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Enhancement of Energy Security: Trends in the International Crude Oil Market






Since July 2014, the international crude oil price has rapidly dropped due to factors such as the economic slowdown of emerging countries, an increase
in U.S. shale oil and the high level of production volume in OPEC countries. In February 2016, the price fell to 26.21 dollars/barrel, the lowest level
since 2003.
At a regular OPEC conference in November 2016, OPEC countries, which until then maintained the strategy of retaining market share, agreed to
reduce production following a prolonged slump in the crude oil price. In December, OPEC countries agreed with Russia and other major non- OPEC
oil-producing countries on coordinated production.
In response to these moves, the crude oil price rose somewhat and has recently stayed at around 50 dollars/barrel. On the other hand, the possibility was
pointed out that the crude oil price may decline again depending on the status of compliance with the agreement on production cuts and the trend
in U.S. shale oil production.

Global oil production volume (2015)

OPEC member countries:
global share of approx. 40%
Non-OPEC member countries:
global share of approx. 20%

Coordinated production cuts of
approx. 1.8 million B/D
(approx. 2% of global production)

Source: Prepared by the Agency for Natural Resources and Energy based on BP Statistics (2016)

Changes in U.S. crude oil production volume, etc.

※Include Tight oil

Source: Prepared by the Agency for Natural Resources and Energy based on statistical
data published by the U.S. Energy Information Administration
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Enhancement of Energy Security: Resource Strategy amid the Oil Price Slump
 Because of the oil price slump, the fundamental strength of oil and natural gas development companies has declined steeply, leading to a
sharp fall in investments in oil and natural gas upstream development. (a fall of 25% in 2015 and of 26% in 2016 compared with the previous year)
 On the other hand, the oil price hit bottom at around 25 dollars/barrel, and U.S. and European oil majors and, the Chinese and Indian
governments and state-owned oil companies have stepped up acquisitions of resource rights and companies since 2016 because of
expectations for a future crude oil price rise.
 In Japan, too, the JOGMEC Act was revised in November 2016 to provide strong support for the enhancement of international
competitiveness through corporate acquisitions by companies engaging in upstream development. The goal is to create core companies
with a daily production volume of more than 1 million barrels.

A fall in global investments in upstream development

Outline of the revision of the JOGMEC Act
(JOGMEC: Japan Oil, Gas and Metals National Corporation)

-25%

-26%

(Forecast)
Source: World Energy Investment 2016, IEA
Source: Prepared by the Agency for Natural Resources and Energy
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Enhancement of Energy Security: Realization of an LNG Market with High Liquidity
 LNG contracts concluded by Japanese companies are mainly long-term ones to which destination clauses are attached and
under which the LNG price is tied to the crude oil price, making it difficult to flexibly buy or sell LNG depending on the
supply-demand relationship.
 The market environment surrounding LNG in Japan and abroad is changing drastically, as exemplified by the U.S. Shale
Revolution and the electricity and gas market liberalization in Japan. For Japan, which is the world’s largest LNG importing
country, to play the leading role in realizing a transparent and highly flexible international LNG market, the government
announced the Strategy for LNG Market Development in May 2016.
 The public and private sectors will work together to realize the following three elements: improvement in the ease of trade,
development of an appropriate price discovery mechanism, and open and adequate infrastructure.
Vision of ideal LNG transactions
Existing LNG transactions

Three basic elements for realizing an LNG
market with high liquidity
• Cooperation between consumer
countries toward abolition of
destination clauses
• Enhancement of cooperation at
G7, G20 and LNG ProducerConsumer Conference
• Measures to enable more flexible
operation of LNG ships
• Policy dialogue with Asian
countries toward expanding gas
and LNG demand

 Long-term contracts are the mainstay.
 Resale is restricted under destination clauses.
 The LNG price is tied to the oil price.

