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HIGH ECONOMICAL PROFIT, MINIMAL 
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1.0 Introduction: 
The SGR –Simplified Gascooled Reactor- was developed to meet the Generation IV 
requirements of the DOE (Department of Energy – USA) for advanced nuclear power 
station. The guidelines include inherent safety, modular design, economical, short 
construction time of factory built components. The SGR meets these requirements 
and consists of “Proven Technology” components that make it a competitive solution 
in the present and also regulated and liberalized energy markets where reliability and 
power quality are essentials criteria in the Digital Societies. 
 
The SGR consists in the standard basic design in a three container solutions for 
cogeneration application. These container can be assembled in a factory and 
transported to the location where it has to be installed reducing on-site construction 
time. 
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The main reason to prepare this paper is the question:  
Is nuclear energy an adequate alternative for hydropower for the aluminium industry?  
 
An answer for this question is important since rather automatically people associate 
aluminium production with hydropower. The calculations in this paper could change 
this perception. 
  
 
 



2.0 Aluminium production: 
Aluminium production is a well-known process and consists of mining the bauxite 
ore, extract the alumina-oxide (Al2O3) from the bauxite in the Bayerprocess and 
make the aluminium in the Hall-Heroult reduction process. 
 
For the Bayer-process a large amount of heat (steam) is required that most of the 
time is produced with boilers or steam from co-generation plants. 
About two tons of bauxite will produce one ton of Alumina (Al2O3).  
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The alumina is than transported to the aluminium smelter for the Hall Heroult process 
About two tons of alumina (Al2O3) will produce one ton of aluminium (Al).  
 
It is very common that the bauxite deposits, the alumina refineries and the aluminium 
smelters are not on one site. Usually the hydropower also comes from very remote 
locations. The consequence is extensive power-grids and mass bulk-transportation 
solutions to make the aluminium. The transportation operations often create 
substantial environmental problems since a certain part of the product in the different 
processes, as well as the electric power, is lost in the production process. 
 
Bauxite transportation is a very dirty process especially during the rainy season and 
all the water introduced in the bauxite clay will have to be removed in the bauxite 
preparation of the refining process. The removal of water can easily be done if 
excess heat (steam) is available. In a cogeneration power plant this could be 
achieved if the fuel cost is low. It is quite common to use bauxite drying kilns that are 
fired with bunker C fuel. The use of fossil fuel to dry the bauxite is not required since 
the SGR can provide sufficient heat (steam) for the Bauxite-drying and the Alumina 
refining process.  
 
Alumina is a fluidise oxide with about the same properties as water. Transportation 
and handling require special requirements. Around the alumina calcining-process 
there is always some pollution with alumina particles.        



 
3.0 Integration of the Aluminium production process. 
A rule of thumb is that the electricity cost for the production of aluminium should not 
be higher than 1,8 $cent per kWh. The calculations in this report show that with the 
SGR cogeneration nuclear plant the generation cost could be around 2,0 $ cent per 
kWh and SGR reactor in “production in series” most likely will come below the 1,8 
$cent per kWh since the fuel can be produced in mass-production. The sensitivity of 
the electricity price is more related to the fuel for the plant and not to the plant it self. 
 
The interesting part of the integrated plant is that transportation cost can be 
minimized. It is possible to build a transportable co-generation nuclear power plant 
above the bauxite deposits so that Bauxite Mining, Alumina Refining and Aluminium 
Smelting can be integrated to one operation. The environmental improvement, 
transportation- and energy-cost can be reduced substantially with this concept and 
most likely it could be the best economical solution.   
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The main part in aluminium production 
Is energy and it has to be cheap.  
Each SGR pebble produces 0,7 kW of 
heat for three (3) years and the cost of 
pebble has been estimated between 9 $  
and 18 $ each depending of the set-up 
of the fuel manufacturing plant. It is 
expected that in mass-production the  
price will be closer to the 9 $ per pebble. 
 
 
 
  
 
 
 
 



4.0 Production cost for Aluminium 
The Hall-Heroult reduction process as shown here is the main contributor to the price 
of the final product aluminium.  
 
In this section a comparison will be made between hydropower, nuclear power and 
natural gas (The Netherlands) to produce the power for a 200.000 ton per year 
aluminium smelter. In the calculation the nuclear plant is assumed to be  apart of an 
integrated aluminium plant as has been envisioned for the Kabalebo region in 
Surinam. This will give an answer if a plant in the Kabalebo region will be competitive 
with hydropower or making aluminium at Pechiney or Aldel in the Netherlands.  
 
