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Submission from Martin Lavelle in relation to  
ACP 324132 -26 

 
Previous files refer: ACP -323453-25 – Solar Farm Granted 

26/60228 Grid connection. -Tipperary County Council Planning Reference:– Live [Submission Appendix 2 
attached below] 

Note also PL -500924 -TY- 26 [Tipperary County Council Ref: 2560019]  - Killough Biogas Application Appeal – 
Live [Submission Appendix 3 attached below] 

 
Applicant: Marmoris Ltd trading as Killough Solar with a legal interest.  

Owner of site: Galark Unlimited 
 

Proposed development involves the connection to the existing Killhill - Thurles 110kV overhead line of Killough Solar 
Farm, which was approved by Tipperary County Council (Pl. Ref. 2560003), and An Coimisiún Pleanála (Ref No. 
323453-25).  
The proposed development is for a 110kV Gas Insulated Switchgear (GIS) Substation to provide a connection to the 
national grid via a Loop In / Loop Out (LI/LO) connection to the existing Killhill - Thurles 110kV overhead line 
located within the townland of Graigue, Co. Tipperary. 
The proposed development will constitute the construction of a 110kV Gas Insulated Switchgear (GIS) substation and 
‘Loop In-Loop Out’ (LILO) connection and associated works on a site of 4.08 hectares to incorporate the following; 
• 1 no. 110 kV Gas Insulated Switchgear (GIS) Substation with a floor area of c.778sq.m, with a mono-sloped roof and 
an overall height of 16.5m; 
• 2 no. Control Buildings with a floor area of 63 sq.m each and a height of 5m. 
• 2 no. 110 kV transformers and ancillary plant. 
• Compound fencing and 15 no. 3m high lamp poles for outdoor lighting. 
• 4no. monopole lighting masts of 16.5m in height. 
• 2 no. underground cable corridor of approximately 75m in length and provision of 2 no. 21.5m high mast structures 
linking the proposed substation to the adjacent existing overhead 110kV Killhill-Thurles Over Head transmission line; 
• Associated construction works, drainage and landscaping. 
• New entrance to the substation site from the L4106 Local Road. 
 
Date of Application: 5/03/2026 
Date for Submission: 22/04/2026 
 
 

KILLOUGH SOLAR FARM SUBSTATION APPLICATION 
PLANNING AND ENVIRONMENTAL REPORT - Submitted with Strategic Infrastructure Development (SID) Application to 
An Coimisiún Pleanála.  Under section 182A of the Planning and Development Act 2000 (as amended).  
March 2026: Document No:  P24169-FT-XX-XX-RPT-PL-0001 
 
1.1 Background 
A planning application for the now permitted primary solar farm component was lodged to Tipperary County Council 
on the 3rd of January 2025. Consent for the solar farm was given by Tipperary County Council under section 34 of the 
PDA on 28th July 2025 (Pl. Ref. 2560003), and by An Coimisiún Pleanála on 17th December 2025 (Pl. Ref. 323453-25).  
Response from MLavelle: The location of the Substation in this Solar Farm approval is not the same as in this 
application 
 
A separate consenting procedure will be sought from Tipperary County Council, under Section 34 Planning and 
Development Act 2000 (as amended), for the underground electrical connection between the permitted Killough Solar 
Farm and the proposed 110kV Gas Insulated Switchgear (GIS) substation. This underground connection route within 
the public road will extend from the northern entrance of the permitted Killough Solar Farm to the proposed 110kV 
GIS substation site at Graigue, traversing the townlands of Clohoge and Graigue, Co. Tipperary. 
 



This report relates to the 110kV GIS substation component which has been determined by An Coimisiún Pleanála on 
27th January 2026 pursuant to consultations undertaken in accordance with Section 182A of the PDA to fall under the 
remit of An Coimisiún Pleanála as Strategic Infrastructure Development, with further information on this process 
provided within this report.  
This report sets out the key characteristics of the proposed 110kV GIS substation, outlining the construction and 
operational stages of the proposed solar farm before describing the potential impact of the development and 
mitigation measures where necessary.  
 
This report is broadly a replication of the Planning and Environmental Report submitted with the planning application 
to Tipperary County Council for the solar farm component, approved by Tipperary County Council under section 34 of 
the PDA on 28th July 2025 (Pl. Ref. 2560003), and by An Coimisiún Pleanála on 17th December 2025 (Pl. Ref. 323453-
25). 
Response from MLavelle: The location of the Substation in this Solar Farm approval is not the same as in this 
application 
 
1.3.2 Land-Use and Typography 
The townland comprising the proposed substation development site is situated within the Moycarkey ED, which has a 
total population of c. 768 persons (c. 367 males and c. 401 females), according to Census 2022 results, providing for a 
high population density of c. 45 persons per square kilometre, when compared to County Tipperary as a whole which 
has an overall population density of c. 39.52 persons per square kilometre. 
 
The Eircode Address database was examined to establish the number and location of adjacent residents and 
commercial activities. There are no receptors within the substation site, and a further 41 no. receptors within 500m of 
the subject lands which consist of c. 48 no. residential, c. 8 no. commercial and residential properties and c. 1 no. 
commercial property, with the majority of residences located to the north west [North East & downwind] of the 
substation site along the L-4106 and L-41561 roads. 
 
11.2 Existing Environment 
There are residential locations to the north, south east and west of the Site. There are 158 no. residential dwellings, 27 
no. mixed-use buildings (residential and commercial) and two commercial properties within 1km of the Solar farm and 
110kV GIS substation Site. The commercial properties are the quarry south of the site and St Peter's Church, Moycarky. 
St. Peter's Church is considered a noise sensitive location and is over 800m from the proposed 110kV GIS Substation 
site.  
Response from MLavelle: The potential for explosion from the proposed Biogas facility (below) for a distance of up to 
1.8km indicates that a Substation is not permissible within this radius. All of the close by houses & residents would be 
at serious risk from arching at the substation. 
 
In addition, there are two residential properties owned by the landowner located at the centre of the solar farm site. 
The landowner has confirmed that "the 2 no. properties within the site (E41 W628 and E41 E8C9) are 
unoccupied/vacant and that there are currently no plans to use either property during the solar farm operation".  
Therefore, these properties are not considered within this assessment. Killough Castle, which is currently unoccupied 
and located within the site boundary between the northern and southern Solar Farm clusters, has been included as 
part of this assessment. Also, there is a single residential property located within the solar farm site boundary that has 
been considered, next to the existing northern access road to the site. 
 
7.9 Cumulative Impact  
There are a number of solar farm projects within 15km of the Solar Farm Site which have consent for development or 
are in the planning process, as detailed in Table 1.3 in Section 1. However, only one of these proposed solar farm 
projects is located within the same sub-catchment as the proposed solar farm and 110kV GIS substation development, 
Tipperary Pl. Ref: 2460156. The project in question is located at sufficient distance (4.5 km south) that it is not 
expected to act cumulatively with the Proposed Development in the context of hydrology and drainage.  
 
The nearby quarry at Killough Hill is an operational quarry located approximately 500 m south of the solar farm site, 
and c. 2.6km south west of the 110kV GIS substation site.  
Response from MLavelle: The potential for explosion from the proposed Biogas facility (below) for a distance of up to 
1.8km indicates that a Substation is not permissible within this radius. All of the close by houses & residents would be 
at serious risk from arching at the substation. 



 
7.10 Residual Impact  
Residual risks are defined as risks that remain after all risk avoidance, substitution and mitigation measures have been 
taken.  
The impact assessment for water quality has found that there are no significant effects anticipated from the proposed 
development, and as such, no specific mitigation measures are required. Accordingly, there is no significant residual 
risk.  
 
7.11 Conclusion  
It is concluded that the potential impact of the proposed development during all three phases of the project is ‘not 
significant’ to ‘slight’.  
New hard surfaces have the potential to contribute to an increase in runoff. However, the substation area will be 
constructed from permeable material to allow surface water to permeate to the soil below. Trackside drainage will be 
provided for access tracks and will be on a shallow gradient, owing to the existing topography of the site. Therefore, 
any increase in run-off will be not significant.  
The construction, operation and decommissioning stages will be in carried out in accordance with CEMP prepared for 
the wider Project and ‘best practice’ approach. 
 
9.3 Haul Routes and Site Access  

 
A permit for moving abnormal loads to the Site will be sought from An Garda Síochána and the applicable local 
authorities on the selected route with a transportation plan for the time of delivery established prior to construction 
stage. Any accommodation works within the public road corridor will be carried out in advance of the delivery in 
agreement with the local authority. 
Response from MLavelle: Sweptpath analysis is not included with application for long vehicles from Port. Neither is an 
assessment of bridges or roads to carry heavy loads & cranes. Note the recent issue with generators & the West Link 
Bridge on the M50. 
 
9.3.1 Abnormal Loads  
There is only one expected abnormal load required for the project consisting of the 110kV transformer which is 
abnormal in terms of its width and length will likely be delivered to Belview Port, Co. Kilkenny. It is important to note 



that this load is abnormal by virtue of its dimension and will not fall into the category of an 'Exceptional Abnormal 
Load' (EAL). 

 
 
Chapter 11 Noise and Vibration of this report provides an assessment of noise levels from traffic and associated 
impacts to the residential environment during the construction and operational phases. It is expected that with 
mitigation measures the proposed construction and operational noise criteria will be met and under this criterion. 
 
11.3 Potential Construction Noise Impacts  
The definition of a noise sensitive receiver in the Environmental Protection Agency’s (EPA) 2016 NG4 noise guidance 
note is:  
‘any dwelling house, hotel or hostel, health building, educational establishment, place of worship or entertainment, or 
any other facility or other area of high amenity which for its proper enjoyment requires the absence of noise at 
nuisance levels’.  
Noise sensitive receivers are deemed to be locations where the inhabitants can be disturbed by noise or changes in 
noise levels due to the construction or operation of a development. The nearest dwellings to the site are shown in 
Figure 11-1. 



 
 
11.3.4.1.7 Grid Connection Works 
In total, there are 25 no. occupied residential properties (including properties classified as both residential and 
commercial) within 100m of the proposed grid connection route. 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
Response from MLavelle: There is no evidence of a Natura Impact Statement with this application 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Issue 1 
This development involves Project Splitting. 

 
 



 
 

Response from MLavelle: Planning Reference ABP – 313238-22 identified in application would seem to have no 
relevance to this application. 
 
A previous approval for a solar farm was granted under ACP-323453-26. This approval could have incorporated this 
110Kv Gas Insulated Switchgear (GIS) Substation into the centre of the Solar farm site, far away from residents. This 
would have protected the Moycarty village residents from noise & would also have protected the existing residents on 
the L41561 from traffic, disturbance & Electromagnetic radiation.  An overhead power line could have been installed 
to connect to the Killhill-Thurles 110Kv overhead line as advised by Tipperary County Council. 
These changes would have removed the necessity for additional Local Road access points. 
 
The alternatives were not considered by the applicant. 
 
The issues in relation to the proposed Grid Connection are included in Tipperary County Council Planning File 26-
60228, which is live at present & those issues apply to this application also. 
 
Yours Sincerely, 
 
…………………………………………….. 
Martin Lavelle, BE. 
22nd  April 2026 
 



 
Appendix No. 1: Tipperary County Council 26/60228 - Live 

Submission from Martin Lavelle in relation to Grid connection. 
Tipperary County Council Planning Reference: 25/60228 CORRECTION 26/60228 

Applicant: Marmoris Ltd trading as Killough Solar with a legal interest.  
Owner of site: Galark Unlimited 

PERMISSION for (RED III) development will consist of; laying of underground 33kV medium voltage electrical cables, 6 
no. joint bays, with associated ducting and ancillary development. The cables will be laid under public roads and 
private lands within the townlands of Clohoge and Graigue Co. Tipperary, with c. 860m within the L-4156 and c. 540m 
within the L-41561 public road and c. 1,092m located on private agricultural land within the townland of Graigue. 

Date for Submission: 15/04/2026 
[Note: Comments in black are from application.  Comments in blue are from MLavelle,] 

 
ISSUE 1: 

Decision Makers in Tipperary County Council 

2026] Iehc 65 [H.Jr.202 5 .000 1283 ] In The Matter Of Section 50, 50a And 50b Of The Planning And Development  Act 
2000 And  In The Matter Of Part 9 Of The Planning And Development Act  2024 

Between 

Sheila Hoctor, Patrick Carney, John Dooley, Michael Mahon And  Regina  Hoctor Applicants 

And 

An Coimisiún Pleanála Respondent  And Carrig Renewable Energy Limited Notice Party 

JUDGMENT of  Humphreys J.  delivered on  Tuesday  the  10th day of February 2026 

 

“S66: The assessment of public safety is a matter for the statutory decision - takers. 

The council, which  wasn’t exactly sympathetic to the project, did not see a safety issue here.” 

 

SAFETY, HEALTH AND WELFARE AT WORK ACT 2005 Number 10 of 2005 
Liability of directors and officers of undertakings. 

80.—(1) Where an offence under any of the relevant statutory provisions has been committed by an undertaking and 
the doing of the acts that constituted the offence has been authorised, or consented to by, or is attributable to 
connivance or neglect on the part of, a person, being a director, manager or other similar officer of the undertaking, or 
a person who purports to act in any such capacity, that person as well as the undertaking shall be guilty of an offence 
and shall be liable to be proceeded against and punished as if he or she were guilty of the first-mentioned offence. 
 
Thus the Planning Decision takers are responsible for the assessment of public safety & not the applicant or agent. Any 
neglect in relation to the decision is a criminal offence & the decision taker SHALL be liable to be proceeded against & 
punished. Criminal prosecutions are not covered by Public Liability or Employers Liability or any insurances. 

 
 

Issue 2: Planning Map No Townlands orTownland Boundaries provided 



 

 

ISSUE 3: 

CEMP Map: Note Road numbers are incorrect & this is repeated throughout the application & the previous 
application. 

 

 



 

 



 

 

Response from MLavelle: It is not permissible to cut verges or hedges or use set down areas in front of existing houses 
as passing bays as indicated in FI Response. 

CEMP: 2.7.1.5 Temporary Road Closures and Diversions  

It is envisaged that a temporary road closure will be necessary for the construction of cable trenching within the L4156 
and L41561 local roads. This is necessary to reinstate the lane where the trench was excavated for the cable within the 
L4156 and a full surface overlay will be provided on the L41561 local road once trenching and cabling works are 
completed. The consent of Tipperary County Council will be required and the necessary road diversions together with 
the appropriate signage will be put in place. Please refer to Figure 3-2 for full details on the road closures and 
proposed diversion routes.  

There is no Figure 3-2 in this  CONSTRUCTION AND ENVIRONMENTAL MANAGEMENT PLAN. Figure 8.1 identifies the L-
4106 & there is no mention of this road in the text. 

Local access will remain in place to all local residents along the L4156 and L41561 during the trenching and cabling 
works. This will be facilitated by diverting public road traffic off the L4156 and onto a temporary diversion road using 
the 110kV substation entrance. Public road traffic will use the diversion road to reach the L41561 local road during 
cabling and trenching works for a period of approximately 1 week. Once the L41561 is fully reinstated to the 
satisfaction of the TCC roads department it will be expeditiously reopened to public traffic.  

Tipperary County Council: Report of Jim Ryan Executive Engineer 30.06.25: 

• It also states that the work along the public road will take no more that 1 week to complete, Tipperary County 
Council have serious reservations about this timeframe and also how local access will be maintained. 

• On page 16 of Section 2.2.1.1 Trenching of the NIS is states that trench will typically be 2.1m wide x 1.25m 
deep. It should be noted that there is an existing watermain in the public road which will not allow for this size 
of trench or joint bays. 

ISSUE 4:  

LAND REGISTRY MAP showing ownership to centre of road [See Dromada Windfarm (ROI) V Denis Cremins, HC. 
(2023)IEHC 417 below,  where trespass on grass verge was determined by HC]. Permission from landowners is 
required for cable laying & joint box construction. This permission wasn’t sought or given. It is not permissible to 
provide a road opening licence where trespass is involved. The proposed use of a Road Opening Licence is a wanton 
interference with the adjoining landowners rights. 



 

 
 

 

 
S.I. No. 600/2001 - Planning and Development Regulations, 2001 

(g) where the applicant is not the legal owner of the land or structure concerned –   

(i) the written consent of the owner to make the application, or  

(ii) in the case of a proposed development, or part of a proposed development, that is in, on, over or under a public 
road, written confirmation that the proposed development concerned is to be undertaken by a statutory undertaker 
having a right or interest to provide services in connection with the proposed development. 

 

Private Wires Policy Statement: From: Department of Climate, Energy and the Environment 15 July 2025 

3.2 Private Wires Guiding Principles 

The statement set out that any expansion of the right of private developers to build Private Wires will be guided by the 
following policy considerations: 

• Private Wires will have to be developed with the consent of local communities and landowners. Private Wire 

developers will not have wayleave or other powers to use land. 

4.1 Private Lines from a Generator to a Customer 

The developers of Private Wires will not enjoy any statutory powers to acquire or use lands. Private Wire projects will 
have to be built based on the agreement of any landowners affected.   
 
Planning Statement:  
2.2.1.2 Ducting Installation : Where trenching is required on the public roads, a road opening licence will be obtained 
from the local authority and purple book requirements will be adhered to. 

https://www.gov.ie/en/department-of-climate-energy-and-the-environment/


Response from MLavelle: This is not permissible & illegal. 
 
 
Irish Legal Guide: Planning Application 

 

A Guide to Making a Planning Application: Office of the Planning Regulator Fourth Floor (West Wing) Park House 
Grangegorman 191-193A North Circular Road Dublin 7 D07 EWV4 

6. Who can make a planning application? If you wish to lodge a planning application, you must have sufficient legal 
interest in the site or property to allow you to carry out the proposed development or make the application. 
Alternatively, you must have the written consent of the person who has that legal interest. If a planning application is 
made by a prospective purchaser or tenant, the owner’s written consent should normally be provided with the 
application. 

The inference of this provision of the legislation is that a grant of planning permission does not facilitate a developer 
undertaking works on land outside their ownership based solely on a grant of planning permission. The planning 
application process is not the forum in which to resolve conflicts pertaining to land ownership, that is a civil matter in 
respect of which ample recourse is available to relevant parties should it be necessary. 

In relation to the provision of underground cabling in the public road associated with the Proposed Grid Connection 
works, article 22(2)(g)(iii) of the Planning and Development Regulations 2001(as amended) applies and a letter has 
been provided with the application confirming that the development is to be undertaken by a statutory undertaker 
having a right or interest to provide services in connection with the Development. 

Response from Martin Lavelle: Grid Connection [see also Dromada Windfarm (ROI) Ltd v Cremins HC 2023IEHC417, 
Record No: 2021/3588P. No letter from a statutory undertaker was provided. 

  

Any condition in relation to the proposed access over private lands is limited under Section 34(4) to lands which are 
under the control of & are owned by the Applicant, & the lands outlined in red on application are not so owned, and 
where the imposition of conditions/mitigation measures over the full extent of the route cannot be the subject matter 
of condition where mitigation measures relate to these lands as the said lands do not fall within the jurisdiction 
conferred by Section 34(4). 
Article 221(2)(g) provides that where the Applicant is not the legal owner of the land or structure concerned the 
written consent of the owner to make the application is required. The application proposes works across lands where 
no consent of the owners of these lands has been submitted notwithstanding the requirements of Article 22(2)(g) of 
the Planning and Development Regulations. The only exception to this obligation is where the Applicant is a Statutory 
Undertaker which on the face of the documentation submitted does not fall within this exception and where therefore 
it is necessary where the development is not being carried out by a Statutory Undertaker that the written consent of 
the landowner be submitted and accordingly, the application does not comply with the requirements of Article 
22(2)(g) of the Planning and Development Regulations. 

There is no evidence or no basis to disapply the default provision in respect of works being located in lands where the 
written consent of the said owner of the lands is required, and where there is no evidence of a type that complies with 
the obligations under Article 22(2)(g)(ii) on the face of the documentation and specifically, there is no statutory 
undertaker that has been identified nor could be identified which complies with the requirements such as to disapply 
the obligation to furnish the said written consent which is required as a mandatory obligation under the said 
regulations. 

A citizen cannot be unilaterally deprived of his property rights having regard to Constitutional Provisions in Article 43 & 
Article 40.3 unless through due course of law. 

 

 



Inspector’s Report  ACP-323453-25 

Date of Site Inspection 19th November 2025.  

Inspector Enda Duignan 

2.1.2. Within the Applicant’s documents, it is stated that a separate consenting procedure will be entered into for the 
110kV electrical GIS substation and associated works which will connect the solar farm to the national grid via the 
adjacent overhead 110kV Killhill Thurles over-head transmission line. This has been identified within the Applicant’s 
documents as the ‘110kV GIS Substation site’ which they note will be Strategic Infrastructure Development (SID) under 
section 182A of the Planning and Development Act 2000 (as amended). 

Response from MLavelle: An SID application requires an EIAR for the full development & none was included. 

 

 

 Effects of Electromagnetic Radiation on Human Health: A Comprehensive Literature Review on Mobile 
Communication and Power Transmission Lines,  Aykut KIZKIN1, Baha KANBEROĞLU. Recep Tayyip Erdoğan Üniversitesi 
Fen ve Mühendislik Bilimleri Dergisi, 6(3) 987-1007 2025 Recep Tayyip Erdogan University Journal of Science and 
Engineering, 6(3) 987-1007 2025 ISSN: 2687-2315 / E-ISSN: 2757-7686 

3.3. ELF Exposure from High-Voltage Power Lines  

High-voltage power lines are major sources of ELF electric and magnetic fields, with the highest intensities occurring 
directly beneath the lines and rapidly decreasing with distance. Mahmudsyah and Sudarti (2003) found that exposure 
to ELF-EMF from 500 kV transmission lines decreased sperm cell counts in Wistar rats, indicating potential 
reproductive health risks (Mahmudsyah and Sudarti, 2003). Parthasarathy and Tukimin (2018) studied ELF-EMF 



exposure from high-voltage lines, substations, power plants, and household appliances in three residential areas in 
Malaysia and found that all measured levels were comfortably below ICNIRP limits, suggesting no substantial risk to 
public health (Parthasarathy and Tukimin, 2018). Gajšek et al. (2016) found that magnetic flux densities in European 
urban areas typically range from 0.05 to 0.2 μT, reaching a few μT directly beneath power lines. Although some indoor 
devices can generate millitesla-level fields, only 0.5% of the population experiences long-term exposure above 0.2 μT, 
remaining within ICNIRP safety limits (Gajšek et al., 2016). Mohamed et al. (2017) carried out a field study at Universiti 
Kebangsaan Malaysia and reported a maximum magnetic flux density of 12.5 mG, which is only 1.25% of the ICNIRP 
limit, with notable variations depending on distance and local topography (Mohamed et al., 2017). Rathebe (2020) 
measured ELF magnetic fields beneath 11 kV lines in South Africa and recorded peak values of 2.87 μT in winter and 
2.34 μT in summer, due to seasonal fluctuations in electricity demand, with all values well below the ICNIRP exposure 
limit of 200 μT (Rathebe, 2020).  

When discussing EMF exposure, it is essential to consider not only high-frequency radio signals but also magnetic and 
electric fields at the mains electricity frequency (50/60 Hz). In particular, individuals living near high-voltage power 
transmission lines may be exposed to continuous ELF magnetic fields. Pamuk (2014) developed an ANN-based model 
to estimate ELF-EMF from 154 kV power lines, highlighting the importance of safe clearance distances due to the 
unproven health effects on humans (Pamuk, 2014).  

Similarly, Özüpak (2021) examined a 154 kV transmission line and observed that the magnetic flux density increased 
from 0.401 μT directly beneath the line to 0.607 μT at a distance of 75 m. The measured values exceeded the safety 
limits established by the SNI 04-6950-2003 standard, suggesting that magnetic field levels around high-voltage lines 
may present potential health risks at certain distances. The distance-dependent distribution of electromagnetic field 
intensity around the 154 kV transmission line is presented in Figure 4 (Özüpak, 2021). 

3.4. Health Effects of Electromagnetic Radiation  

3.4.1. Neurological and General Symptoms  

The potential impacts of EMR exposure on human health have been thoroughly examined in the literature, covering 
both short-term symptoms and long-term chronic effects. Many studies indicate that individuals exposed to high levels 
of EMR report a range of neurological and physiological symptoms more frequently than the general population. López 
et al. (2021) found that residents living near base stations in Madrid reported significantly more symptoms, such as 
headaches and insomnia, and that local cancer rates (5.6%) were roughly ten times higher than the national average 
(0.6%) (López et al., 2021). Similarly, numerous studies on individuals living near base stations have reported higher 
frequencies of symptoms, including fatigue, headaches, sleep disturbances, concentration difficulties, skin rashes, and 
muscle pain (Balmori, 2022; Samaila et al., 2023). Rathebe and Kholopo (2024) reported that ELF-EMF can induce 
changes in oxidative stress, gene expression, and immune system activity at the cellular level. They also emphasized 
that prolonged exposure may have adverse effects on neurological functions, childhood leukaemia, and reproductive 
health (Rathebe and Kholopo, 2024).  

When a group of symptoms cannot be linked to any medical condition but is instead related to exposure to EMF, the 
phenomenon is called electromagnetic hypersensitivity (EHS) in the literature. In cases of EHS, individuals report being 
able to “sense” EMF in their surroundings and experience various physical discomforts. Hardell and Koppel (2023) 
examined a case of EHS in an office worker from Stockholm exposed to high EMF levels at work. The measured field 
strengths included 1.72 V/m for RF fields, 241 nT for 50 Hz power lines, and 76 nT for the nearby 16.7 Hz railway line. 
The person reported symptoms like headaches, fatigue, insomnia, and memory issues, which lessened after exposure 
stopped, supporting a possible causal link between EMF exposure and symptom development (Hardell and Koppel, 
2023).  

Although the mechanisms underlying EHS are not fully understood, Redmayne and Reddel (2021) suggested that EHS 
results from individual variations in EMF sensitivity thresholds, involving biological rather than purely psychological 
mechanisms. Their model indicates that a person’s perception of exposure, the magnitude of the biological response, 
and the body’s repair capacity together influence the severity of EHS symptoms (Redmayne and Reddel, 2021).  

In conclusion, although the acute symptoms observed after exposure may arise from fundamental biological 
interactions, growing evidence suggests that due to individual differences in sensitivity, a small portion of the 
population may have a particular susceptibility to EMR.  

3.4.2. Cancer and Long-Term Outcomes  



Whether long-term exposure to non-ionising RF-EMF can cause serious diseases has been one of the most debated 
questions, especially with the widespread use of mobile phones. The most thoroughly studied area in this context is 
the potential link between mobile phone use and the occurrence of brain tumours. Lagorio et al. (2021) found a weak 
association between heavy mobile phone use and certain brain tumours, such as glioma and acoustic neuroma, while 
concluding that far-field sources, like base stations, are unlikely to increase cancer risk due to their very low power 
densities (Lagorio et al., 2021). However, methodological limitations in studies, issues such as recall bias, and the lack 
of long-term data on new technologies like 5G have resulted in inconsistent outcomes.  

Some ecological and statistical studies have still reported significant correlations between environmental RF exposure 
and cancer data. Rodrigues et al. (2021) found that Brazilian regions with greater exposure to low-intensity EMF from 
radio base stations exhibited significantly higher cancer mortality, particularly for cervical, lung, breast, and 
oesophageal cancers, with the highest relative risk (~2.18) observed for cervical cancer (Rodrigues et al., 2021).  

The mainstream scientific view is that current evidence does not establish a clear causal link between mobile phone-
related RF exposure and cancer. However, some researchers emphasize a precautionary stance. For instance, Balmori 
(2022) reviewed 38 studies on individuals living near base stations and found that 73.6% reported adverse health 
effects, including headaches, sleep disturbances, fatigue, oxidative stress, DNA damage, and an increased risk of 
cancer. He argued that current ICNIRP limits, based only on tissue heating, may be insufficient and called for stricter 
exposure limits and precautionary regulations (Balmori, 2022).  

A review from Thailand suggested that extended mobile phone use might be associated with headaches, eye dryness, 
fatigue, and a potential increase in brain tumour risk, as well as higher leukemia rates among children living near radio 
transmitters. However, it highlighted that RF exposure levels from base stations were well below safety standards, 
preventing any definitive conclusions about health risks (Thaijiam et al., 2017). In summary, there is no consensus in 
the literature regarding the link between RF exposure and cancer, and results differ between studies. In this uncertain 
context, adopting the precautionary principle and conducting long-term studies to strengthen existing evidence are 
advised.  

3.4.3. Genotoxic Effects  

A review of 53 studies (1989–2016) found that 35.8% reported RF-EMF exposure could cause genetic damage such as 
DNA breaks or chromosomal alterations, while 64.2% saw no significant effects (Gurbuz et al., 2018). Short-term RF 
exposure at high SAR levels can induce DNA damage, while long-term low-dose exposure typically shows no adverse 
effects. These discrepancies are due to methodological differences among studies. Balasubramanian et al. (2025) 
reported that both ionising and non-ionising radiation can cause cellular oxidative stress, DNA damage, and genotoxic 
effects, with the severity depending on dose, exposure duration, and radiation type (Balasubramanian et al., 2025). 
Žura et al. (2025) noted that RF-EMR emitted from 4G and older wireless technologies may induce adverse changes in 
human and animal blood cells and could disrupt complete blood count (CBC) parameters (Žura et al., 2025).  

