-874187056		-849291187		-829374491		-813441135		-800694449

						Depreciation												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Net Cash Flow										-1899404109.20		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709		-749707709

						Accumulated NCF								0		-2374255136.51		-3123962845		-3873670554		-4623378262		-5373085971		-6122793679		-6872501388		-7622209096		-8371916805		-9121624513		-9396481194

														0		-2.3742551365		-3.123962845		-3.8736705535		-4.623378262		-5.3730859705		-6.122793679		-6.8725013875		-7.6222090961		-8.3719168046		-9.1216245131		-9.3964811943

						Rate of Interest (%)						13.00				1.00		0.88		0.78		0.69		0.61		0.54		0.48		0.43		0.38		0.33		0.29

						Discounted Cash Flow										-1899404109.20413		-663458149		-587131105		-519585049		-459809778		-406911308		-360098503		-318671241		-282009948		-249566326		-220855155		-5967500671.4

						Internal Interest						13.0

						Net Present Value						-5967500671.36171

								ROR		-49.4706795081

										670.0207806189

										-5967.5006713617





Evaluation

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Net Cash Flow

Years after Start-Up

Sum (Billion NOK)

0

0

0

0

0

0

0

0

0

0

0

0

0



Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1899404109.20413

		Working capital (WC)		0.25		474851027.301031

		Total capial investment (TCI)				2374255136.50516

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		2.45		879.23		2154.12				2154.1213866423

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						2383.60

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		2.32		NOK/Sm3		673.91		MSm3/y		1563.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		2.32		NOK/Sm3		390.56		MSm3/y		906.11

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		0.00		NOK/tonne		0.314		Mton/y		0.00

		Consumables

		Catalyst (PREREF)		20000.00		NOK/m3y		37.699		m3		0.75

		Catalyst (STEAMREF)		20000.00		NOK/m3y		14.205		m3		0.28

		Catalyst (REACTOR)		20000.00		NOK/m3y		23.636		m3		0.47

		Total annual cost of raw materials  =										2472.08

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton

		Profitability measurement		At design conditions		Deviation in product prices +10 %				Deviation in raw material prices				Deviation in energy prices				Accounted for 10 % product loss

						10%		-10%		10%		-10%		10%		-10%

		Rate of return, ROR [%]		14.40%		23.47		5.27		8.12		20.68		14.4		14.4		8

		Pay-back period, PBP [year]		4.9		3.5		8		6.6		3.9		4.9		4.9		5.27

		Net present worth, NPW [MNOK]		670.07		1605.13		-275.35		23.1		1316.95		670.03		670.03		-275.35

		Discounted cash flow rate of return, DCFRR [%]		21.7		32.58		9.05		13.32		29.33		21.7		21.7		9.05

		PBP

				4.9				3.5		8				4.9		4.9				5.27						8

				normal conditions				product prices		product prices				raw materials		raw materials				energy prices		energi prices

				4.9		normal conditons		4.9				normal

				3.5		product prices		3.5		8		product price

				8				6.6		3.9		raw materials

								4.9		4.9		energy price

				6.6		raw				5.27		production loss

				3.9		materials

				4.9		energy

				4.9		prices

				5.27		product loss





Operating Costs

		1		1		1		1		1





Utility Costs

		0

		0

		0

		0

		0

		0

		0

		0





Total operating costs

		0		0		0		0		0		0		0		0		0		0		0		0



normal conditions

+10% MeOH price

-10% MeOH price

+10% in energy price

-10 % in energy price



Fixed capital costs

		0		0

		0		0

		0		0

		0		0

		0		0



10 %

-10 %



		TOTAL UTILITY COST =		64.260				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45		$/100m3 #		0		100 m3#/y		0.000

		Instrument air		0.90		$/100m3 #				100 m3#/y		0.000

		Electricity

		COMP-1		0.33		NOK/kWh		8936.00		kW		25.48		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.33		NOK/kWh		2453.00		kW		6.99

		PUMP-1		0.33		NOK/kWh		138.70		kW		0.40

		PUMP-2		0.33		NOK/kWh		197.40		kW		0.56

		Recycling Syngas CW		0.33		NOK/kWh		3385.80		kW		9.65		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.33		NOK/kWh		4079.79		kW		11.63		0.47

		Recycling Condenser CW COL-1		0.33		NOK/kWh		14.43		kW		0.04

		Recycling Condenser CW COL-2		0.33		NOK/kWh		3332.77		kW		9.50

		Refrigeration, to temperature

		15 oC		4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

		-20 oC		8.00		$/GJ				GJ/y		0.000

		-50 oC		14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53		$/m3				m3/y						121776.24

		Treatment		0.53		$/m3		0		m3/y		0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water				NOK/ m3				m3/y

		Cooling		0.08		$/ m3				m3/y		0.000

		Process

		General		0.53		$/m3				m3/y		0.000

		Distilled		0.90		$/m3				m3/y		0.000

		#measured at 101.3 kPa and 15°C.





		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714		106 kg per year

		Fixed Capital Investment, FCI						1899.404		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

		Raw materials												2472.077

		Operating labor												4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

		Utilities												58.418

		Maintenance and repairs						0.06		of FCI		1899.404		113.964

		Operating supplies						0.15		of maintenance & repair		113.964		17.095

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01		of co		3133.307		31.333

		Variable cost =												2698.900

		Taxes (property)						0.02		of FCI		1899.404		37.988

		Financing (interest)						0		of FCI		1899.404		0.000

		Insurance						0.01		of FCI		1899.404		18.994

		Rent						0		of FCI		1899.404		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												56.982

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.284		71.570

		Plant Overhead  =												71.570

		Manufacturing cost  =												2827.453

		Administration						0.2		of labor, supervision and maintenance		119.284		23.857

		Distribution & selling						0.05		of co		3133.307		156.665

		Research & Development						0.04		of co		3133.307		125.332

		General Expense  =												305.854

		TOTAL PRODUCT COST WITHOUT  DEPRECIATION    =   co  =												3133.307

												NOK/y		3133307135.149



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		27.5		[m3]		3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										552242.190196981		651645.784432438		3727413.88695355		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382		[m3]		3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278		[m3]		4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809		[m3]		3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254		[m3]		3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085		[m2]		2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003		[m2]		4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784		[m2]		4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591		[m3]		3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426		[m2]		2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419		[m2]		4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872		[m2]		4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858		[m2]		4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491		[m2]		4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075		[m2]		4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977		[m2]		5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				224988625.411506		1286934937.35381

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1878017659.02456

		For grassrootdesign

		Cgr		1899404109.20413
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Net Cash Flow
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Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1906156840

						Working Capital						476539210

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1906156840

						Working Capital										-476539210

						Recovery of Working Capital																														476539209.997941

						Annual Sales Income						2622946247						2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247

						Annutal Working Expenses						2046276549						2046276549		2046276549		2046276549		2046276549		2046276549		2046276549		2046276549		2046276549		2046276549		2046276549

						Gross operating Result												576669698		576669698		576669698		576669698		576669698		576669698		576669698		576669698		576669698		576669698

