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March 28, 2023 

 
The Honorable Kimberly D. Bose 
Secretary 
Federal Energy Regulatory Commission 
888 First Street, NE 
Washington, D.C. 20246 
 

Re: California Independent System Operator Corporation 
 
Tariff Revisions to Extend 
Minimum State of Charge Requirement  
 
Docket No. ER23-____-000 

 
Dear Secretary Bose: 
 

The California Independent System Operator Corporation (“CAISO”) submits 
this discrete tariff amendment to extend the minimum state of charge (“MSOC”) 
requirement for resource adequacy storage resources until the earlier of (a) September 
30, 2023, or (b) the implementation of the CAISO’s planned exceptional dispatch state 
of charge enhancements.1  As the Commission found in 2021, the MSOC requirement 
is “a reasonable measure that will allow CAISO under specified circumstances to 
ensure that resource adequacy energy storage resources have sufficient charge to 
support their day-ahead market awards on days when tight supply conditions are 
expected.”2  Without this short extension, the MSOC requirement would sunset on 
June 1, 2023 potentially leaving the CAISO without the necessary tools to ensure 
reliable operations this summer.  The CAISO originally included the sunset date to 
convey that it would develop enhancements that would obviate the MSOC requirement.  
The CAISO has developed these enhancements and the CAISO Board of Governors 
has approved them, but the CAISO currently does not know whether it can finalize the 
software, simulate it with market participants, and put it into production before this 

                                            
1  The CAISO submits this filing pursuant to section 205 of the Federal Power Act (“FPA”), 16 
U.S.C. § 824d.  Capitalized terms not otherwise defined herein have the meanings set forth in the 
CAISO tariff, and references to specific sections, articles, and appendices are references to sections, 
articles, and appendices in the current CAISO tariff and as revised or proposed in this filing, unless 
otherwise indicated. 

 The CAISO proposes an effective date of May 28, 2023, 61 days from today. 

See CAISO Final Proposal on this topic, available at 
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Minimum-state-of-charge-extension.  

2  California Independent System Operator Corp., 175 FERC ¶ 61,168 at P 31 (2021).  

https://stakeholdercenter.caiso.com/StakeholderInitiatives/Minimum-state-of-charge-extension
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summer’s peak load conditions.  Out of an abundance of caution, the CAISO therefore 
proposes to extend the MSOC requirement to the end of this summer or when the 
CAISO implements the replacement enhancements, whichever is sooner.  Although 
the CAISO aspired to replace the MSOC requirement before this summer, it requires 
more time to do so.  Preserving the MSOC requirement will help protect the reliability of 
the grid, which must take precedence.   

 
I. Background 
 

A. MSOC Requirement 
 
 The CAISO implemented the MSOC in 2021 as part of its resource adequacy 
enhancements.3  As the Commission summarized in approving the MSOC 
requirement: 
 

[T]he need for storage to charge before discharging energy onto the grid, 
combined with the real-time market’s horizon being too short to manage 
the typical charge/discharge cycle, poses challenges for CAISO 
operations. . . . [T]he day-ahead market optimizes over 24-hours and can 
thus account for the charge/discharge cycle, but notes that the time 
horizon for the real-time market makes it difficult for CAISO to optimize the 
charge/discharge cycle to derive the greatest reliability benefits from 
resource adequacy storage resources.4 
 
To address these challenges, CAISO proposes an interim mechanism that 
will constrain real-time market awards to storage resources, under 
specified conditions, in order to ensure that a resource adequacy storage 
resource will have sufficient charge to meet its discharge awards from the 
day-ahead market. CAISO proposes that this mechanism will only be 
triggered if there is an hour of the day for which its Residual Unit 
Commitment (“RUC”) process5 initially cannot find a feasible solution 
without adjusting the original constraints and will only do so for the most 
critical hours of that day.  CAISO proposes to notify market participants 
approximately at the time day-ahead market results are posted of any 

                                            
3  Id. 

4  “For example, real-time prices during what are typically the lowest-priced hours of the day may 
be higher than prices in the day-ahead market, resulting in no charging of storage resources. Also, if 
high prices occur before peak net-load hours, the real-time market may discharge the limited energy 
available from the storage resource before the period of greatest need.”  Id. at P 15 n. 16.  