Future LNG transactions
 Long-term transactions will be limited to a necessary minimum,
while short-term contracts and spot transactions will be actively
used.
→ Stabilize the supply-demand relationship
 Destination clauses will be abolished or relaxed so that resale
and arbitrage trade can be used.
→ Curb the price
 Set the price in a way that reflects the supply-demand
relationship
→ Stabilize and enhance the transparency of pricing

Development of adequate domestic
infrastructure, including new LNG terminals

Establishment of an LNG price indicator reflecting
the supply-demand relationship in Japan
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Enhancement of Energy Security: Development of Domestic Energy and Mineral Resources


Domestic energy and mineral resources are more stable than energy supply sources that rely on imports from overseas.



In order to promote the development of domestic resources, the government is engaging in research and development activities,
including the development of production technology intended to conduct survey and exploration activities concerning
conventional resources such as oil and natural gas, and commercialize non-conventional resources, such as methane hydrate and
seafloor hydrothermal deposits.

Oil and natural gas

<Resource volume surveys>
⃝ The Shigen 3D geophysical exploration ship will
be used to conduct basic geophysical
exploration of areas totaling around 62,000 km2
by fiscal 2018.
⃝ By fiscal 2016, areas totaling 48,000 km2 have
been explored. At more than 70 locations in the
explored areas, the presence of strata that may
contain oil or gas reserves were confirmed.

Status of
development

<A drilling survey>
⃝ From June to October 2016, a drilling survey
was conducted in the seas off Shimane and
Yamaguchi. Various geological data were
obtained, and signs indicating the presence of a
thin gas layer and gas were confirmed in the
target stratum. At the deepest point, a strong gas
seepage indicating the presence of a highpressure gas layer was found.
⃝ In the future, detailed analysis and evaluation of
geological data obtained through the drilling
survey will be conducted and the oil and natural
gas potentials around the surveyed sea area will
be estimated.

Methane hydrate

<Sand layer pore-filling type of methane hydrate>
⃝ In April-May 2016, preliminary drilling was
conducted in the test sea area in preparation for
the second offshore production test. The
offshore production test was conducted in AprilJune 2017.
⃝ After the test, technology development will be
conducted based on the test results toward the
launch of a commercialization project led by
private companies in consideration of the
international situation.
<Shallow-type methane hydrate>
⃝ The results of examination of a resource volume
survey conducted mainly in the Sea of Japan in
fiscal 2013 to 2015 were announced in
September 2016.
⃝ In the future, the government will conduct
survey and research activities concerning
recovery technology and surveys intended to
examine the distribution of shallow-type
methane hydrate, the notable surface features of
the deposits and the characteristics of the
subsurface.

Seafloor hydrothermal deposits, etc.

＜Resource volume surveys＞
⃝ Four new promising deposits were discovered in
the Okinawa sea area. Efforts will be continued to
discover additional promising deposits.
⃝ In fiscal 2016, the resource volume in the Izena
cauldron in the Okinawa sea area was confirmed
to be 7.4 million tons. In the future, boring
surveys will be conducted in order to identify the
resource volume of the deposits already known.
<Development of extracting and lifting technology>
⃝ Concerning the extracting technology to drill for
seabed ore, Japan succeeded in the sea trial of a
drilling test machine in fiscal 2012 for the first
time in the world.
⃝ In fiscal 2016, an underwater pump to lift ore and
water up to a ship from 1,600 meters deep under
the sea was manufactured.
⃝ In fiscal 2017, the world’s first extracting and
lifting pilot test is scheduled to be conducted.
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Structural Changes Surrounding Energy Companies and Response (Pioneering Cases in the U.S. and Europe)
 Japan’s traditional energy market was rigid due to the presence of barriers between electricity, gas and other sectors.
 However, the barriers have been removed as a result of liberalization carried out through the reform of the electricity and gas
systems, resulting in invigorated competition. At the same time, the source of competitiveness is changing due to the needs for
environmental compliance and the arrival of innovative technologies.
 In response to those changes, energy business operators need to take more flexible and comprehensive actions as players responsible
for stable supply, including expanding the geographical area of business, diversifying into different sectors and creating new services.
Changes in the business environment Impact on management
Changes in
Changes in the market
corporate
behavior
Slowdown of economic
growth and stagnation
Economic
growth
emerging countries