						Avskrivning (velg alternativ)												381231368		304985094		243988076		195190460		156152368		124921895		99937516		79950013		63960010		51168008

						Resultat før skatt												195438330		271684604		332681623		381479238		420517330		451747804		476732183		496719686		512709688		525501690

						Tax, percentage 28%						28						54722732		76071689		93150854		106814187		117744852		126489385		133485011		139081512		143558713		147140473

						Net Profit												140715598		195612915		239530768		274665051		302772478		325258419		343247171		357638174		369150975		378361217

						Depreciation												381231368		304985094		243988076		195190460		156152368		124921895		99937516		79950013		63960010		51168008

						Net Cash Flow										-1906156839.99		521946966		500598009		483518844		469855512		458924846		450180313		443184687		437588186		433110986		429529225

						Accumulated NCF								0		-2382696049.99		-1860749084		-1360151075		-876632231		-406776720		52148126		502328440		945513127		1383101313		1816212299		2722280734

														0		-2.38269605		-1.8607490842		-1.3601510751		-0.8766322312		-0.4067767195		0.0521481263		0.5023284396		0.9455131267		1.383101313		1.8162122985		2.7222807335

						Rate of Interest (%)						13.00				1.00		0.88		0.78		0.69		0.61		0.54		0.48		0.43		0.38		0.33		0.29

						Discounted Cash Flow										-1906156839.99177		461899970		392041671		335102813		288171185		249086020		216229945		188380368		164603112		144176078		126534305		660068626.4

						Internal Interest						13.0

						Net Present Value						660068626.38419
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Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1906156839.99177

		Working capital (WC)		0.25		476539209.997941

		Total capial investment (TCI)				2382696049.98971

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		2.45		976.93		2393.47

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						2622.95

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		1.40		NOK/Sm3		673.91		MSm3/y		943.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		1.40		NOK/Sm3		390.56		MSm3/y		546.79

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		0.00		NOK/tonne		0.314		Mton/y		0.00

		Consumables

		Catalysts		20000.00		NOK/m3y		75.590		m3		1.51

		Total annual cost of raw materials  =										1492.76

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton





Utility Costs

		TOTAL UTILITY COST =		58.418				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45		$/100m3 #		0		100 m3#/y		0.000

		Instrument air		0.90		$/100m3 #				100 m3#/y		0.000

		Electricity

		COMP-1		0.3		NOK/kWh		8936.00		kW		23.16		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.3		NOK/kWh		2453.00		kW		6.36

		PUMP-1		0.3		NOK/kWh		138.70		kW		0.36

		PUMP-2		0.3		NOK/kWh		197.40		kW		0.51

		Recycling Syngas CW		0.3		NOK/kWh		3385.80		kW		8.78		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.3		NOK/kWh		4079.79		kW		10.57		0.47

		Recycling Condenser CW COL-1		0.3		NOK/kWh		14.43		kW		0.04

		Recycling Condenser CW COL-2		0.3		NOK/kWh		3332.77		kW		8.64

		Refrigeration, to temperature

		15 oC		4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

		-20 oC		8.00		$/GJ				GJ/y		0.000

		-50 oC		14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53		$/m3				m3/y						121776.24

		Treatment		0.53		$/m3		0		m3/y		0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water				NOK/ m3				m3/y

		Cooling		0.08		$/ m3				m3/y		0.000

		Process

		General		0.53		$/m3				m3/y		0.000

		Distilled		0.90		$/m3				m3/y		0.000

		#measured at 101.3 kPa and 15°C.





Total operating costs

		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714		106 kg per year

		Fixed Capital Investment, FCI						1906.157		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

		Raw materials												1492.756

		Operating labor												4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

		Utilities												58.418

		Maintenance and repairs						0.06		of FCI		1906.157		114.369

		Operating supplies						0.15		of maintenance & repair		114.369		17.155

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01		of co		2046.277		20.463

		Variable cost =												1709.176

		Taxes (property)						0.02		of FCI		1906.157		38.123

		Financing (interest)						0		of FCI		1906.157		0.000

		Insurance						0.01		of FCI		1906.157		19.062

		Rent						0		of FCI		1906.157		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												57.185

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.689		71.813

		Plant Overhead  =												71.813

		Manufacturing cost  =												1838.174

		Administration						0.2		of labor, supervision and maintenance		119.689		23.938

		Distribution & selling						0.05		of co		2046.277		102.314

		Research & Development						0.04		of co		2046.277		81.851

		General Expense  =												208.103

		TOTAL PRODUCT COST WITHOUT  DEPRECIATION    =   co  =												2046.277

												NOK/y		2046276549.141



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



Fixed capital costs

		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		75		[m3]		3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										1237822.47385786		1460630.51915228		8354806.56955104		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382		[m3]		3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278		[m3]		4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809		[m3]		3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254		[m3]		3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085		[m2]		2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003		[m2]		4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784		[m2]		4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591		[m3]		3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426		[m2]		2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419		[m2]		4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872		[m2]		4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858		[m2]		4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491		[m2]		4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075		[m2]		4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977		[m2]		5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				225797610.146226		1291562330.03641

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1884770389.8122

		For grassrootdesign

		Cgr		1906156839.99177
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Net Cash Flow

Years after Start-Up

Sum (Billion NOK)

0

-2374255136.50516

-2091697641.86379

-1809140147.22242

-1537624107.80676

-1279722997.04587

-1032713829.2088

-794418215.710794

-563093445.684028

-337345350.434259

-116058595.006086

576510115.86584



Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1899404109

						Working Capital						474851027

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1899404109

						Working Capital										-474851027

						Recovery of Working Capital																														474851027.301031

						Annual Sales Income						2383599427						2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427

						Annutal Working Expenses						2101041932						2101041932		2101041932		2101041932		2101041932		2101041932		2101041932		2101041932		2101041932		2101041932		2101041932

						Gross operating Result												282557495		282557495		282557495		282557495		282557495		282557495		282557495		282557495		282557495		282557495

						Avskrivning (velg alternativ)												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Resultat før skatt												-97323327		-21347163		39433769		88058514		126958310		158078147		182974016		202890712		218824069		231570754

						Tax, percentage 28%						28						0		0		11041455		24656384		35548327		44261881		51232725		56809399		61270739		64839811

						Net Profit												-97323327		-21347163		28392313		63402130		91409983		113816266		131741292		146081313		157553329		166730943

						Depreciation												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Net Cash Flow										-1899404109.20		282557495		282557495		271516039		257901111		247009168		238295613		231324770		225748095		221286755		217717684

						Accumulated NCF								0		-2374255136.51		-2091697642		-1809140147		-1537624108		-1279722997		-1032713829		-794418216		-563093446		-337345350		-116058595		576510116

														0		-2.3742551365		-2.0916976419		-1.8091401472		-1.5376241078		-1.279722997		-1.0327138292		-0.7944182157		-0.5630934457		-0.3373453504		-0.116058595		0.5765101159

						Rate of Interest (%)						13.00				1.00		0.88		0.78		0.69		0.61		0.54		0.48		0.43		0.38		0.33		0.29

						Discounted Cash Flow										-1899404109.20413		250050880		221283965		188174235		158175581		134066680		114457798		98327056		84917372		73663005		64137093		-512150444.2

