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Technology 

 
Efficiency 

Energy 
Density 
(Wh/Kg) 

 
Lifetime 

 
Portability 

Duty Cycle 
Requirements 

Temperature & 
Related Issues 

Sodium  
Sulphur 
(NaS)* 

 
80-87% 

 
110-170 

> 5 yrs 
2500 

Cycles 

Possible w high 
densities, but ­  
temp is an issue 

Can do high 
cycling duties w/ 
little degradation 

Runs at 
300-350 °C; 

Impacts perform. 

Lead-Acid  
75-80% 

 
35-45 

5 yrs 
1200 

Cycles 

 
Not possible 

with any scale 

Not designed for 
high cycling as 
degrading 
occurs 

Strong impact on 
life; capacity; Eff%; 

self-disch. 

SMES  
Mid-sized to   
Large 

 
95% 

 
30-100 

 
30 yrs 

 
Not Possible 

 
Can cycle as 

needed. 

 
Runs at 269 °C 

Regenesys  
  (BrS)** 

55-75% 20 15-20 yrs Not Possible w/ 
needed large 

scale 

Can cycle as 
needed. 

Conveniently runs 
at room 

temperature 

Fuel Cell 
PEMFC 

 
40-60% 

N/A, Per 
fuel  

storage 

20 yrs; up 
to 25000 

hrs 

Yes, one of its 
key advantages 
in the EV mkt. 

Can cycle as 
needed. 

0-80°C; Very high 
or low temp can be 

issue 

Nickel    
Cadmium 
(NiCd) 

60-83% 
60 for pp  

 
35 

1500-
9000C 

80%-20% 
dod 

 
< 1/4 Cycle 

Severe cycling 
can ¯  life w/ 

‘swelling’ 

Increasing temp. 
will lower efficiency 

& life some, but 
less than lead-acid 

*Lithium(Cycling/portability) would also suit smaller applications or if multiple MW versions become available in the future. 
* *Both ZnBr and Vanadium VRB systems are suitable in smaller applications where portability in a bigger factor or in the case 
that they are scaled up in the future. 
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Compressed Air Energy 
Systems 

·  CAES were assessed to be very well suited for a number of applications 
utilising bulk storage, such as generation and reserve capacity, such as 
load levelling and blackstart. 

Supermagnetic Energy Storage ·  SMES are suitable for customer applications where only small capacities 
are required, such as power quality systems. For larger sizes SMESs are 
also well adapted for transmission and distribution applications, such as 
transmission voltage control. 

Hydrogen Fuel Cell Storage 
Systems 

·  PAFCs with high power density are suitable for RES-E management 
applications, such as firming up or back up, and early systems are already 
being deployed in such way; 

·  SOFCs with quick resins time are deemed most suitable for generation 
and capacity reserve applications, such as standing reserve, but will also 
be well suited for many customer power applications 

·  PEMFCs are suitable for transmission and distribution applications, 
particularly for deferral of distribution network upgrades; 

·  AFC’s were considered to be limited for most of the applications 
considered. 

Supercapacitors ·  Supercaps were assessed to be suitable for a wide range of applications, 
including RES-E management and customer power, generally for smaller 
applications. 

Pumped Storage ·  Although pumped storage is primarily used for generation & capacity and 
arbitrage, it could be used for a number of other applications that support 
RES-E 

Flywheels ·  Composite flywheels are the best suited flywheels for customer power 
applications reliability and power quality systems. 
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[A study of 3 
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• Reducing Peak  
    Demand 
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• Area Control &  
    Frequency 
Response 
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• Blackstart    23000 
• Rapid or Spinning  
    Reserve 
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(alt. figure 20000) 
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• Load Levelling or     
    Commodity 
Storage 

87000 36000/9000/ 
34000 
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• Stabilisation     

• Voltage Control  
    (Reactive Power) 
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    Investment Deferral 
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• Hybrid Systems for  
    Gen Displacement 
& Efficiency 

   6000 - 18000 

• T & D Loss   
    Avoidance 
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• Avoiding Peak  
  Offtakes; Trans. Use 
of System Benefit 

9000 - 15000  59000  
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• Residual Value 1900 + 30% for other 
services 

 39000 (microgrid) 
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Alternative 

Non-Storage 
Technologies 

Capacity;  1 
Efficiency  

 
Applications  

 
Advantages  

 
Disadvantages  

Capital Costs  
(� /kW) 

O&M (� /kWh) 

not incl. fuel
  1 

• Diesel Engines 
    (Diesel ICE) 

30kW to 6+MW 
30-43% 

Rapid Reserve, 
T&D facility 

deferral, Customer 
energy mgmt., 
RES-E mgmt., 
Power quality & 

reliability 

High degree of 
market acceptance, 

Well-understood 
technology, 

Relatively low cost 

Air Emissions (SOx 
NOx ), Varying fuel 

costs 

600-1000; 
650 1 

.005-.015 
.035 1 

• Gas Engine 
(Nat Gas ICE) 

30kW to 6+MW 
30-42% 

Standby, peaking 
and intermediate  

applications 3 

High degree of 
market acceptance, 

Well-understood 
technology, 

Relatively low cost 

High maintenance, 
Air Emissions  
( SOx & NOx ) 

250-600 3 ;  
700-1200 
.007-.020 

• Wind Turbines 10kW to 2MW 
25% 

Based load, 
reactive power 
voltage control 

Low operating 
costs, reduced 

emissions 

Not dispatchable, 
inflexible and 

intermittent, high 
capital cost 

1000 
.01 

• Combustion 
Turbines 
    (Simple or 
Open Cycle  
    GT) 

.5 up to 
1000+MW 3 

21-40% 

Rapid Reserve, 
Area Control & 

Frequency 
Response 

High degree of 
market acceptance, 

Well-understood 
technology, 

Relatively low cost 

High maintenance, 
Air Emissions  
( SOx & NOx ) 

400-900; 
400 1 

.004-.010 
(.02) 

• Microturbines 30 to 400kW 
25-30% 3 

Rapid Reserve, 
Customer energy 

mgmt. 

Emerging market 
acceptance, Well-

understood 
technology, 

Relatively low cost 

High maintenance, 
high temperature 

issues  

1200-1700; 
700  1 

.008-.015 

• Capacitor 
Banks 

   (100, 150 & 
200kVar 
      power ratings) 

Flexible 
capacities 

configurable  

Transmission 
voltage regulation, 

Customer ride-
through or bridging 

High degree of 
market acceptance, 

Well-understood 
technology, 
Inexpensive, 

Rugged 

Large size to 
achieve needed 

capacities, 
additional safety 

concerns 

500-600 1 
$25/kVar 

• Oil Coolers for  
     Transformers 

 T&D facility deferral High degree of 
market acceptance, 

Well-understood 
technology 

Environmental 
concerns 

 

• Auto 
Transformers for   
     Tap 
manipulation 

 Transmission 
system stability 

High degree of 
market acceptance, 

Well-understood 
technology 

Generally 
expensive, Large 

footprint, Long 
lead-time to 
purchase 

 

Source: 1Data from DPCA (2003) unless noted otherwise. 3
 
Data from GRI�(1999). 
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 Batteries CAES SMES HFCSS Supercaps Flywheels 

Investire Data 
Analysis 

Lead acid: 50-200  

Lithium: 333-2500  

Nickel: 303-1667 

Vanadium redox: 357-10000  

Zinc Air: ~100 

67-769  8000-17,000 50,000-143,000 20,000-50,000 

Investire 
Questionnaire 
results 

Lead-acid: 49-148 

Lithium: 104-1000  

Nickel: ~625 

Vanadium redox: n/a 

Zinc Air: 229  

~788 16-50000 625 1-10 n/a 

�

� @�  � ��1�� � � ��� - �  �� � � �� !�� � � � � � #� � �!�  �� � �  � #� �� � � �� � � ��  � �� �� � � �� � �� � � �@� �� � � �#�@� � ��� �

 � ?�� �+� �� � � �
 � ?�� �++1�� � - � @�  �!�  �2 � � � �� � � � � � �� #�� � �� � �  � ��� �� � ������ � #�- � � �� � �#� ��� �� �  2 � �
� !�� � � � � � � � � � �� � � �� � � � �- � � �� �2 � . � �� � � 2 �� � 2 � � � �� �@� �- �� � �� 9�� � �� #�� � � �� � � (�
 � � �� � � � � � �� ��!�  �
� �  � � � � � �# �� �� � � ��� � � �� � � �� � � �?� �� � � � �� � � � �� � �@� �� ��� - ��� �� � � �� � �  � �� �  2 1�?� � �� � � � �� �  � ?�� �
� @�  �� � � �2 � � �� 2 *�� *�� � #�� �  2 (�4� � � � � � ��� � . ��� � � �� � � ��� � #�� �  2 �� � � � � � �� ��!�  �� �� � �  �� �� � �
� � �  � #� �� � � � � 2 � ��� �� � � �5" �2 �  . � � ��� � � � �!�� � �!� �  �2 � �� �2 �  . � � �� � #2 � � � � �- �� � �� �� � 2 ?�� � � �
� � � � � � �� ��� � � � � 2 �� ��2 � � � � �!�  �� � � �5" �� !�J+
 � (, �?����� � � � (�4�� � � � #� �� � �� �!�#�  � ��� ��2 �  � � � �@� 1�
- � � � ��� �2 �  � ��� � �  � � � �� #��� �� � � �? � � . � � - � �� !�@� �� � �?� �2 �  . � � �� � #2 � � �$�� � � �  � � �� � �*�J+� (, �
?����� � 1�
  � � � 2 �� � �� � �D
 ; AE�*�J+� 8(8�?����� � 1�� � � � ���D� � � � � 2 �  �� � � ��� � � �� � � E�*�J&+(� �?����� � 1�
� � � �� � � � - � ?�� �D� � " *� �2 � � � #� 2 � � �E�*�J� (8�?����� � (�	 � �� � �� �� � � � 1�� � " *� �2 � � � #� 2 � � � ��� �
� � � �  2 �� � � �� � �?� �� � �� �+(, 
 L �� !�� � � �� � � � � � �� ��@� �� � �� !�� � �  � #� �?� � � � �� � �� � � �� � � � �� � �� � �� � � � �
� � " *� � � 2 � �� � ��  �2 �  ��� �� �� �� � � �� � �  #� �� � �  � � (�
 � �� �!�#�  � ��� �� � � � �  � � � ��� � � � � � �� �?� �� � � �
 � @�� - �� !���� �  � � �  � �� � � � �� �  � �� � �� � �� �� � � �� � � � � �� @� � �2 � � � �� � � � �� � � ��� � � �� � � �- �� � �� �� � " *� �

���������������������������������������� ���
� &�>� �  � . � � � 1�3(1�� � �� � �  � 1�� (1�%� �� 1�4(�D� � � &E�	 � @� � � � � �%� � �' �� � ��A � !�$�� � � � � 2 �� �� � � �� � �� �� !�
� � �  � #� �� � � � � � �� #�� � �!�  �� � � �	 � H� " 
 	 � � �� � � - �  . (�� � � � ?�  1� � � �  � �!�  �� � � �� �  � � � � � �� � 2 2 �� � �� � $�
> � � � � �� 1�>� �#�� 2 (�
� � �>� 9� �  1�� (�D� � � � E�R� � �  #� �" � �  � #� ��� �
 � � � � Q� �� � - �  �/ �  . � �Q(�� � 2 2 � � �� �� � �� � - 1�" � � � � 2 ?�  �+*, (�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � ) 
 � 	 
 �� � - �  �

2 � � � #� 2 � � � �� � �� �. � � �� � � � � � �� ��� � �  � � �� !��� � � 2 � (�	 � �� �� � � � � �� � � � � � � � � �?� �6� �. �  � �� ) 1��� � �
@� �� � �� � �  �?� � � � �� � �� � � � � �� � " *� �� � � ��� � � �� � � �- � � �+, (
 L �� !�� � � �� � � � �1�� � � �� �2 � � �� � � �@� �� � �
� � �  �?� � � � �?� �>� 9��  1�?� � �� � � �� � �@� �� �� 2 � ���� �  � �� � �� !�� � � �@� �� � �?� � . � � �� � � � � � � �� � � (�
 � � ��  �
� � � �� � ��� � #� � � � , �� � � � �  � � �� � � �>� 9��  �!�#�  � � �� � �- � ���?� �� 2 � � � � �� �� #�� � � ��2 � �  � � � � � �� !�
 � #� �� � �� � �D� �
 ; A�� � � ��� � � �� � E�� � � �� � *� 2 � � � � �� �� #�� � � � � � �  @� �� � � �� � � ��  ?��  � #� ��  ��� � � �
�� @� ���� #�!� � � � �� � � (��

�

' �  �� � �� �� �  � � � � �@�� - �� � � � ��� �2 �  � �� � � � �� �@� �� � �� � � � � �� �� !�� � " *� 1�� � � � � � � �� � � �  � �!�  �� � � �56�
� � @�  � 2 � � � � 
 ��� � . � � �� � �� � � �� � � � �� !�� � �� � � �� �� � � ��� � L �� � � �&� L �� � " *� �� � � � �  � � �� � ��� �� � � �
56�2 �  . � � �?� �� � � � (��	 � �� � � � � �� � � � �  �� � �- � �  � �� � " *� ��� �� � ��� � #�  �� �� �� � � �� � �  #� �� � �  � � 1�
?� � �� � ��� � � # � ��� �  � �� !�� � � �� �� � �  �� � ��� � � � � 2 1�� � � � �!� � � � �?� �� � � �� #�� � � �� � � � � �� � �� � � � � �
� � � � � �� � � � �- �� � �2 � �� � � �� �� #�� � � � � 2 �� � � �  �� � ��� �� � � �!� � � �� !��� � �  2 �� � � � � �� � " *� �D� �  � �� � ��  �� �
- �� � E�� � �� � 2 �� � � � �� ���� � � �  �� � � � � (�
 � �� �?� �� #�� � � �� � � � 1�� � �  � �- � � �� �?� �� �#� �!�� � � � �
� � � �  � � � �� �� � �!�  �� � �  � #� �� � � � � � � � �� � � �� � �� � �� � � � �` +� &�� � �` , � � �2 ����� � �� � � � � ��� � � � � �� � � � � � �
!�  ��� �  � � � �� #�� � � �� � � �� �� � � ��� � " *� �� � � � � �� � �� � �� � L ��  �&� L � � � � � � � �@� �� (�>� �. �� � �  � #� �
!� � ���� � �- � � �� �� �� � �� � @� �� � � �� � � �  � � � �� � �� � �?� � � !�� ��� � �� - � �  � �� � � �� � �  � � �  � �?� �� � � � �� �� #�
?� �� � � �� #�� � � �� � � � � �� � �� �  @�� � � �� � � � ��  � �� � � @� �� � ?�� �� � �- � ��(�
 � � �56�" � 4� � � � �  � ��2 � ��� � �
� � � � �� � � �56�� �� � � � �� � �2 � � ��  � @�� � �� �� �  � � #�  �� � � � � � �� ��� � � � �� � � �  �2 �  � ��� � � # � � � � �� �  � � � � � �
# �� �� � � � � 2 � �- � �  � �� � � �� �� � � ��� � � � � �� � �� � � �?� ��  � @�� � � �� �  � � #� �� � � � �  � *� � *� � � � �  � ��2 � �  � � 1�
- � �� � ��� �2 � � � �� � � � ��  � �� � � � � � �� ��� �� �#� �- � � � �� � 2 � �  � � �� � �� � � . �� � 2 � � � (�

�

	 � �� � � �� �� � �� � �G� � � � �!� �� #�� � � � � �?� � � !�� � 1�� � �  � ��� �� �# � � � �� � � ��� !�- �  . �� � � � ��� � � G� � � � 1�
� �  � �� � ��  �� �!�  ��� � . �� #�� � �2 � �� �� �� �� � � ��� � � �� � � ��� ��  � �  �� � � � � ��� � �� � ��� �� � � � � � �� � � �� @�  � ���
@� �� � �� !�� � ��� � �@�� � � ��� � �  � #� �� � � � � 2 (�� � 2 � �  �� #�� ���� � � �� �!!�  � � � �� � 2 � � � �?�� �� � � ��� � � �� � �
 � G� � � 2 � � � � �� � � �� � � � ��� #�� � � 2 �� � �� � � �� � � � � �� � ��� � � � ?���� �� � �� !�� � � � �� " 
 ��� �� �@� �� � ?�� �� � � 1�
� � � �- ����� � @� �?� � � �� �   �� � �?� �2 � � � �� !�� � � �� � 2 2 �  � �� ��� � �  � #� �� � @� �� � �  � (�4� �� �� � �  �� �� � �
� � �  � #� �� � � � � 2 � �?� � � 2 � �2 �  � � � ��� ?�� �� � � �!�� 9�?�� �� � � � � �� � � � �?���� �� � �- ����� � � � �� � �?� � � *
� @� �� � � � � � � #� ��  �� 1�?� � ��� �� � � � �  � �� �� �  �� � � � �! � 2 �� � � �� � � � �� � � - � �� ?� @� �� �#� �!�� � � � �
� � � �  � � � �� �� � �� � ��� �!� � � �� 9�� � (�
 � � � � �� � � �  � � � �� �� � �- � � �� �=� � � �!� �� � � �� � � � � �� !�� " 
 � ��� �� �  � � �� �
� �� � � � �� � � �� @� � �- �� � � � � �� � 2 � �� � � �� �!�  2 � ��� � � �2 � � � � � �� 2 � �� � � ��� � � �� � � �� � � ��� �� �� � � �� � �� � �� �
� � � ��� � � �� ���� � � �� � � � �?�� � � @� � � � �� �  � � 2 � (�%��� �� � � �� � � � �� � � � ���?�  � ��� � � �� � �� � � �� @� �� � �� � �� !�
� �� � �  �� �� � �2 �  . � � � ��� �#� � �  � ��� � � �� !�� � � ����  � �� �  @�� � � �2 �  . � � � ��� �� �  � �� � ��  1�� � �� �� � � �� � . �
� � � � �  � �� � �� � � �� � ��2 �  � @� (��

�


 � �� �� � � � �� � �� � � ��  � @�� � � �� � ��� �� �� ��� � � � � � 2 � � � �� !�� � �  � #� �� � � � � � �� #� �� � � �  � � � �� �� � �� � � �
@� �� � (�
 � �� �� � � � � � 2 � � � �- � � �� �   �� � �� � � ��� �� �#� � �  � ��� � � �- � � 1�� � � �R � � �Q�� � � �  � � � �� �� � �� � � �
� � �� �?� �� � � !� 2 � � �- � � � �� � � � �� �  �� #�� � � � �!�� �� �� � � � �� � � �� � � �� � � � �� �� � � (�
 � � �� � 9��� � � � �� � �
� � @� �� � � �� �2 �  � �� � � � ��� � �� � � � � � 2 � � � �2 � � � � � � �� #� �� � � � �� � � �� � � �� � � �� � � � � �� � � �  � � � �� �� � �!�  �
� �2 �  � �� � � � �!�� �� � � � � 9�(�

���������������������������������������� ���
� ) �6� �. � � �1�� (�D� � � � E�R" � �  � #� �
 � � � � � �� #�� � �B�4 � �� � � � �� � � �/ �� � �� #�3�� . �!�  �%�� � �� � �  #� Q� �" � � � � � � !� ��
/ �  . � � �� � � � �  � _Q(�� 	 � � ��  � # � 2 2 � �B�� � ��!�  � �� �� � �  #� �� � 2 2 �� � �� � 1�%�� � �� � �  #� �' �  � 2 $�5� �A� @�� 1�
� 41�5" 4(�
� , �
 � � ��  1�� (� (1�> � � � � � - 1�A(1�0 � � #�� � � 1�� (�D� � � � E�R� � �  #� �" � �  � #� �!�  �4� � ����  � �" �  @�� � � Q(�	 � �� � " 4
 �
� � � � �� � � !�  � � � � ��  � � � � � �� #� 1�" � � � �� �� � � �� � � ��3� ?�  � � �  �� � �� � � �/ � � �A�#�� � ��� � ?��� � �� #$�" � (�3� � �� 1�
5" 4�
� 
 �	 3� X1�" � ?� � 1�� (��D� � � &E�" � � � � 2 �� � � � �� !�4� � �� �� � � ��� � � � - � ?�� � (�� � � �  � �!�  �� � � �A� � �  �2 � � � �� !�
  � � � �
; �	 � � � � �  � �DA
 	E$�3� � � � � 1�56(�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � ) � � 	 
 �� � - �  �

-  1 $� %� � � &� � 3
� � � 
8#&� �� � 
$&$	 � � �	 � 3
" � � � #� $


- � �  ( � � 9, � 
 � � � 


� �@� � �� � � �� � � � � � �� #� �� � � �� � � �� � � �� � � � � � �� ��� � � ��� � � �� � � �� � � � � � � � �� �  ���  ��� �� � � � � � �  �1�� �
2 �  � �G� � � � �� � � �@� �� @� �� � � �� � ��� � � G� � � � �� � �� � � - �� � � � �� � � � � � �� ��� � � �� � � � � �� � �� ��� �� � � �� � - �  �
� � � � � 2 � �- �� � ��� �  � � � �� #��� @� �� �� !��� � �  2 �� � � � � � � � � - � ?�� �#� � �  � � �� � (��4� �� �G� � � � �!�� � � �� � �� !�
� � � �@� �� � �� !�� � �  � #� ��� �� � � � �� � � � � 2 � ��� �� � � �� � �@� �� �� � - � � � � �  � � ��  � � 1��  �#�� � ��� � �  � � � � � � �
� � @� �� � �?� �� � @�� � � (�
 � �  � !�  � �� � � �. � � �� � � � � � � �� !�� � �� �- �  . �� � � . � #� ��  � �� � �2 � � � �� � � �
�� � � � �!�� � � �� � �� !��  � � � �- � �  � �� � �  � #� �2 � � �� � � �@� �� � �� � � �� � � �� � ##� � � � � �2 � � � � � � �� #� �!�  �
G� � � � �!� �� #�� � �� �@� �� � 1�� � �� � � � � � � �� � �! � 2 �� 9� �  �2 � � � � �� � � � � � � � � �� � �� #�� ��  � � � �� � ��
�2 � �� 2 � � � � � �� � �� !�� � � �2 � � � � � � �� #� (��	 � �� � �  �1�� � � �� � � � � � � �� � � � �� �?� �@�� - � � �� � ��� �� �� ��
� � � �2 � � � � � � � � �  �� � � � �� � !�� �� �@� �� � � �� � � - �  � (�

�

%� ��� � �� � � �2 � � � � � � �� #� �� � @� �� � � � ��� �� � �  � �  �� � � �!�  �� ���� � �  � #� �� � � � � �� � � �!�  �� ���!�  2 � �� !�
 � � � - � ?�� �� � �  #� 1��� �� �  2 � �� !�� � � �� � � �� �� !�� �  � � � � � �# �� �� � � � � 2 � �� �  �� � � � �  � ��� �- �� � �?� �. �
� � �  � #� �� � � � � � � - � ?�� �� � �  #� � � � � �  � � � �� � � � �- � �� 9� � � � �� � �?� �- �� � �� �� � ���� � � (��' �  �� 9� 2 � �� �
- � � � �� � 2 � � � �  � � �� #�� � � �� � � �� !�� � � �2 � � � � � � �� #� ��� �� � �� � � � �  � �� � � �� � � � �� � � � �� � �� � �� � � � � ��  � �
?� � � � �� � �� � � �56�# �� �� � � � � 2 �- �� � �- �� � �� � - �  �� � �� � � � � � � - � ?�� �� � �  #� �� � �  � � �� � � �� � 2 � � � �
� � �  � �?� �. �� � �  � #� �� � �� � � �� � �  � #� �� � � � (�

�

� � � � �  � � � � � � � � � � � � � �1� � �� � � � � %� �� � � �)6� � � � � 0� � � � �, � � � %� � � � � *�6� , �

� �@� � �� � � � ��� �  � � � � � �� � � � �  � � �� � �� !�� �  ?� � �! � � �� � �  #� � � � � �  � � � ��� �� � - �� �2 � =�  �!� � � �  ��� �
� � � �!� � �  � �� � @� �� � 2 � � � �� !�� �� � �  �� �� � �#� � �  � � �� � �� � � � � 2 � �� � � �� � �� � � �� � � � � �� � � � � � � � �� � � �
� 2 �� � �� � � 1��� ��� �� � � � � � �  � �� � �� � 2 � � � �  � � � �- � � � � �  �?� �. �� � �  � #� �� � � � � � �� #�� � � � � ��� �� � � �
!� � ���� � � � �� � � � ��� � � # � � �� � �� � � �- � � � � �  ��� �  � � � � � �� � � � �  � � �� � �� !�� � � � � � � � �  � � � ��  � @�� � � �
� � � �  �� � � �  � � � �� �� � �!�  �� � �  � #� (���

�

%� ��� � �� � � �@� �� � �� !�� � �  � #� ��� �� �  2 � �� !��� � �� 9�� � �� #��  ?�� � #� �� � � �D�(� (�� � �  #�� #�- � � � �!� � ��
� � � � � ��  � ��� - �  �� � ��� - �� � 2 � � � �� �2 � � �� � � �� �� � � �  #�� #�� � �� �� � �� � � �� 9� � � � �@� �� � � . �� � 2 � � � �
#� � �  � � �  � E��� � � � � #� �� � � 1��� ��� ��2 � �  � � � � �� � ��� � � � �!� ��  � � � �- � �  � ��� ��� �� � � ��� �  � � � � � �
� � � � �  � � �� � �� !�- �� � ��� � � �!�� � � � �� ��� - � �� � �  � #� �� � �� � � �@� �� � (��� � � � � � �� ���  � � � �- �  � � �� 9� ��  �� #�
�� � �� � � �� � � �  �?� � �� � �� !�� � �  � #� �� � �� � � � � �� � 1�� � � �� !�� � �  � #� �!�  �?� �� � � �� #1�� � ���� � � �� � �� !�
� �  � �� � �- �� � 1�� � � �� � � � �  � �!�  ��� !�� 9�?���� � �� !�#� � �  � � �  � (�

� (+(+(+ � � � � � �� � �


 � � �� � � � ��� � � � � �� � �� !��� � � � ��� � �#� � �  � � �� � �� � � � � �� � �?� ���  #�  �� � � � �� � � � � 2 �2 � 9�2 � 2 �� � 2 � � � �
� � �� � � �  � �� � � �  �� � �� !�� � � � �� �� !�� �� � �  �� �� � �- � �  � ?� �@�  �� � �� � ��� �� � 2 � � � �� � � �� � �� � @�  � � �
- � � � � �  1�#� � �  � � �  �? � � . � � - � �� � � ��� � �   � � � �� � � �� � ��  �2 �  � �!� � ��� � �  � � � ��� �� � � � �� � �- �� � �� �
�� - � �� . �� !�� � 2 � � � �� �� � � � � � � � �� � (��
 � � � � �� � �@� �� ��� - �� � � � � �� � �@� �� � �� !��� � �  2 �� � � � � �
 � � � - � ?�� �� � �  � � � � � �2 � � � � �� � � � �� � � � �� � � �� � �� �2 � . � �� ���2 �� � � �� � � �  �?� � �� � �� � �� � � �� � � �  �� � �� !�
� � � � �� �� � �  � !�  � �� � �  � ��� �� �� � � � �?���� � �� � � � �� � �  � #� ��  �A" / �� � � ��  � @�� � �?� � . � � �� � �

���������������������������������������� ���
� � �	 3� X�� � � �" � ?� � 1�� (�D� � � &E��" � � � � 2 �� � � � �� !�4� � �� �� � � ��� � � � - � ?�� � (�� � � �  � �!�  �
 � � �A� � �  �2 � � � �� !�

  � � � �; �	 � � � � �  � �DA
 	E1�3� � � � � 1�56(�����



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � ) 8� 	 
 �� � - �  �

�� � �  2 �� � � � � �� � �  � � � (�� �� �  �� �� � � � #� �� � � � � �� � � � � � �� #�� � ��  � �� � 2 � � � �� #�- �� � �� � � @� � � �� � � ��
#� � �  � � �� � ��� �� � �� ��  � � �� � � �� � � � � �� �� !�� � �  � #� �� �  � ��� �� � � �  � @�  � �� �� 8(�

� (+(+(�  >� �� � � �� #�


  � � �� �� � � ��� �� � � �� � � � � 2 �� � � �?� � � �� � � �  � ��� � �?� �� � � �� � � � �� �� �� � �- �� � �� � � �?� �� � � � �?� �- � � � �
� � � � �� �� � � �� � 2 � � � �?� �� #�2 � �� � � �� � � �� � �� �� � ��� �� � � � � � �?� � �� (��
 � � ��� �  � � � � � �� � �� !�- �� � �
� � - �  ��� �  � � � � � � �2 �  � �� � � �  � � �� � � �� � � �� � ��� � ��� � �  2 �� � � � � �� � � �  � 1��� � � �� �� � � � � 2 �- � �� � �
� � � � � � �� � � � � �� � �� � � �  � � �� � � �� !�� � 2 � � � �� � � �� !�#� � �  � � �  �� @� ��� ?���� � (��4� �� � � �� 2 � � � � �� !�
- �� � �#� � �  � � �� � ��� �  � � � � � 1�� � � �� � � �� � � �  � � �� � �� � ��� �- �� � �� � � � � � �� � �  � �� � �?� � � 2 � �� @�� � � � �
� ?� @� �� � � �� �  2 � ���� @� ��� !�� � � �  � � �� � � ��� �?� �� � � �� #�� � � � �� �� � � �� � 2 � � � 1�� � 2 � �� 9� � �
?� �� � � �� #�� � � � � �- ����?� ��� � �   � � (���

�

" � � � �  � � �� � � � � � �  @� ��� �#� � �  � ��� ��  � @�� � � �?� �� �  �*�� � � � � �� � � @� � � �� � � ��� �� � � �- �� � � � �� � �@� �� �
�� - �2 �  #�� � ��� � � � (��4� � �� �� � � ��� � � � � �� #� � � �  @� ��� �#� � �  � ��� �� � � � ��� � �?� �� � � � � �� #�� �� � � �- �� � �
 � �� � �@� �� �� �#� �2 �  #�� � ��� � � � �?� � �� � � �� �� � �?� �� � � � ��� � �?� �� � �  � #� (��
 � � �� ��� � � � �� � �� !� � � �  @� �
?� �- � � � �� � � � �  � � �� � � �� � � �� � � � � �� #�� �� � � ��� �� ��  � � � *� !!�?� � - � � � �� � � �� � � � �� !�� !!�� �� � � � ��� � � � � �
� !�� �  �*�� � � � � �� � � � �  � � �� � � �� �� � �1�� � � �� � � �� � � � �� !� � � � �� #�� � � � � �� #�� �� � � �- �� � � � �� � �@� �� �
� �#� �2 �  #�� � ��� � � � ��  �� !�� !!�� �� � � � ��� � � � � �- � � � �� � �  � #� ��� �� � � � (��A� � �  2 �� �� #�� � � �� ��� � � � �� � �
� �� � ��� @� �@� � ��� � . �� #�� � �� � �  � �� � �� � � � � �� � � � � �� � � � �- �� � �� � 2 2 �� � �� #�� �  �*�� � � � � �� �� � �1�
2 �� �2 � 2 �� � �� �2 � � 1�� � � �!�� 9�?���� � &� (��4#� �� �� � �  � #� ��  �A" / �� � � � � � �� #�� � ��  � �� � 2 � � � �� #�- �� � �
� � � @� � � �� � � ��#� � �  � � �� � ��� �� � �� ��  � � ��� �- ����?� ��2 � �  � � � � �� � �G� � � � �!� �� � � � �@� �� � �� � �- �� � �
� � � � �  � � �� � ��� @� �� ��� �  � � � � (��

� (+(+(& %�� � �� � ���� � � �� � �

� � �� � � � � �� � � �- � �  � �� � �  � ��� ��� - �� � 2 � � � 1�� � � � �� � �� � 2 2 �  �� � � � �� � � � �� � �� � �� � �- �� � �� �#� �
- �� � � 1�� � �  � �- ����?� �� �  � �� � �� !�#� � �  � � �� � (��	 � �� � � � �� � � � � 1�� � �  � �2 � � �?� �� � �� � � �  � � � �� � �!�  �
� � �  � #� �- � �  � ?� �� � � �� �  � �� � �� � � �?� �� � � � �� � �� � �  #� �� � � �� � �  � #� �� � � � � � �� #� (��
 � �� �� � � �� � �� �
� � @� � �� � � � � ��� � �   � � �! � 2 �� � � �� � � � � �� #�� !�- �� � �?� � �� ��� - � �!�  �!� � ��� � � � �� � @�� #� �! � 2 �� � � �
� � �  #� �� � �  � � �� � �� � � � � �� �2 � � �?� �� #�� �� � � �  #� � ��� � �  �� � �� �� � �� � � �� � � @� � � �� � � ��#� � �  � � �� � (��
4�� �  � � � �@� �� �A" / �� � � �?� �� 2 � �� � � � �� � �� � ���� � �� � � �� �  � �� � �?� � � *� � � � � � � �� #�� � @�� � � ��  � @�� � � �� �
� - �� � � � � �� !!(���

�

%�� � �� � ���� � � �� � �?� � � 2 � � �� �2 � =�  ��� � � � �- � � � �� � �  � #� ��� �� � � � �� � ��  � @�� � �� � � � � �� #� � � �  @� �!�  �
?� �� � � �� #�� �  � � � � � (��A� � �� � �� � � �� � � �  � � �� � � ��� �!�  � � � � � �� #�- �� � �� � � � � �1�� � �  � �- ����?� �
�2 ?� �� � � � � �?� � - � � � �� � � �!�  � � � � � ��  � !��� �� !�� � � @� � � �� � � ��#� � �  � � �� � �� � � � � � �� � �2 � � � �
� � 2 � � � 1�� � � �� � � �� � � � � ���  � !��� (��
 � � � � ��2 ?� �� � � � � �- ����?� �?� � � �� � � �� �@� �� � � �� � #� � �@� 1�� � � � �
�� 1�� � 2 � � �2 � � �- �� � �� � � � �- � � ��  � � �� � � � �� � �?�� - �� � � � �� � � �?�� - �� � � �� � �  � ��� �� �� � �  � � #� �� !�
#� � �  � � �� � 1�� � � �� � �� � � �  �� �2 � � �- �� � �?�� - � �- � � � ��� �- � � �� � � ��  � � �� � � � ��� � � �� #�� � �� �� �  � �� � ��� �
#� � �  � � �� � (��	 � ��  � �  �� � �� � � ��- �� � �� �� �  � �� � �� !�� � � � � ��2 ?� �� � � � � �� 9�  � �� � � @� � � �� � � ��
#� � �  � � �� � ��� �� � � � � � �� � �� � ��  � @�� � �� � � � �  � � � � � � � � �  @� �- �� � �� � � � � �� #� � � �  @� �� � � ��� #�- �� � �
� � � � � 2 � �� � �  (�" � � � � � ��� #�� 9� � �#� � �  � � �� � �� �  @� � �� � ��� �  � � � � �� � � �� � 2 ?�  �� !�� � � � � �� � � �� � �
- � �� � �� � �  � ��� �� �� �  � �� � �� !�#� � �  � � �� � (��
 � �� �� � � � �2 � . � � ��� �� � � � �?�� 1�� #� �� 1�!�  �� � �  � #� �� � �?� �
� � �  #� � �! � 2 �� � � �� �  � �� � �- �� � �� � - �  �� � � ��� � �  �� �� � � �  #� � �� � �� � � � � �� #� � � �  @� �� � �� � � ��- �� � �
� � � �� � #� � �@� ��2 ?� �� � � � � (�

���������������������������������������� ���
� 8��  � ??1�/ (� (�D+88+E�H� �� � �� !�H�  �� ?�� �" � �  � � � �� � �� � - �  �" � � � � 2 � 1�	 � � ��  � � � � � �� #� *� 1�H� ��+&� 1�� � (� �
D/ �  � � E(����
&� �	 � !�� �� 1�A(� (�D+8� � E�4�� � � � � �� !�� �� � �  �� �� � �" � �  � #� �� � � �� � � �  � ��� �� � �  �� �� � �� � � �  � � �� � 1�" � �� � � � �; �
� � #�� � �  �� #�� � � � �  � � �� � � � � ��1�� � � � �  !�  � �4� � �� � � � �3� ?�  � � �  � 1�� 9!�  � � � � � 1�56(���



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , � � 	 
 �� � - �  �

� (+(+(�  � � � �  � � �  �!�� 9�?���� � �


 � �  � �2 � � �� �� � �?� �� � � �  � � � �� �� � �!�  �� � �  � #� �� � � �A" / ��� �� �� � � � �� � � �- � �  � �� � � @� � � �� � � ��
#� � �  � � �� � ��� �� � � �� � � � � 2 ��� �� � � �!�� 9�?�� �� � � � #� ��� �� �  2 � �� !��� � � � 2 � � � � � � �� � �� � � � �- �� � �� � � �
- �� � �!�� � � � � � �� � � �� !�- �� � �� � - �  1�!�  �� 9� 2 � �� �- � � � �� � �  � ��� �� �� � �  � ��� �  � � � � ��� �� � 2 � � � �
! � 2 �� �� �2 � �� !��� - �� � 2 � � � �- � � � ��� � � �!�� 9�?�� �?� � � ��� � � �#� � �  � � �  � �� � @� �?� � � �� � 2 2 �� � � � &+(�
4�. � � �!� � � �  ��� �� � �� �� � � � � �� � � �?� � � �� � � �2 �� �2 � 2 �� � � ?�� �#� � �  � � �� � ��� @� �1�� � � � ��� �� � � �� � � � � � �
�� @� �� �� � �- � �� � �� � � �� � � @� � � �� � � ��� �� � � ��� �� ?�� �� � � � � (��	 !�� � � �� �� � � �2 �9��� ��� !�� 9�?�� ��� �� �  2 � �� !�
� �� �#� �2 �� �2 � 2 �� � � ?�� �#� � �  � � �� � ��� @� ��� � � � 1�- � � � �� � 2 � � � ��� ��� - �� � � �- �� � ��� �� �#� 1��� ��� �� � � �
� � � � �?�� �� � �� � ?� � � � � �� ��� � � � � � � �� � � �� � � � � � �! � 2 �� � � � �  � � �� � � �� � � @� � � �� � � ��#� � �  � � �� � �� � ��� �
� � � �� � � � � �� �  � ��� � � � � �� � ��� � �2 �� �2 � 2 �� � � ?�� �#� � �  � � �� � ��� @� �(��
 � � � �� � �  � ��  � �2 �  � �� �  � �� � �
#� � �  � � �� � �� � � � � �� � � �� �  �� #�- � �� � �� � � �� �  � �� � �- �� � �� � � �?� �� � ���� � � �� � �� � �  #� �� � �  � #� (��	 !�� � �
� � � �� � � �  �� � � � �� � � �� �� � � �2 �9��� �!�� 9�?�� 1��� ��� �� � � � �?�� �!�  �� � � �� � � � � 2 �� � �� ?� �  ?�� � � �
�  � � � � � �� � �� !�- �� � �#� � �  � � �� � 1�� � � � ��� 1�� � �� � ?� � � � � �� ��� � � � � � � �� � � @� � � �� � � ��#� � �  � � �� � �
� � � � � � �� � � ��� � � � � � �� � � �2 � � � �� !�� � � �- �� � �� � �� � � � �� �� � 2 � � � (��
 � �� ��� ��� � � �?� � � !�� �� ��!�  �
� � �  � #� (�

�

� � � � �  ( �� � � � � �1� � �7� � � � �1 �� %�
 � �� � �� 1�� � � � � %� �� � � �6� , �

" � � � �� � �� (� �� !�� � �� � � � �  � �� � � �  �?� � �� �2 � � � � � � �� #� �� � � � �� � � �?� � � �� � @� �� � � � �!�  �� �2 � �� � �� #�
� � - �� � � @� � � �� � � ��#� � �  � � �� � �� � � � � � �� � � �?� �� � � �2 � ��� �� �� � � � � � � � (�
 � � �� � � �2 �� � � �� � � � �� � � � �
� � �2 �� �2 �� �� #�!� � ��� � � � � 1��� �� �� � � � � 2 �- � �� � �� �� � �� � � �- �� � �� � - �  �� � � �- � �� � �� � ���� � � �� � �  � #� �
� � � �� � 2 � � � �� �� � �2 � � � #� 2 � � �(��' �  � � �  2 �  � �� � � �@� �� � �� !�� � �  � #� �� � � �A" / ��� �� �� � �� � � � � � � � �
?� �� �� � �� #�� � �� �2 � � � � � � �� #� �� � �� � � �� �  � �� !�� �� �2 � �� � �� � ��� @� �@�� #��2 ?� �� � � � � �?� �- � � � �� � � �
- �� � �� � � �� � 2 � � � ��  � !��� � �� � � � �- � � � �� � � � � � ��� #�#� � �  � � �� � 1�� � � �� � � ��  � !��� � �� � � � �!�  �
� �� � � � � � (���

�

4�#� � �  �� �� � !� - �  � ��  � � � � � � � �- � � �� �� � �� � @� �� � � � �� � �� � � - �� � - �� � �� �2 � � � � � � �� #� �� � � �� �
� � � � � � �� ��� �?� ��� � �  � �  � � � � ��� � � �� � !� - �  � ��  � # � 2 � �!�  �� � - �  �� � � � � 2 �� � �  � � �� � � (��
 � � �
�  � � � � � � � �� � � - � �� � - �� �� � �  ��� � #�� �2 � �� � �� � �� � � �?� � � � �!�  �� � � �2 � ��� � �  �� �� �� � � � � � 1�� � ��� �
� @�  �� � � �� � �  1�- �� � �� � � �� � �  �?� �� #�� ��� - � � �� � �@�  � �� � � ��� � � � �� �  � 2 � � �  � (��
 � � ��� � � � �
� �  � 2 � � �  � �� � �� � � �� �2 � �� � �� � � �� ��� - �� � �� � �2 � � � ��� �!!�  � � � �#� � �  � � �� � �2 �9� � 1�� � �  � #� �
�  � � �  � �� � 1�- �� � �� � � � �  � � �� � ��� @� �� 1�� ��� � � � �� � � �� !�� � � � �  � � � � � �� � � �� � � � � �� #� � � �  @� 1�� � � �
� � 2 ?�  �� !�� � @�� � � �� � � �  � ��� � ��� �� � � �A" / �� � � � 2 � � (��� � � � �� � � � �� � �- �  � �� � � � �� � �� � �� #�=� � � �
� � � �!� � ��2 �9��� ��  � �  �� � ����� � �  � � � �� � �  � #� �� � � �A" / �?� �� #�� � � � �?� � � � � � �� !�- �� � � � � � �  �� � � � �
!�  � � � � � � � �� !��  ?��  � #� (�

�

	 � ��� ��2 � �  � � � � �� � �� � � � �� � � � �� �  � �� � �� � � �2 � � � ���� �� � � �2 � � � � � � �� #� ��� � � �!1�� � � � ��� 1�� � � �
� � � � � 2 �� �� �� � � � � � � � � � �� � 1�� � � �� � � � �� � �� �� � � �?� ��� � �  � �  � � � � ��� � � �� � � �� � - �  �" � � � � 2 � �
� � !�- �  � (�
 � � ��  � � � � � � � �� � @� �� � � � �� �  � �� �  @� � �� � �� � 2 � � � �  � � � �� � � �� !�� � � �2 � � � � � � �� #� �� � � �
� � �� ?�� �� �� � 2 � � � � � �� � 1�� � - � @�  ��� ��� �� � � ��  � � � � � � �� � � � �� � � �2 � � � � � � �� #� �� � � � �� �� � �� �?� �
�� � �  � �  � � � � ��� � � �� � �� �� � � � �� !�� � !�- �  � (��' �  �� 9� 2 � �� 1�� � � ��  � � � � � � � �� � � � �� �� �� � �  �� � ���  � !��� �
!�  �- �� � �� � � �� � 2 � � � � � � � �  �� � � � ��  � � �� � �� � C�� � � �� � � �� � �� �� � 2 2 ��2 � � � ��� �� �   �� � �� � � ��� �� �
� �#� ��� @� ��� � � �� � � �  2 �� �� � �� �- � � �� � � � �� � � � 2 � � �� � � � �� ���#� � �  � � �  � ��  � �� �- � � � �� @� ��� ?�� (��
/ �  � �� � � � �� � �� � � � � �2 � � � �� �� � �� #��  � � �� � �� � �� � � �?� � � �  �� � �� �� � 2 2 ��2 � � � �� � � � � �G� � � �� � � �� �

���������������������������������������� ���
&+�
  � @�  � 1�A(3(1�� � � �6� � � 1�� (� (�D+88
 E�
 � � �	 2 � � � � �� !�� � � � � @� �� � �� �� � � �  � � �� � �� � �� �� � �  �� �� � - �  �
" � � � � 2 � �- �� � �
 � �  2 � ��� � � �  � � �� #�5� �� � 1�� � � �  � �!�  �� � � � � @� �� � �� �� � #�� � �  �� #�5� " %1�+� �� �� �  � � � � � �
� � � � � @� �� � �� �" � ��  �� � �  #� �� � � !�  � � � � �D� � �� E(����



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , +� 	 
 �� � - �  �

� �� � �?� �?� ��� ��  � � � � �� � � �2 � � � � � � �� #� (��4�� � 1�� �  ��  � � � � � � � ��2 � �� 2 � � � � �� �� � ��� �� � � �2 �� � � �� � �
2 � � � ��!�  �� � �  �� �� � � � �- �� � �� � � �� � �  � #� �� � @�� � 1�?� � �� � � �� � 2 � �2 � � � � � � �� #� �� � � �!�� ��� � #�  �
� �  �� � � �� � � � �� � �� �- � � . ��  �� �2 � � � � 1�� � � �� � � ��� � �  � �  � � � �2 �  � �� � �  � #� �� � @�� � � (��

�

- � �  1 � � � 
 � 
 �
 , / 


	 � ��  � �  �� � �� � � � � � �� � � �@� �� � �� !�� � �  � #� �� �2 � � � � � � �� #� �� � � �?� � � �� � @� �� � � � �!�  �� �2 � �� � �� #�
� � - �� �!!�  � � � �!� � ��2 �9� � �� !�� � � @� � � �� � � ��#� � �  � � �� � ��  � �� � � �2 � ��� �� �� � � � � � � � �- �� � � � #�  � �� � �
2 �� �2 �� �� #�!� � ��� � � � � 1��� �� �� � � � � 2 �- � �� � �� �� � �� � � �- �� � �� � - �  �� � � �- � �� � �� � ���� � � �� � �  � #� �� � � �
� � 2 � � � �� �� � �2 � � � #� 2 � � �(��
 � � �2 � � � � � � �� #� ��� � � �!�� � � � �� � � �� !�� ���� � �  ��  � # � 2 2 �� #�
!�  2 � �� � �� � �- � �� � �� � � �?� ��2 � �� 2 � � � � � �� � �� #�� � � �� � � �2 �� � � �� � �� � !�- �  � (�" � �  � #� �@� �� � �� � � �
?� �� � � � � � � � �?� �� � 2 � �  �� #� � � � �� � �� !�� �2 � �� � �� � � �- �� � �� � � �- �� � � � � �� � �  � #� 1�!�  �� 9� 2 � �� �?� �
� @� �� � � �� #��!�� � � �� � � � � ��!� � ��� � � � �� � @�� #� �#� �� � � �! � 2 �� � �� #�� � �  � #� 1��  �� � � �� @� �� � � � � �� !�
- �� � � � � � �� � � ��� � � � � � � 1�� � � - � �#� �� � � �� � � �� � ��� � � � � �� !� � � � �� #�� � �  � #� (���

� � � � �  , � � � � � � � � %�1� � � �� � � � � �

' � � ��� � � � � �� � � �� �� � �� �� � �� � � �� � � @� � � �� � � ��#� � �  � � �  � �� � � �� � � �2 �  #�� � ��� � � � ��� �� � � � �!�  �� � � � �
#� � �  � � �  ��� �� >� ��  �� �  � � �� �  �/ %� �D� � � � 2 �� #�� �#� � �  � � �  ��� �� � �  � � �� #�� � �!� ���� � � � � �E(��
/ �  #�� � ��� � � � � ��� �� � � �56�2 � � �@�  � �! � 2 �� � ���� � �� �� � �` � (+� / %� �!�  �� �� � � �� �  �#� � �  � � �  �� � �
� @�  �` � � � / %� �!�  �� � �� ��*!� � � �#� � �  � � �  (���

�

� � � �  � � �  � ��  � ��� � � �� !!�� �� � � �- � � � �� � � �� � �  � � �� #�� � �!� ���� � � � � � �� � �  � !�  � ��� ��� � � � � 2 2 � � � � � �
� � � � �� �� � � � �� �   � � � �� � �� !� �  �� �  !�  2 �� #�� � � �� � � �2 �� � � �� � ��� �� � � ��� � 1�?� � � � �� � �� � � ��� �  � � � � � �
� � � � � �!�  �� @�  � �#� � �  � � �  �� � �  � � �� #�� � � � � � � � � �� � � � � � (��' �  �� 9� 2 � �� 1��� �- � � �� �?� � � � � � � � ?�� �
� � �� �   � �� � � �� � 2 � �� � � �*�  � � � � � �� #��� �- � �� � �� � � ��  � � ��� �� !!�� �� � � � �- � � � � � � � �� #�� � �) � L �� !�
� � � �2 � 9�2 � 2 �� � � � � � �- � � �� � . � � �� � �?� �� � �� @�  � #� �+, L �� � � �� � � �� !!�� �� � � � �� � �� � � �� � � �  �
� � � � � � ��� @� ��� � �� � �� � � � �?� �� � � � 2 �� #�� � � �� !!�� �� � � � ��  � � � ���� � �  �� �?� �- � � � �� � � �2 � 9�2 � 2 �� � � �
� � � �2 �� �2 � 2 �� � � � � �(���

� � � � �  , � � � � � � %�� � � � � �� � � �� � � � � � �


 � � �� � - �  �� � � � ��� � ��� �� � � � �� � �  �! � 2 �� � � @� � � �� � � ��#� � �  � � �� � 1�- �� � 1�� � � �� � �  � #� �� � � �� � �?� �
� G� � ��� � �� � � �� � 2 � � � �!�  �� � � � �� � �  1�� � � � � �� � �� � � �� � � � #� ��� �� � 2 � � � �� � � � �� � � �  � �- � � � �
� � 2 � � � ��� �2 � � �!�� � �� � �� #�A" / (��	 !�� � � � ��� �� � � �� � � � �?�� �� � � � �- �� � � � � � ��  ��� � � � � � � �� � � �  �� � �
� � � �  � �� � � � �� � � �?� �� � � � ��� �2 � �� � � �� � � (�

� � � � �  &� � 
 � � � � � � � ��%� � � � � � � � � �


 � � �2 � � � � � � �� #� �� � � � 2 � � �� � � � �� � � �� � �� �� � 2 2 ��2 � � � �� � � � � �� !�� � � � � � ��� #�#� � �  � � �  � �!�  �
� � � � �� � �  �� �� �  �� � �� � � �� � � � �  � � �� �� #�� � � 2 �� � �� � � �# �� 1�� � � �� � � � � � �� � . � � �� �� � � 1�� � � �
� � � � � G� � � � �� 1��� �� � �� �� � � � �  � � � �- �� � �� � � �� � � � � 2 �� �� �� � � � � � �� � � � � �� !�� � � �  2 �� �� #�� � � �
#� � �  � � �� � ��� @� ��� !�� � � � �#� � �  � � �  (�0 � - � @�  1�� � �� �#� � �  � � �� � ��� @� ���� �� � � � �  � �� � � ��� �� � � � �
� � �  �� �� �  �� � �?� �� � � �#�@� � �2 � 9�2 � 2 �� � � � � �� � �� !�� � � �#� � �  � � �  1�� � �- � ���� � �� � � �#�@� � �
2 �� �2 � 2 �� � � ?�� �#� � �  � � �� � ��� @� �(��	 � ��� �� �� � �� � � � �  � �� � � �� �  � � � �� � � ��- � �� � �  �� �� �  �� � � �?� �
� � � �?� �� #�� ��� - � � �� � �� 9� � � � �� � � �#�@� � � � 2 � �� � � � � � �� !�� �#� � �  � � �  ��!�� � � ��� @� ���� �?� �� #�
�� �  � � � � � �! � 2 �� � � �� �2 � �� �  �� � �� � �� � � �� � 9�1�� � �- � ���� � �� � � �?� �� #��� � � �� � � � �� � � �#�@� � � � 2 � �
� � - � � � � � ��!�� � � ��� @� ���� �?� �� #�� � �  � � � � � �! � 2 �� � � �� �2 � �� �  �� � �� � �� � � �� � 9�(��� � 2 � �� #�
� � � � �  � �� � � ��  � �� � � �� � � ��� � �- � � � �� �#� � �  � � �  �� @� ��� ?�� ��� �� � � �� �2 � �� �  �� � �� � � �?� � � �
� � � �  2 �� � � �?� �� � � �� � �� �� � 2 2 ��2 � � � ��  � � � � � �� � �?� �� � � @� ��� ?�� ��� �� � � �� � 9��� �2 � �� �  �� � (�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , � � 	 
 �� � - �  �

� � � � �  : � � � �

%�� � ��� ��� !�� 9�?�� 1�� � � � ��� 1�� � � �� � � �2 �� � � �� � �� � � � 2 � � �� � � � �� ���� � � �- �� � �� � - �  �� @� ��� ?�� ��� �� � � � �
� � �  �- ����?� �� � � � �� � - �  � � �2 � � � �� #�� � 2 � � � (��
 � � �!� � ��� � � � �� � � ��� � �� � �- �� � �� � - �  ��� �P�  � (��

� � � � �  � � � � � %� �

" � �  � #� ��� � � #�  � � � �?� �� � � �2 � � � ��� � �� � � � � �  �#� � �  � � �  1�?� � �� � � �� � � � ��� �� � � � ?�� �� !�� � @�� #�� �
� � #� � �@� �#� � �  � � �� � ��� @� �1�� � � � ��� 1�- � � � ��� ��� �?� �� #�� � �  #� � �� � � �� � - �  ��� �� � #� � �@� �� � � �
� � � @� � � �� � � ��#� � �  � � �  � �� � @� �� � �� � �2 �  � �� � �2 � . � �� �  � �� � � � �� � 2 � � � ��� �2 � �(�
 � � �!� � ��� � � � �
� � � ��� � �� � �� � �  � #� ��� � � �!��� �P�  � 1�� � � � #� �� ?@�� � � �� �� � � �!� � ��� � � � � �� !�� � � �� 9� � �� � � @� � � �� � � ��
#� � �  � � �� � �� � � � ��� � �� � �� � �  #� �� � �  � #� �- �  . � �� �  � � #� ��� �� � � �� G� � � �� � (��4� �� � �  #� �?� �� � � � �
� � � � �  � �� � ��� �� � � ��� � �� � �� � �  � #� �- � �  � ?� �� � �� � � � �� �2 � ��� � �  @� ��� �  �� #�� � � �� � � 1�� � � �� 2 � � � � �� !�
� � �  #� �� � �  � � �� !� �  �� � �  #�� #��  �� �� � � �  #�� #�� � � � � � �� 9� � � � �� � � �2 � 9�2 � 2 �� � � � � �� � �� !�� � � �
� � �  � #� �� � @�� � 1�� � � �� � � � � � �?� ��� � � �� � � � �P�  � (�
 � � �� � � �� � � � � �� !�� � �  � #� ��� �� � � � �  � �� � � �� � �� �
#�@� � �@� �� � �- � �� � 1��� �� � � �2 � � � �1��� �� �� � � � � � �! � � � �� � �� !�� � � �� � � � ��� � �  #� �� �P� �� !�� � � �� � �  � #� �
!� � ���� � (�
 � � ��� �� �� ��� � � � � �� !�� � �  � #� ��� �� � � �� � � � �� � �� !�� � � �3� �!�  2 � �� � �� � 1�!�  �� 9� 2 � �� ��� �� �
� �2 � �� � �� � ��� �2 � � �?� �� � � �� � �� � � � �� � � �� � � � �� � � �! � 2 �- � �  � ��� �!�� �� � � � �� � � �� � � �?� !�  � (��
� !!�� �� � � � ��� � � � � �� �  �� #�� � �  #�� #��  � �� � . � � ��� � � �� � � � � � � �@�� �� � �� �� � �  #� �?� �� � � � �� � � � �  � �� �1�
?� �2 � �� �� �� �� #�� � � �� !!�� �� � � � �!� � � �  �- �� � �� � � �� � - �  �� � � � �� � �� � �  #� �� � � �� � �  � #� (��� � � �  �
� � � � �  � �� � � �� � � ��� � �� � �� � �  � #� ��  � �� � � � ��� �� � � � � � �� �� � � �  #� �� � �# � � � �  �� � � � ��� � �� � - �  � � � �� #�
�  �� � ��� � � �� � � � �P�  � C�� � � �� � � � ��� �� � � � � � �� � �  #� �� � �# � � � �  �� � � � �P�  � 1�� � � � ��� 1�� � �  #�� #��� �
� � #� � �@� �� � - �  �� � � � � � (��
 � � �� � � �2 �� � � �� � �� � � � � � �� � �� � � �� � �  #�� #�� � � �� �� � � �  #�� #�� !�� � �  � #� �
� � �� � � � �!� � ��� � � � � �� !�� � � @� � � �� � � ��#� � �  � � �� � ��  � �2 �� �2 �� � � (��4� � �� � � �� �� � � ��� � �  � #� �� � @�� � �
�� � �  � �  � � � � ��� � � �� � � �!�  2 � �� � �� � �� � � � � ��� � �� - � �� � � �� !�� � � �@�  �� ?�� � �� � � �  �?� � �� ?� @� (�

�

	 � �� �� �� � � � �� � �� !�� �  � �� � �- �� � �- � �� � �� � � � � � �?� �� � ���� � � ��� � �  ��� �� � � �� � � �D!�  �� 9� 2 � �� �� � � �� � �
� � ?� � G� � � � �� �  � �� � �- �� � �� � � � � �� � � E�- �� � �� � � �� �� �� � �  �?� �� � � � ��  �?� �� � � � �� � �� � �  #� �� � �  � #� �
- �� � � � � �� !!� � � �� #�!� � ��� � � � � (��
 � �  � !�  � ��� �� � �� �!�  2 � �� � �� � ��� ��� ��  � !�  � ?�� �� � �� � �  #� �� � �  � #� �
�� ��  � �  �!�  �� � � �� � �  #� �� � �?� �� �   �� � �� @�  �� � �� � � �� � 9��� � � (��4�� � ��� �� � �� �� �� � � � �� � 1�� �  � �� � �
� � �  #� �� � � �� �?� �� � � � �?� �� �2 � �� � � � � � � �� �� �� � � �  #�� #�� � � �� � �  #�� #�� � �  � #� ��� � � � � � �� !�?� �
� � � � � �� #�- �� � �?� � �� � �� �� �� �  � � � �@� ��� �� � � � � � � ?�� (��
 � �  � !�  � ��� �� � �� �!�  2 � �� � �� � ��� ��� �
�  � !�  � ?�� �� � �� � � � �- �� � �� � �� � � � �� �2 � �� � � � � � � �� � �  #� �� � � �� �� � � �  #� �� � � � �� � � �� � � �  (��
 � � � � �
�  ��  �� �� � ��  � �� � !�  � � � �� � �� #��  � �!�� �� ��!� � ��� � � � � (�

� � � � �  6� � � � � �� � � � �, � � � %� � � � � �)6� , *�


 � �G� � � � �!� �A" / 1�� � � �� � � � � � � �� !�� � � �  � ��� � � � 2 � � ��� �� � � � �� � � � �!� �� #�� � � �� �2 � � �� � �- � �� � �� �
� �  � �� � ��  �� � � � �� !�� � @�� � �� � � � �� � �� �- � � �  �� � � � �  ��� �� - �� � � � � �� !!�� � � �� - �� � � � � �?� � . �� � �� �  �� #�
� � � �� � � (�
 � � �� � 2 � � � *� � � � #� ��  � !��� �!�  �� � � �� � @�� � �?� �� #�� - �� � � � � ��� �� � � � � � G� � � � 1�� � � � ��� 1�
� � - �2 � � � �� � 2 � � � ��� �� � � � � � � � � �!�  �� � � � �� � �  �� !�� � � �� � � �  � ��� �  �� � �� �  �� #�- � �� � �� � � �� � @�� � �
�� �� - �� � � � � �� !!C�� � � �� � - �� � � �� � 2 � � � ��� � � � � �  � � �!�  �� � � � �� � �  �� !�� � � �� � � ?� � . �� �  �� � �! � 2 �
- � � � �� � � �� � @�� � ��� �� - �� � � � � �?� � . �� � (�	 � �� � � �� �� � �� � �� � �� 1��� ��� ��2 � �  � � � � �� � �. � � - �� � � �
2 � 9�2 � 2 �� � 2 ?�  �� !�� � @�� � � �� � � � �� � � �?� �� � � �  � ��� � (�
 � � �� � � �2 �� � � �� � �� � � � �� � �� � �� � � � �� � � �
� � � �2 � ��� � 2 ?�  �� !�� � @�� � � �� � �?� �� - �� � � � � �!�  �� @�  � �� � � �  � ��� � � � 2 � �� � �� � � � �!� � ��� � � � � �� !�
� � � @� � � �� � � ��#� � �  � � �� � ��  � �2 �� �2 �� � � 1�� � � � �� � � � 2 � � �- � �� � �� - �� � � �� !!�� � @�� � � �� �  �� #�
� �  �� � � �� !�� � � . �� � 2 � � � ��  � ��  � � � � � �2 �  � �!� @� �  � ?�� �� � � � �� � � �  � (��A" / ��� �� � � � �  � �� � � �� � �
� � � � �� � � �� � 2 ?�  �� !�� � @�� � � �� � � � �� � � �?� �� - �� � � � � �� !!�!�  �� � � � �� � � �  � ��� � � � 2 � ��� �� � � ��� � � �� � � � �
P�  � 1�� � � �� � �� � � � �� � � �� � 2 �� !�� ���� � � �� � @�� � � �� � � �  � ��� � �!�  �� ���� !�� � � �� � � � 2 � � �� � � � �� � � �



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , &� 	 
 �� � - �  �

� 9� � � � �� � � �2 � 9�2 � 2 �� � 2 ?�  �� !�� � @�� � � �� @� ��� ?�� �!�  �A" / (��A" / �� �  � ��� �?� � � � �� � �- �  . �
� �   �� � �� � � �� � ��� � � �� � � �  � ���� �� � � �+8� � � &� (�

� � � � 	  : � � � �� � � ��� � � �� � � � �

4�� �#� 1��  � �!�� �� ��N!� � �O�� � � � ��� �� � � ��� � �� � �� � � � � �� #��� � � �� � �� � � �  � �� � � � �� � � � � �� #�� � �� �� � � �  � ��!�
� � �  � ��� �� � �� �� �  � � � �@� �� � �� �� �  �� ��� �- � � �� �� � � �  - �� � �?� �� � � �2 � ��� � � � � � � � �!� � ��� � � � � �?� �
 � � � � �� #�� � 2 � � � �� ���� � � �� �2 � (��
 � � �� � � � � �� � � �- � � � �� � �  � ��� �� � �� �� �  � � � �@� �?� � �� � �� � � � ��� � � �
�  � �- � � � �� � �  � ��� �� �� � �  � � #� �� !�� � � � � � �� � �#� � �  � � �� � �� � �2 � � � �� � 2 � � � �� � � �� �  � � � � �� � �� �
� � � � � � �� � �#� � �  � � �  �? � � . �� #�� � - � 1��  �- � � � �� � � � � � ��� #��� �-  � � #�� � � �� �  � � � � �� � �� �
� �� �  � � � � � � �?� �- � � � �� � � ��  � � �� � � � �� � � �� � � � � ��� � 2 � � � �� � � �- �� � ��� @� �� (��

�

%�� � �� � � � �2 � � �� �� � �� � � �  �� � 2 � � �2 � � (��
 � � � � �� � � � � �� � � ��  � �- � � � �� � �  � ��� �� � � �2 � � � �- �� � �
� � - �  ��� �� �� �  �� � �� !��� - �� � 2 � � � �!�  �� � � �� � � �� �� � � ��� � � @� � � �� � � ��#� � �  � � �  � �� � � � � � �� � �?� �
� ?�� �� � �� � �  � � � �- �� � � � � �@�� �� � �� #�� � � �2 �� �2 � 2 �� � � ?�� �#� � �  � � �� � �� � � � �  � �� �(��%�� � �- ����� � � �
?� �� � � � �� � � ���� � �  � ��� �� �� �  � �� � �� !�#� � �  � � �� � �� � - �  �� @�  �� � 2 � � � �� � �� � 2 � � � �� � � �� � �?� �2 � �1�
� � � ��� ��  � �  �� � �� � � �2 �� � �!� � ��� � � � � �- � � � �� � �� ��� �� � � �� � � � �� � � @� � � �� � � ��#� � �  � � �� � ��� � � � � � � � �
� � �2 � � � �� � �� � � � �?�� �?� !�  � �- �� � ��� �� � � � &&(��

3� � � �� � � � ��� �� � � � �  � �� � � �� � �� � � � ��� �� � � � � � �?� ��� � � �� � � � �P�  � ��� �� � � � �� � �  �� � �� � � � � �� #��� � � �
� � � � �� � �� � � � � �� � (��%�� � �� � � � �� � �� � � �� � � �  �� � � � �� � � � � � �?� �# � � � �  �� � � � �P�  � �� � ��� �� � . � � �
� - � � �! � 2 �� � � � � �� � (��	 � ��� �� �� � �� � � � � � �  � �� � �� � � �  � �- �� � �- �� � �� � � � �� � � � ��� �� �� �� � � � �� � �- � �  � �
� � �  � ��� �� ���  #� �� @�  *� � 2 2 ��2 � � � �� !�#� � �  � � �� � 1�� � � �2 � � � ��� � � � �� � � �� � � � �2 �  � �- �� � �� � � � �
� � � � � ��� �� 9�� � � (��
 � �  � !�  � 1�- �� � �� � � � ��� �� � � � �  � �� � � �� � �� � � �  � �� � � � �� � � �� 2 � � � � �� !�- �� � �
� � � � ��� �- �� � �� �� � � �?� � � � � �� !�� � � �� � � � � ��- �� � �� � - �  �� @� ��� ?�� �� � �� �� �  � �� � ��  �� �2 � �� �  �� � �� � � �
� �� �� � . �@�  �� ?�� �- � � ��� �  � � � � � � �� � �� �� . �� � �� @�  *� � 2 2 �� � � � �#� � �  � � �� � (�

� � � � 
  , � � � ��" � � � � �� � � � � �

� � � � � � �� ��� 1�� � � ���� � �  ��  � # � 2 2 �� #�!�  2 � �� � �� � ��� �� � �2 �� �2 �� � �� � � �!� � ��� � � � � �� !�� � � @� � � �� � � ��
#� � �  � � �� � ��� �� � � � �� �2 � �� �  �� � 1�� � ?=� � � �� � �� � � �� � � � �  � �� � � �� � � �  �?� � ��� �� (� (� �� � �� (� (, 1�� � � � �
�� 1�#� � �  � � �� � 1�� � �  � #� 1�� � � � � �� #1�� � � �A" / �� � � � �  � �� � � (�

� � � � ;  9 � �� � � %�� � � � � %� �� � � �6� , �


 � �  � ��  � �� �� � 2 ?�  �� !�- � � � ��� �- � �� � �� � � �� �  � �2 � � � � � � �� #� �� � � �  �?� � �� � � �?� �� � � � �� � �@� �� � �
� � �  � #� �� � � �A" / (��4� �� � � �� � � � � ��� ��  �� � �� � ��� �� � � � �  � � � �- �� � �� � � �  � � � �� �� � �!�  �� � �  � #� �
�  �� �� #�! � 2 �� � � ��� �  � � � � � �� � � � �  � � �� � �� !� � � � - � ?�� �� � �  #� �� � �  � � � 1�� � � � � � �  � �� � � � � � �  � � � � �
� � �� � � �. � � ��  � � ��� �- � �� � �� � �  � ��  � �� � � �  � � � �� �� � �!�  �� � �  � #� �� � � �A" / 1�� � � � ��� 1�� � �� � � ��� � � �� � �
� !�� � � �� �  � �2 � � � � � � �� #� �� � �� � � �G� � � � �� � �� !�� � �� #�� � �  � #� �� � �� � � � � �� #� � � �  @� �!�  �?� �� � � �� #�
� � � � �� �� � � �� � 2 � � � (���

�

���������������������������������������� ���
&� �3� � 1�" (�0 (�D+8� &E�4��  � � � �� � ��4� �  � � � � �� � �4� � ��� � � � �3� � � �� � � �  � ��4� � �� � �� $�4�%� � �  �0 � � � �  �� � � � �
" � � � � 1�	 � � � �
  � � � � � � �� � � �� � �� � - �  �4� � �  � � � � �� � � �" � � � � 2 � 1�H� �(�� 4" *+� � 1�� � (�� (���
&&�" � � �� (� () �!�  �� �� �� � � � � �� � �� � ��  ��  �� �� � �- � � � 1��� �� �  2 � �� !�� � � �2 �� �� #�!� � ��� � � �1�� � �  � ��  � �� �� �  � � � �@� �
� � �� � �� � � �� � �� � � � � �� #�- �� � �?� � � � �� � �� � - �� � �  � #� ��� �� � � � (�

�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , � � 	 
 �� � - �  �

4�#� � �  � ��� � � �- � � ��� �- � �� � �� � � �� �  � �2 � � � � � � �� #� �� � � �?� �� � � ��� � �� � �!�� � �� � � �� � � �� �� � � ��@� �� � �
� !�� � �  � #� �- �� � �- �� � ��� �� �� � � � � 2 �- � �  � �� � �  � #� ��� �� � � � ��� ��� � ��  � � �� �� � � ��- � � �!�  ��  ?��  � #� ��� �
� � - �? �� !�� �� � � �  �?� � $*�

�

� ! �*�� <�K�� � � �� �� � � ��@� �� � �� !�� � �  � #� ��� �� �� � � � � 2 �- �� � �- �� � �

�

- � �  � $�

� <�K�@� �� � �� !�� � �  � #� �- �� � � � � �- �� � �

� ! �K�@� �� � �� !�� � �  � #� �- �� � �- �� � �

�

%� � � $��

� <�K�!� � ��� � � � � �- �� � � � � �- �� � 1�- �� � � � � �� � �  � #� �B�!� � ��� � � � � �- �� � � � � �- �� � 1�- �� � �
� � �  � #� �

� ! �K�!� � ��� � � � � �- �� � �- �� � 1�- �� � � � � �� � �  � #� �B�!� � ��� � � � � �- �� � �- �� � 1�- �� � �� � �  � #� �

�

	 � �� �  � �� � ��  �� � �� �� � � �� �?� �� �� � � !� ��2 � � � � � �!�  �� � � � �  �� #�� � � �� � � �� �� � � ��@� �� � �� !�� � �  � #� �- �� � �
- �� � ��� �� �� � 2 � �� 9�� � � � � 2 �- � � � �� �� � 2 ?�  �� !�� �!!�  � � � �!� � � �  � �� � � � �� � ��  ?��  � #� 1�- �� � �
� � ���� � � �� � 1�� � � �?� �� � � �� #��  � �� ����� �� �� � (���

�


 � � �� �� � � � � �� � ��� �� � � � � � � �� !�� � �� �� � � � �� � ��� �� � � � �  � � � �- �� � �� � - $�

� ! �K�!� � ��� � � � � �- �� � �- �� � 1�- �� � � � � �� � �  � #� �B�!� � ��� � � � � �- �� � �- �� � �- �� � �� � �  � #� �� � � �?� �
� @� �� � � � � (�

%� � � �2 � � � ���� #�� � � �@� �� � �� !�� � �  � #� ��� ��  � @�� �� #�?� �� � � �� #�� �  @�� � � �!�  �#�@� � �� � � � �  � � �� � � �
� !�- �� � 1��� �� �  2 � �� !�� � - ��� �� � 2 � � � � � �- �� � �� ��� � � �  @� ��  � @�� � � �! � 2 �� � � @� � � �� � � ��� �� � � �!�  �
� � � �� � 2 � �- �� � �� � � � �  � � �� � (�� <��� �� !!� � � �@� �� �P�  � �� � ��� �� � � �� � � � �� !�� � �- �� � 1�- �� � �� � �- �� � �
!�  � � � � � ��   �  � �� � � � ��  � � �� �� � � � �� � � �� � � � �!�  �?� �� � � �� #�� �  @�� � � &� (�

� (� (8(+ / � � � ���� #�� � � �  @� �

" � �  � #� �� � � �A" / �@� �� � ��� �� �  2 � �� !��  � @�� �� #�� � � � � �� #� � � �  @� �!�  �?� �� � � �� #��� �� � � � � � � � �?� �
� �� � �� #�� � � �2 � � � � � � �� #� �� � � �  �?� � ��� �� � � � �� � � �� (� (+�� � �� (� (� �� � �� � � �� �  � �� !�� �� �2 � �� � �� � �� � � � �
2 � � � �� �� � � ��2 ?� �� � � � � �?� �- � � � �� � � �- �� � �� � � �� � 2 � � � ��  � !��� � �� � � � �!�  �� � � � � � ��� #�
#� � �  � � �� � �� � � �� � � ��  � !��� � �� � � � �!�  �� �� � � � � � (� ' �  � � �  2 �  � �� � � �2 � � � ��� ��� � � � � � �� � � � �  � � �� � � �
� � � �� � � � � �� #� � � �  @� �� � �� � @�  �� � � � � ��2 ?� �� � � � � (��" � � � �� �� �2 � �� � �� � ��� �� � � � �  � � � �- �� � �
� �  � 2 � � �  � �� � � �  �?�� #�� � � ��� @� ��� !�� � � �  � � �� � � ��� �� � � �� � � � � 2 1�� � � �- �� � �� � � � �  � � �� � ��� @� �1�� � � �
�  � � �  � �� � �� !�� � �  � #� 1�� � � �� � � �� ��� � � � �� � �� !�� � � � �  � � � � � �� � � �� � � � � �� #� � � �  @� (�

� (� (8(�  %�� � �!�  � � � � � �� � � �  � � �� � � �

4� �- �� � �� � - �  ��� ��� !�� 9�?�� 1�� � � �� � � � � 2 �� �� �� � � � � � �� !�#� � �  � � �� � �� � � � �� ���� @� ��� ?�� �- �� � �
� � - �  �� � � ��� ��� �� � � �� � � �N� � 2 � � � �B�- �� � O��  � !��� �- � �� � �� � � �� � �?� �2 � � �?� �� � � @� � � �� � � ��
#� � �  � � �� � (��
 � �� �#� � �  � � �� � �� � � �?� � � �� � 2 2 �� � � � ��� �� � � �  � � � � � �- �� � �!�  � � � � � � �!�  �� � 2 � � � �
� � � �- �� � (��0 � - � @�  �� � �  � ��� �� � � �  � � �� � � ��� �� � � �� � � � � 2 �� � � �� � �� � 2 � � � �!�  � � � � � �� #��   �  � �
� � � �� � � �� �� � � ��� � � �  � � �� � � �� � � � � �� � � � �- �� � ��� �  � � � � �� #�- �� � ��� � � �� � � �� � � � � 2 �� � � �� � �- �� � �

���������������������������������������� ���
&� �>� �  �� #��� �2 �� � �� � � � �� � 2 � � � �!�  � � � � � ��   �  � ��  � �� �� � � � � � � � �!�  � � � � � � � �� � � �  �?� � ��� �� � � � �� � �� (� (8(� �



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , ) � 	 
 �� � - �  �

!�  � � � � � �� #��   �  � (��
 � �� ��� � � � �� � ��2 ?� �� � � � � �� �  �� #� � � ��� �2 � �� � �  � � �� � �- � � � �� � � �� � � � � ��� � � �
�  � !��� �� �!!�  � �! � 2 �� � � ��  � � �� � � � ��  � !��� (��5� �� #�� �� �  � �� � � � � � �� � � � � �G� � �!�  �- �� � �!�  � � � � � �� #1�
� � � � 2 �� #�� � � � �� � � �- �� � ��� �� �!� - �� � �  � �� �2 � �- ����?� �� � � �� � 2 � �� � ��� ��� �� � �� � � ��  � � � � � �� � �  1�
� � � � �- �� � �!�� � � � � � �� � � �� � � �?� �� � � � �� � �� � ��� � �� � � �� � �� !�� � � �- �� � �!�  � � � � � ��   �  (��
 � �  � ��  � �
�- � � � � � � 2 �@�  �� ?�� � �� � � � 1�� � � �@�  �� � � � �� !�� � � �� � 2 � � � �!�  � � � � � ��   �  � 1�@�  �� � � � a� !� b�� � � �
� � � �@�  �� � � � �� !�� � � �- �� � �!�  � � � � � ��   �  � 1�@�  �� � � � a- !� b(��	 � ��  � �  �� � �!�� � �� � � �� � � � � �  � �
� � @�� � �� � �� !�� � � �� � � �� � 2 � � � *- �� � ��  � !��� �� � � �!� ��� - �� #�� G� � � �� � ��� �� � � � $�

�

� � � A� @a� � �b�K� ][var][var wfeiancedfeiance + �

�

E� B� 	 � �� � �* F�

�

	 � ��  � � � �� � �� � � �� � � � � �!� � � � �� � � � �� � � �� � 2 � � � �!�  � � � � � ��   �  ��� �� � #��#�?�� �� � 2 � �  � � �� � �� � � �
- �� � �!�  � � � � � ��   �  �!�  ���  #� �- �� � �� � � � �  � � �� � � �� � ��� ��� �� �� � � � � � � � (��
 � �� �� � � �� � � �� � @� � � � #� �
� !�� � � - �� #�� 9� � � �� �� � - �2 � � � �� !�� � � �� � � � � �  � �� � @�� � �� � ��� �� � � �� � �- �� � �� �� � � �- � � � �
2 � � � ���� #�� � � �2 �� � � �� � �� !�� � � �?� �� � � � �?� �- � � � �� � � � �  � � �� � � �� � � �� � � � � �� #� � � �  @� �� � �
� � � �  �?� � ��� �� � � � �� � �� (� (8() (�

�

� 	 ) �� �* � +�� � 	 � �� � �� � �� � � �/ 5�� � �! �� � .�3�� � � � �� �� � � � � � �� � 	 � � � � �

�

26 GW wind 4 hourly statistic Value (GW) 

Standard Deviation 2.415 

Sample Variance 5.833 

Minimum -11.716 

Maximum 12.906 

 

4� �
 � ?�� �+&�� � � - � �� � � �� � � � � �  � �� � @�� � �� � �� !�� � � �- �� � �!�  � � � � � �� � � �  � � �� � � �!�  �
� , � %�- �� � �� � �� #�� �� �� � �  �� �?� � � � �� �  � �� � � � � � �!�  � � � � � �� � � � � �G� � ��� �� (� +) �� %(��

 � �� �@� �� � �� � � �� � - �?� �� � � � ��� �� � � �  2 �� �� #�� � - �2 � � � � � � �  @� �� � �� � � � � � �� (�

�

�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � , , � 	 
 �� � - �  �

�
( �� � � � �/ 4+�( � � B� � � � � �� �� � � �) � � �� � �� � �3�� � � � �� �� � � � � � �� � 	 � � � � �� � � �/ 5�� � �! �� �  

�

' �#�  � �� ) �� � � - � �� � � �� � � � � � �! � 2 �� �� 2 � ���A� �� � ���  � # � 2 �-  �� � � � �� � �� � �� � �� � � �� � � �� � � � � � �
� � � � #� � �� !�� � � �� �� � �  �� � ��- �� � ��  � !��� �� � � � ��� �� �  �� � � � �� � � � �� � �D� � � � �� � � � �� � � �@� �� � � �!�  �B++�
� %�� � � �+� �� %�� � � �?� �� � � � �- � � � �P� � 2 � � �?� � ��  � �� � � �@�� �?�� ��� �� � � �!�#�  � E(�

�

� (� (8(& 4��� � � � �� � �� !�� � � � �  � � � � � �� � � �� � � � � �� #� � � �  @� �

	 � ��� �� � � � 2 � � �� � � � �� � � � �  � � � � � �� �� � � ��  � @�� � � �?� �� �  �*�� � � � � �� � � @� � � �� � � ��� �� � � ��� �� � � � �� � �
� � � � 2 2 � � � � � � � �� � �@� �� �! � G� � � � �?� � �� � 2 � �  � � �@� �� �� 2 � ����2 ?� �� � � � � �?� �- � � � �#� � �  � � �� � �
� � � �� � 2 � � � �- � ��� �� � � � � �� #� � � �  @� ��  � @�� � � �?� �� � �  � #� ��� �� � � � �!�  �� ?� �  ?�� #��� � � �! � G� � � � �
?� � � � �� � �@� �� ���  #� ��2 ?� �� � � � � (��" � 2 � �� � � � �� � � � � �- �  � � � � �� � �� � � �  2 �� � �� � � �?� �� � � � �
?� �- � � � �� � � � �  � � �� � � �� � � �� � � � � �� #� � � �  @� 1�?� � � � �� � �- � � � ��� �� � � � � � �  � �� � �� ��2 �� � � � �
� � �  � � #� � (�� �@� � �� � � �� ��� � � � �� � 1�� � � �@� �� � �� !�� � �  � #� ��  �A" / ��� ��  � @�� �� #�� � � � � �� #� � � �  @� �
?� �� � 2 � �  �� #�� � � �!� � ��� � � � � �� !�� �� � � � � 2 ��� �- � �� � �� ��� � � �  @� ��� ��  � @�� � � �?� �� � � � �  � � � � � �
� �� � � �- �� � �� �� � � � � 2 ��� �- � �� � �� � �  � #� ��  � @�� � � �� � � � � �� #� � � �  @� ��� �� � � � �G� � � � �!�� � (��

�

� 	 ) �� �* 3+�&��� � 	 � �� � �� � �� � � � � 6� �

�

Storage Rating  

(standing reserve) 

No. standard deviations 
of spinning reserve 

Maximum 
spinning reserve 

Total Reserve 
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56.79 20 0, 2, 6, 10, 16, 20 rating * 10 hours 80% 
56.79 26 0, 2, 6, 10, 16, 20 rating * 10 hours 

80% 
56.79 30 0, 2, 6, 10, 16, 20 rating * 10 hours 
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56.79 56 0, 2, 6, 10, 16, 20 rating * 10 hours 

80% 
 
 

 � � � � � � �� � �� � � - �� � � � �� � �  � #� ��� �?� � � !�� �� ��!�  �� � � � �  � � �� � � �� !�- �� � ���  #�  �� � � � �� � � %. 
 

