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Abstract – This work analyzes the readiness of low-
carbon hydrogen to be blended to natural gas, or 
eventually a mixture of natural gas and biomethane, 
transmission pipelines network in Brazil with 
metrological traceability. An approach involving 
Quality Infrastructure, metrological reliability, and the 
description of both the main parts of natural gas 
networks and the hydrogen embrittlement 
phenomenon was used to obtain an overview of their 
joint effects in pipelines´ parts. On analyzing all aspects 
described before with the most relevant international 
standards applicable in pipelines, there was a lack of 
information on Metrology quantities flow rate, 
pressure, density, composition, calorific value and 
measuring stations, so it was possible to conclude what 
is necessary in Brazil in terms of existing pipelines that 
transport natural gas to blend with hydrogen. 

 I. INTRODUCTION 
As shown in Figure 1, Brazilian natural gas (NG) 

infrastructure comprises gas production pipelines (not 
depicted), gas gathering pipelines (in blue), gas 
transmission pipelines (in green), and gas distribution 
pipelines (not depicted) as of year 2024 [1]. 

Figure 2 shows the physical structure of pipeline system 
and its main applications in Brazil [2] as well as a highlight 
with a squared pink line on the transmission pipelines 
because they are the object of this work. Brazil has a 
natural gas (NG) network of about 56,000 km that includes 
about 6,500 km of production and gathering pipelines 
[1,3], about 9,500 km of transmission pipelines [2,3] i.e. 
the high-pressure main hub most of it near the seashore, 
and more than 40,000 km of distribution pipelines [4] from 
city gates to points of use in the internal locations of 
municipalities. 

Taking into account Brazil´s geographic area this is a 
relatively small pipeline system because the use of natural 
gas in the country started in 1999. As a comparison the EU 
gas network is capable of transporting and storing large 
quantities of energy constituting more than 200,000 km of 
transmission pipelines and more than 2,000,000 km of 
distribution network [5] whereas the USA has about a 

513,000 km transmission network and a 3,700,000 km 
distribution network [6]. 

 

 
Fig. 1. Natural gas infrastructure in Brazil in 2024 

including existing, to be built, and in study pipelines [1]. 
 

 
Fig. 2. Natural Gas infrastructures in Brazil, their main 
applications, and highlighted transmission pipelines [2]. 

 A. Natural Gas, Biomethane and Hydrogen 
Biomethane has been blended to NG in pipelines in nine 

Brazilian states [1,7]. This biomethane comes from the 
purification of biogas produced in biodigesters and 
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landfills [8,9,10]. Anaerobic biodigesters use residues and 
wastes as feedstocks that come from waste of poultry, beef, 
pig, sugar cane, fruit production, etc. Sanitary landfills are 
engineered and managed facilities for disposing the solid 
waste that comes from residential and industrial waste and 
trash. 

 B. Quality Infrastructure and Traceability 
The first step in any initiative in terms of quality in 

measurements is the Quality Infrastructure (QI) [11], 
defined by INETQI, International Network on Quality 
Infrastructure, and its fifteen members – BIPM, IAF, IEC, 
IIOA, ILAC, IQNET, ISO, ITC, ITU, OIML, TIC Council, 
UNECE, UNIDO, WBG, and WTO – as “The system 
comprising the organizations (public and private) together 
with the policies, relevant legal and regulatory framework, 
and practices needed to support and enhance the quality, 
safety and environmental soundness of goods, services and 
processes. […] It relies on metrology, standardization, 
accreditation, conformity assessment and market 
surveillance” [11]. 

The main characteristics of a quality measurement are 
both metrological traceability and reliability. According to 
“VIM” [12] metrological traceability is defined as 
“property of a measurement result whereby the result can 
be related to a reference through a documented unbroken 
chain of calibrations, each contributing to the 
measurement uncertainty”. Another relevant definition is 
the traceability chain that is defined as “sequence of 
measurement standards and calibrations that is used to 
relate a measurement result to a reference” [12]. 

A traceability chain is shown in Figure 3, adapted from 
[13], where relevant parameters are summarized in a top-
down way, then the measuring quality is higher and higher 
from lower to higher levels as well as a lower level stage 
finds out its metrological traceability in a higher level stage 
and the last disseminates its metrological reliability to  
lower level stages; (inter)comparison means all 
participants in key/laboratorial/internal comparisons are in 
a unique horizontal level with the same measuring quality.  
 

 
Fig. 3.  A traceability chain, adapted from [13]. 
 
