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1. The Simulation Tool
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E4 Simulation Tool

Simulation Tool

The E4 Simulation Tool (E45T) software can be used to predict or optimize cperation, investment, and retirement of

ment circumstances. [t can caleulate the

generators under different policy, price, demand, and transmission im
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overnm
multiple state-of-the art free and commercial sobvers,
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ons encountered over the course of the planning horizon. The

hours used to model the range of operating con
costs of each of the DC OPF sub-problems are weighted by the relative frequency of the corresponding
n to fuel costs, various types of environmental costs, from permit costs

representative hour and can include, in additi
for emissions of specific pellutants to aggregate damages from fine particulates. The sub-preblems are then finked
tegether inte one larg imi 1 probiem by generator capacity constraints and costs. These linking costs include

capital costs of existing generation as well asinvestment in capacity.

Users can access the interface of the E4ST by standard Matlab-style commands, For details, see the Usage sectionin
the documentation that is bundled with the code in the downloadable files. Developers can add policies to the input

data sets or develop additional features by creating subclasses that inherit from the included interface classes. The

design separates the code and the input and cutput data into the roat folder and subfalders named InputData and
OutputData, respectively It also includes a test class ta allow the developer ta test each class and function hour by
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Graphics created using PowerWorld with Energy Visuals data.

fuction, Two input files are required by the toolbose the

The network reductic

iootbax performs modified Ward r

R format and a user-defined list of the external bus indices,

[original) full power-flow base-case model in MAT

ie-, buses to be eliminated.

The output of the toolbax includes three files: a reduced power-flow model file in MAT format; a file
providing the new generator-to-bus assignment, which lists towhich buses the external generators are moved; and

abranch drcuit number file indicating which branches are equivalent lines.

For details about the input and output, please refer to the help files of the functions. Every function in the toolbox

has a help file that describes its purpose and the format of the input and the output data,

1. Components
The package inchudes two components;
a) The reduction software, including all subro
b) An example file which can be used to demon
please open and run the file Example_9bus .m This file generates a reduced model of a 9 &
eliminating 3 buses. A more detailed description of the reduction process and output files are included in the file.

ines to generate the reduced model,
ting network reduction on a 9 bus system. To run the example,
5 system by

Installation
Tainstall the toclbax please download the package and add the path te the directory to which the toolbox was
downloaded.
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How to use

The basic steps to using this software are:

a) Read in the input full model data using the feval function (a MATLAB built-in function).®

b) Generate a list of external bus indices.

¢} Call subroutine MPRaduction to perform the reduction and generate the output files listed above.
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Generator Data and Toolbox:
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The generator data boolbox is a set of programs that can be used to combine US data from different sources,
combine US ard Canadian data, provide imputaticn for missing data, place generators on a transmissicn network
model, and aggregste similar generators, Users working with data different from that used by the E4ST team, for

any part of the werld, may still find parts of this code to be useful.

Power grid simulation modeling that includes costs and emissions requires several types of data about the
generators on the system. The LS federal government collects and publishes a considerable amount of data about

generators, but those data are in multiple datasets published by the ElA and the EPA

Several factors make it difficult to match up thase datasets, First, the datasets number the generators differently.
Second, sometimes one dataset reports a pair of generators as one, while the other dataset does not. Third, the
EPA dataset amits seme small generators and all nan-emitting generators, and includes same generators that are

not in the ElA dataset (perhaps because they are for self-generation but not for supplying the grid).

As part of the generator data toolbox, we have developed methods for identifying which datain each dataset
corresponds to which generator in the EWN's annual basic dataset of currently operating generation units, for

imputing missing values, and for adding this additional information to that basic dataset.

Generator Data
The result of applying parts of the generator data toolbox to a set of databases from the ELA and EPAs a database
with the capacities, beat rabes, emission rates, and various other characteristics of the generators in the contiguous

United States that supply the wholesale electricity markets.

The data file available here is the 2011 Energy Information Admi

istration [EIA) generation unit dataset (the
GeneratorsY2011.ds dataset available at i mil) augmented with
additional columns from files obtained from the EIA and EPA, as described in the documentation that accompanies
the data in the link below. The documentation accomparyying the generator data and the associated toolbox

summarize how the E4ST team produced this dataset.
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Uses of E4 Simulation Tool

Project effects of Optimize
* Policies * |Investments
* Investments * Policies

e Fuel prices

 Technology cost
changes

e Demand changes
* Etc.



Why the E4 Simulation Tool?

