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NEST exercise1

INPRO economic quiz and application of NEST   
Part 1. a general description of the situation to be analyzed
A utility is planning to install a new power plant and elaborates three options: a small PWR, a small HWR and a gas fired power station (combined cycle, FPP). The corresponding input data for all three power stations have been retrieved form public domain; the most important ones are shown in Table 1 and on your screen (if you started the NEST file (EXCEL sheet already).
The following Table 1 is a repetition of the most important input data (yellow boxes in the EXCEL sheet) of the tool NEST

TABLE 1. General cost characteristics of the options under consideration

	names
	units
	PWR
	HWR
	FPP

	
	
	numbers
	years
	numbers
	years
	numbers
	years

	Net electric power (P)
	kWe
	600000
	
	666000
	
	380000
	

	
	
	
	
	
	
	
	

	Lifetime of the plant (tLIFE)
	years
	60
	
	35
	
	40
	

	Average Load factor (Lf)
	__
	0.9
	
	0.8
	
	0.75
	

	Decommissioning cost
	
	1
	
	0.04485
	
	0
	

	Backfitting cost (LUACBF)
	mills/kWh
	0
	
	0
	
	0
	

	Overnight cost
	$/kWe
	1145
	
	1697
	
	376
	

	Contingency cost
	$/kWe
	225
	
	85
	
	38
	

	Owners cost
	$/kWe
	137
	
	0
	
	380
	

	Normalized capital investments schedule (share per year) during construction (wi). Option with the calculations on exact date (according to TECDOC-1575) is chosen
	__
	0
	0
	0.074
	0
	0
	0

	
	__
	0
	-1
	0.217
	-1
	1
	-1.5

	
	__
	0
	-2
	0.282
	-2
	0
	-2

	
	__
	1
	-3.8
	0.223
	-3
	0
	-3

	
	__
	0
	-4
	0.132
	-4
	0
	-4

	
	__
	0
	-5
	0.061
	-5
	0
	-5

	
	__
	0
	-6
	0.011
	-6
	0
	-6

	Real discount rate (r)
	1/year
	0.12
	
	0.12
	
	0.12
	

	Price per unit of electricity sold (PUES)
	mills/kWh
	61.28
	
	61.28
	
	61.28
	

	Fixed O&M cost ((O&M/P)FIX)
	$/kWe
	49
	
	54.94
	
	0
	

	Variable O&M cost ((O&M/kWh)VAR)
	mills/kWh
	0.9
	
	0
	
	6
	

	Fossil Fuel price
	$/GJ
	
	
	
	
	4.78
	

	Nuclear fuel backend cost (($/Kg)SF)
	$/kg
	400
	
	73
	
	
	

	Spent nuclear fuel average burnup (Q)
	MWd/kg
	40
	
	7.5
	
	
	

	Net thermal efficiency of the plant (η)
	__
	0.3093
	
	0.30862
	
	0.5846
	

	Reactor first core average power density (δth)
	kW/kg
	28.89
	
	23.5
	
	
	

	Natural U purchase cost (($/s1))
	$/unit
	50
	
	50
	
	
	

	U conversion cost (($/s2))
	$/unit
	8
	
	8
	
	
	

	U enrichment cost (($/s3))
	$/unit
	110
	
	0
	
	
	

	Nuclear fuel fabrication cost (($/s4))
	$/unit
	275
	
	65
	
	
	


Using the method described in Volume 2 of the INPRO Manual (TECDOC-1575) you get the following economic results (Table 2); also shown in the EXCEL file on the right side in red boxes.

Table 2. Results of the preliminary economic analysis 
	name
	units
	numbers

	LUEC (PWR)
	mills/kWh
	47.15135359

	LUEC (HWR)
	mills/kWh
	48.71287759

	LUEC (FPP)
	mills/kWh
	50.94924191

	IRR (HWR)*
	___
	0.156800309

	IRR (HWR)
	___
	0.154830413

	IRR limit**
	___
	0.195441778

	ROI (PWR)
	___
	0.253290986

	ROI (HWR)
	___
	0.195949327

	ROI limit**
	___
	0.21385816

	total PWR investments
	M$
	1390.890654

	total HWR investments
	M$
	1567.777693

	total FPP investments
	M$
	357.6276863

	investment_limit_PWR
	M$
	900

	investment_limit_HWR
	M$
	900

	investment_limit_FPP
	M$
	900


Notes:
* this is a misprint in NEST, it should read IRR(PWR)