Figure 3 presents error and uncertainty increasing more 

and more top-down whereas accuracy and precision 
decrease more and more top-down. 

A good experiment should follow the best approach i.e. 
the measurement reliability can follow the sketch shown in 
Figure 4 [13] that details the experimental testing sequence 
necessary for a suitable and reliable measurement 
approach. Such approach has to be used because there are 
some actions to be made before (experimental planning, 
experimental set-up, suitable instrumentation, traceability, 
calibration), during (procedures, methods, and technical 
standards), and after (data analysis at least if data follow a 
normal distribution and/or if there are outliers, an 
estimation of measurement uncertainty, and the creation of 
the respective measurements report or the calibration 
certificate) each experiment no matter if it is an academic 
test or an industrial report in a production line. This 
experimental sequence follows the BIPM suite of guides 
“VIM” [12], “SI Brochure” [14], and “GUM” [15]. 
  

 
Fig. 4. Experimental testing sequence with the approach 

before, during, and after the experiment as components of 
metrological reliability[13]. 

 II. OBJECTIVE AND JUSTIFICATION 
The objective of this work is the discussion of  the needs 

of traceability in natural gas transmission pipelines in 
Brazil in case hydrogen be blended with NG in the pipes 
taking into account the QI and the Metrology in the most 
relevant aspects of pipelines in Brazil. A fact is some NG 
pipelines have already been blending NG and biomethane 
produced from biogas that comes from waste, trash and 
residues collected in residences and industries. 

The justification is the implicit concern on traceability 
because: a) custody transfer is an important operation that 
is always present; b) the design and specifications of the 
components have to follow established technical and 
metrological rules; c) the online measurements from 
upstream to downstream of the pipelines. In 2024 the 
Brazilian National Hydrogen Program called PNH2 was 
established by two specific Federal Laws. Since then five 
companies that own the main pipeline networks started a 
technical, logistic and economic discussion, organized by 
their Association of Natural Gas Transport Companies by 
Pipeline (called ATGAS) based on research studies to 
blend low-carbon hydrogen from 0% to 100% in hydrogen 
volume, with Life Cycle Assessment (LCA) and 
established fontiers, applied to existing NG pipelines. 
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 III. NATURAL GAS NETWORKS 
Natural gas networks are composed of several key parts 

and ancillary systems [16,17,18], all these parts in 
principle submitted to hydrogen effects by blending it with 
NG. The key parts of NG networks include pipelines, 
coatings, valves, compressors, meters, liquid management 
equipment, actuators, cathodic protection equipment, 
control equipment, etc. 

There´s a more detailed description of all parts below. 
- Pipelines: These are the main arteries of the system, large 
pipes that carry the natural gas over long distances. 
- Pipes: The main conduits for transporting natural 
gas. They are designed to withstand high pressures and are 
often made of steel; the pipes themselves are typically 
large, high-pressure lines, with diameters ranging from 6 
to 48 inches, used for long-distance transmission. 
- Compressor Stations: These stations are essential for 
maintaining the pressure and flow rate of the gas through 
the pipelines, ensuring efficient transportation. 
Compressors increase pressure to facilitate long-distance 
transport.  
- Control Equipment: This includes a variety of sensors 
and microcontrollers, monitoring systems, and 
communication networks that are used to monitor the 
pipeline's performance, detect potential problems, and 
respond to emergencies. It monitors and regulates the 
entire system, including pressure, flow, and temperature. 
- Storage Facilities: These facilities are used to store 
natural gas for later use, particularly during periods of high 
and/or seasonal demand.  
- Valves: Valves are strategically placed along the pipeline 
network to regulate and control the flow of gas, 
particularly during maintenance or repairs.  
- Metering Stations: These facilities measure the flow of 
gas through the pipelines, providing accurate data for 
billing and monitoring. 
- Coatings: Applied to the pipes to protect them from 
corrosion and external damage. 
- Liquid Management Equipment: Addresses any liquids 
that may condense within the pipeline. 
- Actuators: Power the valves and other components. 
- Cathodic Protection: Prevents corrosion of the pipelines 
by creating an electrical barrier. E.g. this system helps to 
further protect the pipeline from corrosion by creating an 
electric current that counteracts the corrosive effects of the 
soil. 
- Welding: Pipelines are assembled through welding, 
which requires strict quality control to ensure the strength 
and integrity of the welds.  
- Integrity Management: This involves a set of procedures 
and assessments to ensure the long-term reliability and 
safety of the pipeline.  
- City Gate Stations: used to regulate gas flow into 
municipalities. 
- Ancillary Systems: Include equipment like compressed 
air systems, which can be necessary for certain operations 

as well as other supporting facilities. The last include 
gathering lines (collecting gas from wells), transmission 
lines (transporting gas over long distances), and 
distribution lines (delivering gas to customers by way of 
city gates). 
- Pigs: "Pigs" in the context of natural gas pipelines 
are specialized devices used for various maintenance 
tasks, including cleaning, inspection, and separation of 
different product batches. These devices, often referred to 
as "pigging" devices, that include pig launchers and pig 
receivers, travel through the pipeline and perform these 
functions without interrupting the flow of gas. 