A similar study examined the frequency-dependent genotoxic effects of RF fields. Güneş et al. (2021) found that DNA 
damage varies by frequency and duration of exposure: the strongest effects occurred at 900 MHz across all durations, 
while 1800 MHz and 2100 MHz caused smaller or less consistent increases. The study demonstrated that EMR’s 
genotoxic effects depend on factors such as frequency, exposure time, and field strength (Gunes et al., 2021).  

Some studies suggest that RF exposure may induce DNA damage and oxidative stress under high-dose, short-term 
conditions; however, its long-term genetic effects remain unclear, necessitating further research (Gurbuz et al., 2018). 

3.4.4. Reproductive Health  

Recent research has examined the impact of EMR, especially RF fields emitted by mobile phones and Wi-Fi, on male 
reproductive health and sperm quality. Animal experiments have demonstrated that prolonged high-level RF exposure 
causes structural alterations in testicular tissue, functional impairments in Leydig cells, and decreases in sperm count 
(Yalçın and Saygın, 2016). Human studies have yielded inconsistent results, but men who often carry mobile phones in 
their trouser pockets or spend several hours daily on calls have exhibited negative effects on semen quality. These 
effects include lower sperm count and motility, increased morphological abnormalities, and higher DNA fragmentation 
rates, which may elevate the risk of male infertility, pregnancy loss, and congenital disorders (Yalçın and Saygın, 2016).  

3.4.5. Auditory System  



The potential effects of RF exposure on sensory systems have also been investigated. Research examining the link 
between mobile phone use and hearing functions indicates that heavy and prolonged phone use may reduce hearing 
thresholds.  

Jadia et al. (2019) conducted a study on 1,000 healthy individuals aged 20–40 and found significant increases in pure-
tone hearing thresholds among those who used mobile phones for 4–6 hours per day over a period of 4–6 years. The 
average SAR value in the long-term user group (1.016 W/kg) was higher than that of the control group (0.973 W/kg), 
and prolonged radiation exposure near the ear with high-SAR devices was associated with a greater risk of moderate 
hearing loss. The study emphasized that both exposure duration and radiation intensity should be considered together 
when evaluating potential effects on hearing (Jadia et al., 2019). The findings suggest that the risk of hearing loss 
depends on both exposure duration and radiation intensity, emphasizing the need for long-term studies to clarify the 
effects of mobile phones on auditory health.  

3.4.6. Thermal and Non-Thermal Effects  

The effects of EMR on the body are also discussed in terms of thermal and non-thermal mechanisms. Abeshu and 
Galeta (2015) reported that mobile phones operating within the 900–1800 MHz range can cause both thermal and 
non-thermal biological effects. Prolonged use may lead to thermal effects, including tissue heating, decreased sperm 
count, and cataract development. Non-thermal effects include neuronal damage, oxidative stress, and DNA strand 
breaks (Abeshu and Galeta, 2015). Rajput (2024) stated that electronic devices used in daily life emit varying levels of 
EMR, and as the frequency increases, these radiations may have more harmful effects on human health; moreover, 
due to the limited number of existing studies, further scientific research is needed to understand their long-term 
impacts (Rajput, 2024).  

Although the connection between long-term mobile phone use and brain or other types of cancer has not been 
definitively proven, possible reproductive risks such as decreased sperm quality have been reported. Researchers 
emphasise the need for caution due to inconsistent results. Practical measures such as limiting call duration, using 
headsets, keeping phones away from the body, and reducing children’s exposure are recommended. Furthermore, 
expanding long-term and comprehensive research, developing devices that emit lower radiation, and raising public 
awareness are emphasised. The health effects of mobile phone radiation on humans are summarised in Table 3 
(Abeshu and Galeta, 2015). 

 

3.4.7. Endocrine System / Stress Response  

The potential impacts of EMR exposure on the endocrine system have also been examined. It has been suggested that 
5G signals with multiple frequency components might act as a stressor in biological systems. Perov et al. (2022) found 
that four months of continuous exposure to a 5G-like multifrequency EMF (250 μW/cm²) in male rats disrupted the 
hypothalamic–pituitary–adrenal(HPA) axis, increased stress hormones (ACTH and corticosterone), and reduced regular 
activity, suggesting that long-term RF exposure may act as a chronic stressor affecting neuroendocrine balance (Perov 
et al., 2022).  

Dehaghi et al. (2024) reviewed studies on EMF exposure and diabetes, reporting that low-frequency Pulsed 
Electromagnetic Field(PEMF) may improve insulin sensitivity and wound healing, while prolonged exposure to high-
frequency EMF from devices can lead to insulin resistance, oxidative stress, and hormonal imbalance. The authors 
concluded that EMF can have both beneficial and detrimental metabolic effects, necessitating cautious evaluation in 
diabetes management (Dehaghi et al., 2024). 

 

 



2026/667:  REGULATION (EU) 2026/667 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 11 March 2026 
amending Regulation (EU) 2021/1119 as regards the setting of a Union intermediate climate target for 2040 

Article 1: Amendments to Regulation (EU) 2021/1119 

5.Within the framework of the review referred to in paragraph 4, first subparagraph, in order to facilitate the 
achievement of the target set out in paragraph 3, the Commission shall ensure that the following elements are 
appropriately reflected in the legislative proposals: 

(j)the need to ensure and support a fair and just, pragmatic, cost-effective and socially balanced transition for all, 
taking into account different national circumstances and paying particular attention to impacts on consumer prices, 
energy poverty and transport poverty and to regions and sectors, including their investment capacity, small and 
medium-sized enterprises (SMEs), farmers and vulnerable households affected by the transition to climate neutrality; 

(n) best available cost-effective, safe and scalable technologies; 

 

Response from MLavelle: No information has been provided to indicate that the existing houses close to the cable are 
safe from electromagnetic radiation. Heart Pacemakers are effected by electromagnetic radiation and issues above & 
no information was provided in relation to such exposure. 

 

PrePlanning meeting minutes 

 

Roads and Access:  



It was noted that the sightlines at the proposed access from the north may be deficient. The applicant advised to 
consider all options including the use of a recent opening to west of the main northern entrance. The applicant 
advised that any unauthorised development such as upgrades to entrances would need to be regularised.  
Applicant advised to avoid development of cables along the public road if possible and to explore options of running 
cables through 3rd party lands. In particular the Local Authority would have serious reservations for development of 
joint bays under public roads. The applicant confirmed that the cable route has yet to be confirmed  [See Dromada 
Windfarm (ROI) V Denis Cremins, HC. (2023)IEHC 417 below where trespass on grass verge was determined] 

Response from MLavelle: Advice to avoid public road ignored. 

It is noted that while many of the considerations will form part of a Road Opening Licence application the following 
should be considered for the grid connection element:  
1. Private land use - Confirm the option has been explored.  
Response from MLavelle: Advice to avoid public road ignored. & cursory response of alternatives in Planning Report. 
The proposal to trespass on private landowners property is a wanton interference with the adjoining landowners 
rights. 

Planning Report:  

5.2 Development Alternatives There were 4 no. grid connection route options considered to connect the permitted 
Killough Solar Farm to the proposed 110kV GIS Substation site.  

5.2.1 Option 1 - Entirely along the L-4156 Local Road  

An alternative grid connection route was considered traversing entirely along the L-4156, with the aim of avoiding the 
L-41561 local road. This alternative route was from the north of the solar farm, to an existing agricultural entrance on 
the north of the substation site within the L-4156. This alternative option was discussed with Tipperary County Council 
Roads Department during the Pre-Application consultation process. However, due to the presence of a bridge on a 
bend on this road, this option was not technically viable as the deck of the bridge does not have sufficient covert to 
facilitate the cabling. Furthermore attaching a cable externally to the bridge structure is not permissible from an 
EIRGrid or Tipperary County Council standard.  

5.2.2 Option 2 - Entirely within Private Lands  

Locating the cable entirely on private lands running from east to west from the solar farm to the substation site was 
considered. This option would remove the cable entirely from the public roadway. However, whilst landowners were 
contacted, an option agreement which would maintain the viability of the solar farm could not be concluded. 

5.2.3 Option 3 - Overhead Line Connection  

An overhead line connection was not considered as buried electrical cables has become standard industry practice 
within the renewable energy sector.  

5.2.4 Option 4 - 50% Public Road & 50% Private lands  

Therefore the current proposal, Option 4 was considered the optimal approach, this Option proposes approximately 
50% of the cable on private lands and 50% of the cable on the public road. 

Response from MLavelle: This grid connection is not permitted unless under a public utility company which 
has not been included with this application. 
 
2. Examination of all available technologies including both Overhead Line (OHL) and Underground Cable (UGC) options 
or combinations of both) and route options other than the routing of cables along the public road.  
Response from MLavelle: The alternative options were ignored. 
3. Details of where within the road cross section cables are to be placed so as to minimise the effect on the Roads 
Authority in its role of construction and maintenance.  
4. Indemnity letter – Confirmation TCC not liable for shut down costs in the future and details of requirements when 
working around/near the cable in the future.  
5. Joint bays – Elimination of permanent jointing bays from the public road and verge.  
Response from MLavelle: This requirement was ignored. 
 



 
 

 



 
6. Directional drill or divert all cables away from bridge structures and culverts.  
7. Rationalisation of the number of cables involved (including existing electric or possible future cables) and their 
diversion into one trench, in order to minimise the impacts on the road network and the environment along the road 
boundary (hedgerows).  
8. Reinstating required – Contractor advised full road width 80mm deep DBM and SD required.  
9. Minimum cover to cables 950mm  
10. Consider also temporary works required on roads to facilitate large items of plant.  
11. Contractor advised as-built CAD drawings to be submitted after construction.  

 

Applicant advised that the Traffic and Transport Assessment will include consideration of access to the site, traffic 
volumes and impact on road users. There are no large components so traffic Management should not be required. 
The applicant also confirmed that the proposed substation should only result in minimal traffic to the site once 
operational.  
 

Signed:  
Date:  
District Planner  
Planning Section  
Tipperary County Council  
 

Response from MLavelle: The following recent decision by Limerick County Council refers to cable links on public roads 

Limerick City & County Council Planning Report 

File No: 25/61367  

Applicant: Ballynisky Green Energy Ltd. 

Planning Authority Comment:  



The Roads Department have reviewed the proposal and have raised concerns that sightlines and stopping distances for 
the proposed and temporary entrances have been incorrectly shown. They have requested that a topographical survey 
with sufficient detail and background mapping to clearly demonstrate the full sightlines and stopping sight distances of 
90m can be achieved at the proposed Temporary Entrance and proposed Permanent Entrance. Concerns have also 
been raised regarding the requirement to change boundaries in adjacent fields to achieve sightlines and that no 
permission is in place from neighbouring landowners. Roads have also requested that a Stage 1 and 2 Road Safety 
Audit is submitted.  

Roads have raised concerns with the details annotated on the joint bay layout drawings. These drawings indicate bay 
dimensions of 4.5 m in length and 2.0 m in width, with a communications duct and a C2 Communications precast 
chamber located externally to this footprint with a depth of 1.4m approx. The Roads Department have stated that The 
scale of the unit, combined with the associated infrastructure, would effectively sterilise the public roadway. This would 
prevent Limerick City and County Council from carrying out essential future works, including drainage upgrades, 
installation or extension of Group Water Scheme mains, and the provision or alteration of house service connections. 
Full report has been attached below.  

Roads have also stated that full details of haulage routes should be provided, construction traffic routes including 
concrete delivery routes, the submission of transport load assessments, and details of any directional drilling required 
at bridges.  

The comments from Roads are noted and it is considered that there are concerns in relation to the lack of information 
regarding sightlines at both the permanent and temporary entrances. Given the scale of development, and the need for 
safe access/egress during the construction and operation of the development it is considered that the information 
submitted on file does not appropriately show that there would not be a traffic hazard. It has not been clearly 
demonstrated that vehicles can safely access the site which is a concern. This is a key consideration in section 11.7.2.1 
Wind Energy of the Development Plan. The fact that there is information missing in relation to haulage routes and 
construction traffic is also a concern given that there could be a potential impact on the local road network in the area 
and the scale of development required to facilitate the development. This is considered to be contrary to Policy TR P11 
Road Safety and Carrying Capacity of the non-national Road Network where it is a policy of the Council to safeguard 
the carrying capacity and safety of the non-national road network throughout Limerick. Given the concerns raised 
above it is recommended that the application is refused. 

Comments:  

Following a review of your application, it has been deemed incomplete for the following reasons:  

1. Sightlines, Stopping Sight Distances & Forward Visibility. 

(a) Sightlines and stopping sight distances have been incorrectly shown. The Applicant shall submit the following in plan 
form and to scale for approval with the Planning Authority for the, onto a topographical survey with sufficient detail 
and background mapping to clearly demonstrate the full sightlines and stopping sight distances of 90m can be 
achieved at proposed Temporary Entrance and proposed Permanent Entrance. The clear sightline triangle should be 
assessed from a distance of 2.4 metres back from the road edge. Supporting photographs shall be submitted. This 
should include where required setback of the front boundary approximately 0.5m behind the sightline envelope, even 
when the vegetation boundary reaches maturity. Note that reducing hedge heights is not allowable and all existing 
boundaries are to be set back behind the sightlines as outlined. All stationary objects such as overhead services poles 
are to be setback behind the sightline envelope. Showing the vehicles positions would be of benefit to all when 
demonstrating sightlines, stopping sight distances and forward visibility.  

(b) The Applicant is to highlight on the revised Site Layout Plan any boundaries belonging to adjacent landowners that 
will require setback to achieve the sightlines required. These boundaries shall be shown setback and shall be 
highlighted and labelled on the revised drawing. Written permission to setback and maintain any boundaries outside 
the ownership of the applicant is required along with supporting folios and maps to demonstrate ownership.  

(c) A Stage 1/2 Road Safety Audit shall be submitted for approval and must be completed and submitted by the 
Applicant to the Planning Authority for approval in compliance with the TII Publication ‘Road Safety Audit GE-STY-
01024’.  

(d) The Applicant shall address all problems raised with the Stage 1/2 Audit in full and submit revised Site Layout Plans 
to include the recommendations of the Audits, which must be clearly labelled for acceptance by the Planning Authority.  



2. Site-Specific Infrastructure Drawings 

(a) The Joint Bay Layouts indicate bay dimensions of 4.5 m in length and 2.0 m in width, with a communications duct 
and a C2 Communications precast chamber located externally to this footprint with a depth of 1.4m approx.  

The scale of the unit, combined with the associated infrastructure, would effectively sterilise the public roadway. This 
would prevent Limerick City and County Council from carrying out essential future works, including drainage upgrades, 
installation or extension of Group Water Scheme mains, and the provision or alteration of house service connections.  

3. Relocation of Joint Slabs (a) Joint Slabs must be relocated off the public road and positioned within adjacent wind 
turbine farmland. 

4. Haulage Route Analysis 

(a) Submit a full haulage route analysis clearly outlining any required works, such as:  

• Amendments to existing junctions (e.g., widening)  

• Road widening, signage, edge strengthening, and tree trimming  

• Include swept path analysis.  

(b) Demonstrate that all bridges and culverts along the proposed route can accommodate the laden weight of wind 
turbine components and substation transformers.  

5. Construction Traffic Route 

(a) Provide details of the construction traffic route, including concrete delivery routes.  

6. Transport Load Assessment (a) Submit the laden weight of the HGV transporting the transformer to assess route 
suitability, particularly for culvert and bridge crossings. 

7. Directional drilling at Bridges 

(a) A detailed structural survey is required for any existing bridge where directional drilling is proposed.  

8. Culvert Installation Restriction 

(a) Note that ducting installations over culverts within the public road will not be permitted by Limerick City and County 
Council (LCCC).  

9. Road Opening Licence (ROL) Requirement & Road Closure 

(a) Any works affecting the public road network, including junctions and grid connection infrastructure, will require a 
Road Opening Licence and possibly a Road Closure:  

• Initial trial holes under a ROL are required to confirm the cable route.  

• A separate ROL and possible Road Closure will be required for the main construction works.  

 

Please address the above items and resubmit the application for further consideration.  

Recommendation:  

Incomplete application 

Signed 

 

 



ISSUE 5: 

This application has been divided into 3 elements, which constitutes Project Splitting. The first application did not 
include grid connection. Note reference to L-4106

 



 

ISSUE 6: 

The submitted drawings under the three submissions are not similar. The location of the 110Kv Gas insulated 
switchgear substation is shown at two different locations. 



 

Note the 400metre difference between both switchgear locations 

 

Signed:………………………………… 

           Martin Lavelle BE 

            15TH April 2026 

           

 

 

 



Appendix No 1: Dromada Windfarm (ROI) V Denis Cremins, HC. (2023)IEHC 417 

 



 



 

 

 

 

 

 

 

 



APPENDIX 2 

Response to appeal from Killough Renewable Energy Development at Killough, County Tipperary  
Tipperary County Council Planning Reference: 25/60019 

ACP Planning Reference : PL92.500924 
Date for Submission: 1st April 2026 

[Note: Comments in black are from application.  Comments in blue are from MLavelle, comments in red are reference 
documents] 

 
ISSUE 1: 

The Appeal was submitted on the 5th March 2026 and as a result of a mistake by ACP the full file was not submitted to 
Tipperary County Council (TCC) until 23/4/2026 & posted online on the 24/3/2026. This left 6 working days to make an 
observation. This position was recognised by ACP in writing. It is not appropriate that the application is being 
progressed in this manner and it is certainly very prejudicial to any member of the public. I would request that ACP 
extend the period of time in the interest of fairness, justice and to ensure compliance with the State Obligations under 
the Arhaus Convention. 
 

 
Response from MLavelle: A copy of the appeal was not available for inspection or purchase in the Planning Section, 
Civic Offices, Nenagh during office hours or online at 
http://www.eplanning.ie/TipperaryCC/AppFileRefDetails/2560019/0 



 
 

 

 
 

The following pages from the first party appeal were missing until 24/3/2026 
 

1) Traffic and Transport Assessment of the P25109-PMCE-XX-XX-RP-TR-3_0003 (2.0) 1 Bio-Renewables Plant at 

Killough Hill, Holycross, Co. Tipperary. November 2025 



Pages 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 & 25 not included as of 23rd March 2026. Tipperary County Council advise 
over phone that ACP did not supply the full appeal file. 

2) Planning Report 

Pages 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30 & 32 are not included as of 23rd March 2026. Tipperary 
County Council advise over phone that ACP did not supply the full appeal file. 

3) Land Use Planning Risk Assessment 

Pages 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35 & 37 are not included as of 23rd March 2026. 
Tipperary County Council advise over phone that ACP did not supply the full appeal file. 

 
SAFETY, HEALTH AND WELFARE AT WORK ACT 2005 Number 10 of 2005 

Liability of directors and officers of undertakings. 
80.—(1) Where an offence under any of the relevant statutory provisions has been committed by an undertaking and 
the doing of the acts that constituted the offence has been authorised, or consented to by, or is attributable to 
connivance or neglect on the part of, a person, being a director, manager or other similar officer of the undertaking, or 
a person who purports to act in any such capacity, that person as well as the undertaking shall be guilty of an offence 
and shall be liable to be proceeded against and punished as if he or she were guilty of the first-mentioned offence. 
 
The role of a Consultant advisor is to submit an application that complies with adopted Plans, Standards & Guidance’s. 
This application does not comply with these. It is not permissible to use omissions, incorrect references & loose 
English to confuse the public. 
 

PERMISSION for development at Killough Quarry, Gaile Townland, Holycross, Co. Tipperary 
 

 I, Brian Beck, Director of Services, by virtue of the powers delegated to me in accordance with the provisions of 
Section 154 of the Local Government Act 2001, as amended by Schedule 1, Part 1 of the Local Government Reform 
Act 2014 under Chief Executive’s Order No. 44188 dated 3rd October, 2025 hereby order  that pursuant to the 
provisions of the Planning and Development Act, 2000, (as amended) and relevant regulations made thereunder, I 
hereby Refuse PERMISSION to Roadstone Limited. 
 
The reasons for refusal are as follows:  

1. Having regard to:  
• The nature of the proposed development.  
• The classification of the proposed development as a Lower Tier Seveso site.  
• The limitations in the information contained in the revised Land Use Planning Risk Assessment.  

 
The Planning Authority is not satisfied that an adequate level of information has been provided on which to make an 
informed assessment on the risks of the development to the environment and its impact on surrounding land use. In the 
absence of such information the proposed development is therefore considered contrary to the proper planning and 
sustainable development of the area.  
 

2. Having regard to:  
• The nature and extent of the proposal for which permission is sought.  
• the requirement to provide sightlines at the site entrance to the public roadway in accordance with the 
provisions of Section 6.1 and Tables 6.1 and 6.2 of Appendix 6, Volume 3 of the Tipperary County Development 
Plan 2022.  
• the extent of the application site boundary which does not include for the works required to achieve the 
required sight lines.  

 
The Planning Authority is not satisfied that the works proposed to achieve the required sightlines can be undertaken 
notwithstanding the details submitted. Having regard to the foregoing it is considered that the proposed development 
would endanger public safety by reason of traffic hazard or obstruction to road users.  
 

3.  On the basis of the information contained in the planning application and the Environmental Impact 
Assessment Report (EIAR) and noting specifically the content of the EIAR and further information reply with 



regard to alternative locations which contains limitations, the Planning Authority is not satisfied that the EIAR 
meets the  requirements of Article 94 (1) (d) of the Planning and Development Regulations, 2001 (as 
amended).  

 
The proposed development is, therefore, considered contrary to the proper planning and sustainable development of 
the area.  
 
 
 
 

ISSUE 2:  
THIS APPEAL DOES NOT RELATE TO THE PLANNING APPLICATION OR THE REPLY TO THE RFI. NOTE SITE NOTICES & 

APPEAL FROM 1ST PARTY. 
 

 
Response from MLavelle: The Appeal description of the proposed development does not agree with the description in 
the Community Consultation, Site Notice or the RFI Site Notice (below). There is no mention of bio-LNG(liquified 
biomethane) in either original or RFI Site Notices. The process to generate bio-LNG is totally different to the bio-CNG 
proposed in the application with a totally different suite of safety hazards & facilities such as freezing down to minus 
180degrees & the subsequent removal of solid CO2 & its disposal.. (see below) 

 



 

 
 



 

 
Response from MLavelle: This discussion with the HSA was completed on the 3rd December 2025, two days before RFI 
submission date on the 5th December 2025. It certainly wasn’t part of the application or RFI. 
 

 
 

 
Response from MLavelle: Note no mention of LNG even though they were alerted to the requirement in the RFI. 
 

 
Response from MLavelle: This application, RFI Response & TCC Decision related to bio-CNG & not LNG. This appeal is 
for a change of use & process from bio-CNG to LNG, which is invalid. 
 



 
Response from MLavelle: Note the reference to change in application 
 

 



 
Response from MLavelle: Note response from TCC District Engineer in relation to Sight Distance Triangles & Traffic of 
4/2/2026. Note absence of “consent of property owner” to north & south of entrance. 
 

Roadstone Ltd. Response to Further Information Request (P. Ref. 25/60019) 14 November 2025 SLR Project No.: 
501.065577.00001 

1. Shift from Compressed Biogas (CBG) to Liquified Biogas (LBG) 
It is now confirmed that the gas upgrade and export will proceed via LBG / bio-LNG rather than compressed 
biomethane gas. This decision was driven by logistical, commercial, and storage efficiency considerations. As a result: 
· The Multiple Element Gas Container (MEGC)s for CBG will no longer be used. 
· LBG / bio-LNG will be stored in a cryogenic storage vessel, and filled via loading arm pipework into ISO cryogenic 
tanks (trailers or skid units). 
· This reduces high-pressure gas handling risks on site and within the surrounding area. 
2. Filling Infrastructure 
· The previous proposal involving armoured flexible CBG hoses is now no longer applicable. 
· Instead, vacuum-jacketed bio-LNG pipework with fixed couplings and double-block isolation valves and fixed arm for 
loading will be used. 
· Filling will occur via the dedicated loading bay, designed in accordance with EN 1473 and ISO 16924. 
· No supercritical transfer will occur. Bio-LNG will remain in liquid phase at **~ -160°C and 2–6 bar(g)**. 
3. Revised On-Site Staffing 
In line with the above transition, a reduction in the operational manpower required for the AD facility is proposed: 
· Total site staffing is now forecast at 9 full-time personnel for the AD and export facility. 
· This includes operations, maintenance, logistics, and site management. 
4. Implications for LUP & Risk Modelling 
With regard to the Land Use Planning assessment, the following is applicable: 
· Flexible CNG hose-based MEGC transfer scenarios are now excluded from the risk model. 
· Bio-LNG operations will be cryogenic, low-pressure, with reduced site population and fewer active transfer events per 
day. 
 
5. Summary of Changes 
A summary of the key points of positive change include: 
1. No Change to External Layout or Risk Profile 
· All existing building footprints, boundary limits, and access/egress points remain unchanged. 
· All bio-LNG-related equipment will be housed within existing proposed structures or their immediate footprint — no 
new buildings or infrastructure required. 
 
2. Improved Risk Profile vs. CNG 
· Compressed Biogas (CBG) at 250 bar is now being replaced by bio-LNG at ~2–6 bar, and stored cryogenically at -
160°C. 
· This reduces the stored energy per volume and decreases high-pressure hazard risks. 



· Bio-LNG is more manageable in terms of fire/explosion risk due to lower pressures and vapour dispersion controls. 
 
3. Minimal Equipment Substitution 
· Internally, the only notable changes are: 

• Bio-methane compressed gas storage tank (as shown on WEW Drawing 1950-DG- 0008) replaced with bio-
LNG (liquefied biomethane) storage tank, with the tank dimensions remaining the same. 

• Installation of fixed arm transfer and bio-LNG-compatible isolation valves. 

• Swap of high-pressure compressors with bio-LNG liquefaction and boil-off gas (BOG) recovery units. 

• These changes are internal to plant buildings or fully enclosed skids — no external change to layout or 
aesthetic impact. 
 

4. Seveso & LUP Compliance Maintained 
· Seveso thresholds for flammable gas inventory are better aligned under bio-LNG conditions, with improved control 
measures. 
A summary of main changes in terms of off-site transport associated with the change from the compressed biogas 
(CBG) to liquified biogas (LBG) / bio-LNG, are provided in Table 2. 

 
 

 
Response from MLavelle: These changes were not made to the Site Notice,  RFI revised Site Notice & don’t apply to 
this Appeal. 

 
 
 
 
 
 



1ST PARTY APPEAL: 
 

 
Response from MLavelle: The application was for compressed biogas (CBG) & not liquified biogas (LNG). LNG requires 
cryogenic freezing with probable liquid nitrogen down to minus 1800Centigrade to freeze the Carbon Dioxide into a 
solid. This is a totally different process to the planning application. There is no mention of the method to dispose of 
the solid Carbon Dioxide. This appeal does not relate to the application and is invalid. 

 

 



 

 

 
Response from MLavelle: This LNG information is not applicable to this planning appeal. 
 
 
 

 
 
 
 

ISSUE 3:  
MAPS SUBMITTED ARE NOT CONSISTENT. THE 500M CONTOUR IS FAR SMALLER IN THE COMMUNITY PUBLIC 

CONSULTATION REPORT 



Community Public Consultation Report 
Proposed Bio-Renewables Facility (including Anaerobic Digestion) at Killough Quarry, Holycross, Co. Tipperary 
Roadstone Limited Fortunestown, Tallaght, Dublin 24. SLR Project No.: 501.065529.00001 
Client Reference No: 00180. 10 July 2024 
1.1.1 Bio-Renewables Concept 

The production facility will convert feedstocks to end of line co-products, namely bio-methane (gas), compressed bio-
methane (bio-CNG), carbon dioxide (CO2), electricity (green), organic fertilisers (pelleted) and water, with integrated 
solar energy generation. The adjacent Roadstone Killough Quarry plant will utilise the electricity, bio-methane and 
water. Pelletised fertiliser will be available for supply to local agriculture and traders off-site. CNG and CO2 will be 
pressurised and stored for ongoing draw-off by tankers to points of re-use off-site. All products resulting will be co-
products for reuse. There will be no by-products requiring disposal. 

 

 
Introduction: Appendix A, page 55- Letter drop  - Public information Pack – Note 500 metre radius 



 
1st Party Appeal – Note totally different & far greater 500 metre radius. The local community was simply deceived. 
 

 
Response from MLavelle: Introduction: Appendix D, page 68- Letter drop Public information Pack This is the process 
included in the planning application, but it does not reflect the process in the  First Party Appeal. 
Response from MLavelle: Note no mention of LNG 
 
 
 
 
 
 



ISSUE 4:  
LAND USE PLANNING RISK ASSESSMENT. Ref: 609-25X0241, Rev.2. 4th March 2026 

 

 

 
Response from MLavelle: The planning application was for 90,000tonnes per annum and not 105,000 tonnes per 
annum and a totally different feedstock breakdown. 
 