5  “The RUC process is conducted by CAISO in the day-ahead market after the economic 
Integrated Forward Market has been executed to ensure sufficient supply is committed to meet the 
CAISO’s forecast of its demand.”  Id. at P 16 n. 17 (citing “Residual Unit Commitment,” Appendix A to 
the CAISO tariff). 
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RUC infeasibilities and which hours’ day-ahead schedules are subject to 
the minimum state of charge tool.6 
 

 The CAISO Department of Market Monitoring (“DMM”) and other stakeholders 
supported the MSOC requirement as an interim measure to maintain reliability.  
Although some commenters protested aspects of the MSOC requirement, the 
Commission approved the MSOC requirement as just and reasonable and not unduly 
discriminatory.7   The Commission found the MSOC requirement  
 

serves as an enhanced optimization of the real-time market on days with 
tight supply to take into account the inability of that market to optimize 
across an entire trading day.  While it may be preferable for CAISO’s real-
time market to optimally dispatch resource adequacy storage resources 
such that this additional constraint was unnecessary, we find that CAISO’s 
proposal represents a just and reasonable solution to address a specific, 
defined reliability need. This solution will address the approximately 1,800 
MW of energy storage resources anticipated to be available this summer, 
and the likelihood that CAISO will need to rely on those resources during 
tight summer conditions.8 
 

The Commission also noted that the “CAISO has taken steps to limit the impact of its 
proposal.  Specifically, CAISO will only trigger the tool on days when the RUC process 
is infeasible in some hours,” namely “when there is not enough supply available in the 
day-ahead timeframe to meet CAISO’s forecast load and, therefore, the capacity from 
all resources, including resource adequacy storage resources, is crucial to meet 
demand at net peak load.”9 

 
B. MSOC Requirement in Practice 

 
 The CAISO storage fleet has grown significantly since 2021.  The CAISO now 
has over 4,500 MW of battery storage capacity.10  Storage clearly represents a critical 
technology to meet demand.  As intended, the MSOC requirement has worked well to 
address the large and growing storage fleet.  The MSOC requirement is a surgical, 
effective measure to help ensure reliability during the few days each year where the 
CAISO faces capacity shortfalls.  In 2021 and 2022, the CAISO faced RUC 

                                            
6  Id. at PP 15-16.  

7  Id. at P 31 et seq. 

8  Id. at P 33. 

9  Id. at P 32. 

10  See CAISO Key Statistics February 2023, http://www.caiso.com/Documents/Key-Statistics-Feb-
2023.pdf.  

http://www.caiso.com/Documents/Key-Statistics-Feb-2023.pdf
http://www.caiso.com/Documents/Key-Statistics-Feb-2023.pdf
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infeasibilities on 6 and 14 days, respectively.  The CAISO only utilized the MSOC 
requirement on 12 of these 20 days: on 3 days in 2021 and 9 days in 2022.11  The 
slight uptick between 2021 and 2022 was largely due to the historic demand during 
September 2022.  Nevertheless, the CAISO used the MSOC requirement sparingly: in 
nearly all of the critical hours, the storage fleet carried state of charge at or beyond 
quantities required from day-ahead schedules.  This allowed storage resources to 
provide incremental energy above day-ahead awards in the real-time market during the 
critical hours.  The market results from September 6, when the CAISO faced what 
would become its record peak demand, illustrate this:  
 

Figure 1: Day-ahead and real-time energy schedules for storage 

 

   
Overall, the minimum state of charge requirement worked as designed, ensuring 
storage resources with resource adequacy obligations maintained minimum state of 

                                            
11  Although CAISO operators use their engineering judgment based on holistic system conditions, 
generally CAISO operators use the MSOC requirement when RUC infeasibilities are substantial, 
typically over 500 MW, and otherwise have successfully avoided using it.  
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charge during the critical hours.12  The constraint bound in the hours before and during 
the critical period to ensure storage resources had sufficient state of charge to provide 
energy and ancillary service awards during the critical hours.13   

 
 This means the MSOC requirement worked as intended to provide some level of 
comfort that storage resources would have sufficient state of charge to meet demand, 
but without inhibiting the majority of storage resources from taking advantage of real-
time price signals to provide additional energy where possible and in nearly every hour.  
Figure 2 shows the four-day period from September 5 through September 8, when the 
CAISO faced extremely high temperatures and system loads, including the all-time 
record peak load.   
 

