


To:  	Eric Groves

From:  Robert Lee

Date:	October 10, 2000

Subj: 	LNG Spreadsheet Model Review

The LNG spreadsheet model was reviewed for accuracy and completeness.  No errors or inconsistencies were identified, except that the values for shipping cost and terminal cost are interchanged on sheet ELBA INCOME.  The total cost column is not affected, so this interchange has no effect on the overall result.

No independent model definition was available for comparison.  However, the overall model appears to be a complete and reasonable representation of all cost and revenue elements.  A written description of the model might be useful in facilitating a broader review as the model is further developed and expanded.  The attached description of the spreadsheet was developed in this review, and may be useful in introducing the spreadsheet to others that work on its development.

I found some relevant documentation that may be of interest to you on the following sites:

http://www.fairplay.co.uk/markets/MFLNG.htm	LNG Outlook

http://www.lngexpress.com/two.htm		New liquefaction technologies

http://www.shipsim.com	Simulation model description - list of model input variables for shipping, etc.


The simulation model input description offers some insight on additional variables that might become important as you get to the point where you want to optimize your ship/routes/markets to maximize income.  For example, there is a speed fouling factor that increases with time from drydock – the examples suggests a typical addition of 1 day to a round trip after a year.  Scheduled and unscheduled maintenance and warm vs cold loading/unloading conditions add to trip times.  The addition of these and other stochastic variables, such as weather, port delays, etc. will impact trip times.  

The other two articles review new technologies to load gas from offshore platforms and improvements in new ship design (e.g., boiloff rates as low as 0.09%/day).
1
Attachment

LNG Model Review

The following pages provide a description of the calculations in the spreadsheet LNG_CurvesMod.  It is organized in three sections by individual worksheets:

A. Basic Data
B. Ship and Terminal Cost Curves
C. Income Data

The tables are meant to act as a guide to following the calculation flow of the spreadsheet.  A symbol is defined for the values (or series of values as a function of date) to define the cell calculations.  The first one (or two) characters in the symbol refer to worksheet containing the variable.

	Pxx	- 	PORTS
Rxx	-	ROUTES
Sxx 	- 	SHIPS
Fxx 	-	FREIGHT
CLxx 	- 	CURVELOAD
CCxx	-	CURVECALC
SCxx	-	SHIP CURVES
TCxx 	-	TERMINAL CURVES
EBxx	-	ELBA BOOK
EIxx	-	ELBA INCOME
Mxx	-	SUMMARY
Hxx	-	SHIP POSITIONS

A. Basic Data

1. Sheet PORTS

                 Table  Port Capacity Charge and Processing Fees
	Port City
	Symbol
	ELBA
	LAKE CHARLES

	Annual Capacity (mmbtu)
	PAC
	62,906,725 
	

	Fuel and Return Gas (% of Unloaded)
	PFR
	2.500%
	

	Terminalling Fee
	PECC
	2.660%
	$0.300 

	Terminalling Fee Inflation
	PTPI
	1.250%
	1.250%

	Utilization Rate
	PUR
	100.000%
	100.000%




	Tables
	Symbol
	Units
	Calculation

	Port Charges by Ship
	PCS
	$
	

	Fixed Capacity Charge
	PCPF
	$/Month
	

	Escalating Capacity Charge
	PECC
	$/Month
	PECC(PreMonth)*(1+Escalation/12)

	Terminal Processing Fee
	PTPF
	$/Month
	PTPF(PreMonth)*(1+PTPI/12)



2. Sheet ROUTES

	Tables
	Symbol
	Units
	Calculation

	Distance (Supply to demand Pt)
	RD
	NautMiles
	

	Loaded MMBtu/Day
	RLM
	MMBtu/Day
	SC/RD

	Laden Voyage Days
	RLV
	Days
	RD/SSD

	Round Trip Voyage
	RRT
	Days
	2*RD/SSD + SL + SU + SST(if Suez)

	Bunker Fuel Cost/Cargo
	RBF
	$/cargo
	CLHS*{(RD/SSD)*SBL 
+ (RD/SBB)*SBB + (SL + SU)*SBP 
+ SST*SBP(IF Suez)}

	Max Capacity /Yr Unloaded
	RMC
	
	RLM * 365.25 * (1 – SSBL)



3. Sheet Ships

	SPECS
	Symbol
	UOM
	1
	2

	CAPACITY mmbtu
	SC
	MMBTU
	2,041,266 
	3,215,400 

	CAPACITY m3
	
	M3
	87,608 
	138,000 

	SPEED mph
	
	MPH
	17.5 
	18.4 

	SPEED mpd
	SSD
	MPD
	420.0 
	441.6 

	BOILOFF-LADEN
	SSBL
	DAILY
	0.275%
	0.150%

	BOILOFF-PORTDAY
	SSBP
	DAILY
	
	