•

of

Declining domestic demand and
intensifying competition
Growing demand from emerging
countries

•

If energy companies stay
within existing businesses:

Changes in
institutional systems
Power and gas liberalization

•
•

Increase in new entrants
Intensifying price competition

•

Expansion of introduction of renewable
energy
The needs for environmental compliance
of thermal power

Environmental compliance
FIT, energy conservation and
GHG emission regulation

•
•
•
•

(1) Expand the geographical area of business
 Expand abroad in pursuit of new demand
(e.g.) In the case of European companies
Expansion within the domestic market → Expansion
within the EU → Expansion outside the EU

(1) Expand the geographical
area of business
(2) Diversify into different
sectors
(3) Create new services

Stagnant energy demand

Technological changes
Shale Revolution
Development of storage battery
technology, etc.

• Sales will decline.
• Profits will decline.
• Business
opportunities will
be lost in domestic
and foreign markets.

Distribution of non-conventional fuels
Introduction of distributed power sources

• Options will
increase.

(2) Diversify into different sectors
 Diversification intended to expand profits and disperse risks
(e.g. integrated provision of power and gas)
 Entry into or concentration of resources in highly profitable
businesses (e.g. investment in renewable energy)

(3) Create new services
 Arrival of companies which provide new services using
new technology or business model, and active
investment in or acquisition of such companies
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Changes in Energy Demand
 The energy consumption volume in Japan has been on a downtrend since 2005 and has remained flat in Europe
and the United States.
 On the other hand, demand has been growing in emerging countries, mainly in Asia.
 The key to the prosperity of the energy industry is expanding into foreign markets, mainly Asia, where demand
is expected to grow, rather than staying within the domestic market.
Changes in the energy consumption volume in Japan
(Million toe)

16%

Changes in the global energy consumption volume
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Source: Prepared by the Agency for Natural Resources and Energy based on Statistical Review of World Energy 2015, BP
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Activities of Foreign Companies (1) Expansion of the Geographical Area of Business
 In Europe, where liberalization started earlier, competition is intensifying and risks are growing in domestic
markets due to the effects of liberalization in and outside the region, while opportunities to expand shares in
newly opened foreign markets are increasing.
 In response to the changes in the situation, European energy companies, regardless of their size, are actively
expanding abroad without being content with doing business only in domestic markets.
Ratio

100%

Foreign sales ratio, and sales value (2015)

80%

※

60%
40%

Japanese companies

20%

Vattenfall

EDF

Engie

RWE

E.ON

Iberdrola

Enel

J-POWER

東京ガス
Tokyo Gas

大阪ガス
Osaka
Gas

東京電力
Tokyo
Electric Power

*The foreign sales ratio was calculated based on the breakdown of “Sales and Service.”

0%
0

20

40

60

80

●E.ON (Germany)
Starting with the entry into the U.K. market with the acquisition of
PowerGen, a major U.K. power company, made full-fledged entry into 15
foreign markets around the world, including Hungary and Russia
●RWE (Germany)
Expanded mainly into European countries, including the U.K., the
Netherlands, the Czech Republic and Turkey, and also into Dubai
●Vattenfall (Sweden)
Engaging in thermal power generation business mainly in Germany
(Planning to allocate 90% of all investments to renewable energy in the
future in pursuit of low-carbon business)

100

120

140

160

Sales value
180 （100 billionyen）

●EDF (France)
Engaging in power generation business, including nuclear power, in Europe,
the United States, Brazil and China
●Engie (France)
Established 24 regional business units and five support divisions with a
view to overseas expansion and strengthened locally-tailored services
●Iberdrola (Spain)
Expanded mainly into North and South America, with a particular focus on
wind power generation
●ENEL (Italy)
Engaging in thermal and hydroelectric power generation business, mainly
in Eastern Europe and South America
Source: Prepared by the Agency for Natural Resources and Energy based on annual reports
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【Japan】 Changes in the Environment Surrounding Japan’s Energy Industry
 Market barriers have been removed due to the full liberalization of retail sales of power and gas, so competition is expected to
intensify due to mutual entry by energy companies into each other’s sectors and new entries from different industries.
【Power】

