ISO Planning Methods
0.0 Introduction
I have placed some good references on the website, related to ISO planning, and I strongly encourage you to review them. In these notes, I want to identify issues critical to ISO planning. These include:
1. RTO responsibilities

2. Economic vs. reliability planning

3. Generation vs. transmission planning
4. Changes due to wind
5. Cost allocation

6. Regulatory approval
7. FTRs

1.0 RTO responsibilities
You will recall that Order 2000 required that an RTO have responsibility to plan and coordinate necessary transmission additions and upgrades. More recently, FERC issued Order 890, February 16, 2007. One of the reasons for this rule was, “To increase transparency in the rules applicable to planning and use of the transmission system,” and the rule specifically
required:

o Transmission providers participate in a coordinated, open and transparent planning process on both a local and regional level

o Each transmission provider’s planning process meet the Commission’s nine planning principles, which are coordination, openness, transparency, information exchange, comparability, dispute resolution, regional coordination, economic planning studies, and cost allocation

o Each transmission provider must describe its planning process in its tariff

o The Commission will allow regional differences in planning processes.
As an example of the effect of this rule, the Midwest ISO has on its website the following information, under “planning.”
The Midwest ISO is the NERC Planning Authority for its member footprint, and performs regional planning in accordance with FERC Planning Principles delineated in Order 890. These planning principles provide mechanisms to ensure that the regional planning process is open, transparent, coordinated, includes both reliability and economic planning considerations, and includes mechanisms for equitable cost sharing of expansion costs. The Midwest ISO regional planning process integrates the local planning processes of its member companies into a coordinated regional transmission plan and identifies additional expansions. 

The expansion planning process at the Midwest ISO has its objectives of:

(Planning to: 

· Provide an efficient and reliable transmission system

· Provide access to diverse energy resources

· Expand trading opportunities

· Enable state and federal energy policy objectives to be met

( Interconnecting new generation and transmission 
( Providing transmission service 

The planning activities are performed collaboratively between the Midwest ISO planning staff and planning staffs of the Transmission Owners, including Independent Transmission Companies (ITCs), with regular input from stakeholder groups. Stakeholder forums for discussion of planning issues are:

Planning Advisory Committee (PAC)

Planning Subcommittee (PS)

Sub-regional Planning Meetings (SPMs) 

Planning issues are also periodically discussed with various committees of the Organization of Midwest ISO States (OMS).
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2.0 Economic vs. reliability planning

From [
]
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3.0 Generation vs. transmission planning
From [1]:
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4.0 Changes due to wind
From [2], see second paragraph below; transmission is key.
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From [
], regarding production tax credits:
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Left-hand-side of above plot gives annual additions, and right-hand-side gives cumulative.

From [2], note the potential in the MISO region compared to their peak load of about 130,000 MW (!!).
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From [
], the MISO region now (4/2008) has 3840 MW of installed wind capacity.
From [
]
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The above plot gives annual additions. Note 2007 was projected to see 3000 MW of addition.
[image: image1.emf]From [4], total US wind capacity, as of 4/2008, is 16,819 MW. Here are top 20 states:

	State
	Existing
	Under Cnstrctn
	Rank (Existing)
	

	Texas
	4,356.35
	1,238.28
	1
	

	California
	2,438.83
	165.00
	2

	Minnesota
	1,299.75
	46.40
	3

	Iowa
	1,273.08
	116.70
	4

	Washington
	1,163.18
	126.20
	5

	Colorado
	1,066.75
	0.00
	6

	Oregon
	885.39
	15.00
	7

	Illinois
	699.36
	108.30
	8

	Oklahoma
	689.00
	0.00
	9

	New Mexico
	495.98
	0.00
	10


From [2], the RPS is playing major role in some states.
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The following gives RPS on a state-by-state level [
].
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From [1], we are seeing specialized processes to facilitate transmission, just for renewables (mainly wind), particularly in states that have RPS 
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From [1]:
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From [1]:
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AEP has recently performed a study which conceptualized the transmission necessary to handle 400 GW of wind power in the country by 2030, per below. I believe that DOE and AWEA were also involved in this study. A picture from this is shown below.
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5.0 Regulatory approval
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From [
], we see that such transmission will never get built, unless….
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6.0 Cost allocation (or cost recovery)
From [1]:
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One of our distance education students who works for an ISO suggested the following MISO website as good materials for current, state of art planning methods.

http://www.midwestmarket.org/publish/Folder/1e1401_118199304fa_-77610a48324a
7.0 Financial Transmission Rights
I have placed three good papers on the website that do a good job in explaining FTRs. Papers [
] and [
] provide basic and “advanced” description of FTRs as implemented at PJM. Paper [
] describes FTRs as implemented at MISO and NYISO. 