						Internal Interest						13.0

						Net Present Value						-512150444.180394

								ROR		3.0352156925

										670.0207806189

										-512.1504441804
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Net Cash Flow

Years after Start-Up

Sum (Billion NOK)

0

0

0

0

0

0

0

0

0

0
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Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1899404109.20413

		Working capital (WC)		0.25		474851027.301031

		Total capial investment (TCI)				2374255136.50516

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		2.45		879.23		2154.12				2154.1213866423

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						2383.60

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		1.40		NOK/Sm3		673.91		MSm3/y		943.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		1.40		NOK/Sm3		390.56		MSm3/y		546.79

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		160.00		NOK/tonne		0.314		Mton/y		50.28				314265.6

		Consumables

		Catalyst (PREREF)		20000.00		NOK/m3y		37.699		m3		0.75

		Catalyst (STEAMREF)		20000.00		NOK/m3y		14.205		m3		0.28

		Catalyst (REACTOR)		20000.00		NOK/m3y		23.636		m3		0.47

		Total annual cost of raw materials  =										1543.04

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton

		Profitability measurement		At design conditions		Deviation in product prices +10 %				Deviation in raw material prices				Deviation in energy prices				Accounted for 10 % product loss

						10%		-10%		10%		-10%		10%		-10%

		Rate of return, ROR [%]		14.40%		23.47		5.27		8.12		20.68		14.4		14.4		8

		Pay-back period, PBP [year]		4.9		3.5		8		6.6		3.9		4.9		4.9		5.27

		Net present worth, NPW [MNOK]		670.07		1605.13		-275.35		23.1		1316.95		670.03		670.03		-275.35

		Discounted cash flow rate of return, DCFRR [%]		21.7		32.58		9.05		13.32		29.33		21.7		21.7		9.05

		PBP

				4.9				3.5		8				4.9		4.9				5.27						8

				normal conditions				product prices		product prices				raw materials		raw materials				energy prices		energi prices

				4.9		normal conditons		4.9				normal

				3.5		product prices		3.5		8		product price

				8				6.6		3.9		raw materials

								4.9		4.9		energy price

				6.6		raw				5.27		production loss

				3.9		materials

				4.9		energy

				4.9		prices

				5.27		product loss





Operating Costs

		1		1		1		1		1





Utility Costs

		0

		0

		0

		0

		0

		0

		0

		0





Total operating costs

		0		0		0		0		0		0		0		0		0		0		0		0



normal conditions

+10% MeOH price

-10% MeOH price

+10% in energy price

-10 % in energy price



Fixed capital costs

		0		0

		0		0

		0		0

		0		0

		0		0



10 %

-10 %



		TOTAL UTILITY COST =		58.418				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45		$/100m3 #		0		100 m3#/y		0.000

		Instrument air		0.90		$/100m3 #				100 m3#/y		0.000

		Electricity

		COMP-1		0.3		NOK/kWh		8936.00		kW		23.16		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.3		NOK/kWh		2453.00		kW		6.36

		PUMP-1		0.3		NOK/kWh		138.70		kW		0.36

		PUMP-2		0.3		NOK/kWh		197.40		kW		0.51

		Recycling Syngas CW		0.3		NOK/kWh		3385.80		kW		8.78		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.3		NOK/kWh		4079.79		kW		10.57		0.47

		Recycling Condenser CW COL-1		0.3		NOK/kWh		14.43		kW		0.04

		Recycling Condenser CW COL-2		0.3		NOK/kWh		3332.77		kW		8.64

		Refrigeration, to temperature

		15 oC		4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

		-20 oC		8.00		$/GJ				GJ/y		0.000

		-50 oC		14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53		$/m3				m3/y						121776.24

		Treatment		0.53		$/m3		0		m3/y		0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water				NOK/ m3				m3/y

		Cooling		0.08		$/ m3				m3/y		0.000

		Process

		General		0.53		$/m3				m3/y		0.000

		Distilled		0.90		$/m3				m3/y		0.000

		#measured at 101.3 kPa and 15°C.





		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714		106 kg per year

		Fixed Capital Investment, FCI						1899.404		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

		Raw materials												1543.038

		Operating labor												4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

		Utilities												58.418

		Maintenance and repairs						0.06		of FCI		1899.404		113.964

		Operating supplies						0.15		of maintenance & repair		113.964		17.095

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01		of co		2101.042		21.010

		Variable cost =												1759.539

		Taxes (property)						0.02		of FCI		1899.404		37.988

		Financing (interest)						0		of FCI		1899.404		0.000

		Insurance						0.01		of FCI		1899.404		18.994

		Rent						0		of FCI		1899.404		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												56.982

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.284		71.570

		Plant Overhead  =												71.570

		Manufacturing cost  =												1888.091

		Administration						0.2		of labor, supervision and maintenance		119.284		23.857

		Distribution & selling						0.05		of co		2101.042		105.052

		Research & Development						0.04		of co		2101.042		84.042

		General Expense  =												212.951

		TOTAL PRODUCT COST WITHOUT  DEPRECIATION    =   co  =												2101.042

												NOK/y		2101041932.001



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		27.5		[m3]		3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										552242.190196981		651645.784432438		3727413.88695355		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382		[m3]		3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278		[m3]		4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809		[m3]		3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254		[m3]		3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085		[m2]		2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003		[m2]		4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784		[m2]		4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591		[m3]		3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426		[m2]		2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419		[m2]		4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872		[m2]		4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858		[m2]		4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491		[m2]		4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075		[m2]		4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977		[m2]		5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				224988625.411506		1286934937.35381

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1878017659.02456

		For grassrootdesign

		Cgr		1899404109.20413
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Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1899404109

						Working Capital						474851027

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1899404109

						Working Capital										-474851027

						Recovery of Working Capital																														474851027.301031

						Annual Sales Income						2622946247						2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247		2622946247

						Annutal Working Expenses						2045172492						2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492

						Gross operating Result												577773755		577773755		577773755		577773755		577773755		577773755		577773755		577773755		577773755		577773755

						Avskrivning (velg alternativ)												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Resultat før skatt												197892934		273869098		334650029		383274775		422174571		453294408		478190277		498106973		514040329		526787015

						Tax, percentage 28%						28						55410021		76683347		93702008		107316937		118208880		126922434		133893278		139469952		143931292		147500364

						Net Profit												142482912		197185750		240948021		275957838		303965691		326371974		344297000		358637020		370109037		379286650

						Depreciation												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Net Cash Flow										-1899404109.20		522363734		501090408		484071747		470456818		459564876		450851321		443880478		438303803		433842463		430273391

						Accumulated NCF								0		-2374255136.51		-1851891403		-1350800995		-866729247		-396272429		63292447		514143768		958024246		1396328049		1830170512		2735294930

														0		-2.3742551365		-1.8518914025		-1.3508009946		-0.8667292474		-0.3962724289		0.0632924467		0.5141437679		0.9580242456		1.3963280486		1.8301705118		2.7352949304

						Rate of Interest (%)						13.00				1.00		0.88		0.78		0.69		0.61		0.54		0.48		0.43		0.38		0.33		0.29