 
( �� � � � �35+�� � # # 	 � � �� � �� 	 � � �� � � � �� � +�! �� � �� � � � �� 	 6�� � � ��

�
' �#�  � �� , �� � � - � �� � � � �� � � �� �P� �� !�� � �  � #� ��� ��2 � �  � � � �1�?� � �� � � �2 �  #�� � ��?� � � !�� � �� !�� � � �� �� � � ��
� � �  � #� �� � � � � �� � �?� � � 2 � � � �� � �@� �� �� 2 � ���� @� � �!�  �@�  � ���  #� �� � � � �  � � �� � � (�' �  �� 9� 2 � �� 1�!�  �
� � � � �  � � �� � � �� !�- �� � �� !�� � � %1�� � �  � #� �� !�, � %�� � � � � �� � �D� � � �� � �  #� �� !�, � � %� E�- ���� � � � � � �
- �� � �� � � � �!�  �� ?� � � �+(, 
 %� �� � � � � ��� 1�- � ��� �� � @�� #�+� � %�� � �  � #� �- ����� � @� �� � �� �� � �
� � � �� �� � � ��� (� 
 %� �� �  �� � � � 2 (���



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � � � � 	 
 �� � - �  �

�

��
( �� � � � �37+�� � # # 	 � � �� � �� 	 � � �� � � � �� � +�� � � ��� 	 6�� � � �� � � # �� � ���� 	 � �� � �� � �! �� � �� � � � �� � �

 
�
' �#�  � �� 
 �� � � - � �� � � � �!� � ��� � @�� #� ��  � �� �� � �2 � � � �?� � � � � � �� � �  � ��� �� �� � � �  #� �� !�� � �  #� �
� � �  � � �� �  �� #�� � � �- �� � �� �  � �� � �� �  �� � �� � �� �2 � � �- � � � �2 �  � �#� � �  � � �� � ��� �� � � � � � (��
 � � � � �
� � @�� #� �!� ��� - �� � � �� � 2 � �� � � � �  � �� � �� � � �- �� � � � � � �� � @�� #� �� � � ��  � � � � #� �� �� � � �- �� � � � � � �
� � @�� #� �2 � �� �� ��� � �?� �� � � �� � �  � #� �� !!�� �� � � � 1�� � � � ��� 1�� !!�� �� � � � ��� � � � � �- � � � �� � �  #�� #�� � �  � #� �
 � � � � � �� � � �!� � ��� � @�� #� �� � � � �� � � �?� �2 � � � (�

�

�

  
( �� � � � �3: +�! �� � � � � � ��� �K� � � �! �� � � � � �� � � � 	 � � ��

�

' �#�  � �� � �� � � - � �� �  � �� !�� � � ��  � � � � � � � �� � � � � � �� �  � � � 1����� � �  � � �� #�- �� � � � � � �� � � �   �� #��� �� � � �
�� - �� � 2 � � � �2 � � � � �� !�� � � � �- � � � �� � �  � #� ��� �� � � �?� �� #�� � � � (�	 � �� � � �?� �� � � � �� � � � �- �� � � � � �� � � �
� � � �� !�� � �  � #� �� � �  � ��  � �� - � �� �  �� � � �- � � � �- �� � � � � � �� � � �  � 1�- � �� � ��  � �!�  �� �� � �� � �� � � � � �� !�
� �#� �- �� � �� � � ��� - �� � 2 � � � (��
 � �� ��� �� � � �� � �� � �  � �?� �� #�� � �� �  � �� � �� @�  �� � 2 � � � �� !�- �� � �
� � - �  �� � 2 ?�� � � �- �� � �� � - �  �! � 2 �� � � �2 �� �2 � 2 �+� �� � � @� � � �� � � ��#� � �  � � �  � � � � � �� #�� � �� �  � �
�� � � (�

�



� � �� �� � � � � � � �� � � �
 � � � � �� � ��� � � �  � � � �� �� � �!�  �" ��  � #� �	 � � � # � � �� � �
� � �  � � � � � �$�%� &�' �� � ��� � � �  � �

	 
 � � 
 � � � � 8� 	 
 �� � - �  �

 
( �� � � � �3; +�K� � � �! �� � � � � � �� � # � 6� � �) � �� � � � 	 � � �

�

' �#�  � �� 8�� � � - � �� � �  � #� �� !�� �� %1�&� �� %� �� � �  #�� #�� � � �� �� � � �  #�� #�� � �� � � �� � � � � �� � � �- � � � �
� � �  � ��� �� �  � �� � �- �� � (�	 � �� � �� �� � � � �� � � �� �  � �� � �- �� � �� � � �?� � � �� � ���� � � �� � �� � �  #� �� � � �� � �  � #� �
� � � �- �� � � � � � �� � � �?� � � � � 2 � @� � (�

�

  
( �� � � � �4<+�� � � � 	 � � �� �� � �	 � �� � �� � � ��� �� � � �� � � � � 	 � � � � �

�
�
' �#�  � �) � �� � � - � �� �� � � �  #� � �� � �  � #� �� �� � �� � �� #�� � � @� � � �� � � ��#� � �  � � �� � (��4� �� ���� � � �
#� � �  � � �  � ��  � �� � � �� � 2 � ��  �� � 1�� � �  � �2 � � �?� �2 �  � �� � � � �� � � �� � � �2 � ��� � �� � �� � 1�� � � � #� �� � � �
� � �� � �� � �� � � � �� � . � ��� � � �� � � � � � � � � 2 � � � � � �� � � � �  � �� � � �� @�  �� � � �� � � ��� �� �  2 � �� !�� � � �� � � � �� � �
 � 2 � �� � - � �� � � @� � � �� � � ��#� � �  � � �� � �?� � � �- � � � �� � �  � ��� �� �  � �� � �- �� � 1�� � � �- � � � �� � �� #�
� � �  � � �� � �  #� �� � �� �� � �� � � �� � � @� � � �� � � ��#� � �  � � �� � (��

�


 � �  � ��  � �� � 2 � ���2 �� � � �� � � �� � �� � � �� � � �� � 2 � � � �� !�� � �  � #� �- � �� � ��  � �� � �� � �- �� � �� �2 �� #(��	 � �
�  � �  �� � �� � . � �� � @� � � � #� �� !�� �  � �� � �- �� � �� � �� � �  #� �� � �  � #� ��� �2 � � � �?� �� � � � �?�� �� � �� �� � � �  #� �
�� ��� � �  (��
 � �  � !�  � ��!�� � �  � ��� �� �� �  � �� � �� � - �  � � �� � � �� � � �� !�� �� � � ��� �� �� � ��� �2 � � � ��� � � � ��� �2 � � �
� � � �?� �� � � � �� � �� � �  #� �� � �  � #� (��0 � - � @�  �� � � ��� - �  �� � 2 � � � �� �  �� � � 1�- � �� � ��  � �2 � � � ���. � �� �
� � �� � @� �� �� �  � �� � �� !�#� � �  � � �� � ��  � �2 �  � ���. � �� �� � �?� �� � �� � � �� � �  � �� !�� � � �� � � �� � � �� � �� �
�  � ?�� 2 ��� �� � ��. � �� �� � �� � � �  ��� �� � � �2 �  . � � �- � � (�
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2 � � � �� � �� � � � � �� �� !�� � � 
 �#� � �  � � �  � �- �� � �� �2 �� �2 � 2 �� !�+� �#� � �  � � �  � � � G� � � � �� � �?� �
� � � � �  � � �� � � �� � �� � � �� � �  (�
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� 	 ) �� �/ � +�
 	 � � �� � � � � �� 	 � 	 # � � � � � �

Peak  
demand (GW) 

Max wind  
(GW) 

DSM number of devices Hourly control period 
load reduction (GW) 
 

56.79 20 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
56.79 26 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
56.79 30 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
56.79 36 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
56.79 40 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
56.79 46 0, 200, 600, 1000, 1600, 2000 2, 6, 10, 16, 20 
�
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� 	 ) �� �/ 3+�
 	 � � �� � � � � �� 	 � 	 # � � � � � �

Date/ time demand 
(MW) 

wind 
(MW) 

net (MW) net – minimum 
conv gen (MW) 

DSM 
modification 
(MW) 

13 Aug: 01:00  22305 16937.07 5367.93 367.93 -88 

13 Aug: 02:00  21847.5 16570.23 5277.27 277.27 -88 

13 Aug: 03:00  21067.5 16200.21 4867.29 -132.71 132 

13 Aug: 04:00  20857.5 15659.76 5197.74 197.74 44 
�
�
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Storage 
Rating  

(standing 
reserve) 

Storage 
efficiency 

Storage 
energy 

 

Wind 
penetration 

Generation mixes 

None -  20, 25, 30 % LF, MF, HF 

2 GW 70% 40 GWh 20, 25, 30 % LF, MF, HF 

3 GW 70% 60 GWh 20, 25, 30 % LF, MF, HF 

4 GW 70% 80 GWh 20, 25, 30 % LF, MF, HF 

5 GW 70% 100 GWh 20, 25, 30 % LF, MF, HF 
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20 61.319 

26 79.715 

30 91.98 
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Storage (GW) LF system MF system HF system 

 balancing cost 
in Euro/MWh 

balancing cost 
in Euro/MWh 

balancing cost in 
Euro/MWh 

0 (base case) 8.81 5.67 3.29 

2 4.74 3.24 2.23 

3 3.76 2.70 1.94 

4 2.76 2.06 1.56 

5 2.32 1.77 1.41 
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Table 28: Balancing costs per MWh wind 20% wind penetration 

Storage (GW) 
LF system MF system HF system 

 balancing cost 
in Euro/MWh 

balancing cost 
in Euro/MWh 

balancing cost in 
Euro/MWh 

0 (base case) 5.68 4.83 3.23 

2 2.71 2.65 1.96 

3 1.99 2.02 1.52 

4 1.56 1.64 1.27 

5 1.74 1.88 1.38 
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Storage (GW) 
LF system MF system HF system 

 balancing cost 
in Euro/MWh 

balancing cost 
in Euro/MWh 

balancing cost in 
Euro/MWh 

0 (base case) 9.59 6.27 3.41 

2 5.91 3.74 2.41 

3 4.50 2.93 2.05 

4 3.56 2.46 1.73 

5 2.70 1.97 1.56 
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Storage (GW) LF system MF system HF system 

 balancing cost in 
Euro/MWh of 
demand 

balancing cost in 
Euro/MWh of demand 

balancing cost in 
Euro/MWh of demand 

0 (base case) 1.41 0.92 0.61 

2 0.67 0.50 0.38 

3 0.49 0.38 0.29 

4 0.38 0.32 0.24 

5 0.42 0.36 0.26 
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balancing costs for different efficiencies (wind 25%)
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Storage (GW) LF system MF system HF system 

 balancing cost in 
Euro/MWh of 
demand 

balancing cost in 
Euro/MWh of demand 

balancing cost in 
Euro/MWh of demand 

0 (base case) 2.16 1.39 0.80 

2 1.17 0.80 0.55 

3 0.92 0.67 0.49 

4 0.68 0.52 0.38 

5 0.58 0.44 0.35 
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Storage (GW) 
LF system MF system HF system 

 balancing cost in 
Euro/MWh of 
demand 

balancing cost in 
Euro/MWh of demand 

balancing cost in 
Euro/MWh of demand 

0 (base case) 2.73 1.79 0.97 

2 1.68 1.06 0.68 

3 1.29 0.83 0.58 

4 1.02 0.70 0.50 

5 0.77 0.56 0.44 
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