** “limit” stands for FPP, i.e. IRR limit means IRR (FPP)
The results indicate that the selected PWR can compete on costs of electricity: it has cheaper electricity production costs that FPP and slightly less costs than the HWR. PWR is also the most attractive investment for the utility based on ROI calculation. The most attractive investment based on IRR is FPP. Both reactor types (PWR and HWR) require a higher investment than the utility is capable to provide, thus external financing and the market for energy export is necessary. 

PART 2. answering questions
The set of input data which is provided in Part 1 - a comparison of two tentative NPPs (PWR and HWR) against a fossil power plant – is also documented in Vol.2, TECDOC-1575 (in Table 1 and 2 of this document a few parameters are expressed in rounded numbers).
We now ask you to try to answer the following questions relevant to this specific situation as described above (before you start using NEST):
1. A three month delay of the end of construction of the PWR causes an increase of its electricity cost approximately at the same level as a reduction of reactor service life from 60 to 32 years.
a. Yes











[   ]

b. No











[   ]
2. Construction period of FPP is somewhat 2.5 times shorter than of a NPP. A three month delay of the end of construction of a FPP causes an increase of its electricity cost approximately at the same level as a reduction of reactor service life from 40 to 25 years. 
a. Yes











[   ]

b. No











[   ]
In a FPP the same delay of the end of construction (3 month) or a similar shortening of its service life has a lower effect on its electricity cost than in case of a PWR. Is it true? 

c. Yes   











[   ]

d. No











[   }
3. Which modification of parameters would have a stronger effect on the cost of electricity from a PWR? :
a) 50% reduction of the reactor capital cost (i.e. the sum of Over Night Construction (ONC)+contingency+owner costs drops from 1507 to 753 $/kWe).


[   ]
b) drop of the discount rate from 0.12 to 0.06.






[   ]
4. Which modification of parameters would have a stronger effect on the cost of electricity from a FPP:

a) 50% reduction of the power plant cost (i.e. the sum of ONC+contingency+owner costs drops from 794 to 493 $/kWe);








[   ]
b) reduction of the discount rate from 0.12 to 0.06.





[   ]
5. In the example of Part 1 above the cost of electricity from a FPP is higher than from a PWR and HWR. Nevertheless the Internal Rate of Return (IRR) of FPP is higher than of a PWR and HWR. Is IRR of a fossil power plant always higher than IRR of a NPP? 

a. Yes; 











[   ]

b. No.











[   ]
6. If the levelized cost of electricity (LUEC) from a PWR is equal to 61.28 Mills/kWh the IRR of this PWR project will be equal to:

[   ]          [   ]              [   ]            [   ]          [   ]        [   ]             [   ]             [   ]           [   ]

-1;        - 0.247;         -0.12          -0.1;          0;          0.1;          0.12;          0.247;         1.

Part 3. use of NEST to check your answers
Please look now at the EXCEL sheet on your computer and perform the described actions.
1. PWR electricity cost : delay of construction vs. reduction of service life
· Copy input data from PWR columns into HWR by copying cells from D12 to E71 into G12 to H71. You created now twice the input for the same reactor a PWR.
· Check that the results of calculations are now the same for both options (PWR and HWR) in the EXCEL sheet of NEST.

· Change the number in the cell E24 from -3.8 to -4.05 (corresponds to a three month delay in the end of construction of PWR). 
· Store the new values displayed in R12 and R13 (you may do it by copying the values into any free cells of the EXCEL sheet at the right side of the same page). 
· Change the number in the cell E24 from –4.05 to -3.8. 

