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Summary

For the development and evaluation of alternative power-to-gas (P2G) control and dispatch
algorithms, energy storage evaluation tools previously developed by Pacific Northwest National
Laboratory (PNNL) were modified to simulate P2G operations and evaluate the services
provided by an ITM Power P2G unit sited in the Holyoke Gas and Electric (HG&E) service
territory. P2G supports a web of potential assets that could be used to transform electrical
energy into hydrogen either for use as transportation fuel or industrial gas, or as a source of
clean fuel for injection into the natural gas grid. When P2G operates independently, it can also
provide wholesale grid services (e.g., frequency regulation) through load modification. The
developed evaluation tool allows the user to evaluate the financial benefits of a P2G system
under various scenarios with varying parameters associated with prices, technology cost and
performance, and incentives. This user’s guide accompanies the tool and provides useful
instructions, guiding users on how to input data and interpret results.
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Acronyms and Abbreviations

HG&E Holyoke Gas & Electric

LMP locational marginal prices

O&M operations and maintenance

P2G power-to-gas

PNNL Pacific Northwest National Laboratory
PV present value

ROI return on investment
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1.0 Introduction

For the development and evaluation of alternative power-to-gas (P2G) control and dispatch
algorithms, energy storage evaluation tools previously developed by Pacific Northwest National
Laboratory (PNNL) were modified to simulate P2G operations and evaluate the services
provided by an ITM Power P2G unit sited in the Holyoke Gas and Electric (HG&E) service
territory. P2G supports a web of potential assets that could be used to transform electrical
energy into hydrogen either for use as transportation fuel or industrial gas, or as a source of
clean fuel for injection into the natural gas grid. When P2G operates independently, it can also
provide wholesale grid services (e.g., frequency regulation) through load modification. The
developed evaluation tool allows the user to evaluate the financial benefits of a P2G system
under various scenarios with varying parameters associated with prices, technology cost and
performance, and incentives. This user’s guide accompanies the tool and provides useful
instructions, guiding users on how to input data and interpret results.

Introduction 1



2.0 Evaluating P2G Benefits
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In order to perform the financial analysis, the operating schedule for a single year is determined
using a model-based optimization approach. This schedule is then used to determine the
revenue/cost associated with operating the P2G system for that year and will serve as the basis
for the financial analysis. The P2G system scope for this analysis includes an electrolyzer and
two pathways for sale of the end-product: bulk sale in the form of transportation fuel or industrial
gas, and injection into the natural gas grid. The technology components (see Figure 1)
necessary for sale to transportation and industrial users include compression and modular
storage tanks. For direct injection into natural gas pipelines, technology components include a
methanation reactor (optional) and cavern storage (optional). The tool also allows for short-term
storage of hydrogen in compressed hydrogen storage tanks, which may be accessible to inject
into the natural gas pipeline, and for longer term storage in underground caverns.

Electricity Grid
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ELECTRICITY
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Storage Tlanks
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A= = —————
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Figure 1. P2G system scope

PNNL has developed a web-based tool that allows the user to input the different parameters
and the capital cost associated with the various equipment components that are found along
pathway 1 and 2 alongside the electrolyzer. The tool also allows the user to determine the
various grid services that can be provided by the P2G system along with the corresponding
prices. Once these inputs are provided, the tool uses an optimization based approach to
determine optimal operating schedule of the P2G plant for a year and compute the financial
benefits and return on investment or ROI, over the entire lifetime of the P2G system, associated
with constructing such a plant.

Evaluating P2G Benefits
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3.0 Instructions for Using the P2G Evaluation Tool

The web-tool can be accessed using any standard browser in the following location:
http://leset.pnnl.gov. As it is a web-tool, there are no system requirements.

3.1 Creating a user account

In order to access the tool, a user account needs to be created.

¢ Go to http://eset.pnnl.gov

e Click on ‘Create Account’ and enter a username, a valid e-mail address, first and last name,
and the name of your institution.

¢ A confirmation e-mail will be sent to the provided e-mail id. Follow the instructions in the e-
mail to complete the account creation process.

Once the account has been created, you can access the dashboard to the P2G analysis tool
(see Figure 2) Clicking on the Account tab will allow the user to change the default details and
the password provided during the account creation process.

\% Energy Storage Evaluation Tool

Pacific
N O r t hwest rama654-1 I I Logout

NATIONAL LABORATORY

“ FOSRISELS prosiey

MASCORE

I Power to Gas I

Model Name Type Created Time Modified Time Options

Figure 2: P2G Evaluation Tool - User Home Guide
3.2 Creating a new model
The user can create a new model by clicking on the Power to Gas (highlighted in red in Figure

3) link on the left-hand side of the dashboard. This will result in a text box asking for the model
name.