 
 

 

 
Response from MLavelle: Note no reference to LNG. 

 
Offshore major accident hazard assessments are not the same as onshore with existing surrounding populations. 
This Report deals with Thermal effects & Overpressure effects. It totally ignores the effects for asphyxiation. 

  

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ISSUE 5:  
NOTE THE DISTANCES FOR FIRE EFFECTS & NO MENTION OF ASPHIXIATION DISTANCES 

 

 
Note that a different version of modelling software was identified in the Planning Application. 



Land Use Planning  Ref: 609-25X0241  6th November 2025 

4.2 Consequence Modelling Software  

The consequences from each of the hazardous events –thermal radiation and overpressures – have been determined 
using the GEXCON EFFECTS 12 modelling software. 
Response from MLavelle: Is it possible to see the input parameters in this modelling software? Is it verified for use in 
Ireland? Where has it been used for Biogas plants in Ireland? Is Gexcon Effects 12 the up-to-date modelling software 
available [It’s not]? Does Gexcon have an Irish office & is its modelling software covered by insurance in Ireland? 

GEXCON: The 7 essential hazards in LNG facilities. Tommy Stokmo Jørstad. Consulting Manager Norway – Principal 
Engineer at Gexcon 

As the world moves towards decarbonization, natural gas is finding its place as a cleaner-burning alternative to other 
fossil fuels. 
For safer storage and transport, natural gas can be cooled down to its liquid form – LNG. However, facilities handling 
LNG, such as liquefaction plants, regasification plants, and storage facilities, are still associated with potential hazards. 
Understanding these hazards is essential to implementing the necessary prevention and mitigation measures. 
A key risk in LNG facilities is an uncontrolled release of a cryogenic, toxic, or flammable fluid. Such releases can 
originate in various parts of the process system. The consequence of these releases depends on what they expose and 
on whether they are ignited. In short, the essential LNG facility hazards can be grouped into seven categories. 

• Temperature 

• Cryogenic liquid releases that cause embrittlement if they expose materials not designed to handle such 

releases, and freeze burns if they expose personnel. 

• Hot vapour releases from turbines, boilers, and engines for power and heat generation. 

• Toxic Hydrogen sulfide H2S or ammonia releases that are toxic. 

• Asphyxiation: Nitrogen oxide, carbon monoxide, carbon dioxide, or sulphur dioxide releases that replace 

oxygen in an area and could cause asphyxiation. 

• Pool fire: Liquid releases that form a pool on the ground or water and ignite, creating a potentially long-lasting 

pool fire. 

• Jet fire: Pressurized gas or liquid releases that ignite, creating a high heat flux jet fire. 

• Flammable vapour dispersion/ flash fire: Gas or liquid releases that form a flammable cloud in an open area, 

and ignite, causing a short and intense flash fire that is harmful to personnel. 

• Vapour cloud explosion (VCE): Gas or liquid releases that form a flammable cloud in a congested or enclosed 

area, and ignite, causing an explosion and a pressure wave. 

 

Tables below indicate Land Use Planning  Ref: 609-25X0241  6th November 2025 with green background & LAND USE 
PLANNING RISK ASSESSMENT. Ref: 609-25X0241, Rev.2. 4th March 2026 with black background. The Table numbering 

system used by the Applicants Agent are not consistent. 
Note Table 10 of 6/11/2025 versus Table 11 of 4/3/2026 & Table 11 of 6/11/2025 versus Table 12 of 4/3/2026. The 
same model data results in a different result with an increased factor of c5. This suggests that the model was used 

incorrectly or operated inconsistently. In either case it brings the model into disrepute & makes the readings invalid. 
 



 
Note the 413 & 400m distances. 12 Existing houses are within this range. 
 

 
 

Response from MLavelle: A thermal radiation flux of 4kw/m2 is sufficient to cause materials in a house to catch fire 
(ignite) over time and it is recognised as a threshold for significant fire danger. 

The following is a breakdown why this level is dangerous: 

• Ignition potential: At 4kw/m2, common household materials (wood, fabrics, paper) can reach their ignition 

temperature, especially if exposed for a prolonged period. This level of radiation can cause charring and 

eventually pilot ignition. 

• Danger to Personnel: Thermal radiation of 4kw/m2 is generally considered the maximum safe level for 

personnel to be exposed to for short periods (around 20-30seconds). Beyond that, it causes severe pain and 

second degree burns. 

• Fire Spread: This level of radiation is high enough to cause a fire to spread from one building to another or 

from a nearby fire source to a home. 

For context, in industrial safety, this level is used to determine safe distances from fire hazards, as it can cause 
combustible materials to ignite. 

There are numerous houses (12no.) within the 500m radius and exposed to this fire hazard. These houses will not be 
insurable or sellable if this project is given approval. Residents are at serious risk from a nighttime event. The 
agricultural lands within the 500m radius will also involve animal deaths. This is not proper planning or sustainable 
development. 



 

 

 

 

 



 

 

 

 
Note the different distances in T10 & T11 for same event 

 



 

 
Note the different distances in T11 & T12 for same event 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

 

 

 

 



 

 

 

 
Note the effected distances 

 

 
Note the effected distances 
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Response from MLavelle: These Tables indicate the unacceptable risks to people, animals & property within a 500m 
radius of the biogas plant.  

 

ISSUE 6: NOTE INCONSISTENCIES OF RISK ZONES ON MAPS 

 
Response from MLavelle: Note Outer, Middle & Inner risk contour zone plots as coloured green, orange & red that 
indicated no risk to nearby houses. The Tables above show that this colour coding is totally inaccurate. The following 
orthophotos & maps below, show different risk contour zone plots. 

Roadstone Ltd.: Response to Further Information Request (P. Ref. 25/60019) 14 November 2025 SLR Project No.: 
501.065577.00001 

This plot shows the extents of the Inner (red line), Middle (orange line) and Outer (green line) Zones. There are no 
developments inside any of these contours which do not meet the sensitivity level criteria from the guidance, as set 
out in Table 2 of the Risk Assessment report 



 
Response from MLavelle: Note the Outer, Middle & Inner risk contour zone plots as coloured versus the plots in 
previous map 

 

 
Response from MLavelle: Note the Outer, Middle & Inner risk contour zone plots as coloured versus the plots in 
previous orthophoto images above. Note the 250 &500m radius & the 12 houses within this radius. These houses will 
suffer huge property losses if this development is granted. Who will purchase a property where you could be 
asphyxiated or burned to death? This determines the Precautionary Principle & over-riding public interest. 

 



 

 
 
 

ISSUE 7: LNG REFERENCES: THAT INDICATE FAR GREATER RISK ZONES THAN ABOVE 
 

Reference Number 1: Unlocking the potential of cryogenic biogas upgrading technologies  integrated with bio-LNG 
production: A comparative assessment Ahmad Naquash, Neha Agarwal, Muhammad Nizami, Nguyen Nhu Nga, 
Muhammad Aziz, Moonyong Lee. Applied Energy 371 (2024) 123720.  www.elsevier.com/locate/apenergy.  
https://doi.org/10.1016/j.apenergy.2024.123720 

Liquefaction is a viable approach to increase energy density, but this approach is energy and cost-intensive and 
requires high purity of biomethane. Cryogenic biogas upgrading integrated with the biomethane liquefaction (or bio-
LNG) process is an efficient technique to meet these challenges due to its dual benefits: separation with high 
purity/recovery and precooling of biomethane. This study evaluates different cryogenic technologies (distillation, 
controlled freeze zone (CFZ), and anti-sublimation) and their integration potential with the bio-LNG production process 
from a technical and economic perspective. 

Unlike conventional natural gas, biogas transportation faces challenges due to its production at atmospheric pressure, 
which is lower than conventional natural gas and has lower energy density. The biogas energy density can be increased 
via compression or liquefaction process. To meet natural gas quality standards before being utilised as fuel (CO2 limit 
below 50 ppm), biogas is upgraded to biomethane via treatment to separate the CO2 and other impurities to produce 
biomethane. For long-distance transportation, the liquefaction process of biomethane to produce liquefied 
biomethane (LBM or bio-LNG) is preferred due to its higher energy density. The energy density of bio-LNG is about 21 
MJ/L, similar to conventional LNG, and is 2.4 times higher than that of compressed biomethane (Bio-CNG) 

In the cryogenic distillation process, the extraction of desired gas components depends on the boiling points of each 
component. This process’s advantage is obtaining a high methane (CH4) purity and high CO2 recovery. In addition, the 
process, the output of the process has a lower temperature, with the range of - 80 to  - 90 0C, which is suitable for bio-
LNG production due to the requirement of cooling duty can be reduced. 

The temperature and pressure of feed biogas are kept so that the CO2 solidification conditions would lie within this 
range with optimal energy consumption. Therefore, the optimal pressure and temperature are 4.97 bar and - 68 0C, 
respectively. it is assumed that CO2 is completely solidified at  - 67 0C and 4.97 bar. 

After upgrading, the separated CH4 is liquefied by further reducing its temperature to - 160 0C. This liquid biomethane 
is stored at 1.2 bar and  - 160 0C. 

http://www.elsevier.com/locate/apenergy
https://doi.org/10.1016/j.apenergy.2024.123720


Reference Number 2: Biogas impurities: environmental and health implications, removal technologies and future 
perspectives. Adhena Ayaliew Werkneh. Heliyon 8 (2022) e10929. www.cell.com/heliyon. 
https://doi.org/10.1016/j.heliyon.2022.e10929 

Biogas is a promising bioenergy alternative to be recovered from waste/wastewater in the context of environmental 
sustainability and circular economy. However, raw biogas contains various secondary impurities such as carbon dioxide, 
hydrogen sulphide, siloxanes, nitrogen oxides (NOx), ammonia, and halogens. Depending on the emission rate of these 
biogas impurities, the importance of biogas is being hampered for its environmental, health and the detrimental 
effects possess by the impurities towards the downstream of the biogas users. Biogas impurities can cause different 
public health concerns (like pulmonary paralysis, asthma, respiratory diseases and deaths) and environmental impacts 
(such as global warming, climate change and their indirect impacts like drought, flooding, malnutrition and other 
disasters). The absence/inconsistent emission standards among countries, agencies, and other stakeholders is the 
other challenge that they possess during monitoring and controlling of these impurities. Different commercially 
available and emerging technologies are available for separating carbon dioxide (via biogas upgrading) and removing 
other biogas impurities. Technologies such as pressure swing adsorption, membrane separation, absorption-based 
techniques (water, chemical and physical organic solvents), cryogenic separation, and other emerging biotechnological 
platforms (like photobioreactor and biocatalysis) have been adopted in removing the impurities. This paper reviewed 
the main commercially available and new technologies and their performance in removing carbon dioxide (the main 
constituent of biogas) and other biogas impurities. Besides, the environmental and public health implications of biogas 
and future research perspectives are also highlighted. 
 

 
 
Biogas is used to generate electricity in gas turbines and is considered an environmentally friendly and clean energy 
source when compared to non-renewable sources (fossil fuel from coal) (Hoyer et al., 2016). However, biogas 
utilization is limited due to its composition, which depends on the type and origin of feedstock, treatment 
processes (digestion process), and the process parameters (Table 1) (Lopez et al., 2012; Kaparaju, 2013). This implies 
that the potential calorific value of methane in the raw biogas could be different (Mattioli et al., 2017; Wickham et al., 
2018). This raw biogas mainly contains 40–75% methane and 15–60% carbon dioxide (Atelge et al., 2021; Macor and 
Benato, 2021; Carranza-Abaid et al., 2021; Dannesboe et al., 2021). 
However, the rest are secondary impurities such as 0–15% nitrogen (N2), <0.6% carbon monoxide (CO), 0–10000 ppmv 
hydrogen sulphide (H2S), 0–3% oxygen (O2), 0–100 ppmv ammonia (NH3), 0–41 mg Si/m3 siloxanes, 0–200 mg/m3 
hydrocarbons, 1–5% water (H2O) and other particulates. 
The energy content of biogas is determined by methane composition (i.e. the higher methane concentration leads to a 
higher calorific energy value) (Chen et al., 2015; Kohlheb et al., 2021) (Table 1). The presence of a high content of 
carbon dioxide (CO2) and other trace gases reduces the economic value, its heat content and limits beneficial 
applications of biogas (Xu et al., 2017; Atelge et al., 2021). 
Accordingly, if biogas is not treated for the removal of its impurities (prior to its high value applications), the heat value 
of biogas will drop (due to its lower calorific value during combustion by reducing the biogas methane content) and 
these impurities will cause environmental impacts (Paolini et al., 2018b) and health concerns (Macor and Benato, 
2020a, 2020b, 2021). Different public health concerns (like pulmonary paralysis, asthma, respiratory diseases, the 
spread of communicable diseases and deaths) and various environmental impacts (such as global warming, climate 
change and their indirect impacts like drought, flooding, malnutrition, and other disasters) have been reported (Macor 

http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2022.e10929


and Benato, 2020a, 2020b, 2021) (Table 2). According to the Health Impact Assessment (HIA) explained by Macor and 
Benato (2021), the biogas impurities, NOx, SOx, volatile organic compounds (VOC) and CO contributes to 91, 6.5, 1.4 
and 0.7%, respectively to damage human health. 
Biogas, which is produced through the anaerobic digestion of biodegradable waste/wastewater is typically composed 
of mainly methane and carbon dioxide and a variety of impurities such as H2S, water vapour, siloxanes, NH3 and VOC 
(Wasajja et al., 2020), where their composition differs with the source of their feedstock (Surendra et al., 2014; 
Saadabadi et al., 2019) and the type of biomass fed into the biogas producing digester (Wasajja et al., 2020). These 
biogas impurities have detrimental effect in the biogas conversion devices and possess a harmful consequence to 
human health and the environment as emissions when their presence are above their threshold limits (Papurello et al., 
2016; Paglini et al., 2022) (Table 2). 
 

 
 

 



 
 

Reference Number 3: A Comprehensive Review of the Establishment of Safety Zones and Quantitative Risk Analysis 
during Ship-to-Ship LNG Bunkering. Phan Anh Duong, Bo Rim Ryu, Jinwon Jung, and Hokeun Kang. Energies 2024, 17, 
512. https://doi.org/10.3390/en17020512. 

2. Characteristics of LNG 

2.1. General Information and Physical Properties of LNG 

Natural gas is a fossil fuel, indicating its formation from organic matter that was deposited and buried in the Earth 
millions of years ago. LNG is a liquid mixture of various gases, primarily consisting of methane (CH4), and its mass 
concentration can range from 70 to 99% depending on the source of origin. LNG possesses no odour, has no colour, 
and is non-corrosive, non-flammable, and non-toxic. Additionally, LNG typically contains other hydrocarbon 
components, including ethane (C2H6), propane (C3H8), and butane(C4H10), while minor quantities of gases like 
nitrogen (N2) may also be present. The reserves of natural gas are substantial, with the International Energy Agency 
(IEA) estimating that, based on current consumption rates as of January 2011, these reserves could last for more 
than 250 years. When natural gas undergoes liquefaction at around −162 °C, its volume is drastically reduced to 
approximately 1/600th in the gaseous state. In this liquefied state, LNG is stored in tanks, and the entry of heat causes 
the formation of boil-off gas (BOG). 
This BOG is either utilized by the engines or re-liquefied to keep the LNG tank pressure within acceptable ranges. A 
thorough understanding of the LNG saturation vapour curve and its impact on bunkering is essential for enhancing 
bunkering processes. 
Table 1. Basic properties of LNG 

Properties Unit Value 

Boiling point °C −162 (−259 F) 

Flash point °C <−188 (−306 F) 

Evapouration rate (n-butyl acetate = 1)  >1 

https://doi.org/10.3390/en17020512


Flammable limit volume % in air 5–15 

Vapour pressure (at −110 F) psia 700 

Vapour density (at 14.7 psia and 60 F) lb/ft3 0.0435–0.0481 

Liquid density (at −260 F (H2O = 8.33 lbs/gallon) at 60 
F) Relative density/specific gravity (at −260 F (H2O = 
1))  
Auto-ignition temperature  
Stored pressure psia atmospheric 
Behavior if spilled 

lbs/gallon: 
 
 
 °C 
psia  
When it evaporates, it forms visible 
clouds, some of which might 
become flammable or explosive 
under specific circumstances if they 
are confined. 

3.5–4.0 
 
 
537 (999 F)  
0.43  
atmospheric 

 
LNG exhibits distinct characteristics in comparison to Heavy Fuel Oil, with approximately half the density and a calorific 
value approximately 20% higher. When all factors are considered, a ship aiming to achieve the same range using LNG 
must bunker approximately 1.8 times more fuel. 
In its liquid state, LNG is non-flammable, unlike methane vapours, which possess flammability. When the volumetric 
ratio of methane to air falls within the range of 5–15%, the mixture is considered flammable. Methane itself is 
colourless; however, when cold LNG vapour escapes into the atmosphere, its low temperature leads to the 
condensation of surrounding air, creating a distinctive white cloud on the sea’s surface. 
 
Table 2. LNG incident records 

Time Place Accident Description Results 

1965 Canvey Island, UK 

 

While conducting an LNG transfer, an unfortunate 

mishap occurred, leading to the unintended release 

of LNG. This release subsequently ignited, resulting 

in severe injuries to an individual. 

One reported injury involved a 

severe burn. 

 

1979 Columbia Gas LNG Terminal 

Cove Point, Maryland 

LNG seeped through the electrical penetration seal 

of the LNG pump, infiltrating the substation. A 

circuit breaker then triggered the ignition of the 

natural gas–air mixture, leading to a powerful 

explosion. 

One fatality and one individual 

with severe injuries have been 

reported. 

 

2006 Port Fortin, Trinidad, Caracas 

 

Atlantic LNG has reported an incident at its Train 2 

facility in Point Fortin, Trinidad. This unfortunate 

occurrence was triggered when a temporary eight-

inch isolation plug succumbed to mounting 

pressure. The release of natural gas was successfully 

managed, and personnel were able to resume their 

duties. 

A single injury has been 

reported. 

 

2007 Shanghai, China A physical explosion was caused in the testing of an 

LNG tank. 

 

An explosion resulting from a 

tank pressure test claimed the 

life of 1 individual and left 16 

others with injuries. 

2010 Montoir de Bretagne Terminal, 

France 

 

 

The incident transpired when liquid infiltrated the 

gas take-off line while the discharge operations were 

underway. As a consequence of this occurrence, 

damage extended to a portion of the ship’s manifold 

and its associated feed lines. 

 

2011 Yung An LNG Terminal, Taiwan 

 

 

The vessel’s captain made the decision to 

temporarily halt the discharge process and relocate 

the ship away from the berth. Fortunately, the issues 

were subsequently resolved, allowing the vessel to 

return and successfully complete the discharge of its 

cargo. 

No injuries have been recorded, 

but there was structural damage. 

 

2011 Pyeongtaek LNG terminal, Korea 

 

 

The vessel disengaged from the berth following the 
discovery of a minor LNG leak near the top of one of 
the emergency release couplers, shortly after the 
completion of a planned overhaul of the unloading 
arms. Subsequently, new seals and ball valves were 

No injuries have been recorded, 
but there was structural damage. 



installed on the unloading arms, allowing the 
resumption of the discharge process with the two 
remaining arms 

 

In addition to the environmental advantages, it is crucial to thoroughly assess the reliability and safety of LNG 
utilization. In the event of an accidental release of LNG, rapid evaporation and dispersion may occur, potentially 
endangering the surrounding area. This could lead to risks such as asphyxiation, cryogenic burns, structural damage, 
fires, and the potential for a vapour cloud explosion (VCE) arising from the presence of a natural gas cloud. The 
presence of obstructions within processing equipment can significantly heighten the risk of a VCE. As combustible gas 
accumulates in substantial quantities, the gas cloud may inadvertently ignite, potentially leading to a catastrophic and 
devastating explosion. In the event of an accident, a chain of events can lead to simultaneous or consecutive 
consequences, including a gas leak, fire, VCE, and BLEVE, collectively referred to as the “domino effect”. For instance, a 
jet fire capable of heating a pressurized liquid vessel to its boiling point can trigger a BLEVE, culminating in a 
catastrophic accident. A singular explosion often serves as the catalyst for the domino effect, which can lead to the 
occurrence of gas leaks and fires in the vicinity of the initial explosion. Blast, heat, or fragmentation has the potential 
to harm nearby systems, leading to equipment failures. Conducting explosion research within an LNG processing plant 
entails substantial expenses. Such experiments require a full-scale model and should be conducted at a safe distance 
from populated areas. 
 
Natural gas, predominantly composed of CH4, is a non-hazardous flammable gas. The production of LNG involves 
cooling natural gas to a temperature lower than its boiling point, approximately −162 ◦C (−260 ◦F). The liquefaction 
process significantly reduces the gas’s volume by a factor of 600, enhancing efficiency for storage and transportation. 
LNG, being a cryogenic liquid, presents distinct risks to individuals and property in the event of a release from storage 
or transfer equipment compared to traditional fuel oil. 
 
(i) Primary risks involve severe injuries to individuals in close proximity who may come into contact with cryogenic 
liquids. LNG contact with the skin can cause effects similar to thermal burns, and exposure to sensitive areas like the 
eyes can result in tissue damage. Prolonged skin contact can lead to frostbite, and continued inhalation of very cold air 
may harm lung tissue. 
 
(ii) Steel structures exposed to cryogenic temperatures may undergo brittle fractures. The extreme coldness of LNG 
can render conventional steels brittle, potentially causing surface cracking or impacting other metal equipment. 
 
(iii) The creation of a flammable vapour cloud is a concern. For a fire or explosion to occur, the vapour cloud needs to 
fall within the flammable range, which, for methane, lies between 5% and 15% when mixed with air, and there could 
be an ignition. Various factors influence the potential consequences of an LNG release, including the surface of 
release, the quantity released, air and surface temperatures, wind speed and direction, atmospheric stability, 
proximity to nearby populations, and the location of ignition sources. Although ignited LNG vapours can generate 
substantial pressure in confined spaces like buildings, there is no indication to support the claim that LNG undergoes 
explosion upon ignition in open and unconfined areas. 
 
LNG presents distinct hazards, including volatility and cryogenic conditions, differing from those associated with 
traditional fuel oil. It is imperative for potential operators to have a clear understanding of the risks associated with 
LNG bunkering. 
Several common initial events can lead to the release of LNG, posing risks to nearby individuals, equipment, and the 
environment.  



 
 

Reference Number 4: Systematic Review of Predictive Safety Analytics Applications in LNG Projects with ESG 
Implications.  Oluwakemi Motunrayo Arumosoye, Oghenepawon David Obriki,  Cynthia Obianuju Ozobu.  Global 
Journal of Engineering and Technology Review Volume: 02 Issue: 02 February 2026. PP 61-73, DOI: 10.65150/EP-
gjetr/V2E2/2026-05.  E-ISSN: 3051-3782, P-ISSN: 3051-3774 

2.6 Gaps in the Literature  

Despite the growing interest in predictive safety analytics (PSA) and its application in high-hazard industries, the 
existing literature reveals several important gaps when examined in the context of liquefied natural gas (LNG) projects 
and their environmental, social, and governance (ESG) implications (Ezeh et al., 2024; Adenuga et al., 2025). These 
gaps limit the generalizability, practical relevance, and theoretical integration of current research, underscoring the 
need for more context-specific, longitudinal, and outcome-oriented studies.  

A major gap in the literature is the limited availability of LNG-specific empirical studies. Much of the existing evidence 
on predictive safety analytics is derived from adjacent sectors such as oil refining, chemical processing, aviation, and 
manufacturing. While these industries share certain risk characteristics with LNG operations, the unique technical, 
organizational, and lifecycle complexities of LNG projects are insufficiently represented (Uduokhai et al., 2024; 
Okonkwo et al., 2024). LNG megaprojects involve large-scale construction, complex commissioning phases, cryogenic 
process hazards, and multi-contractor environments that differ markedly from steady-state industrial operations. The 
reliance on cross-sector extrapolation limits the ability to assess how predictive models perform under LNG-specific 
conditions, particularly during transient and high-risk project phases.  

Another significant gap concerns the weak linkage between predictive analytics and ESG outcomes. Existing studies 
predominantly focus on operational safety metrics, such as incident reduction or near-miss prediction, without 
explicitly connecting predictive safety performance to broader ESG dimensions. Environmental benefits, social impacts 
beyond worker safety, and governance improvements are often discussed conceptually rather than empirically. As a 
result, the contribution of PSA to emissions reduction, environmental incident prevention, community risk mitigation, 
and governance transparency remains underexplored (Oparah et al., 2024; Adenuga et al., 2025). This gap is 
particularly problematic given the increasing importance of ESG considerations in investment decisions, regulatory 
oversight, and stakeholder expectations within the energy sector.  

The underrepresentation of developing and emerging market LNG projects constitutes another critical limitation in the 
literature. Most empirical studies originate from mature LNG markets with advanced regulatory frameworks, high 
digital maturity, and well-resourced operators. In contrast, LNG projects in developing regions face distinct challenges, 
including weaker institutional capacity, fragmented data systems, high workforce turnover, and greater reliance on 
subcontracting (Sanni et al., 2020; Ezeh et al., 2023). These contextual factors can significantly influence the feasibility, 
effectiveness, and ethical implications of predictive safety analytics. The lack of evidence from emerging markets limits 
the global relevance of current findings and constrains the development of inclusive, context-sensitive PSA 
frameworks.  

A further gap relates to the lack of longitudinal and validation studies. Many existing studies evaluate predictive 
models over short time horizons or during limited project phases, providing insufficient evidence of sustained 
performance or long-term impact. Without longitudinal analysis, it is difficult to assess whether predictive analytics 
delivers durable safety improvements, adapts to changing risk profiles, or maintains accuracy as operational conditions 



evolve (Ogbete and Aminu-Ibrahim, 2024; Wedraogo and Sanni, 2024). Similarly, few studies report rigorous validation 
of predictive models using independent datasets or cross-project comparisons. This raises concerns regarding model 
overfitting, transferability, and reliability, particularly in complex and dynamic LNG environments. 

In addition to these core gaps, the literature often underexplores the organizational and governance mechanisms that 
mediate the effectiveness of predictive safety analytics. While technical model performance is frequently emphasized, 
less attention is given to how predictive insights are interpreted, acted upon, and institutionalized within project 
governance structures (Seyi-Lande et al., 2024; Oparah et al., 2024). This omission limits understanding of why 
predictive systems succeed or fail in practice and constrains the development of integrative socio-technical models.  

The literature on predictive safety analytics in LNG projects is characterized by limited LNG-specific empirical evidence, 
weak integration with ESG outcomes, insufficient representation of developing market contexts, and a lack of 
longitudinal and validation studies. Addressing these gaps is essential to advancing both theory and practice (Michael 
and Ogunsola, 2025; Sanni et al., 2025). Future research should prioritize LNG-focused empirical investigations, 
explicitly link predictive analytics to ESG performance, incorporate diverse geographical contexts, and adopt 
longitudinal designs that assess sustained impact and model robustness over time. 

Reference Number 5:  Literature Review on LNG Supply Chain Risk Mapping  , Wirayuda, M. R., Baihaqi, I. & 
Sugihartanto M. F. International Journal of Business and Management Technology in Society, (2023). 1(2), 110-117.  
https://journal.its.ac.id/index.php/ijbmts/ 

RISK MAPPING 

 

 

Reference Number 6: PERMIT TO KILL Potential Health and Economic Impacts from U.S. LNG Export Terminal 
Permitted Emissions. Authors Johanna Heureaux-Torres, Sierra Club, Andres Chang, Greenpeace USA, Tim Donaghy, 
Greenpeace USA.  Published August 2024 by Sierra Club and Greenpeace USA 

KEY FINDINGS 

• Liquefied natural gas (LNG) export terminals are permitted to emit levels of air pollution that cause serious 

health harms for people living in the region where the terminals are built. 



 
• Air pollution from currently operating LNG export terminals is estimated to cause 60 premature deaths and 

$957 million in total health costs per year. If all the planned LNG terminals and expansion projects are built, 

those numbers would increase to 149 premature deaths and $2.33 billion in health costs per year. 

 

• By 2050, the same permitted air pollutants from currently operating LNG export terminals alone would yield 

cumulative impacts of 2,020 premature deaths and $28.7 billion in total health costs, with these figures rising 

to 4,470 and $62.2 billion respectively in a scenario where all planned terminals are built. 

 

• Parishes and counties in and around Southwest Louisiana, where a cluster of LNG terminals are located, are 

slated to suffer the worst air pollution impacts per capita. However, several parishes and counties farther away 

– including Orleans Parish, Harris County, and Dallas County, which is over 250 miles from the nearest terminal 

– are slated to suffer high premature deaths due to large populations exposed to air pollution from terminals. 