【City gas】

2015

First stage
(establishment of the
Organization for Crossregional Coordination
of Transmission
Operators, Japan)

2016
Second stage
(full liberalization of
retail sales of power)

2017
Full liberalization
of retail sales of gas

2020

Third stage
(legal separation of
power transmission and
distribution divisions)

2022
Legal separation of
the pipeline
division
(three major companies)
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【Japan】 JERA’s Challenges
 TEPCO Fuel & Power and Chubu Electric Power established an alliance company called JERA in 2015.
 JERA expects to become the global No. 1 in terms of both LNG procurement volume and thermal power generation capacity by
integrating existing thermal power operations in the first half of FY2019 with the aim of reorganizing the thermal power
generation business along the lines of different functions (when the existing thermal power operations are integrated in the first
half of FY2019).
JERA’s scope of businesses
Reorganization of the thermal power business
* from region-by-region to function-by-function

JERA’s global position (assumed position in FY2020)

Expansion

Source: Prepared by the Agency for Natural Resources and Energy based on reference materials provided by JERA
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【Japan】 Activities to Expand the Geographical Area of Business, Diversify into Different Sectors and Create New Services
 Japanese energy companies are expanding their business operations beyond the existing sectorial barriers by moving into
domestic and foreign regions where demand is expected to grow, by diversifying into different sectors adjacent to their existing
businesses and by creating new services based on technological evolution.
Expansion of the geographical area of business
【Kobelco Power: the first inland thermal power station in Japan
(Tochigi Prefecture)】
• Kobe Steel signed a mutual power and gas supply contract with Tokyo Gas
as an activity to enter the electricity sector and established a new power
company called Kobelco Power Moka in order to build a GTCC with a
capacity of 1.25 million kW.
• This will be the first full-fledged
inland thermal power station in
Japan and is expected to contribute
to the enhancement of energy
infrastructure and the development
of the region through distributed
location of power sources.

【Tokyo Gas: provision of energy service in Malaysia】
• Through a subsidiary, Tokyo Gas
provides a service to efficiently supply
a combination of heat and electricity
generated by a gas cogeneration
system, boilers, air conditioners and
water treatment facilities.
• Striving to contribute to the
development
of
local
energy
infrastructure and to establish a value
chain

Diversification into different sectors
【Osaka Gas: diversification into chemicals business
(diversification into an adjacent business)】
• Osaka Gas acquired Jacobi Carbons AB, a
world-leading company in the business of
activated carbons used for water and air
purification, for approx. 38.3 billion yen
through a subsidiary called Osaka Gas
Chemicals.
• In 2015, Osaka Gas became the global No. 2
in the activated carbon business and captured
the world’s largest share regarding high-value
added activated carbon from coconut shells.

Creation of new services
【Kansai Electric Power: short-term forecasting system
for the amount of solar radiation Apollon 】
• Kansai Electric Power developed Apollon, a short-term forecasting system for the
amount of solar radiation that can forecast the amount of solar radiation per 1
square km up to 3.5 hours in advance in increments of three minutes through the
use of satellite images provided by the Japan Meteorological Agency.
• Apollon has achieved an
overall error rate of 9% or less
with respect to the 60-minute
forecast. The introduction of
this system at a central load
dispatching office reduces cost
related to supply-demand
control (2016).
Source: Prepared by the Agency for Natural Resources and Energy based on reference materials provided by individual companies
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【Japan】 Activities of Companies Engaging in Oil and Natural Gas Upstream Development
 Concerning Japanese companies engaging in upstream development, the public and private sectors are conducting activities to
create “core companies,” aiming for a production scale of around 1 million barrels per day as a benchmark.
 Although the industry realignment has made a certain amount of progress in Japan, Japanese energy companies are still small
by international standards. There are expectations for invigoration of corporate acquisition activities following the revision of
the JOGMEC Act in November 2016.
International comparison of production volumes of companies engaging in upstream development