						Discounted Cash Flow										-1899404109.20413		462268791		392427291		335486003		288539977		249433402		216552243		188676122		164872298		144419576		126753528		670025121.6

						Internal Interest						13.0

						Net Present Value						670025121.613676

								ROR		14.4008055849

										670.0207806189

										670.0251216137





Evaluation

		



Net Cash Flow

Years after Start-Up

Sum (Billion NOK)



Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1899404109.20413

		Working capital (WC)		0.25		474851027.301031

		Total capial investment (TCI)				2374255136.50516

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		2.45		976.93		2393.47				2393.4682073803

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						2622.95

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		1.40		NOK/Sm3		673.91		MSm3/y		943.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		1.40		NOK/Sm3		390.56		MSm3/y		546.79

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		0.00		NOK/tonne		0.314		Mton/y		0.00				314265.6

		Consumables

		Catalyst (PREREF)		20000.00		NOK/m3y		37.699		m3		0.75

		Catalyst (STEAMREF)		20000.00		NOK/m3y		14.205		m3		0.28

		Catalyst (REACTOR)		20000.00		NOK/m3y		23.636		m3		0.47

		Total annual cost of raw materials  =										1492.76

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton

		Profitability measurement		At design conditions		Deviation in product prices +10 %				Deviation in raw material prices				Deviation in energy prices				Accounted for 10 % product loss

						10%		-10%		10%		-10%		10%		-10%

				14.40%		23.47		5.27		8.12		20.68		14.4		14.4		8

				4.9		3.5		8		6.6		3.9		4.9		4.9		5.27

				670.07		1605.13		-275.35		23.1		1316.95		670.03		670.03		-275.35

				21.7		32.58		9.05		13.32		29.33		21.7		21.7		9.05

		PBP

				4.9				3.5		8				4.9		4.9				5.27						8

				normal conditions				product prices		product prices				raw materials		raw materials				energy prices		energi prices

				4.9		normal conditons		4.9				normal

				3.5		product prices		3.5		8		product price

				8				6.6		3.9		raw materials

								4.9		4.9		energy price

				6.6		raw				5.27		production loss

				3.9		materials				9.2		CO2-expances

				4.9		energy

				4.9		prices

				5.27		product loss





Operating Costs

		1		1		1		1		1





Utility Costs

		





Total operating costs

		



normal conditions

+10% MeOH price

-10% MeOH price

+10% in energy price

-10 % in energy price



Fixed capital costs

		



10 %

-10 %



		



10 %

-10 %

Pay-back time [year]



		TOTAL UTILITY COST =		58.418				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45				0				0.000

		Instrument air		0.90								0.000

		Electricity

		COMP-1		0.3		NOK/kWh		8936.00		kW		23.16		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.3		NOK/kWh		2453.00		kW		6.36

		PUMP-1		0.3		NOK/kWh		138.70		kW		0.36

		PUMP-2		0.3		NOK/kWh		197.40		kW		0.51

		Recycling Syngas CW		0.3		NOK/kWh		3385.80		kW		8.78		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.3		NOK/kWh		4079.79		kW		10.57		0.47

		Recycling Condenser CW COL-1		0.3		NOK/kWh		14.43		kW		0.04

		Recycling Condenser CW COL-2		0.3		NOK/kWh		3332.77		kW		8.64

		Refrigeration, to temperature

				4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

				8.00		$/GJ				GJ/y		0.000

				14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53												121776.24

		Treatment		0.53				0				0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water

		Cooling		0.08								0.000

		Process

		General		0.53								0.000

		Distilled		0.90								0.000





		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714

		Fixed Capital Investment, FCI						1899.404		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

														1492.755

														4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

														58.418

		Maintenance and repairs						0.06		of FCI		1899.404		113.964

		Operating supplies						0.15		of maintenance & repair		113.964		17.095

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01				2045.172		20.452

		Variable cost =												1708.698

		Taxes (property)						0.02		of FCI		1899.404		37.988

		Financing (interest)						0		of FCI		1899.404		0.000

		Insurance						0.01		of FCI		1899.404		18.994

		Rent						0		of FCI		1899.404		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												56.982

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.284		71.570

		Plant Overhead  =												71.570

		Manufacturing cost  =												1837.250

		Administration						0.2		of labor, supervision and maintenance		119.284		23.857

		Distribution & selling						0.05				2045.172		102.259

		Research & Development						0.04				2045.172		81.807

														207.922

														2045.172

												NOK/y		2045172492.001



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		27.5				3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										552242.190196981		651645.784432438		3727413.88695355		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382				3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278				4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809				3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254				3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085				2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003				4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784				4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591				3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426				2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419				4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872				4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858				4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491				4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075				4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977				5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667				4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667				4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667				4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				224988625.411506		1286934937.35381

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1878017659.02456

		For grassrootdesign

		Cgr		1899404109.20413
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Net Cash Flow

Years after Start-Up

Sum (Billion NOK)

0

-2374255136.50516

-2035828201.86379
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-531441586.11803

-259890819.291264

6083272.75850528

267596024.986678

1000390732.65861



Evaluation

		

										Year --->		Data		-1		0		1		2		3		4		5		6		7		8		9		10

						Fixed Capital Investment						1899404109

						Working Capital						474851027

						Alt 1: Fast avskrivningssats, 10 %						0		Ved fast avskrivningssats settes denne til 10, saldoavskrivningssatsen til 0

						Alt 2: Depreciation 20 %						20		Ved saldo avskrivning  settes denne til 20 , fastsatsen til 0.

						Avskrivningsfaktor,saldoavskrivning												0.2		0.1600		0.1280		0.1024		0.0819		0.0655		0.0524		0.0419		0.0336		0.0268

						Fixed Capital Investment										-1899404109

						Working Capital										-474851027

						Recovery of Working Capital																														474851027.301031

						Annual Sales Income						2383599427						2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427		2383599427

						Annutal Working Expenses						2045172492						2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492		2045172492

						Gross operating Result												338426935		338426935		338426935		338426935		338426935		338426935		338426935		338426935		338426935		338426935

						Avskrivning (velg alternativ)												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Resultat før skatt												-41453887		34522277		95303209		143927954		182827750		213947587		238843456		258760152		274693509		287440194

						Tax, percentage 28%						28						0		9666238		26684898		40299827		51191770		59905324		66876168		72452843		76914182		80483254

						Net Profit												-41453887		24856040		68618310		103628127		131635980		154042263		171967289		186307310		197779326		206956940

						Depreciation												379880822		303904657		243123726		194498981		155599185		124479348		99583478		79666783		63733426		50986741

						Net Cash Flow										-1899404109.20		338426935		328760697		311742036		298127108		287235165		278521610		271550767		265974092		261512752		257943680

						Accumulated NCF								0		-2374255136.51		-2035828202		-1707067505		-1395325469		-1097198361		-809963196		-531441586		-259890819		6083273		267596025		1000390733

														0		-2.3742551365		-2.0358282019		-1.7070675048		-1.3953254686		-1.0971983611		-0.8099631964		-0.5314415861		-0.2598908193		0.0060832728		0.267596025		1.0003907327