 

• There is a strong overlap between areas that are already environmentally overburdened and the 35 counties 

and parishes that would experience the worst air pollution impacts from the full LNG buildout. Of the total 

population within these counties and parishes, 70% live within EPA nonattainment zones. Moreover, the 

majority of these counties and parishes rank above the Climate Vulnerability Index’s 82nd national percentile. 

 

• At the national level, Black and Hispanic Americans would respectively experience air pollution from LNG 

terminals at 151–170% and 110–129% the rate of white Americans. This partly reflects that Texas and 

Louisiana have high average exposure rates to LNG terminal air pollution and disproportionately large Black 

and Hispanic American populations. 

 

• If the Department of Energy (DOE) ceases to approve LNG export applications, it would save an estimated 707 

to 1,110 lives and avoid $9.88 to $15.1 billion in health costs through 2050, by comparison to a scenario 

where all projects are built. A policy to phase out all LNG exports, consistent with limiting warming to 1.50 C, 

would save even more lives and health costs. 

 

• This study does not consider the likely public health harms associated with air pollution from infrastructure 

upstream or downstream of LNG terminals, hazardous air pollutants such as benzene, the impacts from 

explosions or other emergencies, or the climate impacts of LNG’s life cycle emissions. 

 

• DOE’s review of the studies and analysis it uses to assess LNG exports, as well as its review of individual LNG 

export project applications, should make clear that any projects that exacerbate climate change or worsen 

local health outcomes are simply not in the public interest and must be rejected. 

 

• DOE, Federal Energy Regulatory Commission (FERC), and other agencies should reject any approvals or 

permits for LNG export terminals, as well as related pipelines and compressor stations.  

 



• DOE and FERC should assess the cumulative impacts of air pollution from existing and the slate of planned 

LNG terminals when evaluating the impacts of any specific project on the surrounding communities. 

In May 2024, the Bullard Center for Environmental and Climate Justice published a landmark report looking at the 
cumulative impacts of the LNG buildout in Texas and Louisiana. Their work helps to address important research gaps in 
terms of assessing impacts of LNG infrastructure, as previous analyses presented only a limited review of the 
environmental justice implications of these facilities. The report looks at six LNG export terminals and presents data on 
pollution impacts, health and safety risks, and exacerbated climate risks stemming from their operations as well as pre-
existing pollution burdens and health disparities tied to their siting. The report highlights that the selected LNG export 
facilities degrade the air quality and public health of adjacent communities through the release of various criteria 
pollutants (including NOx and particulate matter) as well as various hazardous air pollutants (e.g. benzene, toluene, 
formaldehyde) which are known to cause respiratory illness, cancer, and birth defects through prolonged exposure. 

 

 

 

Reference Number 7: LIQUEFYING THE GULF COAST:  A CUMULATIVE IMPACT ASSESSMENT OF LNG BUILDOUT IN 
LOUISIANA AND TEXAS Robert D. Bullard Bullard Center for Environmental and Climate Justice. Robin Saha, Ph.D. 
University of Montana Robert D. Bullard, Ph.D. Texas Southern University Liza T. Powers, Ph.D. Texas Southern 
University. May 2024 

Emissions from petrochemical facilities harm reproductive health, and Texas women have the highest maternal 
mortality rate in the country. Moreover, Black women in the state are twice as likely to die from pregnancy-related 
causes as White women (Johansen et al., 2019). Overall, Black Americans and Hispanic Americans as a whole are 
exposed to 1.54 times and 1.20 times more particulate matter, respectively, than the U.S. general population (Mikati et 



al., 2018). Studies have found a strong correlation between air pollution exposure and student health, school 
absences, and academic performance (e.g., Grineski et al., 2016). 
Children are also particularly vulnerable to toxic air pollution from petrochemical and other industries, due to their 
high metabolism, stage of physiological development, and time spent outdoors. Using the interactive Air Toxics at 
School Tool, we found that school districts in close proximity to LNG facilities in Louisiana and Texas have higher rates 
of air toxics hazards than the national average. Four of the seven schools nearest to each of the LNG facilities 
examined have air toxics exposure levels above the 95th percentile for the nation. 

In sum, communities in the vicinity of the LNG facilities we examined have disproportionately high percentages of 
socially and politically vulnerable populations, as well as a high prevalence of adverse health conditions. The social and 
health vulnerabilities that this study has revealed are an important part of the cumulative environmental burden of 
LNG facilities. 

Environmental Impacts of LNG  

Our extensive review of the environmental impacts of LNG export terminals clearly shows the serious magnitude and 
scope of the environmental, health and safety, and quality of life burdens of LNG development in the Gulf South. The 
construction and operation of LNG facilities are heavily polluting, destroy and degrade sensitive ecological areas, and 
harm the species and human communities that rely on them. Specifically, we found that the six LNG facilities we 
examined  

• sacrifice nearly 8 square miles (5,120 acres) of mostly undeveloped land, including wetlands and prime agricultural 
lands;  

• destroy 1,100 acres of wetlands and marshlands of state and national significance in Louisiana, adding to major 
historical losses and coastal erosion loss estimated to cost $550 million annually by 2050;  

• adversely impact local fishing industries worth $367 million in Louisiana in 2021;  

• pose risks to fisheries through wetland destruction, erosion, cooling water intake, and pipeline construction;  

• destroy imperilled plant communities and those of special concern, including a rare coastal clay dune habitat for the 
endangered ocelot and northern aplomado falcon near the Rio Grande LNG; harm numerous types of wildlife, 
including endangered species, special status species, migratory birds, and mammals;  

• disrupt wildlife breeding, nesting, foraging, sheltering, and communication behaviours.  

• entail leaks and spills of hazardous substances that threaten shallow groundwater areas and wash into waterways;  

• require tens of millions of gallons of fresh water, in the case of Plaquemines LNG reducing water pressure for local 
residents and businesses;  

• involve massive amounts of dredging (19.4 million cubic yards—enough to fill over four Superdomes) that degrades 
water quality, damages sea and estuarine bottom ecosystems, and risks remobilizing contaminated sediments;  

• require disposal of dredging spoils that degrades water quality and damages commercial, recreational, and 
subsistence fisheries;  

• pose other risks to fisheries from cooling water intake;  

• work at cross purposes to the Mid-Barataria Sediment Diversion project, which is intended to restore wetlands and 
mitigate land loss;  

• attempt to replace some destroyed wetlands with artificial ones that have lower ecological value and are poorly 
monitored; and degrade air quality and threaten the public health of fenceline communities by being  

◦ major sources of Clean Air Act (CAA)–designated “criteria air pollutants,” including 10,382 tons of nitrogen oxides 
and 1,699 tons of particulate matter annually, with carrier vessels adding 10% more criteria air pollutants on top of 
those;  

◦ major sources of CAA-designated “hazardous air pollutants,” collectively emitting 264 tons per year of substances 
including formaldehyde, benzene, toluene, ethylbenzene, and xylene, which are known carcinogens and respiratory, 
neuro-, organ, and reproductive toxins that are likely to have synergistic health effects;  



◦ violators of air permits, even those that already routinely exempt operators from emission standards during start-up, 
shutdown, and emergencies; and  

◦ sources of fugitive emissions, such as venting and illegal flaring resulting from both cost-cutting measures and lax 
monitoring and enforcement by state regulators. 

Details about these impacts are provided in the body of this report using information from FERC’s own environmental 
reviews supplemented by academic and gray literature. We conclude that environmental impacts on air and water 
quality, water resources, wildlife and aquatic species, and special status species are significant within each of those 
categories and in their totality. In making piecemeal licensing decisions, FERC fails to consider the cumulative impacts 
of LNG development as a whole, vulnerable populations, the preexisting environmental pollution burdens, and 
ecological damage in the Gulf South. 

Finally, LNG terminals are exempt from EPA risk management planning, yet the facilities store large quantities of highly 
combustible and explosive pressurized methane and refrigerant gasses. 

LNG facilities are prone to accidents and failures even without the added risk of extreme weather due to climate 
change. Accidents can result from cost-saving measures and human factors such as faulty equipment, operational 
errors, lack of maintenance or monitoring, and poor training. Such factors were involved in accidents at Freeport LNG 
in 2019 and again in 2021, resulting in a large release of fugitive emissions and a major explosion, respectively (Texas 
Commission on Environmental Quality, 2021; Foxhall & Buckley, 2022).  

Freeport LNG reportedly had about 100 air permit violations that went unenforced, until finally the state fined the 
company only $9,000 (Ahmed, 2021a). When Cheniere’s Corpus Christi LNG was finally found in violation of its air 
permit for prolonged, excessive flaring, rather than issue a fine, Texas regulators increased Cheniere’s allowable 
emissions (Groom and Volcovici, 2022). 

In addition to emitting hazardous air pollutants, LNG production, transportation, and consumption emit substantial 
amounts of greenhouse gases that contribute to global climate change. Estimates show that the LNG industry is 
between 50% and 200% more carbon intensive than operations for gas in its natural state. This is due to the increased 
production and transportation that LNG adds to the process (Pickrell, 2022). The combined life cycle emissions of 19 
proposed U.S. LNG terminals are estimated to be approximately 1 metric gigaton (1.1 U.S. gigatons) of carbon dioxide 
annually, which is equivalent to 250 coal plants (Rozansky, 2022, p. 7). Already, more than $500 million worth of gas is 
wasted by oil and gas operations annually (R. Brown, 2023). 

Air pollution emitted from fossil fuels affects the populations surrounding the infrastructure, creating a major 
environmental justice issue. Particulate matter exposure is a particular concern. 

Computer models prove that burning fossil fuels accelerates climate change and demonstrate the need for policies to 
reverse the course our climate is headed (Wuebbles & Jain, 2001). The latest Intergovernmental Panel on Climate 
Change report (IPCC, 2023) states how critical it is to reduce methane emissions in order to save our climate and 
provides a narrow window to do so. Replacing dirty coal with methane is a false solution (Zalik, 2008). Methane wells, 
pipelines, and LNG operations result in massive amounts of leaking methane, which is up to 85 times more harmful 
than carbon dioxide in trapping heat in the atmosphere (Rozansky, 2022; Taraska & Banks, 2014). Annually, the fossil 
fuel industry releases 135 million tons of methane and toxic pollutants into the atmosphere, and the release of 
methane has steadily increased since the mid2000s (International Energy Agency, 2022). When considering cumulative 
impacts, it is critical to consider the fossil fuel’s life cycle, that is, the potential for emissions at each stage from 
extracting, processing, transporting, and eventual combustion (Donaghy & Jiang, 2021). 

Health Impacts  

Fossil fuels present risks to health in many forms, such as accidents, explosions, and short- and long-term exposures. 
The network of pipelines has only increased with unconventional oil and gas development. The watchdog group 
Pipeline Safety Trust used federal data to analyze pipeline failure rates and found that those constructed after 2010 
have the same failure rate as those installed before the 1940s. This suggests the new demand has caused industries to 
cut corners in building them (2015, p. 6). A study of traffic accidents near the Eagle Ford Shale energy corridor in 
southern Texas reveals a significant pattern of traffic crashes near production sites of oil and gas (Majumdar & Chun, 
2022). 

Primarily, health concerns occur from breathing in the toxic releases. Louisiana highlights this issue. At the Cameron 
LNG facility, emissions levels gradually increased each year from 2018 to 2020, with carbon monoxide increasing from 



20 tons to 4,153 tons. Nitrogen oxides increased from 7 tons to 1,785 tons (Jones, 2023a). Explosions also pose a 
public health risk for nearby workers and community members. The rush to export LNG overseas has prompted many 
regulators and industry officials to downplay or overlook the potential for vapour cloud explosions. Many engineers 
have argued since 2016 against this complacency to risk (Englund, 2021). On June 8, 2022, Freeport LNG experienced 
an explosion that the company has downplayed, though the explosion’s force knocked a lifeguard off her chair on a 
beach nearby and caused injury to a toddler (Drane, 2022a). Explosion incidents have occurred from the storage of 
LNG—for example, at the Buncefield oil storage and transfer depot in December 2005 (Aneziris et al., 2021; Animah & 
Shafiee, 2020 

Researchers have documented 61 hazardous air pollutants near drilling operations and 64 hazardous air pollutant 
emissions occurring from drilling activities, leaks, the refining process, and consumer end use (Donaghy & Jiang, 2021, 
p. 10). Flaring causes higher emissions of particulate matter, carbon monoxide, and nitrogen oxides, resulting in 
elevated hospital admission rates (Blundell & Kokoza, 2022). 

Table 5.2. EJScreen Environmental Indicator Score Percentiles  for Gulf Coast LNG Facilities in Comparison to State and  
National Scores (State/National) 

 

Table 5.12. Air Pollutants Associated with LNG Emissions and  Example Health Hazards 

 



These emissions levels are deeply concerning given the health effects associated with criteria air pollutants. As Table 
5.12 shows, many health hazards are associated with these pollutants. Several are respiratory toxicants, and 
particulate matter (both PM2.5 and PM10 ), ozone, sulphur dioxide, and NOx are also all associated with asthma 
(Guarnieri and Balmes, 2014). Plaquemines LNG and Driftwood LNG are being sited in areas with disproportionately 
high asthma rates. Also of concern is the carcinogenicity of particulate matter—a known lung carcinogen (International 
Agency for Research on Cancer, 2015). Emerging evidence also connects PM2.5 as well as NOx to other cancers, such 
as breast cancer (Amadou et al., 2023; Hvidtfeldt et al., 2023; Poulsen et al., 2023). 

LNG export facilities use massive turbines that pump refrigerant gases through the methane to cool it and reduce its 
volume by more than 300 times. All of the turbines for the facilities studied, except for Freeport LNG, are gas fired, 
combusting even more methane supply gas (Freeport LNG uses electric turbines). During the operations of LNG 
terminals, natural gas compressor engines used for the liquefaction trains are the primary emissions source and are by 
far the largest contributors to emissions listed in Table 5.13. Corpus Christi’s three liquefaction trains have eighteen 
43,013-horsepower compressors (FERC, 2014b, p. 4-112). Although the compressors emit much less fine particulate 
matter than diesel compressors, they emit large amounts of ozone precursors, NOx, and VOCs. In Table 5.13, the 
variation in the amounts of each pollutant among the facilities may be partially a reflection of different LNG capacities 
and equipment. For example, the relatively low amount of emissions for Freeport LNG (52 tpy of NOx) is due to the 
use of electric rather than gas compressors. 

Health effects from exposure to HAPs and other air pollutants depend on many factors, such as the level and duration 
of exposure and interactions among chemicals that are not well understood but that can magnify the health effects of 
individual chemicals. Such interactions can explain why low levels of exposures may have harmful health outcomes 
(Lagunas-Rangel et al., 2022). Recently the International Agency for Research on Cancer classified air pollution 
mixtures—not just individual air pollutants such as benzene or particulate matter—as being carcinogenic 
(International Agency for Research on Cancer, 2015). There is growing research interest in the health effects of long-
term, low-level exposures to a common set of highly toxic substances produced by fossil fuel combustion—what are 
referred to as BTEX, or benzene, toluene, ethylbenzene, and xylene. Presently the risks of combined exposures cannot 
be reliably assessed, though the non-cancer effects of each of these chemicals alone are well known and include 
neurobehavioral health outcomes such as “poor coordination, elevated locomotor activity, measures indicative of 
anxiety and impulsivity, and compromised learning and memory” (Davidson et al., 2021, p. 11). 

The high potential for additive and synergistic effects of LNG emissions, combined with those of other industries (see 
“Existing Environmental Burdens in LNG Facility Fenceline Communities” above), is illustrative of the type of 
cumulative impact that EJ communities, activists, and scholars have drawn attention to for decades in calling for use of 
the precautionary principle (Bullard et al., 2008; Myers, 2002). EJ movement leaders also point out that the current 
regulatory system fails to adequately address low-level, long-term, and cumulative impacts of environmental exposure 
to multiple toxic substances. For example, while HAP air concentration levels in fenceline communities may not exceed 
EPA HAP standards, EPA HAP standards have a weak connection to public health and have been criticized for being set 
to match the emissions reductions that current pollution control technology can achieve rather than what would 
protect people (Ross & Brown, 2012).  

Greenhouse gas emissions are another major environmental insult of LNG operations. As Table 5.13 shows, and as 
FERC reports, carbon-dioxide-equivalent emissions (CO2 e) from the six LNG facilities total 39.3 million short tons per 
year under normal operating conditions, which observations have shown do not consistently occur. Based on EPA 
estimates of annual greenhouse gas emissions from a typical passenger car (4.49 metric tons of CO2 e), in aggregate 
the emissions from those six LNG facilities are the equivalent to adding 8,749,000 vehicles to the road. That amount 
does not include greenhouse gas emissions from LNG shipping and natural gas pipelines and wells; neither does it 
include the combustion at the user end. The climate change implications of LNG greenhouse gas emissions are 
discussed below.  

Our assessment of emissions of criteria air pollutants, HAPs, and greenhouse gases indicates that LNG air pollution 
risks are significant and suggests that the green image that LNG facilities project of themselves is nothing but a mirage. 

Climate Change Hazards, Technological Failures, Explosions, Leaks, and Spills Gulf Coast LNG facilities represent a 
dangerous cocktail of natural and technological hazards and are a prime example of what are referred to as natural 
hazards triggering technological accidents, or Natech (Cruz, 2005; Organisation for Economic Co-operation and 
Development, 2022). Natural hazards such as hurricanes, earthquakes, and floods can initiate events that interfere 
with the safe operation of facilities, especially those that lack adequate risk management plans for natural hazards 
(Organisation for Economic Co-operation and Development, 2022). Furthermore, hazards can create a cascade of 



safety risks, such as if one tank, among multiple tanks of explosive chemicals in close proximity to each other, were to 
catch fire or leak. Many natural disasters—such as Hurricanes Katrina, Harvey, and Ida—have caused major damage to 
industrial facilities, releases of hazardous substances, fires, and explosions, resulting in environmental pollution, 
evacuations, toxic exposures, and economic losses (Bullard and Wright, 2009; Flores et al., 2021a; Schleifstein & 
Baurick, 2021). We make the case that LNG facilities are subject to failure and to natural hazards due to their location 
along the Gulf Coast. Importantly, these failures, threats, and risks from natural hazards are predictable and, thus, 
should be preventable. At the very least, there should be regulations that govern planning for the occurrence of such 
hazards and the aftermath.  

In this section, we describe some of the types of technological failures that LNG facilities can experience and the 
natural hazards associated with climate change at present and in the coming decades. We also review LNG facilities’ 
preparations for natural disasters, and, in light of their coastal locations, discuss the potential for natural hazards—sea 
level rise and storm surges in particular—to cause technological failures. We conclude, as have others, that Natech for 
Gulf Coast LNG facilities have not been adequately assessed by FERC, state, or local officials, or the industry itself, and 
that further evaluation is needed to understand the risks that Natech pose to fenceline communities over the lifetimes 
of facilities (e.g., see van Heerden, 2022).  

Technological and industrial accidents can result from human factors such as faulty equipment, operational errors, lack 
of maintenance or monitoring, poor training, and underinvestment (United Nations Economic Commission for Europe, 
2020). An explosion at the Freeport LNG on June 8, 2022, is a prime example of a technological failure. A 2020 
violation case by TCEQ against Freeport LNG stated that on August 23, 2019, Freeport LNG had another technology 
failure that resulted in a large release of fugitive emissions (Texas Commission on Environmental Quality, 2021). The 
2022 explosion, described as a “450-foot-tall wall of fire,” occurred due to inadequate operating and testing 
procedures, human error, and personnel fatigue (Foxhall & Buckley, 2022). It created a strong shock wave experienced 
by nearby residents and caused a fire in the LNG terminal’s liquefaction delivery system, raising concerns about what 
else could have gone wrong (Associated Press, 2022). See the Freeport LNG case study in Chapter 6 for further details.  

High winds and hurricanes disrupt operations and result in fugitive air emissions due to facilities needing to flare to 
burn off materials kept under pressure that can explode if not depressurized properly. The quickest way to deal with 
pressure is to burn off the materials, or flare from a stack. There are also heavily polluting shutdown–and–start-up 
procedures. In 2020, Cameron LNG lost power for over a month after Hurricane Laura, worrying local residents, who 
described large flares “that looked like fireballs in the sky.” Days after Cameron LNG resumed operations in October 
2020, Hurricane Delta hit, forcing it offline again (Juhasz, 2021). 

Although raw, and even refined, methane is not explosive, once chilled to become liquefied and form LNG, the liquid 
must be kept at pressure to retain the cold temperature. Any contact with ambient air forms rapidly expanding LNG 
vapours, which are highly combustible and explosive. According to the Philadelphia Gas Works’ Safety Data Sheet for 
LNG (2015), a release of liquid natural gas and the resulting vapours will flow downward initially due to being heavier 
than air, and then will form a white vapour cloud that will dissipate into the atmosphere. In most cases, an LNG spill 
will not contaminate soil; however, it can contaminate water. Because LNG is stored under very high pressure and in 
large volumes, a liquid spill under pressure (jetting) and vapour clouds may travel “considerable distances,” depending 
on factors such as spill amount, wind conditions, built barriers, and topography. A vapour cloud, once formed, may 
catch fire, flash back, or explode (Philadelphia Gas Works, 2015, p. 3). Vapour clouds can be extremely cold, and 
workers are especially at risk of direct of exposures that can cause eye damage, severe frostbite, and freeze burns. 
Inhalation of large quantities of vapours may cause central nervous system depression, nausea, headache, dizziness, 
vomiting, and incoordination. LNG vapours are an asphyxiant, and higher levels of exposure may cause rapid breathing, 
numbness in the extremities, loss of consciousness, serious injury due to lack of oxygen, or death.  

Although LNG liquid is not explosive, LNG vapours are highly combustible and explosive. Vapours can explode at 
concentrations in the air as low as 4% by volume (Philadelphia Gas Works, 2015, p. 7). In addition to high levels of 
heat, fires and explosions pose added risks to nearby residents because of shock waves, flying debris, and potential 
secondary fires. LNG vapour “can be ignited by heat, sparks, flames, static electricity, and other sources . . . such as 
pilot lights, mechanical/ electrical equipment, and electronic devices that are not intrinsically safe” (Philadelphia Gas 
Works, 2015, p. 3). In 1944, a catastrophic series of explosions and fires resulting from an LNG leak in Cleveland, Ohio, 
killed 128 and injured 200 to 400 people (U.S. Bureau of Mines, 1946).  

A technical report by the Pipeline and Hazardous Materials Safety Administration (PHMSA, 2017) conducted vapour 
emissions modelling of jetting and flashing that could result from a release from highly pressurized pipelines within 
LNG export facilities. The 2017 PHMSA report indicates that combustible vapours from a pipeline leak can disperse up 



to 9,840 feet, or 1.86 miles, during light winds of 4.5 miles per hour (p. 93). The PHMSA admits that dispersal 
distances extend beyond the required thermal exclusion zones that LNG operators are expected to safely control. For 
example, FERC reports an explosion of ethylene and propane storage tanks at Cameron LNG could endanger people 
and property more than 4,500 feet, or 0.86 miles, from the facility property line (FERC, 2014a, p. 4-190). 
Response from MLavelle: These distances indicate a large area (diameter of 1.86miles) of people at risk of death. This 
development does not comply with Proper Planning or Sustainable Development.  

As a result of these hazards, LNG facilities may be equipped with leak detection and emergency shutoff systems, 
special firewater delivery systems, and high-expansion foam systems that quickly blanket liquid LNG in the event of a 
spill. Under 49 CFR 193, facilities should be required to install high fencing or impoundments to mitigate jetting and 
flashing of LNG. However, the PHMSA report does not model distances a vapour cloud could travel from a rupture 
from LNG storage tanks of any size or identify mitigation measures to reduce vapour cloud dispersion. LNG storage 
tanks and transport vessel tanks under very high pressure contain exponentially more LNG than a pipeline. It stands to 
reason that material could form catastrophically sized vapour clouds, if released. The PHMSA requires only modest 
mitigation measures to reduce vapour cloud dispersion—that is, “vapour cloud barriers,” walls around 20 feet high. 
Such barriers would be no match for jetting from a ruptured tank, especially high off the ground, and a subsequent 
explosion. Large LNG storage tanks and tankers full of LNG transiting almost daily from already operating facilities 
potentially endanger people living many miles in every direction. That this safety issue has not been analysed and the 
dangers made clear to nearby communities in public NEPA documents is inexcusable. LNG export terminals, as 
currently regulated in the United States, are a catastrophe waiting to happen. 

Climate Impacts of LNG Development  

In 2022, the Environmental Integrity Project reported that if the gas industry succeeds in building all of its planned LNG 
facilities, their operations could emit more greenhouse gasses yearly than “20 new coal-fired power plants,” or the 
equivalent of 18 million cars, not counting the emissions and leaks from drilling and pipeline transportation of fracked 
gas before exportation, transporting LNG, or the emissions from burning it at its destination (Environmental Integrity 
Project, 2022a). According to Climate Action Tracker’s Warming Projections Global Update, the boom in LNG export 
capacity will compromise meeting the Paris Agreement’s 1.5 degrees Celsius global warming threshold (Climate Action 
Tracker, 2022). The independent research consortium states, “Between 2020 and 2050, cumulative emissions from 
LNG could be over 40 GtCO2 [gigatons, or billion tons, of CO2 ] higher, equal to around 10% of the remaining carbon 
budget,” adding “if all of the LNG capacity currently under construction or planned around the world is actually built, 
the oversupply of LNG by 2030 could be almost five times the amount that the European Union imported from Russia 
in 2021” (Climate Action Tracker, 2022). According to the International Energy Agency, to avoid the worst of climate 
hazards, the world needs to dramatically slash demand for natural gas, bringing it down at least 20% by 2030 and 75% 
by 2050 (McGhee & Canary staff, 2023). This is a sobering assessment considering that the United States recently 
became the world’s largest exporter of natural gas (Stapczynski, 2023). Aside from the dip due to the global COVID 
pandemic, Figure 5.16 shows a dramatic upward trend rather than a reduction in U.S. LNG exports in recent years. 

Figure 5.17. Radar Chart of Impact Ratings of Cumulative Impact Assessment Elements on a 1-to-5 Scale (extremely 
low to extremely high impacts) 



 

Figure 5.17 indicates that each element is associated with relatively high impacts in our assessment. These findings 
show that LNG export facilities have a wide range of significant impacts that add to and exacerbate existing 
environmental and social burdens. The purpose of this assessment was not to compare the impacts of LNG facility 
development to their benefits. We have already made the case that the benefits accrue overwhelmingly to producers, 
owners, financial investors, and overseas buyers, and that LNG development magnifies existing inequalities. LNG 
companies fail to provide good jobs to fenceline communities, while receiving huge tax breaks and subsidies that 
starve local governments and school districts. With governmental blessings, they squander American resources for the 
short-term benefit of owners and shareholders. That is how petrocapitalism works, in this case, aided by the current 
geopolitical forces favouring LNG development. 

Reference Number 8: Does Living Near LNG Plants Pose Health Risks? Scientists Investigate. Michelle Gamage AMA 
Pediatrics, 13 Mar 2024. UVic, Vancouver Coastal Health, the Canadian Association of Physicians for the Environment, 
Simon Fraser University, the University of Toronto, Texas A&M University and the non-profit My Sea to Sky.  
Liquefied natural gas export facilities burn excess methane, a source of pollution called ‘flaring.’ 
Burning methane gas, commonly referred to as natural gas, produces a number of pollutants that can affect human 
health. Flaring produces fine particulate matter (which is material smaller than 2.5 microns in diameter, or roughly 13 
times smaller than the width of a human hair), nitrogen dioxide and volatile organic compounds like benzine and 
carbon monoxide. 
A study in Texas found that living near flaring sites is associated with preterm birth and low birth weight. Studies 
in Pennsylvania, California and Alberta found that the closer someone lives to a fracking site, the more likely their baby 
is to be born with a low birth weight and worse health outcomes. 
Low birth weight causes higher infant mortality and more chronic illness later in life and is associated with poor lung 
function. Babies with lower birth weight is a serious public health problem. 
Exposure to these pollutants is also associated with asthma exacerbation, chronic cardiovascular disease and other 
illnesses like chronic obstructive pulmonary disease. 
The most vulnerable people, like the very young and elderly, will be the most affected by this pollution, but anyone can 
be impacted by changes in air quality. 
So-called natural gas is mostly made up of methane, a fossil fuel that has been found to leak during production and 
transportation and is 35 times more efficient as a greenhouse gas, trapping heat inside Earth’s atmosphere, than 
carbon dioxide. That means increasing emissions, increasing temperatures, increasing extreme weather events and 
causing more death and destruction.” 
Marketing natural gas as “clean,” ignores Scope 3 emissions, which happen when a fossil fuel is burned. Canada counts 
only Scope 1 and 2 emissions, which happen during extraction and transportation of fossil fuels — not what happens 
when the fuel is burned, which makes up 95 per cent of the total emissions. 
 
Reference Number 9: ENERGY, ECONOMIC, AND ENVIRONMENTAL ASSESSMENT OF U.S. LNG EXPORTS.  U.S. 
Department of Energy, Office of Fossil Energy and Carbon Management,  Office of Resource Sustainability. December 
2024. 
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D. Key Findings: Environmental and Community Effects  
 
• The production and transportation of natural gas in the U.S., including natural gas for export, has energy, labor / 
workforce, economic, environmental, and social justice implications, among other implications.  
 
