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Abstract: This paper examines how much U. S. Energy Information Administration (EIA) data oil companies use to forecast supply and
demand, as well inventory balances which result from them. Oil companies can enhance their production strategies and improve efficiency
using sophisticated forecasting models powered by EIA data. This was done using the EIA data to predict renewable expansion and linear
regression time - series analysis with a solid example of application, to demonstrate how these analyses are employed in interpreting this
kind on data which can be used for future market trends & production needs.
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1. Introduction

In the oil market - where prices fluctuate very erratically as
companies try to find an equilibrium between supply and
demand - predicting what will be produced is critical. For
predictive analytics much of the valuable data comes from
deeply entrenched  statistics  covering  production,
consumption, reserves and price that is housed at EIA. This
study examines how oil companies gather this data and use it
to anticipate future events and prepare by applying statistical
models combined with machine learning that improves the
quality of their predictions.

2. Problem Statement

Oil companies face significant challenges in forecasting due
to the volatile nature of the market influenced by geopolitical,
environmental, and economic factors. The complexity of
accurately processing and analyzing vast amounts of data
from the EIA often results in forecasting errors, leading to
financial losses and operational inefficiencies. I am employed
at an oil and gas company, where we have been assigned the
task of processing various data sets provided by the EIA. Each
data record is formatted as JSON. The EIA data sets are open
data and can be freely downloaded from the following link:

https: //www.eia. gov/opendata/v1/bulkfiles. php

Leam About Encray News
Independent Statistics ond Analysis

U.S. Energy Information
Administration

eia

#+ Sources & Uses =+ Topics | =+ Geography Search eia.gov

OPEN DATA

Committed to making energy data more accessible, understandable,

elevant, and responsive fo your needs API

Bulk download facility

The bulk download facility provides the entire contents of each major API data set in a single ZIP file. A small JSON formatted manifest file lists the
bulk files and the update date of each file. The manifest is generally updated daily and can be downloaded from hitp:/api.eia.gov/bulk/manifest.txt.
The manifest contains Information about the bulk files, including all required common core attriutes:

dentifier data_set ast_updated
modified category_id title:
description keyword publisher
person mbox accessLevel
accessLevelComment accessURL webService
format icense spatial

temporal

Each bulk file is downloaded from accessURL as a zip file, and contains a single ixt file of the same name. The extracted text file contains all the
dataset's series (ordered by most recent update data first) followed by all of the dataset's categories (ordered by hierarchy from top to bottom)
Each line of the extracted text file is a complete object in JSON.

Latest bulk download files:
State Energy Data System (SEDS)
Electricity

Matural Gas

Petroleum

Coal

Short-Term Energy Cutlook

Crude Oil Imports

International Energy Data

Total Energy

U.S. Electric System Operating Data
CO2 Emissions
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Solution Implemented:

In this paper we will explore the loading of the Petroleum file as mentioned in the above screen shot. The link of the Petroleum
file is mentioned below and once clicked the zip file will be downloaded.

https: //www.eia. gov/opendata/bulk/PET. zip

-rw—r——r—-. 1 data load domain users 4%057013 Apr 27 2022 PET 04272022151234.=zip
—-rw-r——r——. 1 data load domain ussrs 48950095 May 2022 PET 0429%2022161423.=zip
—rw—r——r—-. 1 data_ load domain users 485378332 May 4 2022 PET _05042022150%01.=zip
—-rw—r——r——. 1 data load domain ussrs 48640003 May 12 2022 PET 05112022150%03.=zip
—-rw-r——r——. 1 data load domain ussrs 48586184 May 15 2022 PET 05182022150804.zip
—rw—rw—rw—. 1 data_load domain users 334770876 May 25 2022 PET.txt

The petroleum data is formatted in JSON, and the EIA uses a
unique system to represent this data, specifically through a
'series_id'. This 'series id' is comprised of three segments
separated by dots (.). Each segment conveys distinct and
meaningful information. For instance, in the example
series_id 'PET. MCRFPUS2. M, the first three letters 'PET'
denote the file name, which stands for petroleum. The

{ :"PET.MCREFPUSZ . M™

. :"J.S. Field Production
s, Monthlw"

- :"Thousand Barrels pexr
. . g

- DMLY S AT

- " T.S.