Quasi majors
(production volume of
more than 1 million BD)

INPEX
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【Japan】 Environment Surrounding Japan’s Oil Refining Industry
 Although oil product demand is expected to continue declining in Japan, demand is expected to grow in neighboring Asian
countries and supply capacity is also expected to increase accordingly.
 In Asia, environmental regulation is expected to be tightened, resulting in the narrowing of the quality gap with developed
countries. It is possible that international oil product transactions will become more vigorous than the current situation.
Fuel oil demand by type in Japan (Unit: 1,000 kl)

Oil product trading volume by region (Unit: million BD)

Source: Reference materials prepared by Nexant (2014)

Sulphur content regulation concerning gasoline in Asia

Source: Data for the period until 2016 are based on the Mineral Resources and Petroleum Products Statistics
Data for the period since 2017 are cited from the Forecast for Oil Product Demand from 2017 to
2021 , the Petroleum Market Trends Working Group. However, the portion of the estimated demand
for fuel oil C that is used for power generation is a figure for 2016 provisionally adopted due to the
absence of an estimate.

Source: Reference materials prepared by Nexant (2014)
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【Japan】 Future outlook of the mid and downstream sectors of the oil industry
 Amid the shrinkage of the domestic market, the realignment of the oil industry has proceeded in Japan. Progress has been
made in activities toward management integration, integration of refinery operation, and business efficiency improvement
and rationalization.
 In the future, the challenge will be further expansion into growth sectors through activities such as the acquisition of foreign
market shares in Asian and other regions in addition to rationalizing domestic businesses. Amid the ongoing expansion into
Asian markets by oil majors and Chinese companies, Japanese companies also need to step up expansion activities.

Examples of overseas expansion
by Japanese oil companies

History of the realignment of the oil industry
Idemitsu KosanCo.

Idemitsu KosanCo.

Showa Oil

January 1985: merger

Negotiating concerning
management integration

December 2002: alliance in refining

Showa Shell Sekiyu

Showa ShellSekiyu

*Idemitsu Kosanacquir ed a
31% equity stake in Showa
Shell in December 2016.

Shell Sekiyu
Daikyo Oil

October 1999:
alliance in refining

April 1986: merger

March 2013:
alliance in refining

Cosmo Oil

Cosmo Oil

Maruzen Oil
Nippon Oil

October 1999:
alliance in refining
Nippon MitsubishiOil

MitsubishiSekiyu

Kyodo Oil

Nippon Oil
July 2002: name change

Kyushu Oil
Nippon Mining(refining)

*October 2015:
a shift to a holding
company system

April 1999: merger

October 2008:
merger

July 2010: establishment

April 2010:
integration

JX Energy

December 1992: merger
April 2017: integration

Japan Energy

JXTG Energy

Tonen(refining)
General Sekiyu
Esso Sekiyu
Mobil Sekiyu

July 2000: merger

TonenGeneral
Sekiyu
June 2002: merger

ExxonMobil group

TonenGeneral
group

TonenGeneral
group

ExxonMobil
February 2014:
capital alliance

MitsuiOil
Kygnus Sekiyu

Kygnus Sekiyu

Taiyo Oil

Taiyo Oil

Source: Prepared based on information available on individual companies’ websites

Source: Prepared by the Petroleum Association of Japan
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Main organizations that undertake the task of measurement
and calibration for custody transfer at transaction port in
Japan:
1. Nippon Kaiji Kentei Kyokai (NKKK)
(established 1913)
2. Shin Nihon Kentei Kyokai (SK)
(established 1948)
These are government-designated organizations (juridical
foundation/public service organization) carrying out survey,
inspection and measurement for fair transaction and
maritime safety.
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Overview of Inspection Tasks (1)
1. Liquid Chemical Inspection
 Identify the quality and quantity of crude oil at destination based on
ISO/API standards, then compare the data with those on the survey
report issued by the origin (loading port) surveyor, to evaluate the
overall attributes of the cargo and its logistics.
2. Liquid Gas Inspection
 LNG (Liquefied Natural Gas) and LPG (Liquefied Petroleum Gas)
evaporate at room temperature, so they are carried by special
tankers built exclusively for their trade and transportation.
 When shifting cargo from shore tank to vessel or vice versa, it
needs to be measured exactly by way of accurate tank tables and
precision instruments aboard the tanker, in order to identify ullage,
liquid temperature as well as gas temperature/pressure.