• Communities of colour, including those with Black, Indigenous, and Hispanic populations, as well as rural and low-
income communities, have historically been disproportionately exposed to the environmental risks, harms, and 
measurable impacts that arise from natural gas and overall fossil fuel development and production activities. These 
same activities also provide economic support for many communities.  
 
• Production and Upstream Impacts  

1. Increased U.S. natural gas production increases upstream environmental impacts, including impacts to water, 
air, and land.  

 
2. Natural gas production and processing emits pollutants that are harmful to human health.  

 
3. Researchers have found spatial and temporal (i.e., location and timing) correlations between seismic events 

precipitated by human activities and the disposal of produced water through underground injection into 
saltwater disposal wells (SWDs), in several states including Texas, Oklahoma, Kansas, Colourado, Arkansas, and 
Ohio. Various means are underway to reduce the impact, such as recycling produced water rather than 
disposing of it.  

 
• Community Effects  

1. Natural gas production and processing impacts upstream, midstream, and downstream communities in 
harmful and beneficial ways. Additional research is needed on the impact of LNG exportation on local 
communities. In particular, in areas with existing heavy industry, the cumulative impact of LNG exports has yet 
to be determined.  

 
2. From an economic perspective, natural gas production and the development of natural gas export 

infrastructure tends to increase employment in regions and communities where it occurs, but some evidence 
indicates that jobs often go to people who either move to the area for the jobs or commute from other areas, 
rather than to long-term residents.  

 
3. Oil and gas production growth brings new revenues to local governments but can also bring additional 

burdens such as increased emergency services and police, additional water and wastewater infrastructure, 
and potential damage due to increased heavy road usage.  

 
4. Local mineral rights holders receive royalties, though such recipients are not always local residents.  

 
5. Quality of life impacts from natural gas development include noise, light pollution, dust, increased traffic, 

crime, and social disruptions due to the cyclical nature of the production industry.  
 
Outside of water withdrawal effects, there are three major water contamination concerns around natural gas 
development:  
1) the upward migration of fluids (injected hydraulic fracturing fluids, stray hydrocarbons) into groundwater aquifers; 
2) surface spills of oil and gas production fluids, including produced water; and  
3) the discharge of inadequately treated produced water to surface water sources.  
Wastewater spills appear to pose more of a risk than subsurface migration pathways from oil and gas development. 
Most leaks and spills are accidental. Intentional illegal dumping of produced water and other wastes also occurs. 
Dumping of produced water may cause significant changes in soil chemistry and changes in microbial community 
structure 
 
Reference Number 10: Liquefied Natural Gas (LNG): Health and Climate Impacts. Environmental Health Project Aug 10, 
2023 © 2026 Environmental Health Project. The Environmental Health Project (EHP) is a nonprofit public health 
organization that assists and supports residents of Southwestern Pennsylvania and beyond who believe their health 
has been, or could be, impacted by oil and gas development 



Air Pollution 

LNG plants emit carbon monoxide, sulphur dioxide, and volatile organic compounds (VOCs). Studies have shown that 
these pollutants are associated with a range of health impacts, including headaches, coughing, dizziness, and other 
respiratory illnesses. They can also irritate skin, eyes, nose, and lungs. Long-term exposure to these pollutants can lead 
to heart disease, certain types of cancer, and damage to the reproductive system and internal organs. The Louisiana 
Bucket Brigade issued a report in 2023 that found LNG facilities underreport pollution events. One facility, Cameron 
LNG, has had an average of two accidental releases due to equipment failures each month since beginning full 
operations in August 2020, according to the report.  

Instead of requiring compliance with environmental laws, Gulf states have been increasing allowed limits for a variety 
of air pollutants. Texas has repeatedly raised pollution limits for the Cheniere LNG plant, the largest LNG facility in the 
U.S. As of 2022, the facility was permitted to release 353 tons per year of VOCs, twice the limit set out in its original 
permit in 2014. The state has raised limits on four other pollutants by more than 40%. 

Water Pollution 

The construction and operation of an LNG facility endangers groundwater and surface water in several ways. The 
following pathways of water contamination are reported in an environmental impact statement prepared by PNG LNG, 
a gas production and processing facility in Papua New Guinea. LNG facilities see potential contamination from: 

• Fuels, lubrication oils, and chemicals due to the transport, storage, and handling of these materials during 
construction. 

• Hydrocarbon products, fuels, lubricating oils, and chemicals from the transport, storage, and handling of these 
materials during operations. 

• The operation of feed gas processing and reticulation systems for processing and transferring feed and treated 
gas and condensate around the LNG plant should damage occur to pipework, processing units, or transfer 
vessels. 

• The dehydration, mercury removal, and fractionation processes, with contaminants of concern including 
heavier VOCs in liquid form such as benzene, xylene, and toluene, and heavy metals such as mercury.  

• The operation of offsite and utility systems alongside the LNG plant, with contaminants of concern including 
hydrocarbon residues (from the hot oil and fuel gas systems), brine, and hazardous chemicals. 

Noise 

LNG plants utilize sound walls to mitigate the noise experienced in communities where they operate. Dominion 
Energy’s Cove Point gas liquefaction facility near Lusby, Maryland, is surrounded by a 60-foot sound wall. Still, residents 
reported being kept awake at night by nonstop noise that sounded like a slow moving freight train during the facility’s 
commissioning phase.  

Mental Health Impacts 

Living near a major pollution source increases stress, anxiety, depression, and other mental health symptoms. LNG 
liquefaction plants and export terminals require years of disruptive, noisy construction followed by a lifetime of 
uncertainty over the long-term health and safety impacts of the facility. The Agency for Toxic Substances and Disease 
Registry (ATSDR) provides a community stress resource center to help manage stress and build resilience in 
communities impacted by environmental contamination. 

 

Reference Number 11: Recent Developments in Biogas Manufacture and Biogas Utilization: Narayanan, C. M. and 
Narayan, V. (2020). A Review. European Journal of Sustainable Development Research, 4(4), em0135. 
https://doi.org/10.29333/ejosdr/8366 

BIOCHEMICAL DESULPHURIZATION OF BIOGAS  

Hydrogen sulfide is often present in biogas. Even when present at low percentages, it could cause serious corrosion 
problems as it leads to the formation of SO2 gas and sulphuric acid mist, both of which are extremely harmful to the 
process equipment employed as well as to the environment (if exhausted to the atmosphere). 

The enriched biogas is first bubbled through ferric sulfate solution in a stirred tank chemical reactor. Hydrogen sulfide 
present in the gas stream gets oxidized to elemental sulphur (colloidal sulphur), while ferric sulfate is reduced to 
ferrous sulfate. 

https://lailluminator.com/2023/02/06/lng-export-terminals-pose-a-growing-and-invisible-threat-air-pollution/
https://labucketbrigade.org/wp-content/uploads/2023/01/Gas_Export_Spotlight_CameronCalcasieuPass.pdf
https://www.reuters.com/business/environment/texas-repeatedly-raises-pollution-limits-cheniere-lng-plant-2022-06-24/
https://pnglng.com/media/PNG-LNG-Media/Files/Environment/EIS/eis_chapter20.pdf
https://www.somdnews.com/recorder/spotlight/lng-plant-noise-complaints-small-oil-leak-reported/article_e2f69705-2f69-5d23-92a3-da7dba4a7c26.html
https://www.somdnews.com/recorder/spotlight/lng-plant-noise-complaints-small-oil-leak-reported/article_e2f69705-2f69-5d23-92a3-da7dba4a7c26.html
https://www.environmentalhealthproject.org/toolkit-mental
https://www.atsdr.cdc.gov/stress/
https://doi.org/10.29333/ejosdr/8366


The colloidal sulphur that gets precipitated is separated by filtration and the acidified ferrous sulfate solution (filtrate) 
is pumped into a microbial bioreactor that has been seeded with a culture of recombinant Thiobacillus ferrooxidant 
microbes (sulphur eating bacteria) and is sparged with sterile air from the bottom.  

The product solution is fed to a sedimentation tank in which all the microbial cells settle down as sludge. A part of this 
microbial sludge is recycled back to the bioreactor (to maintain the optimum population of microbes in the reactor), 
the rest wasted. The clear ferric sulfate solution that overflows is pumped back to reactor. 

MANUFACTURE OF NITROGENOUS FERTILIZERS STARTING FROM BIOMETHANE  

Biomethane can also be employed as the starting material for the synthesis of nitrogenous fertilizers such as 
ammonium sulfate, urea, calcium ammonium nitrate (CAN or nitrolim) and ammonium phosphates (MAP, DAP). It 
involves three catalytic reactors (apart from the Haber reactor) such as the primary reformer, secondary reformer and 
the shift converter. In the primary reformer, syngas is produced by the steam – hydrocarbon reaction as discussed 
earlier. The process takes place in a column reactor that is composed of a packed bed of nickel – catalyst particles. 
Both preheated biomethane and high pressure steam are admitted from the bottom and as they move up the catalyst 
bed, steam – hydrocarbon (steam – methane) reaction occurs and syngas gets generated. As stated earlier, the 
reaction occurs at a temperature of 750 – 9500 C (temperature of catalyst bed) and at a pressure of 10 – 15 atm. Since 
steam is used in excess, the product gases would contain little unreacted methane. In the secondary reformer, which is 
also a packed bed reactor composed of a bed of nickel catalyst, preheated mixture of biomethane and dry air (mixed in 
a prescribed, pre-calculated proportion) is admitted from the bottom and as the gas mixture ascends through the 
catalyst bed, methane gets catalytically oxidized to CO and H2. A small amount of carbon dioxide could also be formed. 
The reactor operates at specified temperature and pressure (T = 500 – 600℃, P = 5 – 6 atm). 

The two gas streams (product gases from the primary reformer and those from the secondary reformer) are mixed (to 
obtain a gas mixture composed of CO, H2 , N2 and traces of CO2) and then admitted to the shift converter (the third 
packed bed catalytic reactor) into which excess steam is also injected from the bottom. In presence of the iron oxide – 
chromium oxide catalyst particles present in the shift converter, all CO present in the gas mixture is oxidized to CO2 by 
steam, followed by production of additional hydrogen gas. The gas mixture leaving the shift converter shall be thus 
composed of N2, H2 and CO2, and is sent to the absorber – desorber system to remove all the CO2 present by 
absorbing in aqueous MEA solution. The resulting gas mixture of nitrogen and hydrogen is called ammonia synthesis 
gas. By adjusting the amount of steam admitted to the primary reformer and the amount of air admitted to the 
secondary reformer, the molar ratio of N2 to H2 in this mixture could be adjusted to 1:3.  

In the renowned Haber reactor, nitrogen reacts with hydrogen in presence of the iron catalyst (Haber catalyst) at high 
pressure (P = 10 – 15 atm), the most favorable operating temperature for Haber catalyst being 375℃. 

Ammonia is the universal raw material for the manufacture of many nitrogenous fertilizers (urea, ammonium sulfate, 
ammonium nitrate) and nitrophosphates (monoammonium phosphate, diammonium phosphate). 

MANUFACTURE OF PHOSPHATIC BIOFERTILISER (PROM) FROM ANAEROBIC DIGESTER SLUDGE (ADS)  

The sludge discharged from the biogas digester, called anaerobic digester sludge (ADS), could be dewatered, dried, 
pulverized and then used as a low grade nitrogenous manure. However, its N – content is only 2.5% and is thus a poor 
substitute to synthetic fertilizers such as urea (which contains 46% N), ammonium nitrate (33% N) and ammonium 
sulfate (21% N).  
Response from MLavelle: The digestate only has 2.5% nitrogen and drying to make fertiliser pellets is just a cosmetic 
exercise. 

 Reference Number 12: USEPA 456-R-20-001.  AN OVERVIEW OF RENEWABLE NATURAL GAS FROM BIOGAS. July 2020 

7.0 PURIFICATION PROCESSES AND GENERAL TECHNOLOGIES  

Raw biogas, which is typically between 45 and 65 percent CH4 depending on the feedstock, must go through a series 
of steps to be converted into RNG (at 90 percent CH4 or greater, depending on the specification for the pipeline or 
other end use). Constituents of RNG that most often have specifications or limits to meet are CO2, O2, inert gases 
(including N2), total sulphur, H2S, siloxanes and VOCs. Other properties that are prescribed by pipelines or end users 
include heating value, temperature, pressure and moisture content.  

Typical steps to convert raw biogas to RNG are reviewed below. As shown in Figure 2 and Figure 3, the treatment can 
be divided into:  



• Primary: basic moisture and particulate removal.  

• Secondary: additional moisture removal, contaminant removal and compression.  

• Advanced: CO2, O2, N2 and VOC removal and further compression.  

The primary and secondary treatment stages produce a medium-Btu gas, which means the heating value of the gas is 
less than that of fossil natural gas (typically about half). The advanced treatment stage produces RNG, with a heating 
value similar to fossil natural gas.  

As part of advanced treatment, some CH4 is stripped out along with the CO2 and other residual constituents—
especially H2S—and routed to a flare or thermal oxidizer for destruction. The amount of CH4 stripped out as “tail gas” 
depends on the technology used to upgrade the gas, the ultimate CH4 specification for the RNG and the cost–benefit 
ratio of additional CH4 capture versus the additional capital expense to achieve it.  

Primary Treatment  

Primary treatment consists of basic moisture and particulate removal from the raw biogas. The gas passes through a 
knockout pot, filter and blower to remove moisture. This treatment is all that is required for destroying the LFG in a 
combustion flare; in addition, some LFG energy projects have used only primary treatment when combusting LFG in 
medium-Btu applications such as leachate evaporators, boilers and kilns.  

Secondary Treatment  

Secondary treatment consists of additional moisture removal, contaminant removal and compression. The process first 
uses an after cooler to condense and remove additional moisture, then removes contaminants such as siloxanes and 
sulphur. The type of contaminants removed depends on the end use and which constituents are present in the biogas 
and at what levels. The gas can also be compressed further as needed. These secondary treatments are used to 
produce medium-Btu gas for direct thermal applications such as boilers or for electricity generation applications such 
as engines and turbines.  

Advanced Treatment  

Advanced treatment is critical to transform biogas into RNG. Advanced treatment must remove CO2, O2, N2, VOCs and 
siloxanes (as needed), although some projects may remove these types of contaminants in an earlier stage. The 
selection of the advanced treatment technology type is site-specific and project-specific, and there are advantages and 
disadvantages to each type. Sections 7.1 through 7.4 describe advanced treatment technologies in detail, along with 
their benefits and drawbacks. 

7.1 CO2 Removal Technologies  

There are four common ways to remove CO2 during the advanced treatment stage: membranes, pressure swing 
adsorption (PSA), solvent scrubbing and water scrubbing. Each technology has strengths and weaknesses that are 
evaluated and balanced on a case-by-case basis for each potential RNG facility to select the technology best suited for 
that particular site. Each technology can achieve RNG quality standards necessary for pipeline injection or onsite 
vehicle use, but it is often a matter of upfront capital expense versus ongoing operating expense. 

CO2 Removal Technologies for U.S. LFG-to-RNG Projects in 2018 
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Membrane Systems  

A membrane is a type of filter that has a specific pore size rating and operates similarly to a screen or sieve, retaining 
particles larger than the membrane’s pore size. The material that the membrane is constructed from and the method 
by which the large particles are captured is technology specific. Membranes are often used to remove CO2 and other 
unwanted constituents when upgrading raw biogas to RNG.  

Single-Pass Membrane System  

Onsite CNG vehicle fuel use typically does not require a heating value as high as that required by pipeline injection 
projects, and it also allows some minor levels of O2 and inert gases. Therefore, onsite vehicle fuel applications with 
smaller biogas volumes often use a single-pass membrane system that captures approximately 65 to 80 percent of the 
CH4. These systems either send the remaining 20 to 35 percent of the CH4 out as tail gas for economical destruction in 
an onsite flare or blend it with the remaining biogas for use in turbine or reciprocating engine electrical generating 
equipment. More efficient gas conditioning technology that would produce a gas with a higher heating value is 
available for small biogas flows, but historically it has not been economically feasible due to the added capital expense.  

Multiple-Pass Membrane System  

Larger-scale onsite vehicle fuel applications can use membrane technology similar to that of smaller-scale applications, 
but with more efficient processes that capture additional CH4 via multiple passes through the membranes. Many of 
these sites use gas conditioning technology that captures approximately 96 to 99 percent of the CH4. Tail gas from 
these projects must be destroyed in a flare or thermal oxidizer using supplemental fuel, since the tail gas does not 



have a sufficient heating value to sustain combustion.70 The increased volume of RNG produced from conditioning 
larger biogas volumes can typically justify the added capital and operational expenses and the addition of a thermal 
oxidizer.  

PSA  

In PSA systems, adsorbent media are pressurized with the incoming biogas. A difference in molecular size allows CH4 
to pass through into the product gas, while the media capture CO2 and, to a lesser extent, N2. Once the media have 
been saturated, they are depressurized, and the CO2 and N2 are released into the tail gas stream. A typical PSA system 
employs multiple vessels operating in different stages of pressurization, depressurization and regeneration. PSA can 
capture between 95 and 98 percent of the CH4; the exact percentage will vary depending on the design of the PSA, 
which is optimized to balance system performance and system economics.  

Solvent Scrubbing  

Solvent scrubbing processes use a chemical solvent such as amine or a physical solvent like Selexol to strip CO2 and 
H2S from the biogas stream. CO2 is adsorbed into the solvent, allowing CH4 to pass through into the RNG product 
stream. In an amine system, the solution is heated in a separate vessel to release the CO2 into the tail gas stream; in a 
Selexol process, the solvent is depressurized, which releases the CO2. CH4 capture efficiency varies between 97 and 99 
percent for physical solvents but is often greater than 99 percent for amine solvents given that amine solutions are 
particularly selective for CO2. 

Water Scrubbing  

Water scrubbing (sometimes called water wash) is a simple process in which the biogas is pressurized into water. CO2 
is adsorbed into the water while the CH4 passes through into the RNG product gas stream. The water is then 
depressurized, and the CO2 is allowed to pass through in the tail gas. CH4 capture efficiency of water scrubbing 
systems is typically greater than 99 percent. 

Biogas Flow Rates for CO2 Removal Technologies  

Each CO2 removal technology allows for a different range of biogas flow rates. Typical flow rates for the four main 
technologies are summarized in Table 6. Process flow diagrams of the four main types of advanced CO2 removal 
technologies (membrane, solvent, PSA, water scrubbing) were presented in a webinar by LMOP Industry Partner DTE 
Biomass Energy. 

Typical Flow Rates for Advanced CO2 Removal Technologies 

 

7.2 VOC/Siloxane Removal Technologies  

For any vehicle fuel or pipeline injection project, a critical part of the LFG conditioning process is the removal of VOCs 
and siloxanes. Even trace amounts of siloxanes can damage engines, turbines and compressors and so must be 
removed. VOCs are an environmental pollutant that would be sufficiently destroyed in an engine or turbine, but they 
are similar in molecular structure to siloxanes. This means any medium that is designed to remove siloxanes will also 
capture VOCs -usually one cannot be removed without capturing the other.  

The concentration of siloxanes within biogas can vary widely by source type and the specific site. A 2017 report 
prepared by the California Biogas Collaborative noted the following ranges by source type for siloxane concentrations 
in raw biogas: 0 to 400 milligrams per cubic meter (mg/m3) for WRRFs, 0 to 50 mg/m3 for landfills and 0 to 0.2 mg/m3 
for livestock farms (no results available for stand-alone MSW digesters). These results indicate that siloxane 
contamination is a potential issue mainly with WRRF biogas and LFG, primarily because siloxanes are found in many 
cosmetic, health and beauty products. 



7.3 N2 Removal Technologies  

N2 removal (or rejection) may be required as a part of the biogas conditioning system, depending on the biogas inlet 
N2 levels and the required RNG specifications. Because of the potential intrusion of ambient air (which contains N2) 
when biogas is collected from landfills, N2 is typically more of an issue in LFG as compared to biogas from anaerobic 
digesters. An exception to this can be biogas collected from agricultural waste lagoons with membrane covers, as these 
systems can also allow air leaks into the gas stream.  

N2 is difficult and expensive to remove from biogas given the similar diameters of N2 and CH4 molecules, which are 
approximately 3.6 angstroms and 3.8 angstroms, respectively.  

Nitrogen rejection systems remove N2 gas from biogas streams via PSA or membranes. The typical RNG conditioning 
process initially removes trace-level contaminants and most CO2, while allowing N2 to pass through the system with 
the CH4. A secondary N2-specific rejection system may be required at the end of the gas conditioning system to 
remove N2 to acceptable end use levels. Some biogas conditioning systems remove N2 concurrently with CO2 using 
adsorbents that have a high kinetic selectivity toward N2 and O2.  

N2 removal processing can reduce the CH4 recovery rates -the impact on CH4 recovery varies depending on the inlet 
N2, outlet N2 specifications and the technology used to remove the N2. In one example, the CH4 recovery drops from 
90 to 81.5 percent when an N2 and O2 removal unit is added to the process. 

7.4 O2 Removal Technologies  

Many natural gas utilities have strict limits on O2 for RNG that is injected into a pipeline network. Excessive amounts of 
O2 can accelerate pipeline infrastructure corrosion, resulting in many utilities setting the upper limit of allowable O2 
from 0.2 percent to as low as 2 parts per million. For RNG used directly in vehicles, SAE J1616 has no limit for O2 due 
to the low water vapour content requirements. CARB’s specifications for commercial CNG chemical composition set a 
1 percent O2 upper limit. While it is usually feasible to reduce O2 in LFG to less than 1 percent through wellfield tuning 
and improvements, O2 removal systems are often required for pipeline injection projects on landfills.  

Stand-alone O2 removal systems remove O2 through a catalytic reactor and typically are the last step in the LFG 
conditioning process. Biogas is heated and passed over a catalyst bed, where the O2 reacts with some of the CH4 to 
create CO2 and water. The biogas exiting the reactor is saturated with moisture and must be dehydrated, typically by 
using a desiccant dryer or temperature swing adsorption process. Other processes involved in the conditioning of LFG, 
such as membrane separators and PSA, do remove some O2, which must be considered when designing and sizing a 
project. Some PSA systems are also effective in removing nearly all O2.  

Due to the added capital and operating costs of incorporating an O2 removal system, these systems are often found to 
be cost-prohibitive for projects with an LFG flow rate less than 1,000 scfm. Costs to heat the biogas and remove 
moisture must also be considered when developing project financials. These systems may negatively impact CH4 
capture efficiency and add CO2 to the product gas stream as well. The CH4 loss and CO2 addition are small, but not 
negligible. 

Reference Number 13: Liquefied Natural Gas (LNG): Health and Climate Impacts. Environmental Health Project. Aug 
10, 2023 

Health and Safety Risks of LNG 

Explosions 

Very high temperatures are required to combust LNG, so it is typically considered nonflammable. There is even a safety 
video showing a lit cigarette being put out in a glass of LNG. However, when LNG is not kept at very low temperatures, 
it produces highly flammable and explosive vapours. Any accidents or incidents at an LNG facility can pose a significant 
risk to nearby communities.  

On June 8, 2022, an explosion at the second-largest LNG plant in the United States, Freeport LNG, shut down 
production for months. In April 2023, ten months after the accident, officials from Freeport LNG attended a Brazoria 
County Commissioners meeting to inform the public about the cause of the accident and the company’s plans to 
address problems that led to the explosion. “At 11:28 a.m. on June 8, the Freeport LNG facility experienced a boiling 
liquid expanding vapour explosion that resulted in the release of electrified natural gas, leading to the formation and 
ignition of a natural gas vapour cloud and subsequent fire at the facility,” Freeport LNG President Sig Cornelius said. 
Operator fatigue was reportedly a contributing factor in the incident. 

https://breakingenergy.com/2014/12/22/how-dangerous-is-lng/
https://breakingenergy.com/2014/12/22/how-dangerous-is-lng/
https://thefacts.com/news/freeport-lng-responds-to-residents-lays-out-corrective-measures-taken-since-june-8-explosion/article_76a66ba8-74f0-52ae-aa22-8e327ef3fc89.html


Freeport LNG maintains that there were no injuries associated with the explosion, but a local community group, Better 
Brazoria, learned through community outreach that a lifeguard and a small child were injured by the explosion while 
they were on a nearby beach. The force of the explosion shook homes in the neighbourhood. 

Air Pollution 

LNG plants emit carbon monoxide, sulphur dioxide, and volatile organic compounds (VOCs). Studies have shown that 
these pollutants are associated with a range of health impacts, including headaches, coughing, dizziness, and other 
respiratory illnesses. They can also irritate skin, eyes, nose, and lungs. Long-term exposure to these pollutants can lead 
to heart disease, certain types of cancer, and damage to the reproductive system and internal organs. The Louisiana 
Bucket Brigade issued a report in 2023 that found LNG facilities underreport pollution events. One facility, Cameron 
LNG, has had an average of two accidental releases due to equipment failures each month since beginning full 
operations in August 2020, according to the report.  

Instead of requiring compliance with environmental laws, Gulf states have been increasing allowed limits for a variety 
of air pollutants. Texas has repeatedly raised pollution limits for the Cheniere LNG plant, the largest LNG facility in the 
U.S. As of 2022, the facility was permitted to release 353 tons per year of VOCs, twice the limit set out in its original 
permit in 2014. The state has raised limits on four other pollutants by more than 40%. 

Water Pollution 

The construction and operation of an LNG facility endangers groundwater and surface water in several ways. The 
following pathways of water contamination are reported in an environmental impact statement prepared by PNG LNG, 
a gas production and processing facility in Papua New Guinea. LNG facilities see potential contamination from: 

• Fuels, lubrication oils, and chemicals due to the transport, storage, and handling of these materials during 

construction. 

• Hydrocarbon products, fuels, lubricating oils, and chemicals from the transport, storage, and handling of these 

materials during operations. 

• The operation of feed gas processing and reticulation systems for processing and transferring feed and treated 

gas and condensate around the LNG plant should damage occur to pipework, processing units, or transfer 

vessels. 

• The dehydration, mercury removal, and fractionation processes, with contaminants of concern including 

heavier VOCs in liquid form such as benzene, xylene, and toluene, and heavy metals such as mercury.  

• The operation of offsite and utility systems alongside the LNG plant, with contaminants of concern including 

hydrocarbon residues (from the hot oil and fuel gas systems), brine, and hazardous chemicals. 

Noise 

LNG plants utilize sound walls to mitigate the noise experienced in communities where they operate. Dominion 
Energy’s Cove Point gas liquefaction facility near Lusby, Maryland, is surrounded by a 60-foot sound wall. Still, residents 
reported being kept awake at night by nonstop noise that sounded like a slow moving freight train during the facility’s 
commissioning phase.  

Mental Health Impacts 

Living near a major pollution source increases stress, anxiety, depression, and other mental health symptoms. LNG 
liquefaction plants and export terminals require years of disruptive, noisy construction followed by a lifetime of 
uncertainty over the long-term health and safety impacts of the facility. The Agency for Toxic Substances and Disease 
Registry (ATSDR) provides a community stress resource center to help manage stress and build resilience in 
communities impacted by environmental contamination. 

 

Reference Number 14: The greenhouse gas footprint of liquefied natural gas (LNG) exported from the United States. 
Robert W. Howarth. Energy Science & Engineering published by Society of Chemical Industry and John Wiley & Sons 
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2.2  Emissions at liquefaction plants  
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https://labucketbrigade.org/wp-content/uploads/2023/01/Gas_Export_Spotlight_CameronCalcasieuPass.pdf
https://www.reuters.com/business/environment/texas-repeatedly-raises-pollution-limits-cheniere-lng-plant-2022-06-24/
https://pnglng.com/media/PNG-LNG-Media/Files/Environment/EIS/eis_chapter20.pdf
https://www.somdnews.com/recorder/spotlight/lng-plant-noise-complaints-small-oil-leak-reported/article_e2f69705-2f69-5d23-92a3-da7dba4a7c26.html
https://www.somdnews.com/recorder/spotlight/lng-plant-noise-complaints-small-oil-leak-reported/article_e2f69705-2f69-5d23-92a3-da7dba4a7c26.html
https://www.environmentalhealthproject.org/toolkit-mental
https://www.atsdr.cdc.gov/stress/


A substantial amount of energy is required to liquefy methane into LNG, and this energy is provided by burning natural 
gas. That is, natural gas is both the feed source and energy source used to produce LNG. Equations (4) and (5) show 
the emissions of methane and carbon dioxide from the liquefaction process, in units of g CH4/kg LNG burned by the 
final consumer and g CO2/kg LNG burned by the final consumer. Note that emissions of both methane and carbon 
dioxide from the liquefaction process are larger when expressed per kg of final consumption than per kg of LNG 
liquefied. 