	LOADING
	SL
	DAYS
	1 
	1 

	UNLOADING
	SU
	DAYS
	2 
	2 

	SUEZ TRANSIT (RT)
	SST
	DAYS
	3 
	3 

	BUNKERS-LOADED
	SBL
	Tons/Day
	145 
	170 

	BUNKERS-BALLAST
	SBB
	Tons/Day
	140 
	160 

	BUNKERS-PORT
	SBP
	Tons/Day
	40 
	50 

	BOILOFF AS FUEL
	
	YES/NO
	YES
	YES

	BOILOFF TO BUNKER
	SBTB
	TONNE/M3
	53%
	53%

	SHIP UTILIZATION
	
	RATE
	100%
	100%

	CPI ESCALATION
	
	
	2.5%
	2.5%




3. Sheet SHIPS (Cont)

	Tables
	Symbol
	Units
	Calculation

	Fixed Charter Cost
	SFC
	$
	

	O&M Charter Cost
	SOC
	$
	



4. Sheet FREIGHT

	Tables
	Symbol
	Units
	Calculation

	Other Costs (Import Fees, etc)
	FOC
	$/mmbtu
	



5. Sheet CURVELOAD

	Tables
	Symbol
	Units
	Calculation

	INT  (Interest Rate)
	CLIN
	%
	

	NG - PR
	CLNGP
	$
	

	NG - VOL
	CLNGV
	/Yr
	

	IF-HEHUB – PR - D
	CLHHD
	
	

	IF-HEHUB – PR - I
	CLHHI
	
	

	HSNF - PR
	CLHS
	$/ton
	



6. Sheet CURVECALC

	Tables
	Symbol
	Units
	Calculation

	AA LIBOR
	CCL
	$
	CLIN

	Discount Percentrage
	CCDP
	%/Yr
	1/(1 + CCL)^(t/182.625)

	Henry Hub Price
	CCHH
	$
	CLNGP +CLHHD + CLHHI

	Average Annual Discount
	CCAD
	%/Yr
	Sum of CCDP/Nr of months




B.	Ship and Terminal Cost Curves


1. Sheet SHIP CURVES

This sheet provides the shipping cost/mmbtu (SCSC), which has the following components:

Fixed_Charter_Cost/Day + OM_Charter_Cost/Day			SFC + SOC=


			Loaded_mmbtu/Day					     RLM
+

Fuel_Cost/Capacity(mmbtu)						RBF/SC

Port_Charge  +  Port Charge  +  Suez_Charge   	   	          PCS   +    PCS   +   PCS
  (Origin)	       (Destination)			  	         (Origin)    (Dest.)    (Suez)+


		Capacity(mmbtu)						SC
+

Other_Costs/Loaded_mmbtu						FOC

2. Sheet TERMINAL CURVES

This sheet provides the All-in Terminal Cost/unloaded mmbtu (TCTC), which has the following components:

Elba

Fixed Capacity  +  Escalating Capacity	   	          		 
    Charge	       	   Charge			  	        PCPF   +    PECC=


	Total Capacity * Utilization Rate				EBTC*PUR
+

Terminal Processing Fee						PTPF

Lake Charles
=

      Terminalling fee + inflation				        PECC*(1 + PTPI/12)



D.    Income Data

1. Sheet ELBA BOOK


    Table Elba Capacity
	Tables
	Symbol
	Units
	Calculation

	Total Elba Capacity
	EBC
	mmbtu
	(PAC/365.25)*t in period

	Open capacity
	EBOC
	mmbtu
	EBC – EBU(sum all supply points)




    Table Algeria supply to Elba via Suez with Hoegh Galleon
	Tables
	Symbol
	Values
	Calculation

	Gas Index
	
	IF-HEHUB
	(PAC/365.25)*t in period

	Basis
	EBBA
	0.02
	

	Marginal Cost
	
	Lake Charles
	

	Elba vs LC
	EBVS
	0.09
	

	Netback Sharing %
	EBNS
	0%
	EBC – EBU(sum all supply points)




  Table Algeria supply to Elba with Hoegh Galleon
	Tables
	Symbol
	Units
	Calculation

	Loaded Volumes
	EBL
	mmbtu
	(PAC/365.25)*t (one month)

	Boiloff
	EBB
	mmbtu
	EBL * SSBL * RLV

	Unloaded
	EBU
	mmbtu
	EBL + EBB

	Fuel & Return
	EBFR
	mmbtu
	- EBU * PFR

	Available for Sale
	EBAS
	mmbtu
	EBU + EBFR (EBFR is negative)