NATIONAL METROLOGY INSTITUTE OF JAPAN

Overview of Inspection Tasks (2)
3. Shore Tank / Vessel Tank Calibration
 Materials in liquid condition, like Crude Oil, LNG, Oil Products,
Petrochemicals, Wines and Spirits, Fruits Juice and so on, are
usually kept in large containers called “Tank”.
 This “Tank” has two basic functions as (1) CONTAINER to keep or
carry liquids safely and (2) MEASURER to quantify liquid contents
accurately.
 In case the “Tank” is used as MEASURER, the depth of liquid
content is input into the Tank Table to get its volume as an output,
through the formula unique to each tank. The series of works to
establish such formula in the Tank Table is called “Tank Calibration”.
4. Calibration of Meters / Instruments
 In order to measure exactly the quantity of liquid cargo in tank,
the depth (liquid level), temperature (and pressure in case of
evaporated gas) have to be measured by a dependable set of
level meters, thermometers and/or pressure gauges etc.
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Primary standard for hydrocarbon flow in Japan
1.E+04
1.E+03
1.E+02

Petroleum terminal

Large flow
3 ~ 300 m3/h,
CMC: 0.020 %, mass flow
0.030 %, volumetric flow

Petroleum refinery
Tanker

1.E-01

Hydraulic machinery

Small flow
0.02 ~ 100 L/h
CMC:0.020 ~ 0.050 %, mass flow
0.064 ~ 0.078 %, volumetric flow

1.E-02

Fuel efficiency
1.E-03 measurement

1.E-06
0.1

Light
oil

1.E-05

Kerosene

Fuel mixer
Gasoline

1.E-04

1 Viscosity (mPa·s) 10

Heavy
oil

1.E+00

Medium flow
0.1 ~ 15 m3/h
CMC:0.020 %, mass flow
0.030 %, volumetric flow

Chemical plant

LPG

Flowrate (m3/h)

1.E+01

100
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AIST Tsukuba North Site

Hydrocarbon Flow Facility

Water Flow Facility
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Hydrocarbon Flow (Large)
Storage Tank
（Light Oil；43m3）

Diverter /
Weighing Tank / Scale

Pump

Small Volume Prover （SVP)
Storage Tank
（Kerosene；43m3）
Heat Exchanger

Servo PD meter

Light oil

Kerosene

Test Line

 Flow rate：3 ~ 300 m3/h
 Uncertainty
 0.030 % ( k = 2 ) ：Volume
 0.020 % ( k = 2 ) ：Mass
 Liquid ：Kerosene, light oil
23
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Hydrocarbon Flow (Medium)
Diverter
Weighing tank
Weighing scale; 60 kg
Dead weights

Tank;2 m3
Heat Exchanger

Reference meter

Test line
Bypass line
Diverter box
Weighing tank
Weighing scale

Pump
Header

•
•

Weighing system

•

Flow rate： 0.1 ~ 15 m3/h
Uncertainty
– 0.030 % ( k = 2 ) ：Volume
– 0.020 % ( k = 2 ) ：Mass
Liquid： Kerosene, light oil, spindle oil
24
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Hydrocarbon Flow (Small)
Weighing section

Test section

Flow generator
Thermostatic
chamber

2kg weighing system
(1~100 L/h)

100g weighing system
(0.02~1 L/h)