 

 

 

These two equations are simply multiplying emission factors applicable to the liquefaction process by the total amount 
of LNG that is transported away from the liquefaction plant in tankers, including LNG burned by the final consumer, 
LNG burned or emitted by tankers, and methane emissions from pipelines in the destination country that carry gas to 
the final consumer. As noted in Equation (3), the value of 1 kg/kg LNG represents the LNG burned by the final 
consumer, and the value of 0.0032 kg/kg LNG is the methane emitted during pipeline transportation from the LNG 
terminal to the electric plant where the gas is finally consumed. In Equation (4), 3.5 g CH4/kg LNG is the total rate of 
release of unburned methane during liquefaction and for regasification based on the mean from the review by 
Balcombe et al. Note that a recent paper reported a lower value, which may represent a best case of what is possible, 
since they required the cooperation from owners of the LNG facilities. The higher value from Balcombe et al. seems 
likely to be more representative of standard industry performance. For Equation (5), the values 270, 57, and 18 g 
CO2/kg LNG are, respectively, the quantities of carbon dioxide emitted from burning gas to power liquefaction, from 
the CO2 that was in the natural gas before processing, and from carbon dioxide produced from flaring. Carbon-dioxide 
emissions from the combustion of the gas powering the plants have been measured at many facilities in Australia, 
Alaska, Brunei, Malaysia, Indonesia, Oman, and Qatar, with emissions varying from 230 to 410 g CO2/kg LNG liquefied. 
Here, I use the mean estimate of 270 g CO2/kg LNG liquefied, which is equivalent to 9.8% of the natural gas being 
liquefied This is comparable to the value used by Balcombe et al. in their lifecycle assessment and is at the very low 
end of emission estimates provided by Pace Global for guidance for new plants built in the United States: 260–370 g 
CO2/kg LNG liquefied. My estimate is, therefore, conservative. In addition, carbon dioxide present in unprocessed 
natural gas, which sometimes contains significant quantities of carbon dioxide, is emitted to the atmosphere as the 
methane in natural gas is liquefied. These emissions are estimated as 23 to 90 g CO2/kg LNG liquefied. Here, I use a 
mean estimate of 57 g CO2/kg. In addition, some natural gas is flared at liquefaction plants to maintain gas pressures 
for safety, with a range of measured carbon-dioxide emissions from zero up to 50 g CO2/kg LNG, and a mean estimate 
of 18 g CO2/kg.15,1 

Reference Number 15: LNG Hazards & their Assessment 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

Reference Number16: Unlocking the potential of cryogenic biogas upgrading technologies integrated with bio-LNG 
production: A comparative assessment. Ahmad Naquash, Neha Agarwal, Muhammad Nizami, Nguyen 
Nhu Nga,  Muhammad Aziz ,  Moonyong Lee . Applied Energy Volume 371, 1 October 2024, 123720 

Biogas has gained increasing consideration as a competitive, environmentally benign, and sustainable alternative 
to fossil fuels. These benefits of biogas necessitate the need for intercontinental transportation, which is challenging 
because of its low energy density. Liquefaction is a viable approach to increase energy density, but this approach is 
energy and cost-intensive and requires high purity of biomethane. Cryogenic biogas upgrading integrated with 
the biomethane liquefaction (or bio-LNG) process is an efficient technique to meet these challenges due to its dual 
benefits: separation with high purity/recovery and precooling of biomethane. This study evaluates different cryogenic 
technologies (distillation, controlled freeze zone (CFZ), and anti-sublimation) and their integration potential with the 
bio-LNG production process from a technical and economic perspective. This type of comparative assessment is not 
found in the open literature. In addition, the CFZ process has not been investigated previously for biogas upgrading. 
The processes are designed and simulated in Aspen Hysys v14. Among all these processes, the CFZ performs better 
due to its single-column operation, which reduces cost and energy requirements. The results reveal that the CFZ 
process is an efficient and economical integrated process, boasting high exergy efficiency (40%), competitive energy 
consumption (0.30 kWh/kg), and a low production cost (6.3 $/MMBtu). This study can help process engineers design 
an improved biogas supply chain in terms of cost and energy. 
 
Introduction 
The consumption of fossil fuels continues to constitute 80% of the global energy demand. Fossil fuel combustion 
significantly contributes to carbon dioxide (CO2) emissions. During the industrial revolution, the CO2 concentration in 
the atmosphere increased from 280 to 390 ppm in 2010. It is estimated to reach around 570 ppm by 2100. There are 
many programs to achieve energy transition toward sustainable, clean, low-carbon energy resources, with the goal of 
carbon neutrality, such as “Horizon Europe,” Tokyo Protocols,” “Paris Agreement,” and “Net-Zero Target” . One type of 
clean energy that can play an essential role in energy transformation is biogas. It can be produced via anaerobic 
digestion of organic fractions of municipal solid waste, energy crops, agricultural residues, or anaerobic fermentation 

https://www.sciencedirect.com/author/56436934500/muhammad-aziz
https://www.sciencedirect.com/author/56967110700/moonyong-lee
https://www.sciencedirect.com/journal/applied-energy
https://www.sciencedirect.com/journal/applied-energy/vol/371/suppl/C
https://www.sciencedirect.com/topics/chemical-engineering/biogas
https://www.sciencedirect.com/topics/materials-science/fossil-fuel
https://www.sciencedirect.com/topics/engineering/low-energy-density
https://www.sciencedirect.com/topics/materials-science/energy-density
https://www.sciencedirect.com/topics/engineering/biomethane
https://www.sciencedirect.com/topics/engineering/biomethane
https://www.sciencedirect.com/topics/engineering/aspen-hysys
https://www.sciencedirect.com/topics/engineering/exergy-efficiency


in landfill gas. Biogas can be utilised as a natural gas substitute for domestic and industrial purposes by being injected 
into the natural gas grid, generating electricity, and producing heat. According to the World Biogas Association, using 
biogas as a natural gas substitute can reduce greenhouse gas emissions by about 20%. 
 
Unlike conventional natural gas, biogas transportation faces challenges due to its production at atmospheric pressure, 
which is lower than conventional natural gas and has lower energy density. The biogas energy density can be increased 
via compression or liquefaction process. To meet natural gas quality standards before being utilised as fuel (CO2 limit 
below 50 ppm), biogas is upgraded to biomethane via treatment to separate the CO2 and other impurities to produce 
biomethane. For long-distance transportation, the liquefaction process of biomethane to produce liquefied 
biomethane (LBM or bio-LNG) is preferred due to its higher energy density. The energy density of bio-LNG is about 
21 MJ/L, similar to conventional LNG, and is 2.4 times higher than that of compressed biomethane (Bio-CNG). 
Biogas upgrading is the essential step in the bio-LNG value chain. There are several ways of upgrading: water 
scrubbing, chemical scrubbing, membrane separation, pressure swing adsorption, and cryogenic processes that 
produce high-purity biomethane.  
The cryogenic process for upgrading biogas has attracted much attention due to its high-purity biomethane production 
and its integration potential with the bio-LNG production process. The cryogenic separation is performed via cryogenic 
distillation, anti-sublimation, and controlled-freeze zone (CFZ) processes. In the cryogenic distillation process, the 
extraction of desired gas components depends on the boiling points of each component. This process's advantage is 
obtaining a high methane (CH4) purity and high CO2 recovery. In addition, the process, the output of the process has a 
lower temperature, with the range of −80 to −90 °C, which is suitable for bio-LNG production due to the requirement 
of cooling duty can be reduced. In the anti-sublimation process, the CO2 is separated from the CH4 via the solidification 
process on the heat exchanger surfaces or a designed cold box that yields the high purity of the product. In a 
controlled freeze process, single cryogenic distillation is employed by separating the CO2 from the natural gas via 
freezing and melting in a design chamber located in the middle distillation column, which consists of three 
subsections: spray nozzles, freeze zone, and melting trays. 
Many researchers have performed and investigated the biogas upgrading via a low-temperature cryogenic separation 
process that influences the economic performance of the bio-LNG value chain. In the cryogenic distillation process, 
Yousef et al.  investigated the upgrading process of a biogas mixture of 60 mol% CH4 and 40 mol% CO2 through one 
distillation column that produces biomethane with a purity of 94.5% and CO2 recovery of 99.7% with a specific energy 
consumption (SEC) of 0.26 kWh/Nm3. The energy efficiency process results up to 95.52%, higher than that of other 
processes, such as membrane (90.2%), chemical absorption (93.1%), and water scrubbing with generation (94.4%). 
Yousef et al.  also proposed the biogas upgrading at the same composition as the previous study via two-column 
distillation columns integrated with the heat recovery system. The energy consumption can be reduced to 0.25 
kWh/Nm3, with the purity of biomethane and CO2 recovery increasing to 97.1% and 99.9%, respectively. However, 
these two studies only investigated biogas upgrading. Pellegrini et al.  studied the comparison of biogas upgrading via 
cryogenic process (distillation and anti-sublimation) and monoethanolamine (MEA) scrubbing process, integrated 
biomethane liquefaction. The study shows that in the MEA scrubbing case, the liquefaction process requires 34.82% of 
the total energy to obtain the bio-LNG. It differs from the anti-sublimation and distillation processes, which require 
25.85% and 29.88% of the total energy, respectively. Baccioli et al.  proposed biogas upgrading using a cryogenic 
process through CO2 solidification with small-size biomethane liquefaction. The study demonstrates that liquefaction 
with liquid nitrogen is the choice and the energy consumption of 1.45 kWh/kg of bio-LNG production. Ghorbani et al.  
proposed the thermo-economic analysis of an integrated biogas upgrading process using cryogenic separation with 
biomethane liquefaction using a mixed fluid cascade cycle. The study shows that the thermal energy efficiency, exergy 
efficiency, and specific power consumption are 73.11%, 72.58%, and 0.4761 kWh/kg bio-LNG, respectively. In addition, 
the economic analysis demonstrates that the production cost of bio-LNG is 0.2399 $/kg bio-LNG with a payback period 
of 2.122 years. In the CFZ process, no study specifies biogas upgrading to separate CO2 from methane. 
Nevertheless, Nizami et al. compared the performance of CFZ and membrane separation of CO2 from CO2-rich natural 
gas integrated with LNG, dimethyl ether (DME)  and multi-chemicals (methanol, dimethyl ether, acetic acid, and formic 
acid) production. The study shows that the CFZ process performs better than the membrane process in terms of 
CO2 capture (99.47%) and hydrocarbon recovery (95.40%). Moreover, biogas upgrading through CO2 anti-sublimation 
has also been investigated by a few authors. Spitoni et al.  proposed integrated biogas upgrading through an anti-
sublimation process and integrated biomethane liquefaction to bio-LNG through an optimisation process using an 
evolutionary strategy algorithm. The result shows that the SEC of 1.093 kWh/kg of bio-LNG produced in the optimised 
case. Naquash et al.  performed the optimisation process using a modified coordinate descent (MCD) algorithm in 
biogas upgrading via an anti-sublimation process integrated with single mixed-refrigerant liquefaction to produce bio-
LNG, with energy and exergy analysis, coupled with economic analysis. The optimal case of this study delivers overall 



energy and exergy savings of 68.6% and 44.62%, respectively, compared to the base case. In addition, the study also 
performed an economic analysis with a total annual cost (TAC) reduction of 37.2% in optimal design. 
 
Several authors have studied standalone cryogenic biogas upgrading and its integration with bioLNG production. They 
concluded that these cryogenic processes are challenging in terms of high purity requirement for biomethane, 
CO2 freezing, and high energy requirement by compressors in the refrigeration cycle. The literature review further 
suggests that cryogenic biogas upgrading process becomes energy efficient when integrated with bio-LNG production 
mainly because of two reasons: production of high purity biomethane and precooling due to low temperature 
operation. This claim needs further investigation as different types of cryogenic technologies exist based on the phase 
(solid and liquid) separation of CO2. Some authors have investigated CO2 separation in solid or liquid form; however, no 
author has developed a comparative evaluation of these separation technologies to conclude which cryogenic 
technology works best with bio-LNG production. To fill this research gap, three cases have been developed and 
discussed in this study: 

• 1. Cryogenic distillation process (Case-I) 
• 2. CFZ process (Case-II) 
• 3. Anti-sublimation process (Case-III) 

 
In addition to the above contribution, this study also presents a novel contribution in evaluating CFZ technology for 
biogas upgrading. The CFZ technology has been investigated before for natural gas purification; however, no study has 
been published yet for biogas upgrading. Therefore, this study presents the comparison of the CFZ process along with 
the cryogenic distillation and anti-sublimation processes for biogas upgrading integrated with bio-LNG production. 
These integrated processes are further analysed with respect to energy, exergy, and economic perspectives. 
Response from MLavelle: It is obvious that this cryogenic biogas upgrading is only at conceptual stage. This paper from 
October 2024 reinforces this point. No details are presented in this application indicating the process to be used for 
coolants & subsequent products. 
 
 
 
 

ISSUE 8: LEAKS 
Having regard to the lack of information with regards to satisfactory measures in the event of an incident, the potential 
for spillage of slurry feedstock, Freezing compounds, solid CO2 and servicing and maintenance details, An Commission 
Pleanala cannot be satisfied that the likely significant effects of the proposed development on European sites 
(River/underground aquifer from karstic under the site), on human population can be screened out.  
 
 

 
 



Therefore, if permitted as proposed, the planning authority cannot be satisfied that the proposal will not adversely 
affect the integrity of European sites in view of their conservation objectives of protected European sites for aquatic 
species & flora and fauna plus nearby houses & wells and would materially contravene numerous Policy Objectives of 
the Tipperary County Development Plan and would be contrary to the proper planning and sustainable development 
of the area. In the event of a spill or fire vast quantities of polluted water will access the adjoining underground aquifer 
through the geological fault under the quarry & Designated European sites. Additionally, it will pollute the future 
source of the Uisce Eireann Shannon to Dublin drinking water project.  
 
The EIAR has submitted numerous conflicting site maps & boundaries as above. ACP must reject the appeal. 
It is considered that the EIAR submitted has not presented a sufficient level of information and correct information for 
assessment in relation to impacts on the Environment and Roads and Transportation, and the interaction between the 
above, for the competent authority to make an EIA determination in accordance with Section 172 of the Planning and 
Development Act 2000 (as amended) that there is a likelihood of environmental effects of a magnitude which would 
have a significant effect on sensitive environmental receptors as a result of the proposed development. Therefore, if 
permitted as proposed for the development would be contrary to the proper planning and sustainable development of 
the area.  
 
Having regard to the location of the application site insofar consideration of the traffic movements scenario that 
entails regularisation of large rigid body articulated vehicles (4- 6 axles) along  substandard roads in width, alignment, 
surface of narrow local roads, uncertainty in road composition in conjunction with the existing road pattern of 
overgrown nature of rural boundary landscape with the lack of width for two articulated vehicles to safely pass one 
another, the potential of creating variability in road edge (swerve /pinch point) and void of any detail road design. 
Whilst such undefined road alterations can inevitably increase approach exit speeds from junctions to the 
development junction traffic movements interalia with development junctions restricted sight distances whereby it is 
considered that the proposed development would endanger public safety by reason of a traffic hazard and would be 
contrary to the proper planning and sustainable development of the area.  
 

ISSUE 9: TRAFFIC & TRANSPORT [ISSUES WERE DEALT WITH IN PREVIOUS SUBMISSION TO TCC]. 

Traffic and Transport Assessment of the P25109-PMCE-XX-XX-RP-TR-3_0003 (2.0) 7 Bio-Renewables Plant at Killough 
Hill, Holycross, Co. Tipperary 

2.3 Traffic Volumes  

Classified 12-hour Junction Turning Counts (JTCs) were carried out on Tuesday 28th May 2024, by Traffinomics Ltd, at 
the following locations:  

• L1309 / Killough Quarry Site Access  

• L1309/ R639 T-Junction  

• L1309 / Aughnagamun Road T-Junction  

 
The traffic counts were carried out between 7am and 7pm.  
It is submitted that the plant will operate on a 24/7 basis. The automatic traffic count should have been continuous 
over a 24hr period for 14 days. 
 
In addition, Automatic Traffic Counts (ATCs) were carried out over a 7-day period in the vicinity of the proposed site 
access, between Friday 23rd May 2025 and Thursday 29th May 2025 on the L1309 at two locations (east and west) in 
the vicinity of the proposed site access. 
 
Vehicle Speed Survey were also undertaken between Friday 23rd May 2025 and Thursday 29th May 2025, on both 
approaches to the site access. The results of the speed survey indicate that the 85th percentile speed on the L1309 in 
the vicinity of the site is currently below 80kph (recorded speed was approximately 59-64kph). The results of the 
speed survey that the reduction of the speed limit did not reflect to a decrease by the full amount of the speed limit 
reduction, but speed limits did decrease approximately to the new speed limit of 60kph. 
A separate independent traffic count & 85% speed assessment was included in my previous submission which 
indicated 85% speed at 77.4kph. [160/85x77.4 = 145.69m Y-distance]. The X-distance of 4.5m is not available and not 
shown on SDT Maps and neither is the Y-distance of 145.69m 

 



The automated Traffic Count below was conducted by Councillor Seamus Walshe, BE, from the 28th October 2025 to 
the 9th November 2025 on behalf of the local community. 
The following results were obtained. 

 

 

 

 



 

The predicted traffic generated by the Proposed Development was not based on comparative biogas plants but based 
on a guestimate of the expected number of truck movements resulting from their operations.’ An estimation of traffic 
movements does not have any real meaning in determining the potential traffic generation from the development. The 
Appellant should have provided verified independent traffic counts from comparable developments. 

 

Traffic and Transport Assessment of the 2 P25109-PMCE-XX-XX-RP-TR-3_0003 (2.0) Bio-Renewables Plant at Killough 
Hill, Holycross, Co. Tipperary  

Executive Summary  

Sightlines have been assessed against Section 6.1 and Tables 6.1 and 6.2 of Volume 3, Appendix 6 of the Tipperary 
County Development Plan 2022-2028, which requires 120m of unobstructed visibility (for a design speed of 60kph on 
the L1309 in accordance with the Road Traffic Act 2024) at a point 4.5m back from the edge of the carriageway. 

Visibility splays looking south are currently restricted due to the embankment, overgrown trees and vegetation at the 
high demand bend to the south of the site. The vegetation will be trimmed/removed, and maintained regularly, and 
the embankment will be reprofiled in order to ensure that the sightlines at the access are kept clear at all times. 

Response from MLavelle: The x-distance setback in this map is not 4.5m as stated by the applicant. Using the scale 
outlined in red, it can be seen that it is less than 2m. 
 



 
 

 

 
Response from MLavelle: The applicant has no authority or consent to reprofile or cut back vegetation. Dromada 
Windfarm Ltd. Versus Denis Cremins refers. 
 

3.2.2 Miscellaneous Trips  

Feedstock intake trucks during the operational period normally will be not associated with tractors. Tractors will only 
operate for 17 days over a 5-month period to haul silage with a maximum of 15 loads per day. Therefore, a total of 30 
trips has been assumed to occur daily in the most conservative approach to cater for possible miscellaneous trips 
associated with the site. These miscellaneous trips also allow for operations meetings, site inspections, maintenance 
operations for plant and machinery, etc. 

Response from MLavelle: These assumptions are just that. They are not verified through comparable traffic counts at 
similar plants. 



 

The 12hour period/6-day period over which the May automated traffic count was conducted on the 28th May 2025/23rd-
29th May does not seem a sufficient duration of time to determine a reliable weekday road traffic average according to 
PE-PDV-02045 where it states: ‘It is essential that the developer or promoter should provide a full and detailed 
assessment of how the trips to and from the development might affect the transport network’. Additionally, TII PAG Unit 
16.0 (PE-PAG-02038) guideline states that ‘AADT is best calculated by using a long sample set of data’ (Section 2) and 
suggests an alternative method of estimating AADT (Section 3) using the Localised Period Count Method which stating 
a minimum of 14 days during a neutral period. 

 

3.2 Trip Generation [Operations]  

The proposed development operations would include the following:  

• Feedstock intake, including fresh grass, slurry and potale, which is estimated to be c. 45,000 tonnes per 
annum. The majority of feedstocks will be supplied locally (c. 81%), and consideration will be given to supply 
within a radius of less than 20kms approximately.  

• Total production, includes fertiliser, biomethane and CO2. The adjacent Roadstone Killough Quarry plant will 
utilise the electricity, bio-methane and water generated by the proposed development. Pelletised fertiliser will 
be available for supply to local agriculture and traders off-site. LNG and CO2 will be pressurised and stored for 
ongoing draw-off by tankers to points of re-use off-site.  

• Same trucks leave the site with fertiliser that brought silage feedstock to the site.  

• A percentage of bio-methane will be used on site.  

Response from MLavelle: They feedstock is stated to be 45,000 tonnes per annum versus previous 90,000 tonnes per 
annum & 105 tonnes per annum. Which one are they basing the guestimates of traffic count on? 

Tipperary County Development Plan 2022 – 2028 

12 – 6 (a) Facilitate a limited level of new accesses, or the intensified use of existing accesses to the national road 
network, on the approaches to, or exit from urban centres that are subject to a speed limit zone between 50kmph and 
60kmph, otherwise known as the transition zone noting the provisions of TII Publication Standard DN-GEO-03084 ‘The 
Treatment of Transition Zones to Towns and Villages on National Roads.  

(b) Such accesses will be considered where they facilitate orderly urban development and would not result in a 
proliferation of such entrances, leading to a diminution in the role of these transitional zones.  

(c) A Road Safety Audit, prepared in accordance with the Design Manual for Roads and Bridges (TII, 2010), shall be 
submitted, where appropriate.  

Response from MLavelle: Stage 1/2 Road Safety Audit was not provided as part of Application 
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6.2 Traffic and Transport Assessments  

The Council in accordance with the Traffic and Transport Assessment Guidelines (TII, 2014) and any amendment 
thereof, will require the submission of a Traffic and Transport Impact Assessment (TTIA) for large scale developments 
or developments that may impact on the carrying capacity or public safety of the road network. The following are the 
minimum thresholds of developments which will require a TTIA:  

• Residential Development over 200 dwellings  

• Retail and Leisure Developments over 1000 sqm.  

• Industrial Developments over 5000 sqm.  

• Office, Hospitals and Educational Developments over 2500sqm.  

• Distribution and Warehousing Developments over 10000 sqm. TTIAs will also be required where there is a 10% 
increase in traffic (or a 5% increase in congested areas). Where the Council considers that a development may have an 
impact on the carrying capacity of the surrounding network, a TTIA may also be required for sub threshold 



development. Such a decision will be based on an evaluation of the proposal against Table 2.2 and 2.3 of the Traffic 
and Transport Assessment Guidelines (TII, 2014), and any amendment thereof.  

6.3 Road Safety Audits  

A Road Safety Audit is an evaluation of the road’s element of a development proposal from preliminary 
design to post-construction stage with a view to promoting the highest standard of safety for all road users, 
but especially vulnerable road users such as pedestrians, cyclists and children, to identify potential road 
safety issues, and to suggest measures to eliminate or mitigate concerns. The Council will require a Road 
Safety Audit where a development is likely to have a significant impact on road safety and where it is 
necessary to ensure that housing proposals comply with the Guidelines on Sustainable Residential 
Development in Urban Areas and the Design Manual for Urban Roads and Streets (DEHLG, 2009) (DMURS). 
Road Safety Audits shall be carried out independently by assessors approved by TII in accordance with their 
guidance publication, Road Safety Audit, March 2017 (as may be amended) and in the case of new 
residential development (of 20 units or more) with the DMURS  
 

3.1 Collision History  
Due to ongoing review of road traffic collision data by the Road Safety Authority website, no traffic collision data could 
be obtained for the vicinity of the proposed development site. 
 
No Road Safety Audit was submitted and the collision data could have been sought as was done by a community for a 
nearby Biogas Plant in Galway. 
 
The local community requested FoI from the Road Safety Authority and were provided with the following: 

 
 I refer to your request, received by this office on 1 December 2025, which you have made under the Freedom 
of Information Act 2014 for records held by Road Safety Authority (RSA). 
 
“ I, Velma Burns have now made a final decision to grant your request on 30 December 2025.  
The purpose of this letter is to explain that decision. This explanation has the following parts:  
1. an explanation of the relevant findings, and  
2. a statement of how you can appeal this decision should you wish to do so.  
This letter addresses each of these two parts in turn.  
 
1. Findings  
Between 1 January 2020 and 28 January 2025, there have been 10 road traffic collisions (fatal, serious injury, 
or minor injury) reported to An Garda Síochána and recorded by An Garda Síochána having occurred on the 
R355 from Ballinasloe Town (approximate coordinates 53.31463537563086, -8.244126916437608) to 
Portumna (approximate coordinates 53.09785740238358, -8.225737608412963)  
Of these 10 collisions, 3 were serious injury collisions and 7 were minor injury collisions.  
Of these 10 collisions:  
• 6 of the collisions were multiple vehicle collisions meaning there was more than one vehicle involved. Of 
these 6 collisions, 3 were head on collisions and the remaining 3 were either rear end collisions or angle 
collisions.  
• 4 of the collisions were single vehicle collisions meaning there was no more than one vehicle involved. 
These single vehicle collisions involved the vehicle colliding with a road edge ditch or with a wall.  
The above information is provisional and subject to change.  
 
Please note, the collision data does not contain information on cause or contributory factors of the collision 
i.e. drink driving.  
For list of definitions, please see below:  
Serious injury collisions: Where there are no deaths but a person or persons are seriously injured.  



Serious injury: A “serious injury” is an injury for which the person is detained in hospital as an ‘in-patient’, or 
any of the following injuries whether or not detained in hospital: fractures, concussion, internal injuries, 
crushings, severe cuts and lacerations, or severe general shock requiring medical treatment.  
Minor Injury Collision: Where there are no deaths or serious injuries, but a person or persons are minorly 
injured.  
Minor Injury: An injury of a minor character such as a sprain or bruise  
 
2. Rights of appeal  
In the event that you are unhappy with this decision you may appeal it. In the event that you need to make 
such an appeal, you can do so by writing to the Freedom of Information Officer, Road Safety Authority, Moy 
Valley Business Park, Primrose Hill, Ballina, Co. Mayo, F26 V6E4 or by e-mail to foi@rsa.ie. Please note that a 
fee applies for such a review. The level of this has been set at €30 and payment can be made as set out in the 
enclosed information note. You should submit this within 4 weeks from the date of this notification, where a 
day is defined as a working day excluding the weekend and public holidays. However, the making of a late 
appeal may be permitted in appropriate circumstances. The appeal will involve a complete reconsideration of 
the matter by a more senior member of staff of this body and the decision will be communicated to you 
within 3 weeks.  
Should you have any questions or concerns regarding the above, please contact me at vburns@rsa.ie.  
Yours sincerely,  
Velma Burns  
Research Manager 
 
There is no excuse for the applicant not accessing this information & including it as part of the application in an 
unlimited application period.  
 
 
Ist Party Appeal :  

1.4 Methodology  

The methodology adopted for this appraisal and report involved, in brief:-  

• Site Visit: Site visits on Tuesday 16th July 2024 and on Friday 24th October 2025, the weather was dry, and the 

ground surface was dry.  

2.3 Traffic Volumes  

• Classified 12-hour Junction Turning Counts (JTCs) were carried out on Tuesday 28th May 2024, by Traffinomics Ltd, at the 

following locations: 

The traffic counts were carried out between 7am and 7pm. This time period also includes the peak hours on the 
adjacent road network. 

In addition, Automatic Traffic Counts (ATCs) were carried out over a 7-day period in the vicinity of the proposed site 
access, between Friday 23rd May 2025 and Thursday 29th May 2025 on the L1309 at two locations (east and west) in 
the vicinity of the proposed site access. 

Response from MLavelle: Automatic speed counts were conducted over a 7-day period according to above & not 
automatic traffic counts. 

Vehicle Speed Survey were also undertaken between Friday 23rd May 2025 and Thursday 29th May 2025, on both 
approaches to the site access. The results of the speed survey indicate that the 85th percentile speed on the L1309 in 
the vicinity of the site is currently below 80kph (recorded speed was approximately 59-64kph). The results of the 
speed survey that the reduction of the speed limit did not 

4 Trip Distribution & Assignment  
4.1 Trip Distribution & Composition  
Appendix A includes extracts from the TRICS database, which provides forecast data for arrivals and departures at 
similar sites. 



Appendix A – TRICS Output 7.10.4 

TRIP RATE CALCULATION SELECTION PARAMETERS:  
Land Use : 02 - EMPLOYMENT  
Category : H - QUARRY TOTAL VEHICLES 

• DC-02-H-02 STONE QUARRY DORSET 

• DH-02-H-01 LIMESTONE QUARRY DURHAM 

• GM-02-H-01 STONE QUARRY GREATER MANCHESTER 

• HP-02-H-01 QUARRY HARTLEPOOL 

• NN-02-H-01 GRAVEL QUARRY NORTH NORTHAMPTONSHIRE 

Response from MLavelle: This TRICS assessment does not relate to a Biogas Plant. 
 
