
SUBMISSION FROM DAVID B WATSON 
 
Challenges 
 
(a) Technology 
 
  Potential Limitations due to Rare Earth Elements Supply Chain 
 
 
  Under your invitation to comment on the Technology Challenges I wish to draw the 
Committee's attention to China's present de facto control of the supply of  Rare Earth 
Elements that are used so extensively in wind generator and many of the offshore wave 
and tidal power prototype designs currently under development. 
 
 Much of current wind turbine technology employs such large quantities of REE's 
that there are now major concerns as to supply being sufficient to continuously support 
major installation programmes of the scale being addressed in meeting the 2020 
renewable energy targets..In addition REE production is neither green,clean simple nor 
secure for many reasons,and the world is now facing a major availability crisis. 
 
 Today China is virtually the world's only producer -most mining and processing 
outwith China was scaled down as China scaled up and became able to offer supplies at 
much lower prices and she now produces 97% of the planet's REE products.This is 
presently around 100,000 tonnes but she has,in recent years,progressively and massively 
reduced exports to around 25,000 tonnes currently when demand from the rest of the 
planet is expected to approach 60,000 tonnes this year with some forecasts of up to 
185,000 tonnes demand by 2015.  
 
 As a result,of course,the price of most elements have rocketed-notably 
Dysprosium.Used in hard drives for computers,it reached more than $670/lb mid 2011 
compared to around $7/lb a handful of years ago. 
 
 Notably too,researchers at Edinburgh University have confirmed that their 
permanent magnet raw material costs escalated from £77/kg in June last year to £150/kg 
by last September. 
 
 It has been widely alleged and documented in the press,although denied, that China 
cut off REE supplies to Japan for a time last year during a period of  diplomatic friction. 
 
  REE's are so widely used across the board in our 21st century equipment such as 
computers,mobile phones,hybrid cars,televisions,fluorescent lighting,vehicle exhaust 
catalysers,night sights, missile controls and electric motors as well as wind/offshore and 
sea bed  generators,that they have become  strategically vital to all advanced nations. 
 
 Some of the the larger gearless wind turbines, presently favoured for offshore 
installations as they have fewer moving parts,(Offshore gearbox replacement costs are 
regarded as being in the region of £500,000 per turbine)each presently require 500lbs or 
more of Neodymium which is utilised to lighten the permanent magnets and to enhance 
their performance. 
 
 
  



REE's are relatively plentiful on our planet but large deposits  are very rare,hence the 
name,and this inhibits large scale centralised excavation.Estonia has found significant 
quantities of REE's within the spoil from it's decades of uranium ore mining and is 
predicted to become a commercial player sooner than many other countries who are 
forecast to take years to gear up to tackle the shortfall.European electrical companies are 
starting to invest in Estonian and Australian mining/refining start ups. 
 
 This ,of course,will be at huge infrastructure expense 
 
 A recent amendment to the National Defence Authorisation Act that has just gone 
through the US  House of Representatives in December 2011 will give stockpiling powers 
to the US Secretary of Defence which legislation is designed to guarantee prices to the 
restarting US producers to assist in securing their national needs. 
 
 Radioactive Thorium and Uranium frequently co-exist in REE ore deposits and in 
addition, toxic acids are utilised in the refining processes and China has been attempting 
to close down many illegal excavation/production sites because of major environmental 
issues and concerns. 
 
  I attach a recent article published by the Daily Telegraph which graphically 
records the environmental impact of unregulated Chinese production and I strongly 
encourage you to read it. 
 
 REE's are not customarily exchange traded on the international markets like 
precious metals but are generally bought and sold privately and there are presently 
widespread allegations of the involvement of large scale organised criminal gangs in the 
industry with some articles claiming as much as 20,000 tons has been exported illegally 
annually from China in recent years . 
 
 Finally,it is worth noting that surveys in the last two years by the US Geological 
Survey have located large deposits of REE's in Afghanistan with an estimated “street 
value” of more than $7bn. 
 
 They are in Helmand Province. 
 
 
 Principal Areas Of Research 
 
 For ease of reference the following table identifies the main current areas of 
prototype machine research in support of renewable energy generation.As can be seen 
several are permanent magnet design based and therefore vulnerable to any forthcoming 
world shortages of REE'S. 
 