 The calculations in appendix A show that nuclear energy is the better option to 
produce aluminium. This appendix has to be used to change the perception in the 
business that aluminium production has to be combined with hydropower. Aluminium 
production can be combined with “High Temperature Co-generation Nuclear Power”. 
   

     

2Al2O3 + 3C ---> 4Al + 3CO2

Voltage of 4-5 volts, but a high current of 50,000-280,000 amperes

 

             

Hydropower 
Option,      
1,8 $ct/kWh

Nuclear 
Option,      
2,0 $ct/kWh

Nat. Gas 
Option,      
6,0 $ct/kWh

Smelter product Cost Equipment 0 0 0
Remarks: Labor 0 0 0
4 tons bauxite for 1 ton Al. Bauxite 128 40 128
2 tons alumina for 1 ton Al. Alumina 176 160 376

Electricity cost 
$/ton 288 320 960
Transport 0 0 0
Production 
Cost $/ton 592 520 1464

Aluminium Price $ per ton Áugust-2005 1900

Profit $ per ton 1308 1380 436
200000 2,62E+08 2,76E+08 8,72E+07

Profit $ plant per year 262 276 87,2  



5.0  Improvements in the Hall – Heroult Aluminium reduction process. 
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The graph shows a 
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Energy use is reported 
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and the figures can be 
found.

 
The graph shows that the improvements in the use of electricity have reached a 
rather stable level of 16 kilowatt hour per kilogram of aluminium. This means that for 
an aluminium smelter the requirements would be to have at least a 320 MW electric 
power plant available for the operation. To have sufficient standby power one could 
use five (5), one standby, 80 MWe HTR reactors. These reactor are also inherently 
safe but not transportable. A better solution could be the use of the 20 MWe output 
SGR reactor. In this case 18 (two standby) could also provide the electric power and 
the reliability of the power supply would be higher.    
 
 



6.0  Conclusions: 
With the information of ESKOM and the calculations in appendix B it seems possible 
to produce electric power for 2 $cent per kWh with the SGR nuclear power station. 
 
In Europe and the USA many aluminium smelters are closing or will be closed 
because of the high electricity prices. It is interesting to consider relocating one or a 
few plants to Suriname to build an integrated plant in Kabalebo or build the smelter at 
Paranam and buy the alumina from ALCOA and Billiton from the Paranam refinery. 
 
At the present aluminium world market price of 1.900 $/ton, and a production cost of 
less than 700 $/ton, a 200.000 tons smelter could generate a profit of about 276 
million per year for the industry in Suriname. It is recommended to propose this 
attractive option for economical growth to the local private sector.  
 
Combining the integrated aluminium production plant with Aldel, as raw aluminium 
materials supplier, could increase the efficiency and profits in the total chain of 
companies in this aluminium production concept. 
  
With the expectation that the oil prices will only increase the profit will increase.  
 
It is recommend to start long term fuel contracts with the suppliers of the fuel. When 
the environmental resistance will not exist in the future, also uranium prices could 
increase. This is the best time for long term agreements for the fuel for the SGR 
reactor.    
 
The benefits for Suriname and its business partners are: 
1 -  Low cost aluminium see also appendix A 
2 -  Possibility to offer people in Suriname and The Netherlands a job in the new 

industry  
3- Employment for many people in Suriname 
4- Skilled people in The Netherlands returning to Surinam 
5- Substantial economical growth in Surinam 
 
 



Appendix A: 
The table shows the total cost for the production of aluminium using hydropower, 
Nuclear power and Natural Gas.  As can be seen the nuclear power solution shows 
the best economic perspectives and for this reason it is recommended. Substantial 
benefits can be achieved in environment protection and minimal use of land.  
Bauxite to Aluminum Cost for a 200.000 ton/year Aluminum Plant

Hydropower 
Option,      
1,8 $ct/kWh

Nuclear 
Option,      
2,0 $ct/kWh

Nat. Gas 
Option,      
6,0 $ct/kWh

Mining Cost Equipment
(Bauxite) Labor

Ore
Transport
Total ($/ton) 32 10 32

Refining Cost Equipment
(Alumina) Labor

Slurry
Transport
Total ($/ton) 88 80 188

Aluminium Smelter Information
Electricity Cost $ct/kWh 1,8 2,0 6,0
Electric Energy per kg Al. 16,0 16,0 16,0
Plant Capacity ton/year 200000 200000 200000