						Rate of Interest (%)						13.00				1.00		0.88		0.78		0.69		0.61		0.54		0.48		0.43		0.38		0.33		0.29

						Discounted Cash Flow										-1899404109.20413		299492863		257467850		216052869		182846938		155899740		133779090		115425544		100048778		87053629		75987203		-275349607.7

						Internal Interest						13.0

						Net Present Value						-275349607.700628

								ROR		5.2668662125

										670.0207806189

										-275.3496077006
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Capital Investment

		TOTAL CAPITAL COSTS

		Cost				MNOK

		Fixed capital investment (FCI)				1899404109.20413

		Working capital (WC)		0.25		474851027.301031

		Total capial investment (TCI)				2374255136.50516

																						1592.1952985574

																						398.0488246393

																						1990.2441231968





Operating Costs

		ANNUAL RAW MATERIAL COSTS AND PRODUCTS VALUES

		Products, Coproducts and Byproducts

		Name of Material		Price, NOK/kg		Annual Amount, million kg/y		Annual value of product, MNOK/y

		Methanol		2.45		879.23		2154.12				2154.1213866423

		HP Steam		0.167		1374.12		229.48

		Total annual  value of products =						2383.60

		Name of Material		Price		Unit		Annual Amount		Unit		Annual raw materials cost, MNOK/y

																Source: Tjeldbergodden

		Raw materials

		Natural Gas, feed		1.40		NOK/Sm3		673.91		MSm3/y		943.48				Source: Design txt Book (NOK/ton and Mton/y)

		Natural Gas, combustion		1.40		NOK/Sm3		390.56		MSm3/y		546.79

		Raw water		2.50		NOK/tonne		0.389		Mton/y		0.97

		Air		0		NOK/tonne		4.617		Mton/y		0.00

		CO2 expenses

		CO2		0.00		NOK/tonne		0.314		Mton/y		0.00

		Consumables

		Catalyst (PREREF)		20000.00		NOK/m3y		37.699		m3		0.75

		Catalyst (STEAMREF)		20000.00		NOK/m3y		14.205		m3		0.28

		Catalyst (REACTOR)		20000.00		NOK/m3y		23.636		m3		0.47

		Total annual cost of raw materials  =										1492.76

		ANNUAL OPERATING LABOR COSTS

		Operating Labor

		Number of operators per shift*		Shifts per day**		Operator rate, NOK/year		Annual operating labor cost, MNOK/y

		3.084		5		300000		4.626				Source: Turton

		Profitability measurement		At design conditions		Deviation in product prices +10 %				Deviation in raw material prices				Deviation in energy prices				Accounted for 10 % product loss

						10%		-10%		10%		-10%		10%		-10%

		Rate of return, ROR [%]		14.40%		23.47		5.27		8.12		20.68		14.4		14.4		8

		Pay-back period, PBP [year]		4.9		3.5		8		6.6		3.9		4.9		4.9		5.27

		Net present worth, NPW [MNOK]		670.07		1605.13		-275.35		23.1		1316.95		670.03		670.03		-275.35

		Discounted cash flow rate of return, DCFRR [%]		21.7		32.58		9.05		13.32		29.33		21.7		21.7		9.05

		PBP

				4.9				3.5		8				4.9		4.9				5.27						8

				normal conditions				product prices		product prices				raw materials		raw materials				energy prices		energi prices

				4.9		normal conditons		4.9				normal

				3.5		product prices		3.5		8		product price

				8				6.6		3.9		raw materials

								4.9		4.9		energy price

				6.6		raw				5.27		production loss

				3.9		materials

				4.9		energy

				4.9		prices

				5.27		product loss





Operating Costs

		1		1		1		1		1





Utility Costs

		0
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		0

		0

		0
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Total operating costs

		0		0		0		0		0		0		0		0		0		0		0		0



normal conditions

+10% MeOH price

-10% MeOH price

+10% in energy price

-10 % in energy price



Fixed capital costs

		0		0

		0		0

		0		0

		0		0

		0		0



10 %

-10 %



		TOTAL UTILITY COST =		120.731				MNOK/y

		Utility		Default unit cost		Default cost units		Annual utility requirement, in appropriate units		Default units of utility requirement		Annual utility cost, MNOK/y

		Air, compressed

		Process air		0.45		$/100m3 #		0		100 m3#/y		0.000

		Instrument air		0.90		$/100m3 #				100 m3#/y		0.000

		Electricity

		COMP-1		0.62		NOK/kWh		8936.00		kW		47.87		NB: Spør Tjeldbergodden om strømpris

		COMP-2		0.62		NOK/kWh		2453.00		kW		13.14

		PUMP-1		0.62		NOK/kWh		138.70		kW		0.74

		PUMP-2		0.62		NOK/kWh		197.40		kW		1.06

		Recycling Syngas CW		0.62		NOK/kWh		3385.80		kW		18.14		pumping cost ~1,5 kwh pr 1000gal(3,16m^3?)				Source : Process Design

		Recycling Methanol CW		0.62		NOK/kWh		4079.79		kW		21.85		0.47

		Recycling Condenser CW COL-1		0.62		NOK/kWh		14.43		kW		0.08

		Recycling Condenser CW COL-2		0.62		NOK/kWh		3332.77		kW		17.85

		Refrigeration, to temperature

		15 oC		4.00		$/GJ				GJ/y		0.000		5000.15422750874

		5 °C		5.00		$/GJ				GJ/y		0.000		1890.49023685534

		-20 oC		8.00		$/GJ				GJ/y		0.000

		-50 oC		14.00		$/GJ				GJ/y		0.000

		Steam, saturated														36898.01

		3550 kPa		8.00		$/1000 kg				1000 kg/y		0.000

		790 kPa		6.00		$/1000 kg				1000 kg/y		0.000

		Exhaust (150 kPa)		2.00		$/1000 kg				1000 kg/y		0.000

		Waste water

		Disposal		0.53		$/m3				m3/y						121776.24

		Treatment		0.53		$/m3		0		m3/y		0

		Waste disposal

		Hazardous		145.00		$/1000 kg				1000 kg/y		0.000

		Non-hazardous		36.00		$/1000 kg				1000 kg/y		0.000

		Water

		Syngas Cooling Water				NOK/ m3				m3/y

		Cooling		0.08		$/ m3				m3/y		0.000

		Process

		General		0.53		$/m3				m3/y		0.000

		Distilled		0.90		$/m3				m3/y		0.000

		#measured at 101.3 kPa and 15°C.