The proposed development would give rise to the intensification of use of access onto/from National/Regional/Local 
Roads at points where the maximum 80kph speed limit applies or the 85% speed applies, where the roads have 
curving horizontal radii and sub optimum vertical alignment which significantly results in substandard sightlines for 
vehicles accessing, egressing and in particular whereby the potential arises to generate haphazardous right hand 
turning movements from the Local Roads, the primary haulage routes to the proposed site. It is considered the 
required visibility splays lie outside the control of the applicant in conjunction with the intensification of development 
traffic would endanger public safety by reason of a traffic hazard and would give rise to additional potential conflict to 
arise between traffic arising from these junction and other road users of these routes. The proposed development 
would be contrary to Policy Objectives of the Tipperary County Development Plan, which seeks to protect and 
safeguarding the capacity and safety of Restricted Regional & local Roads of the Tipperary County Road network. If 
permitted as proposed, the development as proposed would interfere with the safety and free flow of traffic on the 
public road and would endanger public safety by reason of traffic hazard, obstruction of road users, or otherwise, and 
therefore would be contrary to the proper planning and sustainable development of the area.  
 
The Agent states that the developer provided the traffic estimation. This is not acceptable. Proper referenced traffic 
volumes with automatic counts from similar plants should have been provided. Basically, the traffic estimation is just a 
guess. 
 

ISSUE 10: 
 
The issues raised in relation to Roads & Transportation & compliance with the Tipperary County Development Plan 
2022-2028 have not been complied with: 
 

Tipperary County Development Plan – Chapter 6 : Transport and Movement 
 
 

There is incomplete information provided with the application regarding Traffic and Transport Impacts for the following 
reasons; 

• The set back distance for sightlines does not comply with the requirements of the Tipperary County 

Development Plan 2022- 2028 & TII Standards, which require a 4.5m sightline set‑backs for a development of 

this nature. 

• The sightlines as indicated are not achievable owing to the absence of landowner consent and should be 

145.69m & not 120m.  

• The Traffic and Transport Assessment (TTA) states that traffic volumes generated by the proposal will be low. 

This assertion requires evidence based support. 

• Turning lanes at the entrance should have been considered to minimise potential traffic impacts & at 

dusk/dawn, especially relating to: 

- HGV deliveries entering the site, 
- Slow‑moving vehicles exiting the site, 
- Associated road safety risks on the road network. 

• The Road Safety Audit was not provided. 

• No pavement impact assessment has been carried out for the existing road network.  

• Feed materials are described as originating from local sources, but: 

- No assessment of external haul routes has been provided, or safe farmyard accesses, 



- No pavement or structural impact assessment has been completed for the local road network serving these 
routes. 

 
 

 

 



 
 

 

 
 

S.I. No. 600/2001 - Planning and Development Regulations, 2001 

(g) where the applicant is not the legal owner of the land or structure concerned –   

(i) the written consent of the owner to make the application, or  

(ii) in the case of a proposed development, or part of a proposed development, that is in, on, over or under a public 
road, written confirmation that the proposed development concerned is to be undertaken by a statutory undertaker 
having a right or interest to provide services in connection with the proposed development. 

Private Wires Policy Statement: From: Department of Climate, Energy and the Environment 15 July 2025 

3.2 Private Wires Guiding Principles 

The statement set out that any expansion of the right of private developers to build Private Wires will be guided by the 
following policy considerations: 

• Private Wires will have to be developed with the consent of local communities and landowners. Private Wire 

developers will not have wayleave or other powers to use land. 

4.1 Private Lines from a Generator to a Customer 

The developers of Private Wires will not enjoy any statutory powers to acquire or use lands. Private Wire projects will 
have to be built based on the agreement of any landowners affected.   

Note that Dromada Windfarm (ROI) V Denis Cremins, HC. (2023)IEHC 417 determined that the grass verge is private 
property and consent is required to use it. 

 
 

 
 

https://www.gov.ie/en/department-of-climate-energy-and-the-environment/


 
ISSUE 11: 

 
The Applicant indicates a supply system covering a 20km radius. This supply system involves traffic intensification. The 
existing Local Roads do not have widths greater than 4metres, which cannot accommodate HGV passing movements. 
Additionally, no structural assessment of these roads was provided. The significant additional heavy vehicle traffic 
movements that will be necessary to both feed into the AD Plant and remove product in itself increases the risk to 
road users in a very rural environment and already well used category of road.  A twoway-sweptpath analysis for HGV’s 
should have been included with farmyard accesses and excluding setdown areas in front of existing houses. It should 
also be noted that the grass verge is not part of the public road as per Dromada Windfarm (ROI) V Denis Cremins, HC. 
(2023)IEHC 417. Similarly ACP have to comply with the adopted policies adopted by the Galway CDP in relation to 
Road Safety Policies as outlined in DM 27 & 28. Crofton Buildings Management CLG & Anor v An Bord Pleanála and 
Fitzwilliam DL Limited, High Court [2022] IEHC 704.  
The 20km radius is largely beef cattle farms. The use of digestate from a biogas unit will be continuous over the 12-
month period. This will involve a change from grass to tillage with annual crop rotation. This change will remove the 
carbon sequestration of the grass & totally change the Carbon savings submitted in association with the collection & 
delivery of biogas & its digestate plus increased tillage farming mechanical plant. The surrounding lands are in 
grassland and it is likely that crop rotation is not practised and that land is in permanent pasture. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
ISSUE  12: 

 

 
3.2 Trip Generation [Operations]  

The proposed development operations would include the following:  

• Feedstock intake, including fresh grass, slurry and potale, which is estimated to be c. 45,000 tonnes per 
annum. The majority of feedstocks will be supplied locally (c. 81%), and consideration will be given to supply 
within a radius of less than 20kms approximately.  

Response from MLavelle: Table 12.11 indicates 90,000tonnes/annum for these products. Where is 45,000tonnes 
coming from? Where is the other 45,000tonnes/annum? Were the traffic assumptions based on this 
45,000tonnes/annum?  

 



 

 

 

 

 

 

 

 

 
 

 
ISSUE 13 : 

 
This proposed project involves the processing of dangerous substances in a rural area with nearby houses & farms. The 
determination by the HSA(below) indicates that there is no conclusion yet on the issue of a COMAH site. The biogas 
process of methane generation does not end as soon as the digestate is removed into storage & that creates an 
explosive risk for the community. 
 

 



 
 

 
  

 
2.3.3 SEVESO III Directive / Control of Major Accident Hazards (COMAH) Regulations  
The Chemicals Act (Control of Major Accident Hazards Involving Dangerous Substances) Regulations 2015 (S.I. No. 209 
of 2015) transpose Directive 2012/18/EU of the European Parliament and of the Council of 4 July 2012 on the control 
of major-accident hazards involving dangerous substances, which amended and subsequently repealed Council 
Directive 96/82/EC (“the Seveso III Directive”).  
The purpose of the COMAH Regulations is to establish rules for the prevention of major accidents involving dangerous 
substances and to limit, as far as possible, the consequences of such accidents for human health and the environment, 
with the overall objective of providing a high level of protection in a consistent and effective manner.  
Under the COMAH Regulations, operators of establishments that store, handle or process dangerous substances above 
defined threshold quantities are required to take all necessary measures to prevent major accidents and to limit their 
consequences for human health and the environment. An establishment may be classified as an upper-tier or lower-
tier site depending on the inventory of dangerous substances present; sites that store, handle or process dangerous 
substances only below the relevant lower-tier thresholds do not qualify as establishments for the purposes of the 
Regulations.  



 
SEVESO/COMAH Assessment of the Proposed Development  
Methane, the primary combustible component of biogas, is classified as a P2 flammable gas under Regulation (EC) No. 
1272/2008 on the classification, labelling and packaging of substances and mixtures. Of the flammable substances 
considered for the Proposed Development—biomethane, propane and diesel—all are classified as “named dangerous 
substances” under Part 2 of the Seveso III Directive / COMAH Regulations, with the exception of biogas (i.e. untreated 
biomethane), which is not a named substance but is captured under the generic P2 flammable gas category.  
According to Note 19 in Annex I of the Seveso III Directive, upgraded biogas (biomethane) is treated in the same way 
as natural gas. It therefore has qualifying quantities of 50 tonnes for lower-tier and 200 tonnes for upper-tier 
classification. Propane (LPG) shares the same qualifying quantities, whereas diesel has significantly higher qualifying 
quantities of 2,500 tonnes for lower-tier and 25,000 tonnes for upper-tier classification.  
Biogas falls under Part 1 of Annex I to the Directive, within the “categories of dangerous substances” as a P2 flammable 
gas. Under the COMAH Regulations, P2 flammable gases have a threshold quantity of 10 tonnes for lower-tier 
classification. For the Proposed Development, the maximum quantity of biogas has been calculated as 7.98 tonnes, 
taking into account gas membranes, digester tank freeboards and associated pipework.  
Applying the aggregate calculation method set out in Annex I of the Seveso III / COMAH regime, the proposed facility, 
when operating at full capacity, remains below the lower-tier threshold at which the COMAH Regulations would apply. 
The aggregated fraction for all relevant dangerous substances is calculated to be 0.81, i.e. less than 1, and therefore 
the site does not constitute a Seveso / COMAH establishment. 
 
 
Reference Number 17: Australian Meat Processor Corporation Ltd (AMPC).  -- Appendix 2: Hazard and Risk Assessment 

- Biogas Systems  

Response MLavelle: Distances for Explosion at 200m & H2S/CO Risks up to 500m are provided in this Appendix. The 
author of this Response could not find a similar Appendix that gave distances. There are numerous houses & farms 
within this 500m radius. 

3 Hazard identification and qualitative risk estimation  

3.1 Hazards  

The principal events having potential impact both on-site and off-site are primarily related to the hazardous properties 
of the biogas and the release locations. Bio-gas is flammable and consists primarily of methane and carbon dioxide 
with traces of other compounds such as hydrogen sulphide. It is therefore flammable and potentially explosive. These 
types of events within the biogas system need control, using both installed safety systems as well as physical 
separation of plant from vulnerable resources.  

A bio-gas system is often composed of:  
1. Influent feed system  
2. Covered anaerobic lagoons (CALs)  
3. Bio-gas transfer systems (BGT)  
4. Flare systems  
5. Bio-gas utility systems (UTIL).  
 
A hazard identification (HAZID) exercise was carried out using a combination of loss of containment (LoC), Failure 
Modes and Effects Analysis (FMEA) and Hazard and Operability (HAZOP) study techniques. The outcomes are shown in 
Tables 2 to 5. 

1. Typical severity scales are:  

 
(i) People (PE):  
1 = Slight injury (no medical treatment needed)  
2 = Minor injury (medically treated injury)  
3 = Major injury (potentially permanent effects, hospitalization)  
4 = Fatality  
5 = Multiple fatalities  
 
(ii) Environment (EN):  



1 = Low pollution (no observable effects)  
2 = Minor pollution (minor effects on plant and animals; contained impacts, cleanup)  
3 = Moderate pollution (moderate effects on plants and animals, extensive cleanup, report to authorities)  
4 = Major release (major effects on plants and animals, possible prosecution, substantial cleanup)  
5 = Extreme event (permanent environmental effects, possible loss of licence to operate, possible company and 
director prosecutions)  

(iii) Assets (AS):  
1 = Negligible impact (no equipment damage, no loss of production)  
2 = Minor (minor/superficial damage to equipment/facility, minor impact on production)  
3 = Moderate (moderate damage and significant loss of production)  
4 = Major (requires significant preventative/corrective actions, serious loss of production)  
5 = Extreme impacts (future operation seriously affected, urgent corrective action, major loss of production)  

2. Typical frequency ranges would be:  
A = less than 1 in 1000 years (frequency, f < 0.001 per annum.)  
B = between 1 in 100 to 1000 years (f range is 0.001 – 0.01 p.a.)  
C = between 1 in 10 to 100 years (f range is 0.01 – 0.1 p.a.)  
D = between 1 in 1 to 10 years (f range is 0.1 – 1 p.a.)  
E = greater than 1 per annum. (f > 1 p.a.)  

The above severity and frequency scales were used to estimate qualitative risks that are presented in Tables 2 to 5 for 
each of the sub-systems of a typical bio-gas facility. 

The risks related to people on-site considered a probability of exposure PE to the hazardous event, as well as a 
probability of gas ignition PI1 when flammable gas releases were involved. Again this was classed as:  

High (H) = almost certainly in the event area (PE > 0.9),  
Medium (M) = occasionally in the area (PE ~ 0.5), or  
Low (L) = rarely in the area (PE < 0.1)  

In the case of environmental and asset impacts, the exposure probability of the risk receptor was assumed to be 1. The 
residual risk estimates (R) are shown in Tables 2 to 5.  

In making the risk rankings for identified events, a semi-quantitative approach was taken that used some generic 
failure rates for certain equipment types. These frequencies2 included:  

1. Major and total failure of DN 200-350 steel pipelines: 6 x 10-7 /yr/m  
2. Major failure of valves: 1 x 10-3 /yr  
3. Flange or connection failures: 1 x 10-2 /yr  
4. Reciprocating compressor failure: major 1 x 10-4 /yr; minor 1 x 10-2 /yr.  
5. Ventilation electric motor failure: 1 x 10-1 /yr  

Little information is available on failure rates and reliability of equipment operating in the bio-gas industry and as such 
the generic oil and gas data were used. For pipelines a segment length of 10m was used as a basis for frequency 
estimates.  

Off-site individual risks would normally assume constant exposure to any risks generated from bio-gas operations. 
However, given the general location of bio-gas facilities and the use of separation distances between bio-gas facilities 
and sensitive land uses, the risks to the general public are likely to be low.  

For specific plant locations and surrounding sensitive land uses, quantified risk assessment would be required to 
assess the imposed risks and adequacy of the proposed design and operations. 



 

 



 

 

 



4.5.1 Explosion events  

To estimate impact distances to 7 kPa and 14 kPa overpressure a Multi-energy model (MEM) was used as well as a 
simple TNT model (TNO 1997). The MEM used a blast strength of 7, which represents a significantly confined vapour 
cloud situation. Figure 3 shows the overpressure profile from the blast centre, assuming that the building cladding 
provides no significant attenuation of the blast.  

The estimates show:  

1. 14 kPa overpressure at ~75m  
2. 7 kPa overpressure at ~120m.  
 
The value of 7kPa relates to maximum overpressures at residential locations, whilst 14kPa overpressure relates to 
nearby industrial activities. The implications are important for locating the enclosed genset facility on the bio-gas site 
in order to minimize overpressure effects in the case of an accident. 

 
Note the effect of explosion in the context of distance up to 200m. 

Significance:  
1. The explosion overpressures from confined bio-gas explosions can have significant on-site implications, and 
potential off-site impacts depending on location of the genset facility in relation to other land uses.  
2. The confinement of flammable vapour greatly increases blast overpressures.  
3. It only takes a short time to reach the bio-gas UFL level in the event of ventilation failure and gas release by which 
time there is sufficient gas to generate an explosion if it is ignited.  
4. Siting of facilities is important, both for on-site impacts and for off-site impacts.  
5. Human injury or death is most likely due to shrapnel and flying objects rather than the blast overpressure.  
6. At an overpressure of 7kPa, significant window breakage will occur.  

4.6 Impact of hydrogen sulphide within bio-gas releases  

Analysis of hydrogen sulphide (H2S) impacts that occur with bio-gas releases were analyzed for several scenarios:  
1. Bio-gas loss of containment from the CAL  
(i) 1000mm diameter release with CAL pressure of 100 Pa.g  
(ii) 200mm diameter release at 50 Pa.g.  
2. Bio-gas loss from transmission systems, after blower  
(i) 100mm diameter release at 4 kPa.g  
(ii) 200mm diameter release at 5 kPa.g.  



The basic assumptions used in predicting downwind concentrations of H2S were:  

1. Release concentrations of 2000 ppmv (0.2% by volume, 0.278 wt %) and 50,000 ppmv (5% by volume, 6.627 wt %) 
of H2S.  
2. Horizontal release at a height of 1m above grade.  
3. Ambient temperature of 20C̊.  
4. Rural dispersion conditions, where few obstacles are present.  
5. Two atmospheric conditions of unstable atmosphere and moderate winds of 4 m/s (B4), and very stable night time 
conditions and low wind speed of 2 m/s (F2).  
6. Use of a simple, standard Gaussian dispersion model (CCPS, 2000) assuming very low momentum releases.  
 
These assumptions are regarded as conservative. Any detailed studies for particular site configurations should be done 
with specific assumptions relevant to the situation.  

The simulations were done to estimate ground level concentrations down the centerline of the plume (highest 
downwind concentrations). 

 

It can be seen that under a range of conditions, high concentrations of H2S can exist for distances beyond 500m. 
These events are analyzed more closely in the risk assessment in section 5.4 



 

 

5.4 Hydrogen sulphide impact risks  

Hydrogen sulphide is a toxic gas. As such it can cause a range of physiological responses from simple annoyance to 
permanent injury and onto death.  

There are a number of approaches to deal with the impacts of toxic gases. These include fatality estimates, and also 
several concentration levels normally applied for off-site emergency response. The next 2 sections deal with these 
approaches.  

5.4.1 Fatality levels  

The application of probit functions (Probit = probability unit: a common form of representing toxic dose-response data. 
The probit value (goes from 2 (0% impact) to 8 (100% impact) with a mean at 5 (50% impact) and is sigmoidal in 
shape.)  that describe dose-response relationships. These are often used for estimating the percentage fatality of an 
exposed population. A commonly used probit for H2S is given by VROM (2005b) as:  

Pr = -11.5 + ln (C1.9.t)  

where:  
t = exposure time in minutes  
C = gas concentration (mg/m3)  
Using this probit, the concentration level for different exposure times that leads to a 1% fatality is shown in Table  

 

As can be seen in Table 13, short term exposures of 5 to 10 minutes have quite high H2S concentration. Even so, 
longer term exposures which might be related to off-site situations, are still above 100ppmv. 

5.4.2 Emergency response levels  



There are two main emergency response level approaches:  
1. Emergency Response Planning Guidelines (ERPG) levels  
2. Acute Exposure Guideline Levels (AEGLs)  

These are primarily used for exposures of the general public to accidental releases of toxic substances. They can be 
very helpful in land use planning circumstances as well as emergency response to accidental releases.  

There are three ERPG levels designated for H2S:  

ERPG-1: 0.1 ppm  
ERPG-2: 30 ppm  
ERPG-3: 76 ppm  

ERPGs are for 1 hour exposure. Their definitions are:  

ERPG-1 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed 
for up to 1 hr without experiencing other than mild transient adverse health effects or perceiving a clearly defined, 
objectionable odour.  

ERPG-2 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed 
for up to 1 hr without experiencing or developing irreversible or other serious health effects or symptoms which could 
impair an individual's ability to take protective action.  

ERPG-3 is the maximum airborne concentration below which it is believed that nearly all individuals could be exposed 
for up to 1 hour without experiencing or developing life-threatening health effects. 

======================== 

An alternative approach that takes into account exposure time is given by the Acute Exposure Guideline Levels 
(AEGLs). These are given for H2S as: 

 

The definitions are:  

AEGL-1 is the airborne concentration, expressed as parts per million or milligrams per cubic meter (ppm or mg/m3) of 
a substance above which it is predicted that the general population, including susceptible individuals, could experience 
notable discomfort, irritation, or certain asymptomatic nonsensory effects. However, the effects are not disabling and 
are transient and reversible upon cessation of exposure.  

AEGL-2 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 
general population, including susceptible individuals, could experience irreversible or other serious, long-lasting 
adverse health effects or an impaired ability to escape.  

AEGL-3 is the airborne concentration (expressed as ppm or mg/m3) of a substance above which it is predicted that the 
general population, including susceptible individuals, could experience life-threatening health effects or death. 

Significance:  

1. Small 200mm diameter CAL H2S releases during day-time and night-time periods at an upper concentration 

level of 0.2% (2000 ppmv) do not seem to constitute a major problem.  

 
2. Small, 200mm diameter CAL H2S releases at 5% concentration (50000 ppmv) during night conditions could 

have significant impacts.  

 
3. Large H2S CAL releases of 1000mm diameter at 0.2% (2000 ppmv) during night conditions could in some 

circumstances be problematic. 

 



4.  Large H2S CAL releases of 1000mm diameter at 5% (50000 ppmv) would be of major concern during both day 

and night periods.  

 
5. Bio-gas transmission releases of 100mm diameter at 0.2% H2S will not have significant impacts for day-time 

conditions.  

 
6. Bio-gas transmission releases of 100mm diameter at 5% H2S will be problematic for any atmospheric 

condition.  

 
7. For 200mm releases from bio-gas transmission at 0.2% (2000 ppmv) only daytime conditions do not have 

significant impacts, whilst 5% (50000 ppmv) releases would be problematic.  

Note the downwind distances for H2S effects up to 500m in Cases below: 

Case 1, 50Pa.g, 1000mm aperture, 30º, D4, LFL 

 
 
Case 2, 100Pa.g, 1000mm aperture, 30º, D4, LFL 

 
 
 
Case 2, 100Pa.g, 1000mm aperture, 30º, D4, LFL 



 
 
Case 2, 100Pa.g, 1000mm aperture, 30º, D4, half LFL 

 

Case 3, 100Pa.g, 1000mm aperture, 30º, B2, LFL 

 
 

 
Case 3, 100Pa.g, 1000mm aperture, 30º, B2, half LFL 



 
 
Case 4, 200Pa.g, 1000mm aperture, 15º, D4, LFL (Rivalea test) 

 
 
Case 4, 200Pa.g, 1000mm aperture, 15º, D4, half LFL (Rivalea test) 

 
 
 
 
 
 
Case 4, 200Pa.g, 1000mm aperture, 0º, D4, LFL (Rivalea test) 



 
 
Case 4, 200Pa.g, 1000mm aperture, 0º, D4, half LFL (Rivalea test) 

 
 
Case 5, 50Pa.g, 200mm aperture, 90º, D4, LFL 

 
 

 
 
 
 
 
Case 5, 50Pa.g, 200mm aperture, 90º, D4, half LFL 



 
 
Case 5, 50Pa.g, 200mm aperture, 30º, D4, LFL 

 
 
Case 5, 50Pa.g, 200mm aperture, 30º, D4, half LFL 

 
 
 
 
 
 
 
Case 5, 4kPa.g, 100mm aperture, 30º, D4, LFL 



 
 
Case 5, 4kPa.g, 100mm aperture, 30º, D4, half LFL 

 
 
Case 6, 100Pa.g, 5000mm aperture, 15º, D4, LFL 

 
 
 
 
 
 
Case 6, 100Pa.g, 5000mm aperture, 15º, D4, half LFL 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ISSUE 14: 

 
The applicant submitted an appeal to the decision by Tipperary  County Council to refuse planning permission. There 
were 333 submissions from the public & none of the issues raised in these submissions were addressed. I would ask 
that these submissions be addressed by ACP as part of this appeal Response. 
 

333 Submissions 
  

Submission [E] Alan Kelly TD 594 Kb 

Submission [E] Alma Shanahan 102 Kb 



Submission [E] Amanda Flanagan 35 Kb 

Submission [E] Ann Walsh 137 Kb 

Submission [E] Anne Molony 67 Kb 

Submission [E] Anthony & Nicola Murphy 87 Kb 

Submission [E] Anthony & Nicola Murphy 411 Kb 

Submission [E] Brid Gleeson 10533 Kb 

Submission [E] Bridget Cullen 34 Kb 

Submission [E] Bridget Gleeson 38 Kb 

Submission [E] Cara Shanahan 37 Kb 

Submission [E] Catherine Brittain 34 Kb 

Submission [E] Charles Lamb 609 Kb 

Submission [E] Ciara Gleeson 514 Kb 

Submission [E] Ciaran Lynch 339 Kb 

Submission [E] Ciaran Lynch 455 Kb 

Submission [E] Ciaran Lynch 35 Kb 

Submission [E] Deirdre Murphy 86 Kb 

Submission [E] Donal Shanahan 92 Kb 

Submission [E] Eamonn Flanagan 34 Kb 

Submission [E] Jack Murphy 202 Kb 

Submission [E] James Fanning 36 Kb 

Submission [E] Jamie Fanning 36 Kb 

Submission [E] Joan Cummins 35 Kb 

Submission [E] John Flanagan 35 Kb 

Submission [E] Kevin Maher 139 Kb 

Submission [E] Kevin Maher 1351 Kb 

Submission [E] Kevin Maher 8408 Kb 

Submission [E] Kevin Timmons 35 Kb 

Submission [E] Killough Biogas Concern Group 10281 Kb 

Submission [E] Liam Shanahan 81 Kb 

Submission [E] Liam Shanahan 36 Kb 

Submission [E] Lime Tree Farms Limited 34 Kb 

Submission [E] Louise Morgan Walsh 581 Kb 

Submission [E] Mardi Maher 34 Kb 

Submission [E] Margaret Byrne 36 Kb 

Submission [E] margaret carignan 34 Kb 

Submission [E] Maria Fanning 36 Kb 

Submission [E] Mary Ryan 34 Kb 

Submission [E] Michael Brennan 33 Kb 

Submission [E] Michelle Donnelly 133 Kb 

Submission [E] Pat Shanahan 12778 Kb 

Submission [E] Pat Shanahan 732 Kb 

Submission [E] Patricia Flanagan 35 Kb 

Submission [E] Patrick Lambe 75 Kb 

Submission [E] PETER SWEETMAN 177 Kb 

Submission [E] Proinsias & AnneMarie Greene 142 Kb 

Submission [E] Proinsias & AnneMarie Greene 35 Kb 

Submission [E] Rosaleen Fitzgerald 35 Kb 

Submission [E] Thomas & Eileen Gleeson 154 Kb 

Submission [E] Tom Cummins 36 Kb 

Submission 16 new submissions received 14/01/26 2313 Kb 

Submission 16 Submissions received on 15/1/26 11465 Kb 



Submission 2 submissions rec 19/01/26 15690 Kb 

Submission 28 submissions received 13/02/25 32970 Kb 

Submission 36 submissions received 08/01/26 60630 Kb 

Submission 4 submissions received 08/01/26 2724 Kb 

Submission 41 Submissions received 10/02/25 68001 Kb 

Submission 44 submissions received 17/02/25 98740 Kb 

Submission 48 submissions received 14/01/26 16299 Kb 

Submission Alice Coman 766 Kb 

Submission Alice Coman on behalf of Killough Com. Group 17881 Kb 

Submission Alice Coman, Killough Community Group - redacted 21674 Kb 

Submission Alma Shanahan 187 Kb 

Submission Aoife Whelan 4152 Kb 

Submission Brid Gleeson 11834 Kb 

Submission Bridget Cullen - redacted 80 Kb 

Submission Camilla Fogarty 3786 Kb 
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ISSUE 15 
 

The Map of High Nature Grassland below from Sustainability of Biomethane Production in Ireland : Exploring how 
Ireland can deliver a sustainable, agriculture-led biomethane industry October 2021 & referenced in the  Ireland’s 
National Biomethane Strategy  May 2024 (page 29)  indicates that the lands to the North, West, East & South of the 
proposed site are High Nature Value Grasslands & are excluded from Biogas potential areas. 

 



 
FIGURE 16 MORAN ET AL. (2021) HIGH NATURE VALUE FARMLAND. Note Limerick circled in red & the area to its east 
is designated as HNV grassland. Limerick City circled in red. 
 

 
 

EXCLUSION OF HIGH NATURE VALUE LAND 

High Nature Value (“HNV”) farmland is extensively managed farmland that has high biodiversity, enhanced ecosystem 
services and societal value. This farmland is important for the conservation of semi-natural habitats and the plants and 
animals within them. These farms occur most frequently in areas that are mountainous or areas where natural 
constraints prevent intensification. Farming is important in these areas as it sustains the biodiversity of these 
landscapes which is integral for maintaining their HNV.  

Research conducted by Moran et al. (2021) mapped the spatial distribution of HNV farmland across Ireland (Fig 16). 
The paper estimates that there is approximately 1.5 m ha of HNV farmland in Ireland. For this report, the HNV map is 
used as a proxy to screen for areas that are unlikely to meet the RED II protocol. It should be noted that this is a high 
level screening exercise and it is recommended that where an area of land is identified within a high HNV zone, 
enhanced screening or an Environmental Impact Assessment (“EIA”) is conducted to ensure that the proposed project 
would comply with the RED II protocol. 

No information has been provided as to what the estimated nutrient content of the digestate fractions will be. A 
realistic estimate of the Nitrogen and Phosphorus content of the digestate fractions should have been provided in 
order to assess what lands are required to recover the digestate, and likely fate of nutrients in soils. 

No information has been provided regarding the areas of lands available for recovery of the digestate. Expressions of 
interest in utilising digestate from a number of farmers is not sufficient as this is not a commitment to use a defined 
amount of digestate on a particular area of lands. 



Detailed information on the proposed lands to be used to recover digestate from the proposed development, including 
a Nutrient Management Plan & Traffic Management Plan & 2-way Sweptpath should have been provided . This should 
have included maps of each holding, herd numbers, areas of holding suitable for digestate recovery, amount of 
Nitrogen & Phosphorous that can be imported onto each holding, Nitrogen & Phosphorous statements for 2025 for 
each holding, a statement from a suitably qualified person that the proposed lands are suitable & have nutrient 
capacity for sustainable recovery of digestate. 