 IV. HYDROGEN EMBRITTLEMENT 
Metal parts of a pipeline can have its mechanical 

resistance reduced by presence of hydrogen and its active 
role in the phenomenon hydrogen embrittlement (HE). As 
expected hydrogen blended to natural gas in pipelines can 
create conditions for the appearance of HE as well. Some 
authors cite details of this phenomenon in terms of 
materials compatibility and other conditions not only 
internal ones linked to microstructure conditions but also 
external conditions as well [19,20,21,22]. In terms of 
pipeline networks one can expect some parts of them to 
withstand problems related to HE: the pipes themselves, 
compressor stations, control equipment, storage facilities, 
valves, metering stations, city gates, and thermally 
affected zones of welds. 

HE can have a so high effect on the material ductility 
that A. Islam et al [20] in their review of hydrogen 
blending into NG pipelines concluded: hydrogen blending 
in NG pipelines can significantly reduce carbon emissions; 
HE poses safety risks for pipeline materials in NG 
infrastructure; testing showed minimal yield strength 
changes after hydrogen exposure in various steels; fracture 
toughness of pipeline steels decreases notably with 
increasing hydrogen pressure; advanced testing and 
materials development are needed for safe hydrogen 
integration. According to Kappes and Perez [23], 
hydrogen can dissolve in the steel and cause HE, 
compromising pipeline structural integrity; HE caused 
subcritical cracking, decreased ductility and fracture 
toughness, and increased the fatigue crack growth rate. 

 V. DISCUSSION 
The main parts of natural gas networks described in 

Section III “Natural Gas Networks” are used in any project 
of pipelines with not only NG but also with biomethane in 
Brazil and even H2 with careful analysis due to HE. 

Since there isn´t an overall harmonized understanding 
on hydrogen uptake in pipelines to be blended with NG nor 
specific regulations on blending hydrogen and NG the 
actual attempts are concentraded on some technical 
testings, some insight on previous experience on hydrogen 
characteristics, and technical standards issued by 
international standardization bodies (ISO and IEC), 
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regional ones (mainly European standards), national ones, 
and professional ones (API, ASTM, and ASME), not 
mentioning technical reports from international forums 
and associations (IEA, Hydrogen Council, IPHE), and the 
last but the least indexed scientific papers. 

The first point to be discussed is what about the 
technical standards relevant to the subjects posed in this 
paper and used in Brazil and abroad by industrial pipeline 
sector? This search has resulted in some relevant technical 
standards for the purpose of mixing hydrogen and NG: the 
title of each standard is a self-explanation on the subject of 
it. For NG there are the standards ISO 14111:1997: 
“Natural gas – Guidelines to traceablity in analysis” [24], 
and ISO 14532:2014: “Natural gas – Vocabulary” [25]. 
For pipelines there are the API standards API 1104 
“Welding and Related Tests” [26], API 5: “Specifications 
for Line Pipe” [27], API RP 1175 “Pipeline Leak 
Detection – Program Management” [28], API RP 1173 
“Pipeline Safety Management Systems (SMS)” [29], API 
1102  “Pipeline Crossings” [30], API 20E “Pipeline Bolts” 
[31], and API RP 1160 “Pipeline Mechanics” [32]. In 
terms of ASTM standards there are ASTM G148-97 
(Reapproved 2018) “Standard Practice for Evaluation of 
Hydrogen Uptake, Permeation, and Transport in Metals by 
an Electrochemical Technique” [33], ASTM 
F1459:06(2024) “Standard Test Method for Determination 
of the Susceptibility of Metallic Materials to Hydrogen 
Gas Embrittlement (HGE), ASTM F2078:22: “Standard 
Terminology Relating to Hydrogen Embrittlement 
Testing” [34], ASTM F1624:12(2024) “Standard Test 
Method for Measurement of Hydrogen Embrittlement 
Threshold in Steel by the Incremental Step Loading 
Technique” [35], ASTM B849:02(2023) “Standard 
Specification for Pre-Treatments of Iron or Steel for 
Reducing Risk of Hydrogen Embrittlement” [36], and 
ASTM B850:98(2022) “Standard Guide for Post-Coating 
Treatments of Steel for Reducing the Risk of Hydrogen 
Embrittlement” [37]. For NG piping and H2 piping there 
are, respectively, ASME B31.3 - 2024 "Process Piping" 
(for all fluids like natural gas) [38] and ASME B31.12 - 
2023 "Hydrogen Piping and Pipelines" [39]. 