		ANNUAL TOTAL PRODUCT COST AT 100% CAPACITY

		Capacity						2.714		106 kg per year

		Fixed Capital Investment, FCI						1899.404		MNOK

		Item						Factor		Basis		Basis cost, million NOK/y		Cost, million NOK/y

		Raw materials												1492.755

		Operating labor												4.626

		Operating supervision						0.15		of operating labor		4.626		0.694

		Utilities												58.418

		Maintenance and repairs						0.06		of FCI		1899.404		113.964

		Operating supplies						0.15		of maintenance & repair		113.964		17.095

		Laboratory charges						0.15		of operating labor		4.626		0.694

		Royalties						0.01		of co		2045.172		20.452

		Variable cost =												1708.698

		Taxes (property)						0.02		of FCI		1899.404		37.988

		Financing (interest)						0		of FCI		1899.404		0.000

		Insurance						0.01		of FCI		1899.404		18.994

		Rent						0		of FCI		1899.404		0.000

		Depreciation						Calculated separately

		Fixed Charges  =												56.982

		Plant overhead, general						0.6		of labor, supervision and maintenance		119.284		71.570

		Plant Overhead  =												71.570

		Manufacturing cost  =												1837.250

		Administration						0.2		of labor, supervision and maintenance		119.284		23.857

		Distribution & selling						0.05		of co		2045.172		102.259

		Research & Development						0.04		of co		2045.172		81.807

		General Expense  =												207.922

		TOTAL PRODUCT COST WITHOUT  DEPRECIATION    =   co  =												2045.172

												NOK/y		2045172492.001



Calculated by summing all of the  terms above that do not depend on co  then dividing that sum by the fraction of co represented by all the summed terms, that is (1-d19-d20-d32-d33).



		FIXED CAPITAL INVESTMENT BASED ON BARE MODULE FACTORS						Equipment factors																Pressure factors																		Material factors																Calculated cost				1$ = 5,72 NOK

		Equipment		Equipment type		Material		A		Unit of A		K1		K2		K3		logC0		C0		Equipment		P		D		C1		C2		C3		log Fp		Fp				Equipment		Fm		B1		B2		Fbm		Ft		N		logFg		Fq		Cbm [$]		CT [$]		CT [NOK]		% of Cbm

		Steam Reformer		Reformer furnance		SS		414226.366426506		[kW]		3.068		0.6597		0.0194		7.3858269171		24312348.7606663		Steam Reformer		29				0.1405		-0.2698		0.1293		0.0224670222		1.0530937182				Steam Reformer								2.8		1.233625								83978499.4716555		99094629.3765535		566821280.033886		0.4388648282

		Prereformer		Process vessel vertical		CS		27.5		[m3]		3.494		0.4485		0.1074		4.7125677759		51590.2670404778		Prereformer		29		4										11.9468864469				Prereformer		1		2.25		1.82		23.9933333333										552242.190196981		651645.784432438		3727413.88695355		0.0064687599

		Separator (SEP-1)		Process vessel vertical		CS-Ni-alloy clad		29.4924106382		[m3]		3.494		0.4485		0.1074		4.3851542428		24274.7207607441		Separator (SEP-1)		29		6										17.6703296703				Separator (SEP-1)		3.6		2.25		1.82		118.026										2865048.19250758		3380756.86715895		19337929.2801492		0.0149725095

		Methanol reactor		fixed tubes		CS		4750.0880922278		[m3]		4.3247		-0.303		0.1634		5.4195226753		262737.870295762		Methanol reactor		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Methanol reactor		1		1.63		1.66		3.635247968										955117.309102738		1127038.42474123		6446659.78951984		0.0049913656

		Separator (SEP-2)		Process vessel vertical		CS		232.9040234809		[m3]		3.497		0.4485		0.1074		5.1604976704		144709.709067825		Separator (SEP-2)		49		6										29.5360046458				Separator (SEP-2)		1		2.25		1.82		56.0055284553										8104543.72895402		9563361.60016574		54702428.352948		0.0423536883

		Column (COL-1)		tower		SS		4.4941074254		[m3]		3.497		0.4485		0.1074		3.835456916		6846.3156107699		Column (COL-1)		0		1.4										0.6308112916				Column (COL-1)		3.15		2.25		1.82		5.8664411349										40163.5075216569		47392.9388755552		271087.610368175		0.0002098912

		Trays		Sieve		SS		1.4980358085		[m2]		2.9949		0.4465		0.3961		3.0854737249		1217.513330274		Trays		0										0		1				Trays								1.8				10		0.21496		1.6404386763		35950.6072050897		42421.7165020059		242652.218391474		0.000187875

		Reboiler (COL-1)		Kettle reboiler		SS		98.7747936003		[m2]		4.4646		-0.5277		0.3955		4.9855667523		96731.2393978886		Reboiler (COL-1)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-1)		2.65		1.63		1.66		6.4402091708										622969.415073468		735103.909786693		4204794.36397988		0.0032555876

		Condenser (COL-1)		fixed-tube		CS/SS		163.1174785784		[m2]		4.3247		-0.303		0.1634		4.4541812411		28456.4841447888		Condenser (COL-1)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-1)		1.8		1.63		1.66		5.9249417735										168603.011636992		198951.553731651		1138002.88734504		0.0008811057

		Column (COL-2)		tower		SS		901.5963354591		[m3]		3.4974		0.4485		0.1074		5.7605501331		576169.325310951		Column (COL-2)		0		7.1										1.1634001218				Column (COL-2)		3.15		2.25		1.82		8.9197728985										5139299.53286521		6064373.44878095		34688216.127027		0.0268575626

		Trays		Sieve		SS		40.0709482426		[m2]		2.9949		0.4465		0.3961		4.7281691963		53477.2660296884		Trays		0										0		1				Trays								1.8				45				1		4331658.54840476		5111357.08711762		29236962.5383128		0.0226368963

		Reboiler (COL-2)		Kettle reboiler		SS		472.9886333419		[m2]		4.4646		-0.5277		0.3955		5.8828150808		763510.61751803		Reboiler (COL-2)		1				0.03881		-0.11272		0.08183		0.03881		1.0934778747				Reboiler (COL-2)		2.65		1.63		1.66		6.4402091708										4917168.08094544		5802258.33551562		33188917.6791493		0.0256967216

		Condenser (COL-2)		fixed-tube		CS/SS		7507.9839776872		[m2]		4.3247		-0.303		0.1634		5.6046323266		402376.238645218		Condenser (COL-2)		0.2				0.03881		-0.11272		0.08183		0.1575766873		1.4373968452				Condenser (COL-2)		1.8		1.63		1.66		5.9249417735										2384055.78502124		2813185.82632506		16091422.9265794		0.0124588822

		Expander (EXP-1)		axial gas turbine		CS		1239		[kW]		2.7051		1.4398		-0.1776		5.459388864		287997.596958265		Expander (EXP-1)		69				0		0		0		0		1				Expander (EXP-1)		1						3.5										1007991.58935393		1189430.07543763		6803540.03150326		0.0052676823

		Compressor (COMP-1)		Centrifugal		CS		6843		[kW]		2.2897		1.3604		-0.1027		5.9965431775		992071.965987967		Compressor (COMP-1)		49				0		0		0		0		1				Compressor (COMP-1)		1						2.8										2777801.50476631		3277805.77562424		18749049.0365707		0.0145165654

		Driver for (COMP-1)																				Driver for (COMP-1)																		Driver for (COMP-1)								1.5										1488107.94898195		1755967.3797987		10044133.4124486		0.0077767315