- :"NHone"

. UETLA, U.S.

. :"USAT

. s "TsSAT

r z"1lez2001™

- z"mz20z2202"

r :"2022—04—29T711 =
- s [["202202",11258].,

subsequent eight characters MCRFPUS2' following the first
dot indicate the key, which represents data available on the
EIA website concerning U. S. Field Production of Crude Oil.
The final character, 'M', indicates the data's reporting
frequency, which is monthly in this case.

Sample Data:
of Crude oil

Dass

Field Production of Crude Cil"™

Encergy Information AZdministration™

00 :20—04::00™

["202201",114830], ["202112",11&78]

»[M20272712",212TFE82], (202110 ,115c4] , [M"202009" 10921 ]
» ["20O02208",112Te] , ["20210T7T, 11329271}

The data from the Petroleum file is loaded as - is which is basically raw data.

- select *
from eia_pet_json_data
where record like '%"ser‘ies_id":"PET..’-ICRF%‘l

{
tjson_data 1 ¥

- L
*from mac_scratch.eia_pet_json_data where record like %" | 3

Al record

AT

IH
“series_id""PETMCRFPUST.A","name""l.S. Field Production of Crude Oil, Annual”,"units": Thousand Barrels", 'f""A","unitsshort"s"MbbI","description":"LLS. Field Production of Crude Oil","copyright"s'N

{"series_id""PELMCRFPUSZM", "name":"U.5. Field Production of Crude Oil, Monthly","units":" Thousand Barrels per Day’,'f""M","unitsshort™;"MbbI\/d","description”;"U.S. Field Production of Crude Qil*,"

{"series_id""PET.MCRFPALZM","name':"Alabama Field Production of Crude Oil, Monthly","units"; Thousand Barrels per Day”,'""M", "unitsshort""Mbbl\/d"," description":" Alabama Field Production of Ci
{"series_id""PETMCRFPCAZM","name":" California Field Production of Crude Oil, Monthly","units"s"Thousand Barrels per Day","f"s"M","unitsshort"s"Mbbl\/d"," description:" California Field Production of
{"series_id""PET.MCRFPART.M","'name":" Arkansas Field Production of Crude Oil, Monthly®,"units":* Thousand Bamels","f":"M", " unitsshort"s"Mbbl","description”:"Arkansas Field Production of Crude Oif*,"c
{"series_id""PETMCRFPLAZA',"name":"Louisiana Field Production of Crude Oil, Annual®,"units":" Thousand Barrels per Day","f's"A","unitsshort":"Mbhi\/d","description”:" Louisiana Field Production of Cru

Each record is then loaded by a MySQL Procedure which calls an INSERT SQL to break down the json key value pairs into

row and columns by monthly data into the target table.
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INSERT INTO esia_pst_raw_data

(series_id, name, units, £reguency, unitsshort, description,
copyright, source, iso3lee, geography, geographyZ, start,
end, last_updated, date_value, volums

)

SELECT

series id, name, units, frequency, unitsshort, description,
copyright, source, iso3lee, geography, geographyZ, start,
end, last_updated, r.date_valus, r.volume

FROM

(

with json data

as

(

SELECT json_extract_string(record,
json_extract_string(record, "nam="') as nams
json_extract_string(record, 'units') as units

"series 1d') as series_id

json_sxtract_string(record,
json_extract_string(record,
json_extract_string(record,