Figure 2: Enforced Real-Time MSOC Requirement 

 
 
The CAISO used the MSOC requirement all four days, to all of the storage resources 
with day-ahead discharge schedules during the critical evening hours.  This figure 
shows that although the constraints were enforced during these hours of this four-day 
period, they bound and impacted dispatch instructions relatively infrequently.  The 

                                            
12  Detailed data on the storage fleet’s performance during September 2022 is included in the 
CAISO’s Summer Market Performance Report for September 2022, available at 
http://www.caiso.com/Documents/SummerMarketPerformanceReportforSeptember2022.pdf.  

13  For most of the storage resources, economic bids kept them above the minimum state of charge 
imposed by the MSOC requirement and, in many hours, the real-time pricing did not warrant dispatch at 
the day-ahead schedules for the full hour. 

http://www.caiso.com/Documents/SummerMarketPerformanceReportforSeptember2022.pdf


The Honorable Kimberly D. Bose       
March 28, 2023 
Page 6 
 

www.caiso.com      

 

majority of the periods when the constraints bound occurred on September 6 during 
the early evening hours, when real-time prices were very high, but it was important to 
save state of charge for future critical hours later in the day. 
  

Although the CAISO issued exceptional dispatches to five storage resources to 
hold their state of charge in anticipation of a historic net demand peak on 
September 6—which materialized—the MSOC requirement avoided the need for the 
CAISO to issue exceptional dispatches broadly across the entire storage fleet.14  This 
allowed CAISO operators to focus on other critical system issues and mitigation 
measures to maintain reliability.   

 
C. Energy Storage Enhancements Stakeholder Initiative 
 

 The CAISO’s energy storage enhancements stakeholder initiative began in May 
2021, shortly after the CAISO submitted the MSOC requirement for Commission 
approval.15  The initiative concluded in December 2022 when the CAISO Board of 
Governors and Western Energy Imbalance Market Governing Body approved new 
enhancements for storage and hybrid resources, including enhancements that would 
allow for retirement of the MSOC.  The CAISO plans to submit these enhancements for 
Commission review later this year, depending on the development of the related 
software.  These enhancements will include new tools for CAISO operators to monitor 
and manage storage resources’ state of charge, and new tools for CAISO operators to 
issue exceptional dispatches for storage resources to change to or hold at a specific 
state of charge.16  Today these are slow, cumbersome processes for CAISO operators, 
effectively requiring them to call each storage resource’s scheduling coordinator and 
communicate what the CAISO needs for reliability.  The new enhancements will help 
automate and streamline this process.  Altogether these enhancements will give 
CAISO operators the tools they need to be comfortable with the retirement of the 
MSOC requirement.  Unfortunately, the CAISO cannot develop, test, and implement 
the software for these enhancements before the expiration of the MSOC requirement, 
and it may not be able to do so before peak demand conditions occur.   
 

                                            
14  See id. at p. 152.  The CAISO issued exceptional dispatches to four storage resources in hour-
ending 17, three in hour-ending 18, and one in hour-ending 21.  Some resources received exceptional 
dispatches in more than one hour, and the CAISO clarifies that five storage resources in total received 
exceptional dispatches.  Without the MSOC requirement, the number would have been much higher. 

15  All stakeholder materials are available on the CAISO website: 
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Energy-storage-enhancements.  

16  They also include new settlement enhancements to ensure storage resources dispatched to hold 
a state of charge receive adequate compensation for their opportunity costs.  These enhancements are 
not directly related to the need for the MSOC requirement, but they will be included with the reliability 
enhancements. 

https://stakeholdercenter.caiso.com/StakeholderInitiatives/Energy-storage-enhancements
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II. Proposed Tariff Revisions 
 
 To ensure reliability this summer during peak demand conditions, the CAISO 
proposes to delay the sunset of the MSOC requirement.  The MSOC requirement has 
worked as intended, and the CAISO’s replacement enhancements may not be ready 
before this summer.  Out of an abundance of caution, the CAISO proposes to include 
simple tariff provisions changing the sunset date from June 1, 2023 to “the earlier of (a) 
September 30, 2023, or (b) the implementation of the CAISO’s Exceptional Dispatch 
State of Charge enhancements.”17  This will make the MSOC requirement available to 
CAISO operators through this summer unless the CAISO implements its new energy 
storage enhancements.  If the latter occurs, the CAISO will submit new tariff revisions 
removing the MSOC requirement from the tariff altogether. 
 