 Flow rate： 0.02 ~ 100 L/h
 Uncertainty
 0.064 ~ 0.078 % ( k = 2 ) ：Volume
 0.020 ~ 0.050 % ( k = 2 ) ：Mass
 Liquid ： Kerosene, light oil
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Limited calibration range at primary standard
10000

Custody meter
Petroleum stations

Flow rate (m3/h)

1000

Petroleum refining
Tankers

100
10

Primary
Standard

Primary standard in Japan
• Flow rate range (0.1 ~ 300
m3/h) and liquids (kerosene
and light oil) are limited.
• Unsatisfactory range for
custody meters

Chemical plants

1
0.1
0.1

1
10
100
Gasoline Light oil
Heavy oil
Kerosene
Viscosity (mPa·s)

It is necessary to establish reference
standards for other hydrocarbons and
higher flow rate range.
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How to establish the traceability?
1. NMI provides the flow standard
– Highly reliable, an ideal traceability system
– Diversity of petroleum products and the extremely wide flow rate
range

2. Calibration lab calibrates the flowmeter using the standards
for other physical quantities (such as volume)
– Highly expandable
– It is difficult to guarantee reliability
– Inappropriate combinations, missing an important correction value
result in underestimating the uncertainty

Combination of method (1) that achieves reliability and (2) that focuses on
expandability was selected.
Development of expansion of the present standard flow to other liquids and
higher flow rate experimentally as accurately as possible at industry.
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Traceability system for hydrocarbon flow
in Japan
JCSS
(Japan Calibration
Service System)

Primary standards
Mass standard, etc.
Flow standard

Designation

Provision of flow standard

Calibration labs
Flow

Kerosene, light oil
0.1 ~ 300 m3/h

The
Measurement
Law
of Japan
NITE

Flow

Expand liquid types by flow
(To gasoline, heavy oil)

Flow
Expand flow rate by flow
(To high flow)

Accreditation
Guidelines on
Technological
Requirement

Flowmeters

Traceable to the primary flow standard by flow

(National Institute of
Technology and
Evaluation,
Accreditation body)
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Experimental method for expansion
of standard flow to other liquids
• Standard flowmeter (Secondary flowmeter etc.)
– is calibrated by the primary standard or standard flowmeters
– is dependent on Re number

• Flow device for expansion (flowmeter, prover etc.)
– is dependent on Re number or theoretically constant
characteristic.
Kerosene

Standard
flowmeter

Flow device

Gasoline

Standard
flowmeter

Flow device

 Standard flow rates at Gasoline should be in the calibrated flow rate range and Re
range of standard flowmeter.
 Uncertainty of expansion to gasoline is estimated from the difference between K factor
of flow device at kerosene and that at gasoline at the same Re number.
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Calibration of pipe prover
using standard flow
Secondary standard

Secondary standard
(PD meter)
– is calibrated by the primary standard
with kerosene and light oil
– is dependent on Re.

•

Flow device for expansion
(Pipe prover)
– is calibrated with gasoline, kerosene,
diesel oil using the secondary
standard flowmeter

(Kf20 - Kfnom)/Kfnom
(%)

•

Kerosene 20ºC
Kerosene 35ºC
Light oil 20ºC
Light oil 35ºC

0.12
0.08
0.04
0.00
-0.04

0.04 %

10,000

1,000,000

Re ( - )

Gasoline
Kerosene
Diesel oil
Tanks

Flowmeter
(Secondary standard)

Pipe Prover
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Calibration factor of Prover, Kpp
(-)

Calibration factor of pipe prover
1.0002

Gasoline

1.0002

1.0000

Kerosene

1.0000

0.9998

Diesel oil

0.9994

0.9996
0.9994

Calibration range of
primary standard

0.9992

Calibration range of
primary standard

0.9992

0.9990

0.9990
0

100
200
300
Flow rate (m3/h)

400

•
Calibration factor of prover, Kpp
Kpp =

Difference
of Kpp

0.9998

0.9997

0.9996

0.02 %

effective volume
nominal volume

•

1,000

10,000
100,000 1,000,000
Re (-)

The average Kpp is normally used
for calibration of flowmeters.
The uncertainty of expansion to
gasoline is estimated from the
difference between Kpp of kerosene
and that of gasoline at the same Re
number.
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Experimental method for expansion
of standard flow to higher flow rate range
• Higher flow rate range by the parallelization of the
flowmeters
• The flowmeters are calibrated by primary standard,
secondary standard, etc.