Hydropower 
Option,      
1,8 $ct/kWh

Nuclear 
Option,      
2,0 $ct/kWh

Nat. Gas 
Option,      
6,0 $ct/kWh

Smelter product Cost Equipment 0 0 0
Remarks: Labor 0 0 0
4 tons bauxite for 1 ton Al. Bauxite 128 40 128
2 tons alumina for 1 ton Al. Alumina 176 160 376

Electricity cost 
$/ton 288 320 960
Transport 0 0 0
Production 
Cost $/ton 592 520 1464

Aluminium Price $ per ton Áugust-2005 1900

Profit $ per ton 1308 1380 436
200000 2,62E+08 2,76E+08 8,72E+07

Profit $ plant per year 262 276 87,2
Assumptions:
1:Cogeneration Nuclear plant at the Bauxite deposits in an integrated aluminium plant.
(Bauxite cost $ 10 per ton); (Alumina 80 $ per ton; no steamplant required).

2:Transportation cost Alumina to Natural Gas plant higher  (From Surinam to Holland)
(Alumina transporation cost 100 $ per ton; base case Hydro-solution).

Conclusion:
The Nuclear Option for the integrated plant is the cheapest solution.
The Nuclear option will minimize use of land.
The Nuclear option is the most environment friendly solution.
Equipment and labor cost Smelter have to be included in the options for final profit. 
Alumina production using Natural gas is not a good option. 



Appendix B: Electricity Generation Cost for SGR co-generation power station. 
 
SGR Co-generation energy-station (Electricity and Steam) 
With the present information about high temperature nuclear reactors it can be 
assumed that the first SGR station could be build in two year after agreement by all 
parties involved. The assumption is that the critical path will be over the reactor 
pressure vessel that will require about 12 months to be manufactured. The 24 
months construction time has also been used by the Germans and South Africans 
who are developing the ESKOM PBMR pebble bed reactor. The fuel of the SGR 
reactor is identical to the fuel of the PBMR. However the PBMR reactor has a 105 
MWelectric output and for that reason it will not be the solution for developing countries 
and remote locations where small energy-stations are required 
 
Assumptions on  the design: 
It is assumed that the SGR 20 MW electric output units will be the solutions for 
Suriname and that the Chinese manufacturer will be able to manufacture the power-
station for 1500 $ per kW. The SGR station than will cost 30 Million dollar. 
 
The economical life of the plant is estimated at 25 years (Siemens experts estimated 
a technical plant life of 30 to 40 years). 
 
Calculations for the fuel:  
The South African ESKOM calculations indicate that the cost of manufacturing the 
pebble fuel element will be between 9 and 18 dollar per pebble depending on the 
quantity in mass-production. Each pebble generates 0,7 kW of heat for 3 years.  
 
Calculation fuel for 20 MWe SGR 
A 20 MWe energy-station with an energy-efficiency of 40 % will require (20/0,4) = 50 
MW of thermal power production. 
To produce 50 MWthermal will need (50.000 kW/0,7kW) = 71.500 pebbles for the 
required electric power. 
 
Fuel cost for the SGR reactor: 
Since the fuel cost could vary between 9 and 18 $ per pebble two scenarios are 
calculated (low cost and high cost): 
Low cost fuel: 71.500x 9 =              643.500 $ for 3 years of fuel  
High cost fuel: 71.500 x 18 =  1.287.000 $ for 3 years of fuel.  
 
Each pebble can produce the 0,7 kW for 3 years; this gives an annual fuel cost of: 
Low cost fuel: 71.500x 9 =            214.500 $ per year.  
High cost fuel: 71.500 x 18 =   429.000 $ per year.  
 
Generated power with a 20 MWe SGR station: 
It is expected that the SGR can deliver a continuous power output for 8000 hours per 
year. This amounts to : 20.000 kW * 8000 hours = 160.000.000 kWh per year. 
 
At a 2 $cent per kWh price for the electricity, the cash flow is estimates at 3,2 million 
dollar per year and not included the cash flow for the heat to the refining plant.  
With an economic plant life of 25 years, it is assumed that this will be sufficient to 
show the attractiveness of this solution for aluminium production and end the 
perception that aluminium always has to be linked to hydropower.     
  
 