 The Commission should approve the instant tariff revisions as just and 
reasonable.  They simply take an existing, Commission-approved policy, and extend it 
one additional summer to help ensure reliability.  The MSOC requirement has worked 
as intended: the CAISO has used it sparingly, and only in extreme circumstances, and 
storage resources still have had ample opportunity to avail themselves of market 
opportunities.  Storage is proliferating at a rapid rate, and the Commission must 
recognize that it is a brand-new technology in the CAISO’s markets with limited energy 
(MWh) availability.  Storage is now such a critical part of the CAISO’s supply fleet as 
the CAISO sets new demand records, that some level of caution is warranted.  
Although the sunset date was included as part of the CAISO’s rate filing to implement 
the MSOC requirement, it was not—and is not—determinative to whether retaining the 
MSOC requirement for a limited extension period is just and reasonable.  Nor was the 
sunset a key condition of the Commission’s acceptance, as the CAISO itself proposed 
the sunset.18  The same reasons the Commission approved the MSOC in the first 
instance support its extension for a very limited period of time to ensure reliability.  The 
CAISO included the sunset, and extends it here, for the assurance of stakeholders and 
to make it clear that the CAISO has every intention to retire the MSOC requirement 
soon.   

 
III. Effective Date 
 

The CAISO requests an effective date of May 28, 2023, 61 days from today. 
 

                                            
17  Proposed Section 40.5.1 of the CAISO tariff. 

18  In contrast to an express sunset ordered on compliance or pursuant to settlement rules. 
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IV. Communications 
 

Please address communications regarding this filing to these individuals, whose 
names the CAISO requests the Commission place on the official service list 
established regarding this submittal: 

 
  William H. Weaver* 

  Assistant General Counsel 
Andrew Ulmer* 
  Assistant General Counsel 
California Independent System 
Operator Corporation 
250 Outcropping Way 
Folsom, CA 95630 
Tel: (916) 608-1225 
Fax: (916) 608-7222 
bweaver@caiso.com 
aulmer@caiso.com   
 

 

 
*Individuals designated for service under Rule 203(b)(3).19 
 
V. Service 
 

The CAISO has served copies of this transmittal letter, and all attachments, on 
the California Public Utilities Commission, the California Energy Commission, and 
parties with effective scheduling coordinator service agreements under the CAISO 
tariff.  In addition, the CAISO is posting this transmittal letter and all attachments on the 
CAISO Web site. 
 
VI. Materials Provided In This Filing 

 
The following documents, in addition to this transmittal letter, support this filing: 
 
 
Attachment A Clean tariff sheets incorporating the revisions described in 

this filing 
 
Attachment B Redline sheets showing the changes to the currently 

effective tariff described in this filing  
 

                                            
19  18 C.F.R. § 385.203(b)(3). 
 

mailto:bweaver@caiso.com
mailto:aulmer@caiso.com
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Attachment C:  Memorandum to CAISO Board of Governors  
 
Attachment D: Final proposal 

 
VII. Conclusion  

 
For the reasons described above, the CAISO respectfully requests that the 

Commission accept the CAISO’s proposed tariff revisions. 
 
      Respectfully submitted, 
 

By: /s/ William H. Weaver 
Roger E. Collanton 
  General Counsel  
Andrew Ulmer 
  Assistant General Counsel  
William H. Weaver 
  Assistant General Counsel 
California Independent System  
Operator Corporation 
250 Outcropping Way 
Folsom, CA  95630  
Tel:  (916) 351-4400 
Fax:  (916) 608-7222 
bweaver@caiso.com 
aulmer@caiso.com  
 
Counsel for the California Independent  
System Operator Corporation 

 
 

mailto:bweaver@caiso.com


 

 

 

 

 

Attachment A – Clean Tariff  

Tariff Amendment – Minimum State of Charge Extension 

California Independent System Operator Corporation 

March 28, 2023  



* * * * * 

 

40.5.1 Operation of the MSOC Tool 

Through the earlier of (a) September 30, 2023, or (b) the implementation of the CAISO’s Exceptional 

Dispatch State of Charge enhancements, the CAISO enforces the MSOC Tool in the RTM on any Non-

Generator Resource that has selected a primary fuel type in Master File of “Limited Energy Storage 

Resource” and is an RA Resource for the day on which the MSOC is enforced.  The MSOC Tool limits 

RTM awards to any covered resource in the market intervals preceding any Trading Hour that meets the 

requirements specified in Section 40.5.2 such that, based on its registered operating parameters, the 

resource will have sufficient charge to meet its discharge awards from its Day-Ahead Schedule for any 

Trading Hour that meets the requirements specified in Section 40.5.2.  The MSOC tool does not increase 

the charge on a resource beyond what is necessary to ensure it can meet a discharge award from a Day-

Ahead Schedule.   