Gasoline
Kerosene
Diesel oil
Tanks

Pipe Prover
Flowmeters
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Calibration factor of prover, Kpp (-)

Calibration factor of pipe prover
at higher flow rate range
1.0002

150+150=300

1.0000
0.9998
0.9996
0.9994

•

Gasoline
Kerosene
Diesel oil

0.02 %

0.9992
0.9990
0

•

Secondary standard
(flowmeter)
Gasoline
Kerosene
Diesel oil
Parallelization of
flowmeters

300+300=600

100

200

300
400
500
Flowrate [ m3/h ]

600

700

The calibration factor of the prover, Kpp by the parallelization of the
flowmeters agree with those by secondary standard.
The calibration factor of the prover at higher flow rate range can be
calibrated by the parallelization of the flowmeters.
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Comparison between calibration labs.
• Transfer flowmeters
– PD meter or turbine meter

• Japanese calibration lab (pipe prover)
– conducted in 2005
• Previous method using volume
• Kerosene and diesel oil

– conducted in 2007
• New method using standard flow
• Kerosene, diesel oil, heavy oil

• Overseas calibration lab at Norway
– conducted in 2007
• Kerosene, diesel oil, heavy oil
• Supported by SP.
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Improvement of Japanese calibration
laboratories
Japanese calibration lab
Previous method
(conducted in 2005)
Kerosene

Deviation from primary standard (NMIJ)
(%)

0.20
0.15
0.10
0.05

Uncertainty of
primary
standard

Light oil
Improved with new method
(conducted in 2007)
Kerosene
Light oil
Heavy oil

0.00
-0.05
-0.10

Calibration range of
primary standard

-0.15
-0.20
1,000

Overseas calibration lab,
Norway (conducted in 2007)

10,000

100,000
Re (-)

Kerosene
Light oil
Heavy oil
1,000,000

 Calibration facility improved using the flow standard.
 K factors of Japanese calibration lab matched ±0.03 % of the values of
the overseas calibration lab.
 Method using flow standard is useful and suitable.
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Accredited Calibration Labs (JCSS) in Japan
•

SKK (Sanyo Kiki Kentei)
–
–
–
–

•

Gasoline: 2 ~ 1000 m3/h, U = 0.15~0.16 %
Kerosene: 2 ~ 1000 m3/h, U = 0.14 %
Diesel oil: 2 ~ 1000 m3/h, U = 0.14 %
Heavy oil: 20 ~ 750 m3/h, U = 0.16 %

OVAL
– Kerosene: 30 ~ 1800 m3/h (6.7 kg/s ~ 400 kg/s), U = 0.09~0.12 %
– Gasoline: 3 ~ 600 m3/h (0.6 kg/s ~ 121 kg/s), U = 0.12~0.15 %

•

JXTG
–
–
–
–

•

Kerosene: 20 ~ 600 m3/h, U = 0.12 %
Diesel oil: 20 ~ 600 m3/h, U = 0.12 %
Gasoline: 20 ~ 600 m3/h, U = 0.16 %
Heavy oil: 20 ~ 600 m3/h, U = 0.15 %

ONO SOKKI
– Diesel oil: 0.00002 ~ 0.30 m3/h (0.016 kg/h ~ 250 kg/h), U = 0.08 %
– Gasoline: 0.00002 ~ 0.30 m3/h (0.015 kg/h ~ 228 kg/h), U = 0.08~0.15 %
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Contents
• Current energy situation and trends in the
Japanese energy industry.
• Measurement and calibration for custody
transfer at transaction port.
• Traceability system for hydrocarbon flow in
Japan.
• Legal flow metrology in Japan.
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