		Compressor (COMP-2)		Centrifugal		CS		1214		[kW]		2.2897		1.3604		-0.1027		5.5085471174		322512.920067767		Compressor (COMP-2)		49				0		0		0		0		1				Compressor (COMP-2)		1						2.8										903036.176189746		1065582.6879039		6095132.97481031		0.0047191938

		driver for (COMP-2)																				driver for (COMP-2)																		driver for (COMP-2)								1.5										483769.38010165		570847.868519947		3265249.8079341		0.0025281396

		Valve (VLV-100)		relief valve		CS														1		Valve (VLV-100)																		Valve (VLV-100)								0										25502.4		30092.832		172130.99904		0.0001332735

		Heat exchanger (HE-4)		U-tube		CS/Ni-alloy		1321.3634781858		[m2]		4.1884		-0.2503		0.1979		5.3349085183		216226.300711619		Heat exchanger (HE-4)		29				0.03881		-0.11272		0.08183		0.0489707825		1.1193625749				Heat exchanger (HE-4)		2.68		1.63		1.66		6.6098202232										1429216.97523287		1686476.03077479		9646642.89603178		0.007468972

		Heat exchanger (HE-5)		flat plate		CS/CS		13086.9558823491		[m2]		4.6656		-0.1557		0.1547		6.6465195739		4431181.85637026		Heat exchanger (HE-5)		49										0		1				Heat exchanger (HE-5)		1		0.96		1.21		2.17										9615664.62832347		11346484.2614217		64901889.9753321		0.0502506836

		Heat excahanger (HE-6)		U-tube		CS/Ni-alloy		2933.8631965075		[m2]		4.1884		-0.2503		0.1979		5.6998790464		501047.669444068		Heat excahanger (HE-6)		49				0.03881		-0.11272		0.08183		0.0820599969		1.2079807036				Heat excahanger (HE-6)		2.68		1.63		1.66		7.0040645542										3509370.22150414		4141056.86137488		23686845.2470643		0.0183396842

		Pump-1		Centrifugal		CS		138.6847495396		[kW]		3.3892		0.0536		0.1538		4.2096912761		16206.5762228553		Pump-1		29				-0.3935		0.3957		-0.00226		0.1803376339		1.5147383951				Pump-1		2.27		1.89		1.35		6.5319158117										105859.991483902		124914.789951005		714512.598519748		0.0005532157

		Pump-2		Centrifugal		CS		197.365874734		[kW]		3.3892		0.0536		0.1538		4.3224871002		21012.9535373747		Pump-2		39				-0.3935		0.3957		-0.00226		0.2303631053		1.6996641153				Pump-2		2.27		1.89		1.35		7.0986206812										149162.986554493		176012.324134302		1006790.4940482		0.0007795137

		Pump Recycling Syngas CW		Centrifugal		CS		3385.8031859244		[kW]		3.3892		0.0536		0.1538		5.4945089797		312254.696909118		Pump Recycling Syngas CW		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Syngas CW		2.27		1.89		1.35		3.1283962427										976856.420574848		1152690.57627832		6593390.09631199		0.0051049724

		Pump Recycling Methanol CW		Centrifugal		CS		4079.7919512291		[kW]		3.3892		0.0536		0.1538		5.5877757172		387057.704968223		Pump Recycling Methanol CW		49				-0.3935		0.3957		-0.00226		0.268854305		1.8571813123				Pump Recycling Methanol CW		2.27		1.89		1.35		7.5813321314										2934413.01539975		3462607.3581717		19806114.0887421		0.0153350045

		Pump Recycling Cond CW COL-1		Centrifugal		CS		14.4337		[kW]		3.3892		0.0536		0.1538		3.6580739272		4550.6551645074		Pump Recycling Cond CW COL-1		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-1		2.27		1.89		1.35		3.1283962427										14236.2525184529		16798.7779717744		96089.0099985498		0.0000743975

		Pump Recycling Cond CW COL-2		Centrifugal		CS		3332.77		[kW]		3.3892		0.0536		0.1538		5.4867045879		306693.511404335		Pump Recycling Cond CW COL-2		1				-0.3935		0.3957		-0.00226		-0.3935		0.4041103745				Pump Recycling Cond CW COL-2		2.27		1.89		1.35		3.1283962427										959458.828736745		1132161.41790936		6475963.31044153		0.005014054

		Expander (K100)		axial gas turbine		CS		1706.4168236513		[kW]		2.7051		1.4398		-0.1776		5.503380095		318698.555476552		Expander (K100)		69										0		1				Expander (K100)								2.2										318698.555476552		376064.295462331		2151087.77004453		0.0016654928

		Evaporator (E-105)		forced circulation		Ni/Ni		893.8791985977		[m2]		5.0238		0.3475		0.0703		6.6616856794		4588657.88592163		Evaporator (E-105)		29				0.1578		-0.2992		0.1413		0.0224358159		1.0530180508				Evaporator (E-105)								9.63										46531578.1814669		54907262.254131		314069540.093629		0.2431702542

		Storage tank 1		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 1		0				0		0		0		0		1				Storage tank 1		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 2		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 2		0										0		1				Storage tank 2		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		Storage tank 3		API-floating roof		CS		36666.6666666667		[m2]		4.85		-0.3973		0.1445		6.046921859		1114094.06072132		Storage tank 3		0												1				Storage tank 3		1																1114094.06072132		1314630.99165115		7519689.27224459		0.0058221652

		PS! The equipment in italics are not included in the UNISIM-file, but are neede to run the plant																Sum C0		42772900.3591272																																				Total fixed costs =				224988625.411506		1286934937.35381

		Calulating into 2008 money

		Annual index 2001		394.3

		Annual index 2008		575.4

				NOK

		CT		1878017659.02456

		For grassrootdesign

		Cgr		1899404109.20413
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		4rd quarter 09		223		1st quarter 00		128												y = 2.6138x + 183.57						1 euro =		8.5		NOK

		3rd quarter 09		163		2nd quarter 00		142														Euro/ton						2683		ton/day

		2nd quarter 09		146.5		3rd quarter 00		210												0		183.57				NOK/ton		MNOK/year

		1st quarter 09		159		4th quarter 00		255												40		288.122		ÅR 0		2449.037		2398.33

		4th quarter 08		295		1st quarter 01		255												50		314.26		ÅR 1		2671.21		2615.90

		3rd quarter 08		295		2nd quarter 01		255												60		340.398		ÅR 2		2893.383		2833.48				2.449037

		2nd quarter 08		295		3rd quarter 01		220												70		366.536		ÅR 3		3115.556		3051.05

		1st quarter 08		490		4th quarter 01		150												80		392.674		ÅR 4		3337.729		3268.62

		4th quarter 07		380		1st quarter 02		125												90		418.812		ÅR 5		3559.902		3486.19

		3rd quarter 07		218		2nd quarter 02		145												100		444.95		ÅR 6		3782.075		3703.77

		2nd quarter 07		250		3rd quarter 02		208												110		471.088		ÅR 7		4004.248		3921.34

		1st quarter 07		420		4th quarter 02		208												120		497.226		ÅR 8		4226.421		4138.91

		4th quarter 06		395		1st quarter 03		228												130		523.364		ÅR 9		4448.594		4356.49

		3rd quarter 06		250		2nd quarter 03		260												140		549.502		ÅR 10		4670.767		4574.06

