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Renewable Generation/DER Hosting Capacity Tool for a
Transmission Network

» Goal : Develop a automated tool/engine
for transmission system
— Provides maximum renewable

generation/DER a transmission region can if',i |
host without any network upgrades

— High-level screening tool
= Disclaimer

— The tool is not intended to replace detall
feasibility and system impact studies
which are imperative to make to any
iInvestment decisions

The tool will help planners :

 To screen through multiple interconnection requests allowing for a better understanding
of where and how much new generation resources would impact the system

 To identify optimal versus non-optimal locations of future renewable generation/DER
deployments such that grid updates can be minimized
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Tool: Framework
Phase 1 Phase 2




Tool Design: Overview

= Study Case Developement Layer
N - Compilation of user inputs
put Processing E j

— Block - Development of Power Flow test cases
OCK

Case - Building a case repository

Repository

* Python - PSS/E Interface

= Analysis Layer

PSS/E Simulation Engine

Power Flow Solutions Short Circuit Calculations

- Power flow studies
- Short circuit calculations

- Limit violation assessments (voltage limits,

Limit Violation A line thermal limits, and short circuit ratio)
imi 101ation AsS5eSs

Voltage Limits

— -
p—
User- d?fi_rp'l ed System
Limits Database

Composite Short-
Circuit Ratio

ranass”

# Python - PSS/E Interface

Output Compilation Layer

Result Post-Processing Reporting / Logging — [_ - Compiles analysis results for each of the test cases
Graphical User Interface - :

i - Enables capabilities such as post-processing of
Results Database | analysis results, visualizations, report/log creation
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Flow Diagram: Case Definition Layer

User Input

Base cases to
include in the study
(PSSE power flow
.sav files)

Provided by utility or
developed using
Production-cost

model

Model parameters
for Wind/ PV/DERs

User Input

l

Case_1, Case_2, ... ... , Case_n

Case_1_CS0
Case_1_CS1

Incremental sav cases Ease_l_CSm
<— generated using |
ACCC (*con file)

User Input

POI Locatios

R [ xlsx / .xIs files ] Case_1.CS0_L51
Case_1 (51 151

User Input Case 1 C50 LS2
Case, (106 1 _cs1 152

Case Case_1_CSO_LSi
" Case_1_CS1_LSi

Generated .sav Cases

cases will be (2x10x2) = 40

Case_1_CSm_LSi

the total number of cases 44 in the process.
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"m’ contingencies

}

Case_2_CS0 Case_n_C50
Case 2 C51 Case_n_C51
Case_2_CSm Case_n_C5m

y

“i"number of POI locations set

l

Case_2_C50_L51 Case_n_CS0 LS1
Case_2 (51151 = e Case_n_CS1 51
Case_2_C50_Ls2 Case_n_CS0_LS2
Case. rase 3 C51 152 Case_ rase n CS1 LS2
Case, Case_2_CS0_LSi Case Case_n_CSO_LSi
Case_2_C51_LSi T Case_n_CS1_LSi
Case_2_C5m_LSi Case_n_CSm_LSi

For example; with 2 load levels, 10 contingencies and 2 location sets of renewable, the total number of generated

Also, 4 cases will be generated by adding renewables/ DERs in the 2 load at the 2 specified location sets, making
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Flow Diagram: Analysis Layer

Subroutine:
attempt to make
the case converge

No

Update Case
Identifier

i Yes
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Implementation of the Short-Circuit Limit

Assessment Block

Power Flow convergence, voltage

A

and line thermal limit check

'

Implement Conventional Generation Re-dispatch
based on the re-dispatch scheme (without solving PF)

v

Calculate Short Circuit MVA at the candidate buses

v

Rank the candidate POI buses according to their SCy,ya

v

Define total increment in Renewable / DER generations and
allocate the increment among the candidate buses based
on their SCy,, ranking

Condition:

SCMVA

v

NOT Satisfied

Condition

> P

SCpya = short-circuit MVA contributed
by the synchronous generator

SCR|imit = 10 (or any user defined value )

PRrateq = Rated MW of the Renewable or
DER Plant to be connected

check?

Satisfied

Calculate SCR

v

Implement generation increment
PSSE power flow case

Re-allocate the excess generations at
constrained buses in accordance with
the bus rankings based on SCy,,

NO

STOP:

Re-allocatio
uccessful2

¢ Calculate the amount that couldn’t be re-allocated.
e Adjust re-dispatch by that amount
e Set the current amount of penetration as the MAX for this case
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Tool Implementation: Overview of the GUI

B | TRHC Analyzer

B Project Setup

Project Directory

Select a directory (to store ‘ |

Select..

generated case (;sav) files)

Case Files

MNumber of Case Files

[ o]E

Project Case Files... ‘

Select..

Apply Selections..