	Revenue
	EBR
	$
	EBAS * (CCHH + Basis)

	Shipping
	EBS
	$
	- EBAS * SCSC

	Terminal Charge
	EBTC
	$
	- EBU * PTPF

	FOB Supply Cost
(This calculation may be replaced.  The current form assumes Enron will pay the sale price – costs with some sharing of price differentials)
	EBFB
	$
	-EBL*{CCHH * EBAS/EBL – SCSC
- TCTC * EBU/EBL 
- EBNS * [(EBVS-EBBA) 
- (SCSC(Elba) – SCSC(Lk Charles)) 
-(TCTC(Elba)-TCTC(LC)*EBU/EBL)]}

	Total Operating Cost
	EBTO
	$
	EBS + EBTC + EBFB

	Percent of Elba Capacity Charge
	EBPC
	$
	- [(EBU/PAC)/(t/365.25)]
* [PCPF + PECC]

	Total Cost
	EBTC
	$
	EBTO + EBPC

	Income
	EBI
	$
	EBR + EBTC (EBTC is negative)



Two other route/ship pairs are included with a structure the same as the above table.  The only difference is the calculation of loaded volume, unloaded volume and boiloff.  Unloaded volume is the minimum of 1) remaining capacity (total capacity – amts unloaded by the first ship/route) and 2) amount the ship has available to unload.  The loaded volume is the amount unloaded divided by (1 - %boiloff*NrDays).  Boiloff then applies only to the volume actually unloaded. 

A final (1-column) table provides the sum of PTPF + PECC, which is used in sheet SUMMARY.

2.   Sheet ELBA INCOME

This sheet sums the data from ELBA BOOK to provide yearly data for each quantity from 2000 to 2025.

Table Volumes 
	Tables
	Symbol
	Units
	Calculation

	Total Capacity
	
	mmbtu
	EBC by year

	Total Volumes Loaded
	
	mmbtu
	EBL (all ship/route pairs) by year

	Total Unloaded
	
	mmbtu
	EBU (all ship/route pairs) by year

	Available for Sale
	
	mmbtu
	EBAS (all ship/route pairs) by year

	Elba Capacity available for Spot Sale
	
	mmbtu
	EBOC by year



Table Income Summary
	Tables
	Symbol
	Units
	Calculation

	Total Revenue
	EITR
	$
	EBR (all ship/route pairs) by year

	Supply Cost
	EISP
	$
	EBFB (all ship/route pairs) by year

	Shipping Cost*
	EISH
	$
	EBS (all ship/route pairs) by year

	Terminal Cost*
	EITE
	$
	EBTC + EBPC

	Total Cost
	EITC
	$
	EISP + EISH + EITE

	Net Income
	EINI
	$
	EITR - EITC

	PV Net Income
	EIPV
	$
	EINI * CCAD


* The calculation of Shipping Cost and Terminal Cost is as it is intended to be.  The spreadsheet reviewed interchanges these two components from the ELBA BOOK sheet. The end result, Total Cost, is correct.

2. Sheet SUMMARY

This sheet sums the data from ELBA INCOME and ELBA BOOK to provide yearly data for each quantity from 2000 to 2025.

Table LNG Summary
	Tables
	Symbol
	Units
	Calculation

	Elba Revenue
	
	$
	EITR

	Elba Expense (used capacity)
	
	$
	EITC

	Undiscounted Net Margin
	
	$
	EINI

	PV Net Margin
	
	$
	EIPV

	Fixed Cost Elba Open Capacity
	MEOC
	$
	PTPF + PECC + EBPC(all ship/route pairs)

	Fixed Cost HG Open Capacity
	MHG
	$
	(MDA/365.25) * (SFC + SOC) * T (days per month)

	Fixed Cost EXMAR Open Capacity
	MEX
	$
	(MDA/365.25) * (SFC + SOC) * T (days per month)

	Total Fixed Cost of Open Capacity
	
	$
	MEOC + MHG + MEX

	Mmbtu’s open capacity
	
	mmbtu
	

	Days avail. – Open capacity (by ship)
	MDA
	days
	HOC



The fixed cost + operating cost by ship (SFC + SOC) is stored on this sheet to use in the calculation of each ship’s fixed cost open capacity.

4,   Sheet SHIP POSITIONS

	Tables
	Symbol
	Units
	Calculation

	Days available per year
	HDA
	Days
	(1 – EBU/RMC) * 365

	Total open capacity by ship
	HOC
	Days
	HDA (rounded)
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