		2nd quarter 06		285		3rd quarter 03		225												150		575.64		ÅR 11		4892.94		4791.63

		1st quarter 06		268		4th quarter 03		190												160		601.778		ÅR 12		5115.113		5009.20

		4th quarter 05		220		1st quarter 04		190												170		627.916		ÅR 13		5337.286		5226.78

		3rd quarter 05		220		2nd quarter 04		200												180		654.054		ÅR 14		5559.459		5444.35

		2nd quarter 05		230		3rd quarter 04		230												190		680.192		ÅR 15		5781.632		5661.92

		1st quarter 05		230		4th quarter 04		230												200		706.33		ÅR 16		6003.805		5879.50

		4th quarter 04		230		1st quarter 05		230												210		732.468		ÅR 17		6225.978		6097.07

		3rd quarter 04		230		2nd quarter 05		230												220		758.606		ÅR 18		6448.151		6314.64

		2nd quarter 04		200		3rd quarter 05		220												230		784.744		ÅR 19		6670.324		6532.21

		1st quarter 04		190		4th quarter 05		220												240		810.882		ÅR 20		6892.497		6749.79

		4th quarter 03		190		1st quarter 06		268

		3rd quarter 03		225		2nd quarter 06		285																		Total earnings		96055.23

		2nd quarter 03		260		3rd quarter 06		250																		Average/year		4802.76		MNOK/year

		1st quarter 03		228		4th quarter 06		395

		4th quarter 02		208		1st quarter 07		420

		3rd quarter 02		208		2nd quarter 07		250

		2nd quarter 02		145		3rd quarter 07		218

		1st quarter 02		125		4th quarter 07		380

		4th quarter 01		150		1st quarter 08		490

		3rd quarter 01		220		2nd quarter 08		295

		2nd quarter 01		255		3rd quarter 08		295

		1st quarter 01		255		4th quarter 08		295

		4th quarter 00		255		1st quarter 09		159

		3rd quarter 00		210		2nd quarter 09		146.5

		2nd quarter 00		142		3rd quarter 09		163

		1st quarter 00		128		4rd quarter 09		223

		Source:		http://www.ineosparaform.com/55-Methanol_price.htm
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		2009

		3Q		1.16						1.16		0		1.26

		2Q		1.32						1.32		1		1.27

		1Q    		1.9						1.9		2		1.4

		2008								2.32		3		1.48								m3

		4Q		2.32						1.86		4		1.38

		3Q		1.86						1.73		5		1.25

		2Q		1.73						1.55		6		1.35

		1Q		1.55						1.53		7		1.53

		2007								1.35		8		1.55

		4Q		1.53						1,25 		9		1.73

		3Q		1.35						1.38		10		1.86

		2Q		1,25 						1.48		11		2.32
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				Pinch analysis

				Stream		Flow rate		Flow rate		Cp(avg)		mCp		Ts		Tt		ΔT		Heat Load

				#		(kg/h)		(kg/s)		(kJ/kg°C)		kW/°C		°C		°C		°C		MW																400070332.075864		kJ/h

		C1		Natural Gas		54759.44		15.21		3.047		46.34		-0.26		455		455.26		21.10																111.1306477989		MW

		C2		Methane from PR		186269.75		51.74		2.744		141.96		448.25		650		201.75		28.64

		C3		Rector feed		1031360.08		286.49		2.648		758.48		41.32		260		220.84		167.50

		H1		Syngas		186272.30		51.74		3.440		178.00		1000		30		970.00		172.66

		H2		Methanol		985332.79		273.70		2.677		732.76		260		30		230.00		168.53

				Temperature intervals (Heating curve)

																		Heating Curve

				T1 (°C)		T2 (°C)		ΔT (°C)		Total mCp (kW/°C)		ΔQ  (MW)		Streams heated				Q (MW)		T (°C)

				-0.26		41.32		41.58		46.342		1.93		C1 is heated				66.85		-0.26

				41.32		260.00		218.68		804.822		176.00		C1 and C3 are heated				68.78		41.32

				260		448.25		188.25		46.342		8.72		C1 is heated				244.77		260.00

				448.25		455.00		6.75		188.304		1.27		C1 and C2 are heated				253.50		448.25

				455		650		195.00		141.96		27.68		C2 is heated				254.77		455.00

										Total ΔQ  (MW)		215.60						282.45		650.00

																								slope		5.6180928595

				Temperature intervals (Cooling curve)																				T		670

																		Cooling Curve						Tmin		20.00

				T1 (°C)		T2 (°C)		ΔT  (°C)		Total mCp (kW/°C)		ΔQ  (MW)		Streams cooled				Q (MW)		T (°C)

				1000		260		740.00		178.00		131.72		H1 is cooled				0		30.0

				260		30.0		230.00		910.76		209.47		H1 and H2 are cooled				209.47		260.0

										Total ΔQ  (MW)		341.19						341.19		1000.0
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Composite Curves

				Pinch analysis

				Stream		Flow rate		Flow rate		Cp(avg)		mCp		Ts		Tt		ΔT		Heat Load

				#		(kg/h)		(kg/s)		(kJ/kg°C)		kW/°C		°C		°C		°C		MW																400070332.075864		kJ/h

		C1		Natural Gas		54759.44		15.21		3.047		46.34		-0.26		455		455.26		21.10																111.1306477989		MW

		C2		Methane from PR		186269.75		51.74		2.744		141.96		448.25		650		201.75		28.64

		C3		Rector feed		1031360.08		286.49		2.648		758.48		41.32		260		218.68		165.86

		H1		Syngas		186272.30		51.74		3.440		178.00		1000		30		970.00		172.66

		H2		Methanol		985332.79		273.70		2.677		732.76		260		30		230.00		168.53

				Temperature intervals (Heating curve)

																		Heating Curve

				T1 (°C)		T2 (°C)		ΔT (°C)		Total mCp (kW/°C)		ΔQ  (MW)		Streams heated				Q (MW)		T (°C)

				-0.26		41.32		41.58		46.342		1.93		C1 is heated				66.85		-0.26

				41.32		260.00		218.68		804.822		176.00		C1 and C3 are heated				68.78		41.32

				260		448.25		188.25		46.342		8.72		C1 is heated				244.77		260.00

				448.25		455.00		6.75		188.304		1.27		C1 and C2 are heated				253.50		448.25

				455		650		195.00		141.96		27.68		C2 is heated				254.77		455.00

										Total ΔQ  (MW)		215.60						282.45		650.00

																								slope		5.6180928595

				Temperature intervals (Cooling curve)																				T		670

																		Cooling Curve						Tmin		20.00

				T1 (°C)		T2 (°C)		ΔT  (°C)		Total mCp (kW/°C)		ΔQ  (MW)		Streams cooled				Q (MW)		T (°C)

				1000		260		740.00		178.00		131.72		H1 is cooled				0		30.0

				260		30.0		230.00		910.76		209.47		H1 and H2 are cooled				209.47		260.0

										Total ΔQ  (MW)		341.19						341.19		1000.0

																						Qmin =		125.59		MW
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Heat Cascade
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