TE') as frequency

£') as unitsshort
") as description

') as copyright
as source

') as iso3lEe

') as geography
2'") as geographyZ
=rt') as start

1') as end

json_sxtract_string(record,
json_sxtract_string(record,
json_sxtract_string(record,
json_extract_string(record,
json_extract_string(record,
json_sxtract_string (record,
json_sxtract_string(record,
json sxtract_ string(record,

ipdated’) as last updated

REPLAEE[REPLAEE(REPLAEE(REPLAEE(]EDn extract_string(reecord, 'data’), [', "), "1, "), U, 'Uev), '") as json_data
FROM =ia_pet_json_data
WHERE record LIKE '%serics id%’
)
SELECT d.*
, SUBSTRING INDEX (TRIM(SUBSTRING INDEX (SUBSTRING INDEX(csv_data, ',', l.lewel), ',', —-1)), '~', 1) date value
. SUBSTRINQ_INDEX(TRIM(SUBSTRING_INDEX(SUBSTRING_INDEX(csv_data, L', l.lewel), 'L, —1)), '~', —-1) volums
FROM jsDn_d;ta d, mac_level 1 - -
WHERE l.level <= CHAR LENGTH (csv_data) - CHAR LENGTH(REPLACE (csv_data, ety + 1

) r;

After the data is loaded, the row and columns looks like as shown below
— select series_id

, name

» Trequency

, date_walue

» volume

from eia_pet raw_data

where series_id = 'PET.MCRFPUS2.M’

and date_walue like '"2@821%°

£
t_raw_data 1 >

- - N A
series_id , name , frequency , date_wvalue , velume from mac | 2§

rgg series_id 1} [ ABC name T3| mecfrequency T | Ag5 date value 'FI| 123 wolume 1]
PET.MCRFPUS2.M LS. Field Production of Crude Qil, Monthly B 202101
PET.MCRFPUS2.M LS, Field Production of Crude Qil, Monthly M 202102 9,916
PET.MCRFPUS2.M  LLS, Field Production of Crude Qil, Monthly M 202103 11,351
PET.MCRFPUS2.M LS, Field Production of Crude Qil, Monthly M 202104 11,318
PET.MCRFPUS2.M  LLS. Field Production of Crude Qil, Monthly M 202105 11,390
PET.MCRFPUS2.M LS, Field Production of Crude Qil, Monthly M 2021068 11,366
PET.MCRFPUS2.M  LLS. Field Production of Crude Qil, Monthly M 202107 11,392
PET.MCRFPUS2.M LS, Field Production of Crude Qil, Monthly M 202108 11,276
PET.MCRFPUS2.M  LLS, Field Production of Crude Qil, Monthly M 202109 10,921
PET.MCRFPUS2.M LS, Field Production of Crude Qil, Monthly M 202110 11,564
PET.MCRFPUS2.M  LLS, Field Production of Crude Qil, Monthly M 202111 11,732
PET.MCRFPUS2.M  LLS, Field Production of Crude Qil, Monthly M 202112 11,678
The data is then loaded into the respective app to be used by end user for forecasting purpose.
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Potential Extended Use Cases:

Higher resolution data, such as that provided by the EIA
powers not only oil production forecasts but also more
accurate energy price predictions and compliance with
environmental regulations allowed strategic planning for long
term regional renewables power investments. Beyond that,
companies use this data in extended applications to reduce
risks and be compliant with regulations or make decisions for
their investment.

Impact:

When EIA data is incorporated into forecasting models,
operational costs are reduced through lower levels of over
production and stock inventory, while directly aligning supply
with market demand. So, for example, a 10% increase in
forecast accuracy could mean millions of dollars less sitting
as inventory or being lost to stockouts.

Scope:

This research is dedicated to shaping quantitative forecasting
models on the basis of historical data from (EIA) over the last
ten years. It looks at how they can be applied in the current
market, where there is room for improvement with existing
methodologies and where things are not necessarily ideal to
suggest some lines of further research - namely combining
real - time data analytics and machine learning techniques that
could yield significant improvements over predictions /
forecasting.

3. Conclusion

The paper claims that EIA data is significant information for
oil production forecasting, but its maximal utility requires
both sophisticated statistical techniques and ongoing fine
tuning of models. The industry needs to improve data
analytics capabilities in keeping pace with changes occurred
in marketplace and new technological improvements.
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