Load More.. Reset Cancel

A AC Contingency Run

Input Files

0]
B
g

Subsystem Definition Fie (sub) |

[ ][ Edit..

Contingency Definition File (.con)

... ][ it

Mnitored Element Fiz (mor) |

[ ][ Edit..

Distribution Factor Data |
File (.dfax)

||"... |[create DFaX..

Contingzncy solution Output |

|- | |use pefauis..

File (.acc)

Incremental Save Case |
Archive (.zip)

|- | |use pefauis..

Implement Solution | | Case Files

Reset Cancel

File

Case

/

Configuration | Analysis
Project Setup..

AC Contingency Setup..
Paoint of Interconnections..

Re-di ;p7tch Schemes..

Hosting Capacity v/s reqion, re-dispatch.etc....

I/0 Control  Help

Tool Main Window

B ' Generation Re-dispatch Schemne

Re-dispatch Based on Generator Priority List

Mumber of re-dispatch scheme Ijl e

Impert re-dispatch scheme from file (xlsxk / xls files)

Apply Selection Reset Cancel

Edit..
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# ' Point-of-Interconnection Selection —

Selection Method Selected Locations

(®) Existing Locations from File
() Select Locations from System Bus Data

Import Existing Locations
Location Set Count

E

Select Locations File Impaort..

Preciew Selections Preview..

Selection From System Bus Data

Filter By Select Voltage Levels

(® BUS ZONE Upper Limit [kV] [ |

() BUS AREA Lower Limit [kV] [ |
Make Selection.. Select Generation Types..

Model Parameters Apply Selection Reset Cancel
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Tool Implementation: Overview of the GUI

B TRHC Analyzer Tool PSSE v33

File Project Configuration = Analysis  Outputs  Help

S o:cove i

Tool Main Window

Generate Power Flow Cases..

Steady State Analysis..

Transient Analysis..

Progress Log  Alerts / Warnings

Electric Power Research Institute (EPRI)
Transmission System Renewable / DER Hosting Cap:
New Study Initiated on 8/1/2016

Creates Power Flow Cases

B Steady State Analysis

Select directory for power flow case files

| e | | Select..

Zlectric Power Research Institute, Inc.

Voltage Limits Define Mormal Limits Define Emergency Limits
(®) Existing System Limits Min [pui] Min [pu]
(_) Define Voltage Limits Max [ou] Max [pu]

Branch Limits
O Rate A Short Circuit Ratio Threshold
® RateB Renewable/DER Generation Increment Step [MW] I:I
O Rate C |:| Remove Temparary Power Flow Case File

Select Subsystem
(@ all system buses
() selected bus subsystem Select..

() The following buses
Apply Selections Run Case Folder Reset Close

- ] x
B ' Generate Power FLow Cases
Base Power Flow Cases
Chedk power flow convergence
Chedk bus voltage limit violations
Chedk branch thermal limit violations

Metwork Contingency Cases
[J check power flow convergence

[ check bus voltage limit violations
[ check branch thermal limit violations

Chedk cases with network contingencies

Generate power flaw case files

Report..

Generate Cases..

[+ Exclude non-converged base cases from working project
Evaluate base power flow cases Bun..

Check base case evaluation results Report..

Cases with DER. / RENEVWAELE Models
[ chedk power flow convergence

[ chedk bus veltage limit viclations
[ check branch thermal limit violations

Chedk cases with network contingendies Report..

Directory for the generated power flow case files

Project Directory Reset Close

WVersion: 1.1
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Tool Output : Sample Results

- Maximum Penetration Level across
- Multiple Contingency Cases

Renewable | DER MW

Maximum Penetration Level Split
up by Type of Generation Resource

2.5 .o —0.00096
20 ! _ Branch Flow Violations = —0.00098 |
= . v/s Generation Level =
% 1.5 e ;;f‘ —0.00100+ +
3 \ E
Qlo .t s < -0.00102 -
' $ \oltage magnitude Violations -
0.5 P v/s Generation Level ~0.00104{
* v v v
0.0 . 175 180 185
200 400 600 800 1000 1200 Generation Level (MW)

Generation Level (MW) ErrRl | e rows
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Data Requirements

= Common data for all types of screening studies:
— Transmission planning model ( Peak, off-peak, etc)
— Contingency list (.con file) and .sub/.mon files
— Thermal/Voltage criteria

= Data for renewable generation/DER limit assessment

— Potential buses for future renewable generation and DER
deployments in a region

— Generator re-dispatch scheme(s) priority order
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Next Steps

» Test and validate the tool across multiple utility cases

= Develop additional automated screening capabilities :

— Impact/limits on generation retirement/new generation injection (Eg.
Gas)

— Impact/limits on increase in load withdrawal

= Explore feasibility of adding other criteria
= Small signal stability
» Transient Stability
* FIDVR
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Together...Shaping the Future of Electricity
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