On 18 March 2025 there was a presentation in Rio de 
Janeiro City related to the end of project “Research and 
Development (R&D) Roadmap for Hydrogen Transport 
via Gas Pipelines”, organized by ATGAS - Association of 
Natural Gas Transport Companies by Pipeline and 
CTDUT - Pipelines´ Technology Center [40]. It was a 2-
year project that used laboratorial real-size scale and 
mathematical modelling. There was a coincidence 
between the obtained results and literature searched for 
this paper: 0-2% H2 haven´t created problems for the 
pipelines; 20% H2, some problems being necessary some 
pipe´s repurposing; and 100% H2, a lot of problems that 
resulted in deep repurposing.  

Since Brazilian pipeline networks´subject is relatively 
new in comparison to European and USA ones most 

transmission pipelines in Brazil use high-strength steels 
that are relatively less suceptible to HE. 

Regarding points to be addressed for a higher 
understanding of hydrogen to be blended to NG pipelines, 
there was another coincidence by comparing the 
references searched for this paper and results found in 
ATGAS+CTDUT project [40]. E.g. due to a lack of a 
broad understanding it was not possible to enter deeply in 
some Metrology concepts in the pipeline topics:  
measuring stations, nozzle that injects H2 into NG pipeline 
along with both the correct angle and position that H2 need 
to be injected accordingly. By studying sources [1-4,7-10] 
there is scarce understanding about some metrological 
quantities and related data that are relevant like flow rate, 
pressure, density, composition, and calorific value. On the 
other hand, there are some questions that are quite well 
resolved in literature: risk management and analysis, 
existing pipeline codes, specific safety standards, costs 
analysis methodology & building scenarios for the future, 
corrosion & protective coatings, corrosion in the presence 
of hydrogen, influence of hydrogen on cathodic protection 
and external coating, hydrogen permeation under different 
conditions, integrity monitoring, and factors limiting 
hydrogen-NG mixture. 

Regarding metrological traceability, INMETRO 
(Brazilian) National Institute of Metrology, Quality and 
Technology has human resources and equipment for R&D 
on relevant quantities applied in pipelines: a) flow rate, by 
way of wind tunnels and pressure losses in fluids; b) 
pressure by way of differential pressure measurements and 
pressure transducers; c) density by way of advanced 
methods for digital density meters; d) temperature by way 
of advanced sensors and thermocouples; e) gas 
composition by way of a complete set of chromatographs; 
f) materials metrology by way of advanced equipment for 
materials characterization; and g) mechanical metrology 
by way of expertise in HE, interaction of hydrogen and all 
types of materials, and mechanical properties´ changes in 
pipelines in the presence of hydrogen. 

As achievement, blending H2 to NG shall reduce the 
emission of greenhouse gases from the process of transport 
NG by transmission pipelines in Brazil, being also a 
relevant step towards energy transition in the country. 
      In last, this work did not focus on the topic of digital 
transformation (subjects like digital certificates, digital 
twins, blockchain technology, digital product passport). 

 VI. CONCLUSIONS 
This work presented the status of the transmission 

natural gas pipeline network in Brazil to receive hydrogen 
to be blended with natural gas or even with NG plus 
biomethane coming from biogas, waste, trash and residues. 

 Metrology and Traceability Chain were discussed. At 
the same time some relevant technical standards to be 
taken into account in the mixture of NG and hydrogen. 

Some metrological quantities are going to be studied by 
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INMETRO Brazilian NMI: flow rate, pressure, density, 
temperature, gas composition, materials characterization, 
hydrogen embrittlement, and mechanical properties´ 
changes in pipelines due to hydrogen. 

A deep study on some questions are  necessary in such a 
way Brazilian private companies that are owners of 
transmission pipelines be able to blend hydrogen to natural 
gas in its pipes: advanced Metrology concepts, the correct 
angle and position of nozzles that inject hydrogen into NG 
pipelines, and there is scarce information and data on flow 
rate, pressure, density, composition, and calorific value. 
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