· For the first reactor change the life service (cell D14) from 60 to 32 (you may use other numbers than 32 but at least one of them should be 32 to check your answer given in Part 2). 
· Again store the values displayed in R12 and R13. 
· Compare the data obtained to your estimation in the Part 2 (task 1).
· Restore all input data according to Table 1 (but don’t delete the results of your calculation you have stored on the side!). Alternatively you could write your results on a paper, close NEST and restart it again. You should have a NEST version with the same results again as shown in Table 2 above.
2. FPP electricity cost: delay of end of construction vs. reduction in service life, comparison to PWR.
· Store the value displayed in R14 (again you may do it by copying this value into any free cell at the right side of the same page or you may find it in Table 2, Part 1 of this document).

· Change the number in the cell K22 from -1.5 to -1.75 (corresponds to a three month delay of the end of construction of FPP). 

· Store the result you’ve got in R14 again on the side. 

· Restore the input data (Change the number in the cell K22 from -1.75 to -1.5).
· Change the number in the cell J14 from 40 to 25 (reduction of service life, you may use other numbers but at least one of them should be 25 to be able to check your answers in Part 2).  

· Again store the new result displayed in R14 on the side. 
· Compare the data obtained to your estimation in the Part 2 (task 2).
· Restore the input data according to table 1 (don’t delete the results of calculation you have recorded!). 
3. PWR electricity cost: reduction of capital cost vs. reduction of discount rate
· Store the result in R12 (again you may do it by copying relevant number into any free cell at the right side of the same page or you may find it in Table 2, Part 1 of this document).

· Change the number in cell D18 from 1145 to 572; change the number in cell D19 from 225 to 113; change the number in cell D20 from 137 to 68, which correspond to 50% drop of the reactor cost (i.e. the sum of ONC+contingency+owner costs drops from 1507 to 753 $/KWe). 

· Store the result you’ve got in R12 on the side. 

· Restore the input data (Change the numbers in cells D18, D19 and D20 from 572, 113 and 68 to 1145, 225 and 137 correspondingly).

· Change the number in cell D28 from 0.12 to 0.06 (reduction of discount rate).
· Again store the result displayed in R12 on the side. 
· Compare the data obtained to your estimation in the Part 2 (task 3).
· Restore the input data according to table 1 (don’t delete the results of calculation you have recorded!). 
4. FPP electricity cost: reduction of capital cost vs. reduction of discount rate
· Store the result in R14 (again you may do it by copying relevant number into any free cell at the right side of the same page or you may find it in table 2, Part 1 of this paper).

· Change the number in cell J18 from 376 to 188; change the number in cell J19 from 38 to 19; change the number in cell J20 from 380 to 190, which corresponds to 50% drop of the reactor cost (i.e. the sum of ONC+contingency+owner costs drops from 794 to 397 $/KWe). 

· Store the result you’ve got in R14 on the side. 

· Restore the input data (Change the numbers in cells J18, J19 and J20 from 188, 19 and 190 to 376, 38 and 380 correspondingly).

· Change the number in cell J28 from 0.12 to 0.06 (reduction of discount rate).
· Again store the result displayed in R14 on the side. 
· Compare the data obtained to your estimation in the Part 2 (task 4).
· Restore the input data according to table 1 (don’t delete the results of calculation you have recorded!). 
5. FPP: influence of increase of fuel and capital cost on IRR (and LUEC)
· Store the results in R12-R17 (again you may do it by copying these values into any free cell at the right side of the same page or you may find them in Table 2, Part 1 of this paper).

· Change the number in cell J39 from 4.78 to 1. (change of cost of FPP fuel)
· Store the result you’ve got in R14 and R17 (LUEC and IRR). Compare these data to those you have saved at the beginning of the item.
· Change the number in cell J18 from 376 to 2000 (increase of FPP capital cost).
· Again store the results displayed in R14 and R17. Compare these data to those you have saved at the beginning of this item. 
· Compare the data obtained to your estimation in the Part 2 (task 5).
· Restore the input data according to Table 1 (don’t delete the results of calculation you have recorded!). 
6. PWR: LUEC vs. IRR
· Please, use NEST to justify the IRR value you have selected in Part 2 (task 6). 
· Hint: to make LUEC of PWR equal to 61.28 just increase overnight capital cost in cell D18 from 1145 in steps till you get the required LUEC value of 61.28. 

· Store your steps and results. 

· Restore the input data according to table 1 (don’t delete the results of calculation you have recorded!). 
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