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“The Future is Already Here, 

It Just Isn’t Evenly Distributed”       

William Gibson
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Customer Led Evolution

Over the past decade, the industry has focused on evolving from Stage 1 to Stage 2 
– now looking forward to Stage 3

Many US States are or will be in Stage 2 by 2025 and several in Stage 3 by 2030

Source: P. De Martini
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System Operational Coordination
for a More Distributed System

An abundant low cost, clean energy future requires a re-evaluation of our 
legacy grid & operations  - FERC 2222 is just one more step on our journey
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Grid Has Complex Legacy Structure

► Industry structure is the 

context within which 

modernization changes are 

being made

► Structure has been partly 

planned and partly grew 

organically

► Changing requirements and 

external forces are impacting 

existing structure

Source: J. Taft, PNNL
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Coordination Framework Skeleton Diagram

► Derives from Complex  
Industry Structure Diagram

► Focuses on key issues to 
address (e.g., architectural 
principles)

► Indicates flow of coordination

► Use layered decomposition 
model (i.e. Laminar 
Framework) as basis for the 
diagrams and analysis
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Source: J. Taft & P. De Martini
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Total TSO Conceptual Model

Centralized control of all DER resources across T&D – Requires TSO to also 
dispatch distribution NWAs and coordinate distribution operations

DR Programs

Source: P. De Martini
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Hybrid DSO Conceptual Model

Shared responsibility for use of DER for Wholesale markets and 
Distribution NWAs as well as coordination of grid operations

DR Programs

This model is typically 
the starting point for T-
D Coordination, but 
unlikely to scale 
overtime

Source: P. De Martini
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Total DSO Conceptual Model

Fully Layered Approach – DSO provides the single operational interface 
between DER and Wholesale Market Operator

DR Programs

Source: P. De Martini
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A spectrum of possible designs can be envisioned in terms of the 
complementary roles of DSO and TSO at the T-D interface. 

Operational Coordination Models

Total TSO:
TSO optimizes the entire 
power system into the 
distribution system, 
including dispatch 
coordination of all DER 
services and schedules

DSO responsible for 
reliable distribution
network operations & 
providing distribution 
network visibility to TSO

Customer/Aggregator 
coordinates with TSO – no 
operational interface with 
DSO

Total DSO:
TSO optimizes the bulk 
power system. TSO sees a 
single aggregate or 
“virtual” resource at each 
T-D Interface managed by 
DSO

DSO responsible for 
physical coordination & 
aggregation of all DER 
services into single 
resource at T-D Interface 
& wholesale market

Customer/Aggregator 
coordinates with DSO –
no operational interface 
with TSO

Hybrid DSO:
TSO optimizes the bulk 
power system – including 
dispatch of all wholesale 
DER services – but has no 
visibility into the 
distribution system

DSO optimizes the 
distribution system –
including dispatch of all 
distribution DER services 
& coordinates with TSO 
on all DER dispatch

Customer/Aggregator 
coordinates with both 
TSO and DSO

Source: De Martini & Kristov
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Operational Coordination Functions

Source: De Martini & Kristov
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Architectural Principles
(Subset of architectural principles for TSO-DSO Coordination) 

Source: J. Taft, PNNL
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Operational Coordination Architecture 

Methodology (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

13

1

2

3

4



December 6, 2020 14December 6, 2020 14

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

14
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Source: Adapted from De Martini – Kristov, LBNL
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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

15

Source: ICF-De Martini
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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

16
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4. Evaluate Coordination Alternatives

17

Source: J. Taft, Pacific Northwest National Laboratory
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AEMO Total TSO Option Example
This Specific Approach is Not Recommended 

Source: AEMO-ENA Open Energy Networks

Example Grid Architectural Analysis:
This is a Total TSO based 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 problematic 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. 
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“Entities should not be multiplied 

without necessity“ 
Occam’s Razor

Seek the simplest structural options as 

complexity creates fragility