Instructions for Using the P2G Evaluation Tool 3
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Once an appropriate model name has been provided, the user will be taken to a page (see
Figure 3) in which the model parameters can be modified. A brief description of all the input
panels is provided in the following section. Note that the input tab (highlighted in red in Figure 3)

is selected by default and the output cannot be accessed until the simulation model has been
run.

Note: All parameters have pre-specified default values. If the user does not modify those values,
the defaults will be used. The rationale for each default value is specified in the P2G System
Valuation Final Report, which also accompanied the P2G Tool (Balducci et al. 2020).

Input

- n

Setting
Present Value Analysis Year P2G Deployment Options
Financial Analysis Parameters
System Operating Life Discount Rate Escalation Rate Cost Growth Rate [%] NOT Benefit Growth Rate First Year
Price Year
[year] %) %] USED %] Operation
| 2 | [ 446 | [ 20 | [ 20 | | 20 | [+ | [ o |

Insurance and Tax Rates

Insurance Rate [%] Property Tax Rate [%] Income Tax Rate [%] Depreciation Period Other Tax Rate [%)] Tax Credit (%) Grant [S000]
01 | [ o0 | [ o0 | Jyears v [ oo | [ o0 | [ =000

Wholesale Energy Prices and Charges

Energy Price [S/MWh] Capacity Rate [S/kW-year] RNS Rate [$/kW-month]

Figure 3: Model parameters page

Once the model has been created, the user can also edit the model at any time from the
dashboard by clicking on the edit button (as seen in Figure 4).

Energy Storage Evaluation Tool
Pacific
Northwest rama654-1 | Account | Logout

NATIONAL LABORATORY

ESET Suite rama654-1's projects

MASCORE Model Name Type Created Time Modified Time Options

test_1 Power to Gas 20-06-24 14:20:48 20-06-24 14:28:19

Figure 4: Editing Saved Models

Power to Gas

Instructions for Using the P2G Evaluation Tool 4
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3.3 Input Panels
3.3.1  Setting Panel

The setting panels allows the user to input the year and indicate whether present value (PV)
analysis over the system’s economic life is desired. It also allows for the selection of P2G
deployment options:

¢ Operation by municipal utility
e Operation as a transmission asset
e Operation in a distribution system, served by a distribution utility
e Operation in a distribution system, served by a municipal utility.
The first two options require the user to upload wholesale energy prices and the last two require

an end-user utility rate. Provisions for uploading these files are provided in the wholesale energy
prices and charges panel and end-user utility rates panel.

3.3.2  Financial Analysis Panel

In order to compute the PV benefits, different rate parameters, including discount and annual
benefit escalation rates, are required. The financial analysis panel allows the user to specify
those rates. These data are not used if the PV analysis flag is not checked in the settings panel.

3.3.3 Insurance and Tax Rates Panel

The user can specify various tax and insurance rates. These data are not used if the PV
analysis flag is not checked in the settings panel. The formulas used to calculate PV and
annualized costs are presented in the P2G System Valuation Final Report, which also
accompanied the P2G Tool (Balducci et al. 2020).

3.3.4 Wholesale Energy Prices and Charges Panel

The user can upload a file containing the hourly locational marginal prices (LMP) for the year
that is specified in the settings panel. The capacity rate and the regional network service fee can
also be provided by the user. Note that a default price profile has already been included in the
simulation. The default profile can be downloaded by clicking on the default button highlighted
(in red) in Figure 5. The same is true for all the other files that the user can potentially upload.

Wholesale Energy Prices and Charges

Energy Price [$/MWh] Capacity Rate [$/kW-year] RNS Rate [$/kW-month]
e——

Default Upload
—— 9.55 9.17

LMP_default.csv I

Figure 5: Downloading Default Files

Instructions for Using the P2G Evaluation Tool 5
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3.3.5 End-user Utility Rates Panel

The user can upload the hourly end-user utility prices for the year specified in the settings panel.
The demand charge and a nominal load profile, which will be used to compute the change in the
demand charge, can also be provided by the user.

3.3.6 Services and Value Streams Panel

The services and value streams panel consists of the list of services (regulation, demand
response, and emission benefits) in which the user can choose to participate.

3.3.7 Grid Services Panel

The P2G plant can provide two type services to the grid: frequency regulation and demand
response. In order to participate in the frequency regulation service, the user needs to provide
the hourly regulation prices for the desired year. In order to participate in the demand response
service, the user needs to specify the hours during which load reduction would be required and
the price for providing demand response.

3.3.8  Electrolyzer, Compressor and Storage Tanks Parameters Panel
The user can easily specify the different parameters and the capital cost associated with the

different equipment:

e The electrolyzer's operation is characterized by its rated capacity, production rate, and
minimum operating level.

e The compressor’s rated capacity, energy consumption (in kw/kg of hydrogen compressed)
and % loss in hydrogen as it undergoes compression needs to specified.