In studying the real-time electricity market and the locational marginal pricing (LMPs) system on which it is based, we saw that network constraints cause LMPs to increase. The additional revenues paid by market participants as a result of these LMPs are clearly related to the influence of the transmission system.

But in what way? 
If we return to the notes on the linear programming optimal power flow, at the end, it is recalled that we studied the below example, where line 3 was constrained to 0.3 pu, and we increased the bus 3 load by 0.01 pu (1 MW).
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Fig. 1: System before bus 3 load increase of 1 MW
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Fig. 2: System after bus 3 load increase of 1 MW

We observed that, in regards to the locational marginal prices,

“Without transmission constraints, these prices were all the same, at 12.11 $/MW-hr, a price set entirely by the generator at bus 2 since it was the bus 2 generator that responded to any load change. But now they are all different, with only bus 2 price at 12.11 $/MW-hr. This difference reflects that, because of the transmission constraint, a load increase at one bus will incur a different cost than a load increase at another bus.”

The nodal prices at the various buses were 

Bus 1: 12.432

Bus 2: 12.11

Bus 3: 12.647

Bus 4: 12.540

In investigating differences among the nodal prices, we stated further that: 

“The comparison shows that in order to supply an additional MW at bus 3, the generation levels of 2 different units had to be modified. Specifically, Unit 2 was decreased from 1.1803 to 1.1778, a decrease of 0.0025 per unit (0.25 MW) and Unit 4 was increased from 0.4984 per unit to 0.5109 per unit, an increase of 0.0125 (1.25 MW). Thus, Unit 4 was increased enough to supply the increased load at bus 3 and the decreased generation at bus 2. In fact, it is not possible to supply additional load at bus 3 with only a single unit increase. We will always have to compensate for the load AND redispatch to compensate for the additional flow on the branch 3. As a result, the nodal price at bus 3 is a function of the generation costs at those buses that are used in the particular redispatch that achieves the minimum cost.”

It should be clear that, although the nodal prices change as a function of transmission constraints, the new nodal prices are still entirely a function of system generator production costs. That is, they are NOT a function of the investment, operation, or maintenance costs related to the transmission equipment.  
We will refer to these three costs as “transmission costs.” We will refer to the additional costs associated with the increased nodal prices as “congestion costs.”

Although the congestion costs do not reflect actual transmission costs, they do represent additional revenues brought in by the market operator. For example, consider the situation of Fig. 2, and compute the total payments made to the generation owners and the total revenues from the loads. Table 1 below summarizes:

Table 1: Summary of payment/revenue stream from Fig. 12

	
	nodal price, $/MWhr
	Generators
	Loads

	
	
	MW
	Payment,$
	MW
	Revenues,$

	Bus 1
	12.432
	50.00
	621.60
	0
	0

	Bus 2
	12.110
	117.78
	1426.32
	100.00
	1211.00

	Bus 3
	12.647
	0
	0
	118.87
	1503.35

	Bus 4
	12.540
	51.99
	640.67
	0
	0

	Total
	
	
	2688.59
	
	2714.35


The additional revenues collected for this one hour, $2714.35-$2688.59=$25.76, is the settlement surplus collected by the market operator. This amount may not seem like much money, but it can be significantly larger for larger systems; in addition, of course, it is just 1 hour and taken over an extended period of operation, can represent a large financial resource. From [8]