When reviewing market and system conditions on the Operating Day, the CAISO may choose not to 

apply the MSOC Tool for particular Trading Hours if its assessment of projected conditions reflects that 

the MSOC Tool is not necessary for system reliability in those Trading Hours.   

 

* * * * * 

 

 



 

 

 

 

 

Attachment B – Marked Tariff  

Tariff Amendment – Minimum State of Charge Extension 

California Independent System Operator Corporation 

March 28, 2023  



* * * * * 

 

40.5.1 Operation of the MSOC Tool 

Through June 1, 2023the earlier of (a) September 30, 2023, or (b) the implementation of the CAISO’s 

Exceptional Dispatch State of Charge enhancements, the CAISO enforces the MSOC Tool in the RTM on 

any Non-Generator Resource that has selected a primary fuel type in Master File of “Limited Energy 

Storage Resource” and is an RA Resource for the day on which the MSOC is enforced.  The MSOC Tool 

limits RTM awards to any covered resource in the market intervals preceding any Trading Hour that 

meets the requirements specified in Section 40.5.2 such that, based on its registered operating 

parameters, the resource will have sufficient charge to meet its discharge awards from its Day-Ahead 

Schedule for any Trading Hour that meets the requirements specified in Section 40.5.2.  The MSOC tool 

does not increase the charge on a resource beyond what is necessary to ensure it can meet a discharge 

award from a Day-Ahead Schedule.   

When reviewing market and system conditions on the Operating Day, the CAISO may choose not to 

apply the MSOC Tool for particular Trading Hours if its assessment of projected conditions reflects that 

the MSOC Tool is not necessary for system reliability in those Trading Hours.   

 

* * * * * 

 

 



 

 

 

 

 

Attachment C – Final Proposal  

Tariff Amendment – Minimum State of Charge Extension 

California Independent System Operator Corporation 

March 28, 2023  
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Attachment D – Board Memoranda   

Tariff Amendment – Minimum State of Charge Extension 

California Independent System Operator Corporation 

March 28, 2023 
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;	5�
��	��	0�
���	0�45��
/4�	.
5	6���2���6	
5	�
��	��	���	/4/�/
2	;
����	�4�
40�;�4�5	���	5
;;��	�9�7	��
6/4�55	/4/�/
�/���	��	.
5	6�5/�4�6	��	��2�	;
4
��	5���
��	��5�
�0�5	6
�/4�	�/���	0�46/�/�45	
46	
66��55	0�40��45	./��	����
�/4�	5���
��	��5�
�0�5	/4	���	��
2��/;�	;
�����	���0/�/0
2218	���	0�45��
/4�	;/�/�
��5	���	�/5�	5���
��	��5�
�0�5	;
1	3�	
4
32�	��	;���	6
1�
��
6	6/50�
���	50��6
2�5	/4	���	��
2��/;�	;
����	3�0

5�	���1	.���	�/����	/45
��/0/�4�21	0�
���6	��	6/50�
���6	���;
�
��218	2�
�/4�	���;	
4
32�	��	;���	���/�	6
1�
��
6	50��6
2�5	���	2
���	��
�5	.��4	���/�	�4���1	;
1	3�	�55�4�/
2	��	;
/4�
/4	��2/
3/2/�1�	���5�	0�
22�4��5	.���	��/6�4�	6
�/4�	5
;;��	�9��8	/402
6/4�	6
�/4�	���	�����;3��	�9��	��
�.
��	���4�8	.��4	���	;/4/;
;	5�
��	��	0�
���	0�45��
/4�	.
5	
5�6	��	��2�	;
4
��	��2/
3/2/�1�	��0