¢ The overall capacity of the tube-storage tanks that is deployed near the P2G plant can also
be specified.

e The capital cost associated with the different equipment also needs to be provided by the
user.

As in all cases, there are default values provided for each parameter.
3.3.9 Hydrogen Sale Panel

The hydrogen stored in the tube-storage is picked up on a weekly schedule to meet the
transportation fuel demand. The user can specify the price of the hydrogen used as
transportation fuel and the corresponding weekly demand. The user can also specify the price
and weekly demand for industrial gas.

3.3.10 Pipeline Injection Panel

The natural gas pipelines have constraints on the volume of hydrogen that can be injected into
the pipeline. The maximum admixture percentage specifies the maximum volume of hydrogen
that can be injected as a function of the volume of the gas flowing through the pipeline. The
density of the hydrogen, the hourly volume of gas flowing through the pipeline, and price for
injecting gas into the pipeline can also be specified by the user.

Instructions for Using the P2G Evaluation Tool 6
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3.3.11 Methanation Panel

The hydrogen injected into the pipeline/reservoir can undergo an optional methanation process
which converts hydrogen + COz2 into synthetic methane. The price of the CO2 used for this
process along with the rated power and the maximum hydrogen intake of the biologic reactor
can be specified by the user. The operations and maintenance (O&M) costs (variable and fixed)
and the capital cost can also be modified in this panel.

3.4 Running a Simulation

Once the data entry is complete, the user first needs to click on the save button (located on the
top-left of the model parameters page) in order to save the model. Once the model is saved, the
simulation can be run by clicking on the run button (located on the top-right of the model
parameters page).

3.5 Simulation Results

Once the simulation is complete, the output can be accessed by clicking on the output tab (as
seen in Figure 6) in the model parameters page. The output page provides numerical details
regarding the operation (e.g., hours of operation, hydrogen production, operating schedule) and
finance (ROI, PV benefits if requested in the model input page) of the P2G system and a visual
breakdown of the revenue streams and costs. The PV analysis integrates all the capital, O&M,
and benefit estimates over the economic life of the unit and compresses them into single lump-
sum cost and benefit estimates using a defined discount rate, and presents them in PV terms.

P2G hourly operation results (see Figure 7) through a year also are provided, including both the
power consumption from different P2G components and hydrogen flow along the two pathways.

Instructions for Using the P2G Evaluation Tool 7
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Annual Hours of Operation, Production, and Financial Returns

Annual Hours of Operation Annual Production of Hydrogen [kg] PV Benefit [$000] PV Cost [$000] ROI
5485 569,813.94 30,972.431 34,991.936 0885
One-year Simulated Benefits and O&M Costs [$000]
Benefit Cost Net-benefits
1,979.203 1,666 676 312618

One-year Simulated Benefits

Emission Pathway 2

o ‘.

T~ Demand Response

Requlation

Natural Gas Injection -
Transportation Fuel

Industrial Gas

@ Regulation @ Demand Response Transportation Fuel © Industrial Gas @ Natural Gas Injection

@ Emission Pathway 1 Emission Pathway 2

One-year Simulated O&M Cost

Emission Electricity
Water Cost
Drainage Cost
Electrolyzer Fixed O&M
Electricity or Energy Charge
© Electrolyzer Fixed O&M @ Electricity or Energy Charge Demand Charge
@ water Cost @ Compressor Fixed O&M

@ Drainage Cost
Methanation Reactor Variable 0&M @ Methanation Reactor Fixed O&M

Emission Electricity

® CO2 Purchase

Figure 6: Output Page
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P2G Hourly Load

12 .o Electrolyzer -+ Compressor Methanation Reactor

Load [MW]

o
Jan"18 Mar 18 May '18 Julns Sep '18 Nov'18 Jan'19

200 -4 production -+ Pathway 1 Pathway 2

175
150
125
100

75

Hourly Hydrogen Flow [ton]

50

25

Jan"18 Mar'18 May '18 Jul"18 Sep '18 Nov'18 Jan'19

Figure 7: Hourly P2G Load and Hydrogen Flow Rate

Instructions for Using the P2G Evaluation Tool 9
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4.0 Conclusions
PNNL, working in collaboration with ITM Power and HG&E, have developed a suite of products
to support analysis of P2G in Massachusetts. These products include:

e P2G model that can be accessed at eset.pnnl.gov;

e P2G system valuation report that describes in detail the methodology underpinning the P2G
model and presents the results of 82 scenarios run using the model; and

e This P2G model user’s guide.
This user’s guide accompanies the other products and is designed to simplify the experience of

each user, providing useful instructions while guiding users as they input data and interpret
results.

Conclusions
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