[image: image24.emf]
In most mature electricity markets, the settlement surplus are used to pay the holders of financial transmission rights (FTRs), also known as transmission congestion contracts (TCC) in New York and fixed transmission rights (also using the acronym FTR). 
FTRs are tradable property rights defined, directionally, between any two nodes, and denominated in MWs. Ownership of a node j to k FTR for an amount Pjk in MWs for particular hour entitle the FTR holder to the difference between the nodal prices of bus j and bus k, paid by the market operator from the funds accumulated from the hourly settlement surpluses. The FTRs do not confer an exclusive right to use line j-k but simply remunerate their holder if congestion occurs. From [8]
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FTRs are important financial instruments in an electricity market because they allow market participants to hedge against the uncertainty created by the effect of transmission constraints on nodal prices. If a market participant is concerned that a particular path will be heavily constrained, resulting in a situation where that market participant will see very undesirable prices, then that market participant can purchase FTRs for that transmission path. If the congestion occurs, the market participant will still see the undesirable prices. Independently, if they hold FTRs to the constrained path, they will receive an amount equal to Pjk(λj-λk).


7.1 How do market agents obtain FTR’s?

[image: image28.emf]
The higher priority FTR recipients (because they pay for embedded transmission costs)
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Remaining FTRs are allocated through (a) monthly auction and (b) secondary (bilateral) market:
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The monthly auction occurs as a result of the below flow chart.
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The security-constrained OPF is given here:
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Subject to
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The simultaneous feasibility test is described below.
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Another question arises in regards to the FTR market.

( If there is no FTR ownership in advance of the first auction, then who receives the auction proceeds? Thus, it is necessary that an initial FTR owner be assigned. 

In regards to existing transmission facilities, this question has been a difficult one for the industry. The basic issue is that transmission owners, load serving entities, and existing transmission contract holders all feel that the initial FTR should belong to them, and all have a legitimate claim. Solutions worked out in regards to this issue have been rather complex and are detailed in [
] pp. 153-156. 
In regards to new transmission, this question is simpler [11]:
· If investment cost of the new facilities is included in mandatory transmission access (base) charges payable by all users, then the associated FTRs are allocated to those paying the access charges.

· If investment is market-based and not included in mandatory access (base) charges, the investors receive the associated FTRs.

It is here that we see why FTRs are related to planning, because, according to the second bullet, they provide a mechanism to attract economic investment. This is a deep topic, and to learn more about it, you should take EE 590 (3 credits) in Fall 2008. 
Enjoy the summer (. 
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Different methods:


Rolled-in


Participant funding


Reliability projects vs. economic projects





WHO PAYS?





� EMBED Word.Picture.8  ���





�
�
� HYPERLINK "javascript:__doPostBack('ctl00$contentPlaceHolder1$GridView1','Sort$Name')" �State�


� HYPERLINK "javascript:__doPostBack('ctl00$contentPlaceHolder1$GridView1','Sort$ExistingMW')" �Existing�


� HYPERLINK "javascript:__doPostBack('ctl00$contentPlaceHolder1$GridView1','Sort$UnderConstructionMW')" �Under Cnstrctn�


� HYPERLINK "javascript:__doPostBack('ctl00$contentPlaceHolder1$GridView1','Sort$Rank')" �Rank (Existing)�





� HYPERLINK "http://www.awea.org/projects/Projects.aspx?s=New%20York" �New York�


424.80


282.00
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Generators pay to get interconnected but are reimbursed via trans service credits or FTRs.





Network/reliability issues are spread across all customers.





SPP & MISO use a hybrid method where some percent is recovered via rolled-in (all customers pay) and some percent is recovered via “beneficiary pays” method whereby beneficiaries are identified via simulation.





But economic transmission is different in SPP





…and in MISO, where they must pass a test:


1. Present value of production cost benefit>0


2. Benefit/cost>T


where T=1.2(3.0





ISO-NE rolls it in.





PJM rolls it in if ≥ 500kV, undecided otherwise.





890, 3 factors for cost allocation of ‘economic’ xmission


Fairness


Incentives for new xmission


Supported by state regulators and region’s MPs





In both cases, power is flowing from A to B.





In this case, the FTR owner obtains a credit in one direction and a debit in the other. This is referred to as an obligatory (or forward) FTR. Option FTRs only credit but do not debit.





Network integration service customers designate service through the network from groups of generators to groups of loads.





Firm point-to-point is from one bus to another.





A security constrained OPF





Simultaneous feasibility test.





Market operator interface





Market user interface
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