5�	5���
��	0
�
0/�1	�
5	./22	0�4�/4
�	��	���.	5/�4/�/0
4�218	��/5	0�45��
/4�	��	/�5	���2
0�;�4�	./22	�2
1	
4	/40��
5/4�21	0�/�/0
2	��2�	/4	;
/4�
/4/4�	��2/
3/2/�1�		��0

5�	���	;/4/;
;	5�
��	��	0�
���	0�45��
/4�	��2�5	;
4
��	���	.
1	��5�
�0�5	����
��	
46	/5	4��	
	;
����	3
5�6	;�0�
4/5;8	���	0�45��
/4�	.
5	6���2���6	��	3�	
5�6	�421	
46��	���1	2/;/��6	0/�0
;5�
40�5�	���	���	�4���0�5	���	;/4/;
;	5�
��	��	0�
���	0�45��
/4�	�421	6
�/4�	0�/�/0
2	��
�5	.��4	���	��2/
3/2/�1	
4/�	0�;;/�;�4�	���0�55	�����0�5	
	5
��21	5�����
22�	���5�	0�46/�/�45	�00
���6	�4	�421	7�	6
15	/4	�9�98	�	6
15	/4	�9�78	
46	7�	6
15	/4	�9���	���	;/4/;
;	5�
��	��	0�
���	���
/��;�4�	/5	2/;/��6	31	6�5/�4	/4	��
�	/��	7�	�421	
��2/�5	��	��5�
�0�	
6��

01	��5�
�0�58	��	/5	�421	
��2/�6	�4	���	;�5�	0�45��
/4�6	6
158	
46	:�	/5	�421	
��2/�6	��	6/50�
���	
.
�65	6
�/4�	0�/�/0
2	��
�5�		���4	
5�68	���	;/4/;
;	5�
��	��	0�
���	0�45��
/4�	�45
��5	5�
��	��	0�
���	���	5���
��	��5�
�0�5	6
�/4�	���	;�5�	0�/�/0
2	��
�5	��	���	6
1�	��	���	;/4/;
;	5�
��	��	0�
���	0�45��
/4�	�
6	4��	3��4	/4	�2
0�	6
�/4�	��0�4�	5
;;��	��
�.
��	���4�58	5���
��	��5�
�0�5	.�
26	�
��	3��4	�
�����	6��2���6	
46	���
/��6	0�45/6��
32�	;
4

2	������	31	����
���5	��	���5����	���	4�0�55
�1	5�
��	��	0�
���	���	2
���	/4	���	6
1�	���
��	����
���5	����	;
4

2	
0�/�45	.��4	���	0�45��
/4�	.
5	�4���0�68	���	0�45��
/4�	�3�/
��6	���	4��6	��	�
��	�����	5/�4/�/0
4�	;
4

2	
0�/�458	/402
6/4�	6����;/4/4�	���	0
���4�	5�
��	��	0�
���8	���	�
����	5�
��	��	0�
���8	
46	���	
;�
4�	��	�/;�	4��6�6	��	



�����������	�
��

��	 	 �
��	�	��	�	

��
��	���	�
����	��
��	��	��
���	���	�
��	����
��	����
����	��������	��	��������	
�	���� ����
�	��� 
���	��	��
���	���	����
���	
��	
 �
����	���	���� ����
�	��� 
���	����	���	����
��	����
���	
����!��	���	�
����	��
��	��	��
����	"!��
���	���	#���#
#	��
��	��	��
���	������
���	���$��	
�	���������	���
����	��
�	����
��	����
����	����	����
���	
��%

��	�����
�����	#
���
��	��
��	��	��
���	�
����	������
�	��
���	
��	� ��
����	���	���	�
!�	��	���
�	�!��	#���	#
�

�	��� 
�����	��
�	������
��	����	���	��%
���#����	&��	#���#
#	��
��	��	��
���	������
���	�
�	��!��� ��	
�	
	��# ��
��	#�
�
��	��	��	��	 �
��	���	�
##��	'(')	
��	'(''�	�����	��
��	
����	��#�	���	���	��!��� #���	
��	�# ��#���
����	��	������	����
��	���
���#����	��
�	��
��	�� �
��	���	����	���	���	#���#
#	��
��	��	��
���	������
����	&��	�� �
��#���	�����	 ��!���	� ��
����	����	���
���	��
��	��	��
���	!���������	
��	�����
���	
��������	��	���
�	���� ����
�	��� 
�����	�
 ����	
��	������������	*�	
���	����
���	�  ���
����	����	��# ���
����	���	����
��	����
����	���� ����
���	��� 
�����	
��	��%
����	��	����	��
��	��	��
���	���	
��	�
����	&����	�����	�
�	�� �
��	���	#���#
#	��
��	��	��
���	������
���	
��	������
�	��	���
��	����
���	� ��
����	��	�
��	����	���	��������	�����������		�����
��	���	 �����	��!��� #���	���$	��	�� �
��	���	#���#
#	��
��	��	��
���	������
���	�
�	��# �����	��	���	������	����
��	���
���#����	�����
��!��	���	�����
��	��!��� #���	���	�����	�# ��!�#����	����	���	��	�
���	�# ��#�����	
����	�
��	'('��	+��

��	�����	�� �
��#���	��
�
���	����	���	��	��	 �
��	������	�
##��	'('��	�
�
��#���	 �� ����	��	������
�	��	
  ��	���	��������	#���#
#	��
��	��	��
���	������
���	
����	��#����	� �������	����������	
����	��!��� #���	
��	�# ��#���
����	��	���	���	����	
��	#
�$��	�
���	��	��# �����	�
�	��	�
���	��
�	,� ��#���	�(�	'('��		-./01234516	73-8.839-	,�!��
�	��
$��������	�� ������	�
  ���	���	���	���������	��	���	#���#
#	��
��	��	��
���	������
���	 ��!����	���	*,"	#���#�:��	���	�
�
����	��	���	����������	"����	��
$��������; ��#
����	����
��	� ��
����	
��	�����
����	�� ������
��!��;�����
���	�  ����	���	���������	��	���	#���#
#	��
��	��	��
���	������
����	&����	��
$��������	��%
�����	���	*,"	��!��� 	���	�� �
��#���	�����	 ����	��	�
##��	'('��	
��������	��
�	���	#���#
#	��
��	��	��
���	������
���	���
�!
��
���	����
��	����
�����	
��	���	*,"	
���
��	�� ������	��##�����	��	������	���	��%
���#���	
����	���	��
��	��	
���	*�	��� ����	��	��
$�������	�����
�$�	�
�
��#���	
 �
���	���	 �� ����	�
����	�
��	���#	,� ��#���	�(�	'('�	��	,� ��#���	�(�	'('�	��	���	���
�	 �� ��
��	&��	*,"	��	��##�����	��	��!��� ���	
��	�# ��#������	���	�� �
��#���	�����	
�	�� ������
���	
�	 ��������	
��	�
�	 �������:��	���	�����
��	��!��� #���	���	�����	������	�
�
��#���	������
���	 �� ����	���	,� ��#���	�(�	'('�	�
����	�
��	��	���
��	������
���	��	���	�!���	��	
�
����� 
���	���
��	��	���	�����
��	��!��� #���	 �������	<���!���	��!��	��
$�������	��������	=>?	@AB	CDEFG	HIJKG	I>	LMNIMN@NON>P	@AB	?BQBRILSB>@	IH	@AB	�� �
��#���	������	���	���
�	 �� ��
�	� �������	��
�	���	#���#
#	��
��	��	��
���	��%
���#���	����	���	������	������	,� ��#���	�(�	'('��	&���	����	���
��	��
�	� ��
����	�
!�	�����	��	����
���	� ��
��	���	����	����	�
##���	
��	����	
����	��#�	���	��!��� #���	��	���	�� �
��#���	�����	��	�
��	'('��	



�����������	�
��

��	 	 �
��	�	��	�	

����������	�
�
������	���
����	���	� !	"�
�#	��	��$������	
%%��$�	&'(')*+*(,-.	�/�/�
�	��
��	��	0�
���	�1����/��	%��%��
2	#��0�/3�#	/�	��/�	�����
�#
��	4�/�	%��%��
2	5/22	�1���#	���	
��	��	���	�/�/�
�	��
��	��	0�
���	0�����
/��	
��/2	 �%���3��	678	97968	
22�5/��	�/��	���	���	/�%2�����
�/��	��	��5	�10�%�/��
2	#/�%
�0�	�
�0�/��
2/�:	
�#	
���0/
��#	����2�����	�
2��	����	���	�����:	����
��	���
�0������	/�/�/
�/$��			