Proper projection or optimization
often requires prediction of
system-wide, society-wide, and long-term

effects.
e Determines e Emissions, their e Simultaneously
flows according transport, and predicts
to laws of health effects operation,
physics investment,

and retirement



Other Strengths of the E4 Simulation Tool

Demand function at each node (and growth)

Can be used with model of any grid.

Will be open-source: transparent, publicly available &
modifiable.
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The Simulation Tool

It finds the combination of plant
construction, retirement, and
operation that maximizes
max, R..{ZiE- (S Hie(Byre — (cF + ajees) pijic)) } consumer benefits minus
el B (S (T (ol + 1y = Ry) + €l
subject to

pl.JO.+II.j—R1.J.2pijk ‘

Annualized A Othlef.r q
min 0 L R construction EESR
pzjk = &; (pz'j + i z'j) J costs
Kl.j > ]I].
prijk— ij—zj"@j’(@jk ~ O =0
Fy > | S;i(On— Opy) | Operating costs

subject to meeting load and

respecting network constraints
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2. SCOPE AND INPUTS



System in Simulation:
Eastern 74% of US & Canadian Demand

5222 nodes, 8190 generators, 14225 branches



Input Summary

e 2011 grid and generators. Using eastern
model. (Also have western & Texas models.)

e 2013 fuel prices and demand

 We assume that the SO2 & NOX cap-and-trade
programs are slack.



Generator and Demand Data
Overview

Generators: Capacities, marginal costs, fixed costs,
emission rates, locations, smokestack heights
combined from 12 sources. EIA, EPA, and Energy
Visuals Inc.

38 representative hours represent joint distribution
of demand, generator availability, wind, and solar

Own-price elasticity of demand =-0.2
Use EIA estimates of generator costs



Presenter
Presentation Notes
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Assymetry between new and old


Hourly Wind & Solar Data
by Node

e Using a year of hourly data from thousands of
sites, we have close approximations of what
wind farm output and PV output was, or
would have been, in each hour at each
suitable node

e Same year as our hourly load data



Improvements Found Necessary
This Year for Proper Line Analysis

Add endogenous hydro dispatch
Add cap and trade capability

Update geographic NG price differences
within NY and in New England

Vary construction costs by location (using
NEMS assumptions)

Correct demands and capacities in Canada
Correct water amounts by province



Model
Validation:
2013
average
electricity
prices in
simulation
output and
in reality

Region
New England
PIM

State

west virginia
virginia
pennsylvania
ontario

ohio

north carolina
new jersey
michigan
maryland
kentucky
indiana
illinois
district of columbia
delaware

Average LMP from simulation Actual average LMP

55.1
37.4

36.9
40.5
41.9
21.1
34.7
43.2
45.4
31.2
42.7
33.9
33.0
32.0
42.3
43.9

NY zone (simple average of LMPs over all hours)

WNY
NYC

LI
Hudson
Capital

37.6
52.6
64.1
53.0
57.5

56.1
38.0

35.0
38.6
39.3
26.5
35.1
38.6
40.8
35.1
39.6
35.0
35.1
32.2
38.4
40.3
Correlation: 0.97

37.8

52.6

64.3

50.1

50.4 |
Correlation: 0.95



3. INVESTMENT EVALUATION
SAMPLE RESULTS



Economic Feasibility of a New Line:
The Champlain-Hudson Power Express

 ALONG ROAD & RAILROAD ROW
~ Undergroend DCCoble '
126.8 miles (204 k)

<— CHAMPLAIN HUDSON POWER EXPRESS ————>
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The Champlain-Hudson Power Express

The line starts at the Hertel Substation in LaPrairie, Canada,
where a converter will be built to allow power to flow from the
Hydro Quebec system through a 1000 MW 320-kV DC line to
New York City.

A 36 mile section of underground line will be built to the US
border to connect to a 333 mile line that will be constructed
from the the US border to Astoria where a second converter will
be constructed to provide power to the Astoria Annex GIS
Substation.

The line will be placed under Lake Champlain and under the
Hudson River for most of the distance.

The cost is about 2.2 Billion Dollars.
Assume Clean Power Plan in place and similar limits in Canada.
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4. EFFECTS OF REAL-TIME
PRICING ON EMISSIONS



Does real time pricing increase
emissions?

We test what would happen if the current system

were switched to real time pricing (RTP) from fixed
prices.

We represent RTP as a change in the hourly elasticity
of demand from 0 to -0.1, -0.25, or -0.5.

Real time pricing experiments suggest that -0.1 is the
most realistic of these.