 It should also be born in mind that all listed,other than onshore and offshore wind 
generators, are at the very small low power output prototype design stage and therefore a 
very long way from being brought into reliable service and to making any impact at all to 
the levels of electrical energy needs of the UK and therefore can to all intents and 
purposes be neglected as contributors before 2020. 
 
 A factor that should be noted is that many of these devices are heavy and therefore 
at present stage of development have a low power/weight ratio.This presents the concept 
of “Embodied Energy” which is the energy required to fabricate the unit.This means that 



such units need to be run for a considerable time before they have generated more energy 
than it took to build them and to become a nett provider of energy. 
 
Fabrication of 1Ton of finished steel requires 6000kW hours of energy so a device 
generating 750kW and incorporating 350 tons of steel will require to be run for 2800 hours 
at peak output.Given the variable nature of wave generation if we assume the device is 
generating for 30% of the year then it will require to be operational for 8400 hours to offset 
it's embodied energy-that is a full year. 
 
Device. Description Permanent 

Magnets 
Yes/No 

Key 
Technical 
Challenges 

Comments 

Floating 
Turbine 
(Tidal 
current) 

Hydraulic 
Power Take 
Off 

No  On Test in Orkney 
 

Open Hydro 
Turbine 

300kW on 
Test 

Yes  N Ireland 
On Test in Orkney 

Marine 
Current 
Turbine 

Up to 1.2 MW No  Test Sites 
N Devon/N Ireland 
(Seagen,Seaflow) 

Direct drive/ 
Reciprocatin
g 
300kW 
(Oyster) 

Added 
gearbox to 
reduce costs 

No Needs 
gearbox to 
provide 15-
20 rpm 
otherwise 
equivalent 
speed only 1 
rpm. 

On Test in Orkney 
 
120te for 300kW 
Gearbox a reliability 
compromise 

Switched 
Reluctance 
Machine 

Needs power 
from grid for 
excitation 

  No      Needs 
external 
excitation 
power 
supply 

     Leeds/Durham/   
Newcastle Univs 
Variable speed -versatile 
control-basically a DC 
machine. 
 

Transverse 
Flux 
Permanent 
Magnet 
Machine 

         Yes Poor Power 
Factor plus 
very small 
air gaps are 
hard to 
sustain 

         Delft /Edinburgh  
Needs lots of reactive 
power which means lot of 
cost is in the power 
converter 



Sea Snake 
750kW 
(Pelamis) 

Wave/ 
Hydraulic 
Motor 

        No Power/Weigh
t ratio poor 
at one third 
that offshore 
wind 
turbines 
 
 
 

Uses conventional 
technology. 
 
Heavy-approx 700tons(Half 
is ballast) 

.Archimedes 
Wave Swing 
2MW  

.          Yes Weighs 40 
Tons 

Tests in Portugal 

“Snapper”-
Linear 
Magnetic 
Gearing 

          Yes Very early 
stages 

Current/Voltage stability 
issues 

Oscillating 
Water 
column 

Air Turbine 
Seashore 
Device 

         No Hostile 
environment 
Noisy 

Installed on Islay 
Design-Queens Univ 
Belfast. 
 

 
  
    Device    

Description 
  Permanent             
Magnets 
    Yes/No 

Key 
Technical 
Challenges 

            Comments 

Slim/Goliath 
250kW 

Air Cored      Yes Less 
efficient 
electromagn
etically-big 
size results 

    Durham/Estonia 
    Research/Dev   

C-Gen 20kW Air Cored & 
Linear types 

     Yes Upscaling in 
progress 

Edinburgh/East Kilbride 

High Temp 
Supercondu
cting M/C 
36.5MW 

Being 
Developed 
for US Navy 

     No Needs Large 
cooling 
Circuit/Equip
ment 

      USA 
Needs work on reliability & 
lots of development     

High Temp 
Supercondu
ctor 

Claw Pole 
design 

     No        Edinburgh 
Development in progress 

Tidal current 
Direct drive-
open hydro- 
300kW  and 
above 

Air Cored 
Rim 
Generator 

     Yes  On test in Orkney 
 
Dev in Ireland/Durham 

On Shore 
Wind 
Turbines 

With 
G/Boxes  

      No   



On Shore 
Wind 
Turbines 

Direct Drive       Yes   

Offshore 
Wind 
Turbines 

With 
G/Boxes 

      No   

Offshore 
Wind 
Turbines 

Direct drive       Yes   
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