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Operational Coordination

• Increasing Use of DER in Wholesale 
Markets (e.g., FERC 841) and for 
T&D Non-wires Alternatives is 
driving the need for greater 
Transmission-Distribution-
Customer (TDC) Operational 
Coordination

• Creates industry structural changes 
that need to be addressed through 
a rigorous Operational 
Coordination Architecture Model 
(OCAM)
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Operational Coordination Architecture Model (OCAM)

1. Identify Objectives & Capabilities

2. Document Existing/Emerging Structure

3. Develop Alternative Coordination Structures

4. Evaluate Coordination Alternatives:
a. Operational Effectiveness/Risks

b. Implementation Requirements & Costs
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1. Identify Objectives, Capabilities & Constraints

• Identify state & federal 
objectives, policy and 
regulations driving industry 
structural changes

• Identify scale and timing factors

• Identify new capabilities 
needed to address emergent 
requirements identified from 
structural changes

• Identify any institutional and 
practical constraints

4

Ex
am

p
le

Source: Adapted from De Martini – Kristov, LBNL



5

2. Document Existing/Emerging Structure

• Important to identify the current 
or emerging industry structure

• Structural diagram identifies the 
interrelationship of each of the 
principal entities as well as the 
roles and responsibilities

• Example shown includes power 
flow, operational control, market 
transactions and information/data 
exchange layers

• Additional layers can include 
regulatory and market oversight
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Source: ICF-De Martini
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IESO Example

Source: ICF-De Martini
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IESO Example

Source: ICF-De Martini



8

3. Develop Alternative Coordination Structures

• Develop alternative coordination 
structure thru stakeholder 
engagement

• Alternatives should address the 
objectives driving the needed 
changes, grid architectural 
principles and any practical 
constraints

• Typically more than one alternative 
is developed given the 
practical/political trade-offs in 
relation to ideal structures that 
may be required
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Operational Architecture Considerations
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Source: J. Taft, Pacific Northwest National Laboratory
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Coordination Framework Skeleton Diagram

• Derives from Complex  
Industry Structure 
Diagram

• Focuses on key issues to 
address (e.g., architectural 
considerations)

• Use layered 
decomposition model (i.e. 
Laminar Framework) as 
basis for the diagrams and 
analysis
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4. Evaluate Coordination Alternatives
a. Operational Effectiveness/Risks

• Assess Structures based on Architectural Considerations

• Clarify & Assess Role Assignments
• Responsibility/role matching

• Assignments cannot just be arbitrary

• Identify & Assess Control Paths
• Physical Controls

• Economic Signals

• Competing or conflicting objectives
• For example, Local independent optimization vs. global coordination

• Identify & Assess Information Flows
• Gaps

• Feedback loops

• Latencies
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UK Coordination Models Example

Example Grid Architectural Analysis:

UK Option 2, the responsibility for DER coordination is shared, 
leading to a more complicated arrangement involving these 
parties and the aggregators, although the sharing mechanism 
is not clear. 

Option 2 partially degrades the layered decomposition 
structure and allows for some tier bypassing, although the 
proposed function-sharing (“joint procurement and 
activation”) may prevent that from being an issue. This 
structure increases the coupling between the TO and DO (not 
hidden in this case), since the DO cannot manage the DER in 
its service area alone while interfacing to the TO in a modular 
fashion. 

The joint arrangement results in data flow complexity 
involving the DO, the TO, the aggregators, the customers, and 
DER. This is a result of the structure shown in the red oval 
which comes about due to the definition of joint roles instead 
of clean separation of functions.

Source: Newport Consortium for AEMO
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AEMO Coordination Model Example 

Source: AEMO-ENA Open Energy Networks

Example Grid Architectural Analysis:
This is a TSO centric model that is proposed to 
only use market mechanisms for T-D 
coordination and distribution operational 
services control. Note there are no operational 
or physical coordination links between the 
AEMO (TO) and the DO/DNSP only market 
visibility.  

This model exhibits tier bypassing due to the 
path from DER to aggregator/retailer to TO that 
bypasses the DO. In addition, the potential for 
hidden coupling exists, with some aggregators 
and LSEs and the TO market all have dispatch 
potential with DERs unless some coordination 
mechanism is worked out. The presence of the 
DER aggregator-to-TO connection also presents a 
moderate cyber vulnerability to the bulk energy 
system. 



NY Coordination Models
Current & Future Models Under Discussion

NYISO Proposed Future 2

Example Grid Architectural Analysis:

Future 2, the removal of the link between the aggregator 
and the NYISO creates some of the layered decomposition 
structure by eliminating one source of tier bypassing, but 
the presence of a link from DER to the NYISO still allows 
for tier bypassing, hidden coupling, scalability issues, and 
cyber vulnerability at the NYISO level. 

Future 2, the DSP is potentially somewhat better able to 
manage the DER, and if coordination between NYISO and 
DSP is well organized, the tier bypassing problem may be 
mitigated. 

If some DER are bidding into the wholesale markets and 
some into a DSP market, for example, then the potential 
for mis-coordination exists. 

The potential ability of aggregators to participate at the 
NYISO level is eliminated in this model that reduces tier 
bypassing. However, it does not eliminate tier bypassing 
as some DERs can still bypass. The hidden coupling 
problem remains but likely at a low level.

Source: Newport Consortium for AEMO
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4. Evaluate Coordination Alternatives
b. Implementation Requirements & Costs 

• Structural changes and new capabilities 
required will impact people, processes 
and technologies (PPT) in the 
respective organizations.

• These changes including functional 
requirements, system architecture and 
technologies that may be required 
should be identified for each 
alternative (e.g., SGAM application).

• The collective PPT implementation 
scope, requirements, associated risks 
and costs should be included into the 
overall risk-based evaluation.
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2019 International T-D Coordination Assessment
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Primary and secondary research supporting comparative assessment of T-D 
Operational Coordination development efforts in 10 regions/countries

UK & AUS have undertaken the most thorough analysis conducted to-date. But, 
are hampered by a strong institutional and stakeholder bias towards real-time 

centralized markets despite the significant operational issues and risks.
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Takeaways

• Holistic architectural view is necessary to properly evaluate structural 
changes to the electric system

• Rigorous risk-based evaluation, such as OCAM, is necessary when 
considering structural changes and potential alternatives

• Grid Architecture provides a practical the methodology for conducting 
thorough operational effectiveness and risk assessments (global case 
examples available)

• Implementation evaluation of alternatives require a full assessment of 
people, process and technology changes involved 

Most proposed coordination models globally exhibit considerable distribution 

operator bypassing, introducing significant operational risk at scale.
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