We make the conservative assumption that RTP does
not change load. (Though in fact experiments
suggest that it is likely to reduce load.)
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NO, Emission Changes
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SO, Emission Changes
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Summary

 The most realistic hourly demand elasticity (-

0.1) generally leads to no significant change or
else lower emissions

* NO, and SO, emissions increase with more

elastic demand because more coal is used in
NPCC



5. IMPACTS OF INCREASED
CLIMATE VARIABILITY



Increased Climate Variability

This is a methodological study to examine how to model
increased variability in loads, and wind and solar availability
factors as well as drought using the E4ST

Wind and solar availability factors range from O to 1.

First, we fitted a beta distribution to each nodal availability
factor across the 38 hour types and increased the variance by
5% in the fitted distribution.

We then used this to shift the availability factor in each hour,
in a way that retained covariance among hour types.

Also did this for nodal load, where we used a fitted log normal
distribution to calculate the load shifts for each of the 38 hour
types that would result in a 5% increase in variance.



Increased Climate Variability:
Example Hour Type Distributions for the MRO
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Increased Climate Variability: Drought

e Going back 1000 years or more there have been many extreme
droughts especially in the West
— Some are predicting a Mega Drought for the Western US

 Recently the Southeast has experienced drought as well

— The chart below shows about a 30% probability of a 30% shortfall over
twenty years

Annual hydropower generation by region
deviation from 1990-2009 average
40%

30%

iIIII.J-“JII",III 1 T” 1

-20%
-30% m pacificnorthwest

-40% m southeast
-50%

< 1990 1993 1996 1999 2002 2005 2008 32
cla



Increased Climate Variability:
EAST Model

Examine two years:
1. 2015 base year with no change in climate
2. 2035 with
a. no change in climate, or
b. increased climate (load, wind, solar) variance only, or

c. increased climate variance and 30% probability of drought
(76 hour types)

In all of these cases, in 2035, we cap total (US + Canadian) CO2
emissions 25% below those of 2015.
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Average LMPs of SERC
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Retirement in SERC
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Climate Variability Results

Clean Power Plan and higher natural gas prices drive
LMPs up by 2035 in all cases

Results in substantial retirement of old gas generation
and coal

SERC and El results similar for LMP, retirement and
Investment in 2035

Increasing variance of load, wind, and solar causes a
decrease in retirements of old gas and an increase in
investment in combined cycle gas but a decrease in
wind investment

Drought only slightly magnifies these trends



ACCOMPLISHMENTS IN THE LAST
12 MONTHS
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Model Improvements this Year

Added endogenous dispatch of hydropower, and data
necessary for it

Added cap-and-trade simulation capability
Added RPS simulation capability
Improved demand functions

Completely rewrote the set-up and results processing
code, with improved efficiency, clarity, and
documentation

Expanded automatic and semi-automatic output
recording and reporting

Wrote code to handle large batches of simulations

Investigated and pursued computer options for running
large batches of simulations



Data Improvements this Year

. Corrected loads and hydro energy constraints
(incorrect in original source data)

Updated various inputs including regional natural
gas price differences in the northeast (changed from
2011 because of fracking)

. Varied construction and fixed costs by location in

the northeast (using NEMS assumptions)
Developed methods and inputs for simulating real-
time pricing

Developed methods and inputs for representing
increased weather variability



Validation this Year

. From-scratch testing of E4ST simulation code
. Extensively tested set-up code
. Debugged additions and modifications

. Compared model’s predictions of locational
marginal prices with actual



Outreach this Year

Further developed website files and text, for posting

Presented at HICSS, NYS Econ Ass’'n, Ass’n of Env & Rsc
Economists, and Society for BCA conferences

Presented to NYISO planning staff, NYSERDA staff, and NYISO
Environmental Advisory Committee

Scheduled upcoming presentation to EIPC (tomorrow)

Met with top Mexican government officials and researchers about
creating Mexican E4ST. Ongoing.

Met with Canadian utility, industry, NGO, and government officials
about E4ST uses. Ongoing.

Met with DOE EPSA and State Department officials about E4ST
uses and other topics. Ongoing.

Made plans with North American Natural Gas Model developers to
link E4ST with that model in the future

Submitted paper to HICSS on predicting profitability of
transmission line. Review in progress.



Applications this Year

“Stochastically Optimized, Carbon-Reducing Dispatch of
Storage, Generation, and Controllable Loads.” IEEE
Transactions on Power Systems, Vol. 30, Issue 2 (March
2015), pp. 1064-1075.

Completed draft of “Predicting the Profitability of
Energy Storage Using Recent Price Data: A Method and
an Approach to Testing Such Methods.” Expect to
submit in August 2015 to IEEE Transactions on Power
Systems.

Analysis of effects of real-time pricing of electricity

Simulations for real-options and conventional analyses
of a proposed transmission line

Analysis of increased climate variability
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