A method statement for the recovery of digestate on each farm is required, with responsibility for the management 
and compliance of means of recovery defined. 

The application is for 90,000tonnes per annum feedstock & 78,000tonnes per annum biobased fertiliser. Where does 
the 12,000tonnes disappear to? 

The applicant has not provided any information on the source and nature of the  Chicken manure (3,000tonnes, Pig 
slurry 30,000tonnes, crops 7,000tonnes, Belly grass 1,000tonnes, Distillery waste 1,500tonnes & Dairy processing 
waste 1,500tonnes. 

Odour sensitive receptors should have bene identified for each such proposed lands proposed for the recovery of 
digestate with a digestate odour mitigation plan to protect any residential or recreational amenities or receptors from 
odour impact 

The potential odour emissions from vehicles delivering feedstock to the facility or taking account of potential 
emissions from doors opening to allow traffic to access/exit the feedstock reception building. It is noted that all of the 
proposed feedstocks have potential to cause odour nuisance in transit. 

The 20km radius area is largely dairy farms. The use of digestate from a biogas unit will be continuous over the 12-
month period. This will involve a change from grass to tillage with annual crop rotation. This change will remove the 
carbon sequestration of the grass & totally change the Carbon savings submitted in association with the collection & 
delivery of biogas & its digestate plus increased tillage farming mechanical plant. 

 
 
 
 
 
 
 
 

ISSUE 16 
Odours & Gas 

 
 

Reference Number 18: Quantitative Assessment Of Pollution In The Sanitation, Waste Management, And Energy 
Sectors. Asian Development Bank. February 2026.  
Air Pollution: Odour 
 
The main concern of air pollution for sanitation is odour, which is largely associated with sludge handling.  
Countries stipulated emission standards for the main gases of odour by concentration when they are fugitive 
emissions, and by amount (e.g., kilograms [kg] per hour) when there are vents or chimneys, effectively a point source 
discharge. To check if odour emissions meet standards, portable devices can be used to sample and test in a 
laboratory, though the capacity to test odour gases is less commonly available than that for sulphur dioxide (SO2), 
particulate matter (PM) or water pollutants. 
The European standard for odour concentration uses a method called dynamic olfactometry, which involves a panel of 
human assessors and an olfactometer to dilute odour samples with neutral air. The result is expressed in European 
odour units per cubicmeter (OuE/m3), indicating the dilution level at which the odour is just barely detectable 
by 50% of the panel. If the sample needs to be diluted 10 times with clean air so that the panel cannot detect the 
odour anymore, that sample has a concentration of 10 OuE/m3. 
This is a widely accepted method for odour globally, e.g., in the US and the People’s Republic of China (PRC). In 
addition, the PRC emission standard for odour also sets limits on the main gases that constitute odour (Table 2). This is 
out of concern that judgments by human assessors can be easily subject to dispute. However, many localities have 



difficulty testing some odour gases, which become the prevailing parameters used. The standard has been undergoing 
revision and updating to be more consistent with the latest air quality standard, and is likely to bring it more in line 
with international practice, which is more practical and easier to enforce. 
Table 2: Excerpts of Odour Emission Standards at Facility Boundaries 

 
 
While the PRC standard in Table 2 is an emissions standard for odour emitters (the PRC air quality standard does not 
include odour), the odour standards in some European countries found by internet search are mostly for receptors, 
essentially an ambient standard. For example, in Germany, the Technical Instructions on Air Quality Control 2021 sets 
limits for residential and mixed areas at a maximum of 10% of annual hours where odour may be perceptible. The 
Environment Agency of the United Kingdom recommends different limits based on the offensiveness of odour, 
ranging from 1.5 OuE/m3 for the most offensive to 6 OuE/m3 for less offensive odours at the point of receptor. 
Slovenia’s emission standard on odour is 500 OuE/m3 for emitters as well. These two types of standards are 
incomparable, though related. For a detailed explanation, see Box 1 related text and the 2023 ADB study of this series 
(footnote 1). 
On the other hand, human senses can easily detect odours. Noses can detect odour gases at very low concentrations, 
which is 400 times lower than the threshold harmful to human health. Thus, efforts have been rightly prioritized to 
prevent and control odour. 
 
 
 
 
 Reference Number 19: AERMOD Model description: Source Athenry Gas Peaking Plant.  Ref. – ACP 26-324113 
The AERMOD dispersion model has been developed in part by the U.S. Environmental Protection Agency (USEPA) 
(EPA, 2020; USEPA, 1995; USEPA, 2005; USEPA, 2022). The model is a steady-state Gaussian model used to assess 
pollutant concentrations associated with industrial sources. The model is an enhancement on the Industrial Source 
Complex-Short Term 3 (ISCST3) model which has been widely used for emissions from industrial sources.  
Improvements over the ISCST3 model include the treatment of the vertical distribution of concentration within the 
plume. ISCST3 assumes a Gaussian distribution in both the horizontal and vertical direction under all weather 
conditions. AERMOD with PRIME, however, treats the vertical distribution as non-Gaussian under convective 
(unstable) conditions while maintaining a Gaussian distribution in both the horizontal and vertical direction during 
stable conditions. This treatment reflects the fact that the plume is skewed upwards under convective conditions due 
to the greater intensity of turbulence above the plume than below. The result is a more accurate portrayal of actual 
conditions using the AERMOD model. AERMOD also enhances the turbulence of night-time urban boundary layers 
thus simulating the influence of the urban heat island.  
In contrast to ISCST3, AERMOD is widely applicable in all types of terrain. Differentiation of the simple versus complex 
terrain is unnecessary with AERMOD. In complex terrain, AERMOD employs the dividing-streamline concept in a 
simplified simulation of the effects of plume-terrain interactions. In the dividing-streamline concept, flow below this 
height remains horizontal, and flow above this height tends to rise up and over terrain. Extensive validation studies 
have found that AERMOD (precursor to AERMOD with PRIME) performs better than ISCST3 for many applications and 
as well or better than CTDMPLUS for several complex terrain data sets (USEPA, 1999). 
 
 Reference Number 20: AERMET : Source Athenry Gas Peaking Plant.  Ref. – ACP 26-324113 
AERMOD incorporates a meteorological pre-processor AERMET (USEPA, 2018). AERMET allows AERMOD to account 
for changes in the plume behaviour with height. AERMET calculates hourly boundary layer parameters for use by 
AERMOD, including friction velocity, Monin-Obukhov length, convective velocity scale, convective (CBL) and stable 
boundary layer (SBL) height and surface heat flux. AERMOD uses this information to calculate concentrations in a 



manner that accounts for changes in dispersion rate with height, allows for a non-Gaussian plume in convective 
conditions, and accounts for a dispersion rate that is a continuous function of meteorology. 
The AERMET meteorological preprocessor requires the input of surface characteristics, including surface roughness 
(z0), Bowen Ratio and albedo by sector and season, as well as hourly observations of wind speed, wind direction, 
cloud cover, and temperature. A morning sounding from a representative upper air station, latitude, longitude, time 
zone, and wind speed threshold are also required. 
Two files are produced by AERMET for input to the AERMOD dispersion model. The surface file contains observed and 
calculated surface variables, one record per hour. The profile file contains the observations made at each level of a 
meteorological tower, if available, or the one-level observations taken from other representative data, one record 
level per hour. 
From the surface characteristics (i.e. surface roughness, albedo and amount of moisture available (Bowen 
Ratio))AERMET calculates several boundary layer parameters that are important in the evolution of the boundary 
layer, which, in turn, influences the dispersion of pollutants. These parameters include the surface friction velocity, 
which is a measure of the vertical transport of horizontal momentum; the sensible heat flux, which is the vertical 
transport of heat to/from the surface; the Monin-Obukhov length which is a stability parameter relating the surface 
friction velocity to the sensible heat flux; the daytime mixed layer height; the nocturnal surface layer height and the 
convective velocity scale which combines the daytime mixed layer height and the sensible heat flux. These parameters 
all depend on the underlying surface. 
Response from MLavelle: The data inputs for both Aermod & Aermet have not been provided in Planning Application. 
  
 
 

Modelling data has to be provided as part of the lacunae. CJEU Case 258/11 at 44 
“So far as concerns the assessment carried out under Article 6(3) of the Habitats Directive, it should be pointed out 
that it cannot have lacunae and must contain complete, precise and definitive findings and conclusions capable of 
removing all reasonable scientific doubt as to the effects of the works proposed on the protected site concerned.” 
 

Judgement of the Court Case 258/11 
Article 6(3) of Council Directive 92/43/EEC of 23rd May 1992 on the conservation of natural habitats and of wild fauna 
and flora must be interpreted as meaning that a plan or project not directly connected with or necessary to the 
management of a site will adversely affect the integrity of that site if it is liable to prevent the lasting preservation of 
the constitutive characteristics of the site that  are connected to the presence of a priority natural habitat whose 
conservation was the objective justifying the designation of the site in the list of sites of Community importance, in 
accordance with the Directive. The precautionary principle should be applied for the purposes of that appraisal. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ISSUE 17: 
Noise 

 
The WHO Standard of 37dBA should apply to such infrastructure 
 

Table 10-11: Summary of Noise Source Sound Power Data. 
Grouping Item Octave Band (Hz)  Sound Power Levels Lw (dB)  

63 125 250 500 1k 2k 4k 8k Weighting 

Digester 
(Primary)  

Agitator 
motor  

44  58  65  73  77  77  73  58  A  

Digester 
(Secondary)  

Agitator motor  44  58  65  73  77  77  73  58  A  

Digestate 
Storage  

Agitator motor  44  58  65  73  77  77  73  58  A  

Pasteurisation 
Unit  

Agitator motor  85  78  77  76  82  80  73  66  Z  

CHP  Biogas Blower  65  73  83  86  80  78  77  55  A  

CHP  Exhaust Stack  76  70  79  84  92  86  83  77  A  

CO2 Liq. System  Biogas Blower  65  73  83  86  80  78  77  55  A  

Odour 
Abatement  

Fans  85  78  77  76  82  80  73  66  A  

Biogas Boiler   49 64 76 71 45 53 53  48  A  

Note that this Table excludes the dB(A) levels for each item of plant. The current ACP Application for the Athenry Gas 
Peaking Plant: Appendix 9. Noise and Vibration from Bord Gas provides dB(A) levels (below) and they are far greater 
than those provided in Table 10.11. The applicant fails to provide manufacturers guidance levels for such numbers & 
we can only assume is that they are a guestimate.  
All of this machinery should have CE certification and compliant with the Machinery Directive. Why has this not been 
submitted with the application? 
 
Sound Power Emissions from Gas Turbine (without acoustic treatment).  Source Athenry Gas Peaking Plant.  Ref. – 
ACP 26-324113 

Source Lw - Octave Band Centre Frequency Overall 

 31 63 125 250 500 1k 2k 4k 8k dB(A) 

Inlet 124 123  123 130 134 152 147 143 137 154 

Exhaust 141  141 143 145 146 151 161 151 140 162 

Enclosure (Breakout) 112  122 117 118 114 119 131 125 117 133 



 
Sound Power Emissions from Gas Turbine (with acoustic treatment). Source Athenry Gas Peaking Plant.  Ref. – ACP 26-
324113 

Source Lw - Octave Band Centre Frequency Overall 

 31  63 125 250 500 1k 2k 4k 8k dB(A) 

Inlet 124  118.3 97.4 96.6 94.6 93.6 92.6 88.6 104.5 105 

Exhaust 131.6  116.5 88.4 86.9 84.8 83.8 84.3 79.7 73.4 95.7 

Enclosure (Breakout) 83  93 88 89 85 90 102 96 88 104 

 
Sound Power Emissions from Diesel Generator. Source Athenry Gas Peaking Plant.  Ref. – ACP 26-324113 

Source Lw - Octave Band Centre Frequency Overall 

 31  63 125 250 500 1k 2k 4k 8k dB(A) 

Diesel Generator (Emergency) 87.2 87.2 91.9 94.8 92.8 90.7 88.5 86.1 85.5 100.1 

 
Sound Power Emissions from Other Sources. Source Athenry Gas Peaking Plant.  Ref. – ACP 26-324113 

Source Overall dB(A) 

Unit Transformer 85 

GSU Transformer 85 

Compressed Air Skid 85 

Shunt Reactor 94 

 
Power Emissions from API (American Petroleum Institute) Noise Sources. Source Athenry Gas Peaking Plant.  Ref. – 
ACP 26-324113 

Source Unit Sound Power (dB(A)) Quantity Sub – Total (dB(A)) 

Boiler 48 10 58 

Pump 43 1 43 

Pressure Reduce Kiosk 96 1 96 

Generator 95 1 95 

  Total 99 

Sound reduction of enclosure   26 

  Resultant 73 
 

 
  
 

 
The site is in a quiet noise location for over night noise. From this Table, it is obvious that a quiet bedroom at night 
would be in the range 20-30dBA. A 10dBA increase in noise is a doubling of noise. 



 
Response from MLavelle: The assessment of background noise at nighttime is influenced by the noise from the quarry. 
Noise levels should have been provided with all quarry activities closed down. That noise level is the real background 
noise. It can be seen from Table 10-10 that 20-23 dB is the background night time noise. The noise limit for nighttime 
should be a maximum 30dB. 

 
 

 

 
 
Impact Classification Terminology (IGI, 2013) 

Impact Characteristic Term Description 

Quality Positive A change which improves the quality of the environment 

 Neutral A change which does not affect the quality of the environment 

 Negative A change which reduces the quality of the environment 

Significance Imperceptible An impact capable of measurement but without noticeable consequences 

 Slight An impact which causes noticeable changes in the character of the environment without affecting its 
sensitivities 

 Moderate An impact that alters the character of the environment in a manner consistent with existing and emerging 
trends 

 Significant An impact, which by its character, magnitude, duration or intensity alters a sensitive aspect of the environment 

 Profound An impact which obliterates sensitive characteristics 

Duration Short-term Impact lasting one to seven years 

 Medium-term Impact lasting seven to fifteen years 

 Long-term Impact lasting fifteen to sixty years 

 Permanent Impact lasting over sixty years 

 Temporary Impact lasing for one year or less 

Type Cumulative The addition of many small impacts to create one larger, more significant impact 

 ‘Do Nothing’ The environment as it would be in the future should no development of any kind be carried out 

 Indeterminable When the full consequences of a change in the environment cannot be described 

 Irreversible When the character, distinctiveness, diversity, or reproductive capacity of an environment is permanently lost 

 Residual Degree of environmental change that will occur after the proposed mitigation measures have taken effect 

 Synergistic Where the resultant impact is of greater significance than the sum of its constituents 

 ‘Worst Case’ The impacts arising from a development in the case where the mitigation measures may substantially fail 

 
This Biogas Application is Negative, Significant, Long-term & Worst case 

 
 
 
 
 
 
 
 
 
 



ISSUE 18 
 
The default values for EFNH3-N for digestion at biogas facilities, its open storage of digestate, and the nitrogen 
content of various feedstock are provided and have been converted to kg/t in this study for easier use in practice 
(Table 7). 

 
With the CH4 emission factor for digestion (27.5 kg/t) and N content of organic MSW (6.8 kg/t), NH3 emission can be 
estimated as 227 kg NH3/ton of organic MSW (= 1 x 6.8 x 27.5 x 17/14). Based on Table 7, the digestion of poultry 
manure emits the highest NH3, three times that of organic MSW. 
 
Soil Quality Standard and Discharge Standard 
Many countries have soil quality standards. The report by researchers from the Netherlands is a good source as it 
compiles the standards in some developed countries in Europe and North America (Tamis and Karman 2008). 
 
United States Standards on Land Application of Sludge (Excerpt) (all max. in dry weight) 

 
Standards for Land Application and Utilization of Sludge in the People’s Republic of China (all max. in dry sludge or 
sediment, mg/kg) 

 
a Control standard for pollutants in sludge for agricultural use (GB4284-84), 1984. 
b Quality of sludge used in forest land (CJ/T362-2011), 2011. 
 



Reference Number 21: ENVIRONMENT AGENCY UK: SR2021 NO 6: GENERIC RISK ASSESSMENT FOR ANAEROBIC 
DIGESTION FACILITY, INCLUDING USE OF THE RESULTANT BIOGAS – INSTALLATIONS 

UPDATED 26 FEBRUARY 2026 

This generic risk assessment is based on the following parameters. 

Parameter 1 
Permitted activities s5.4 A(1)(b)(i) are: 

• the storage and recovery of waste (R13, R1, R3) 

• incineration on land (D10) 

Parameter 2 
The permitted wastes are biodegradable wastes suitable for digestion. 

Parameter 3 
The maximum quantity of waste received each day shall not exceed the designed storage capacity of the site. 

Parameter 4 
Except for the auxiliary flare, the aggregate rated thermal input of all appliances used to burn biogas must be less than 
5 megawatts. 

Parameter 5 
The maximum quantity of animal waste, including animal carcasses, shall be limited to 10 tonnes per day, this excludes 
manures and slurries. 

Parameter 6 
These rules do not allow any point source emission into land, surface waters or groundwater under control of the 
permit. 

Parameters 7 to 15 
The activities shall not be carried out within: 

 

• 200 metres of the nearest receptor as measured from any combustion stack or stacks, unless the stacks are at 

least 7 metres high and the effective stack height of each stack is greater than 3 metres 

• 250 metres of the nearest sensitive receptor where any further treatment takes place by composting digestate 

fibre in the open 

• 500 metres of a European site (within the meaning of Regulation 8 of the Conservation of Habitats and 

Species Regulations 2017) or a Site of Special Scientific Interest, including candidate or proposed sites 

• a groundwater source protection zone 1 or 2, or if a source protection zone has not been defined then within 

50 metres of any well,  

• spring or borehole used for the supply of water for human consumption (including private water supplies) 

• 250 metres of the presence of great crested newts, where it is linked to the breeding ponds of the newts by 

good habitat 

• 10 metres of any watercourse 

• 50 metres of a Local Nature Reserve, Local Wildlife Site, Ancient Woodland or Scheduled Monument 

• 50 metres of a site that has species or habitats of principle importance (as listed in Section 41 of the Natural 

Environment and Rural Communities Act 2006) that the Environment Agency considers at risk to this activity, 

these are also often referred to as priority habitats and species 

• a specified Air Quality Management Area (AQMA) 

LIKELIHOOD OF EXPOSURE 

THIS IS THE LIKELIHOOD OF THE RECEPTORS BEING EXPOSED TO THE HAZARD. THE MEANING OF THE DEFINITIONS 
ARE: 

• HIGH – EXPOSURE IS PROBABLE – DIRECT EXPOSURE IS LIKELY WITH NO OR FEW BARRIERS BETWEEN THE 

HAZARD SOURCE AND THE RECEPTOR 

• MEDIUM – EXPOSURE IS FAIRLY PROBABLE  - FEASIBLE EXPOSURE IS POSSIBLE AS THE BARRIERS TO EXPOSURE 

ARE LESS CONTROLLABLE 



• LOW – EXPOSURE IS UNLIKELY – SEVERAL BARRIERS EXIST BETWEEN THE HAZARD SOURCE AND RECEPTOR TO 

REDUCE EXPOSURE 

• VERY LOW – EXPOSURE IS VERY UNLIKELY – EFFECTIVE, MULTIPLE BARRIERS ARE IN PLACE TO REDUCE 

EXPOSURE 

RISK TO LOCAL HUMAN POPULATION 
1.1 Releases of emissions NOx, SOx, CO and other gases 
NOx, SOx, CO and other gases travel through the air and can be inhaled. 
We have assessed the potential harm to human health as follows: 

• respiratory irritation 

• illness 

Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

 
The reasons for giving the activity this rating is because there is potential for exposure to: 

• anyone living close to the site 

• members of the public at locations to which they could be regularly exposed 

 
Managing the risk 
The following manages the risk: 

• set back distances apply for effective stack height and open processing of waste 

• lagoons must be covered with a fixed cover and an appropriately designed air abatement and gas capture 

system 

• monitoring of emission levels from biogas driven combined heat and power plants and specified generators as 

required by the permit and in accordance with guidance ‘Monitoring stack emissions’ (formerly M2) and 

‘Monitoring stack emissions: low risk MCPs and specified generators’ (formerly M5) 

• activities shall be managed and operated in accordance with a management system (including the inspection 

and maintenance of equipment and engines) and the point source emissions to air with emission limits 

requirement 

• other monitoring shall be reported as permit requirements 

• the activities shall not be carried out within a specified AQMA for NOx 

• leak detection and repair programmes will be in place to mitigate and prevent methane emissions 

• gas pressure will be monitored to minimise the release of biogas and all pressure relief systems will be 

inspected and calibrated as required by the permit 

Taking these actions will control the risk and rate it as ‘low’. 

1.2 RELEASE OF MICRO-ORGANISMS (BIOAEROSOLS) 
Bioaerosols travel through the air and can be inhaled. 
We have assessed the potential harm to human health as follows: 

• respiratory irritation 

• illness 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as low 

• overall risk rating as low 

 
The reasons for giving the activity this rating is because there is potential for release: 

• when waste is received 

• because digestate fibre can be treated by open composting 

• during storage of digestate 



 
Managing the risk 
The following manages the risk: 

• the permit does not allow anaerobic digestion activities to be carried out within 200 metres of the nearest 

sensitive receptor 

• open composting of digestate fibre is not permitted within 250m – set back distances are sufficiently 

precautionary so that bioaerosols are at background level 

• air abatement of feedstock reception needs to be deployed to mitigate channelled emissions 

• open composting can only be done where the windrows are covered or where there is static aeration with 

appropriate filters or a scrubbing system 

• air abatement needs to be deployed to mitigate channelled emissions 

• bio-filters are monitored for efficiency 

Taking these actions will control the risk and rate it as ‘low’. 
 

1.3 Odour 
Odour travels through the air and can be inhaled. 
We have assessed the potential risk to the local population as: 

• nuisance 

• loss of amenity 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because local residents are sensitive to odour. Odour can result from: 
• a wide range of waste, particularly when the site receives it 

• the release of biogas 

• digestate 

 
Managing the risk 
The following manages the risk: 

• an odour management plan is required 

• fugitive emissions are not permitted 

• all waste reception areas and storage areas will be in enclosed or covered with a designed and monitored air 

extraction system where the air is treated and abated to reduce odours and other gaseous compounds 

• all channelled emissions will be treated before release 

• operators will take additional measures to ensure ammonia release is controlled 

• fugitive source emissions of biogas shall be minimised by implementing a leak detection and repair 

programme 

• all appropriate measures and Best Available Techniques shall be implemented 

• stored digestate will be stable 

• all storage tanks, lagoons, digestate and contaminated water will be covered 

• all abatement systems are designed, monitored and maintained to treat specified emissions and off-gases 

Taking these actions will control the risk and rate it as ‘low’. 
 

1.4 Noise & Vibration 
Noise travels through the air and vibration through the ground. 
We have assessed the potential risk to the local population as: 

• nuisance 

• loss of amenity 

• loss of sleep 

 
Judgement of risk 



We have judged the: 
• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because local residents can be sensitive to noise and vibration. 
However, there is low potential for exposure. 
 
Managing the risk 
The following manages the risk: 

• noise and vibration shall be minimised and not cause nuisance 

• fans and condensate traps will be checked for water 

• fans and extraction systems will be checked and maintained 

• flares must be kept to a minimum to reduce noise impact and a record of use kept and reported 

• a noise and vibration management plan may be required 

Taking these actions will control the risk and rate it as ‘low’. 
 

2. RISK TO LOCAL HUMAN POPULATION, LIVESTOCK AND WILDLIFE 
2.1 Gaining unauthorised access to site 

There is a risk of direct physical contact with all on-site hazards such as wastes, machinery and vehicles. 
There is a risk of causing injury to humans or livestock. 
 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as low 

• overall risk rating as low 

The reasons for giving the activity this rating is because it is carried out within enclosed digesters so physical contact is 
minimised. 
 
Managing the risk 
The following manages the risk: 

• activities shall be managed and operated in accordance with a management system which includes site 

security measures to prevent unauthorised access 

• all sites will have a DSEAR assessment which covers unauthorised access to site 

• maintenance workers or contractors are not permitted on site without a suitable qualification and they must 

have permission to do the work 

Taking this action will control the risk and rate it as ‘low’. 
 

. RISK TO LOCAL HUMAN POPULATION AND LOCAL ENVIRONMENT 
3.1 Arson and vandalism 

Arson and vandalism risk causing the release of polluting materials to the air (smoke or fumes), water or land. 
Arson and vandalism can cause: 

• smoke to travel through the air 

• spillages and contaminated firewater to run-off from the site and through surface water drains and ditches 

We have assessed the potential harm as: 
• respiratory irritation, illness and nuisance to local population 

• injury to staff, fire fighters, arsonists or vandals 

• pollution of water or land 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because: 



• biogas is flammable 

• the risk of direct physical contact is reduced by the activity being carried out within enclosed systems 

• the consequences of an incident may be serious, including risk to the safety and wellbeing of people and loss 

of containment causing releases to the environment 

 
Managing the risk 
As risk 2.1 plus the following manages the risk: 

• an accident management plan is required as part of the management system (covers fire and spillages) 

• all areas of risk are identified in the DSEAR assessment 

• a Hazard & Operability Study (HAZOP) or similar risk identification technique is done to produce a schedule of 

planned maintenance (as identified by the HAZOP or risk assessment or suppliers), and is documented   

• warning signs are clearly displayed and personnel know gas alarm procedures 

• visitors shall be accompanied 

• repair and maintenance can only happen if the plant manager gives permission and signs to the effect 

• fire control processes and procedures as set out in the DSEAR plan and they shall be communicated to the 

local fire service 

• leak detection schemes are in place to prevent and minimise fugitive biogas release 

• the site shall be secure 

• any breaches shall be reported 

• contingency measures must be in place in the event of loss of plant 

Taking these actions will control the risk and rate it as ‘low’. 
 

3.2 ACCIDENTAL EXPLOSION OF GAS 
An explosion of biogas risks causing fire and smoke to travel through the air. 
We have assessed the potential harm as: 

• respiratory irritation, illness and nuisance to the local population 

• injury to staff or fire fighters 

• air, water or land pollution 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because the risk is reduced by an effective management system being 
in place, as required by the permit. 
However, biogas is flammable, and the consequences are likely to be serious, including risk to: 

• safety and wellbeing of those working or in close proximity to the site 

• loss of containment may be detrimental to the environment 

 
Managing the risk 
The following manages the risk: 
This risk is managed in the same way as risks 2.1 and 3.1 and these additional measures: 

• the management system is required to include the risk management measures specified in 

the HAZOP and DSEAR plans and cover planned maintenance 

• the measures and procedures for any potential accidents are fully documented in the accident prevention and 

management plan, as part of the management system 

• training and regular ‘tool-box’ talks are given to site operators and all staff understand their role in an 

emergency 

• the management system must include measures for bunding of tanks 

• leak detection and repair is required 

Taking these actions will control the risk and rate it as ‘low’. 
 

3.3 ACCIDENTAL FIRE 



Fire can cause polluting materials (smoke or fumes) to travel through the air, water or land. We have assessed the 
potential harm as: 

• respiratory irritation, illness and nuisance to local population 

• injury to staff or fire fighters 

• air, water or land pollution 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because the risk is reduced by an effective management system. 
 
Managing the risk 
This risk is managed in the same way as risks 2.1, 3.1 and 3.2 along with: 

• assessing the need for lightning conduction equipment which must be put in place where necessary or 

required for insurance purposes 

• safe storage of activated charcoal and other combustible materials is required 

Taking these actions will control the risk and rate it as ‘low’. 
 

3.4 ACCIDENTAL RELEASE OF CO2 
A loss of containment from CO2 storage from venting or a breach loss to travel through the air. 
The Environment Agency is not the responsible regulator for assessing impacts of accidents from CO2 losses to human 
receptors.  
Potential harm to human health is outlined by the HSE as: 

• illness and loss of consciousness 

• fatalities from asphyxiation 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because the risk is reduced by an effective accident management plan 
being in place, as required by the permit. 
However, the consequences are likely to be serious, including risk to: 

• safety and wellbeing of those working or in close proximity to the site 

 
Managing the risk 
The following manages the risk: 
This risk is managed in the same way as risks 1.1, 2.1, 3.1 and these additional measures: 

• emergency venting must be designed, planned and managed for safety to prevent risk of impacts on and off-

site with reference to the HSE guidance and relevant industry good and best practice such as the Energy 

Institute guidance 

• the measures and procedures for any potential accidents are fully documented in the accident prevention and 

management plan, as part of the management system 

• the accident management plan shall assess risk from venting and loss of containment scenarios 

• operators must store CO2 on site at locations at a safe distance away from offsite sensitive receptors and must 

determine these safe distances with reference to relevant HSE guidance, to address concerns expressed by the 

HSE: 

o Major hazard potential of CCS 

o General hazards of carbon dioxide 

Taking these actions will control the risk and rate it as ‘low’. 
 

https://www.hse.gov.uk/carboncapture/major-hazard.htm
https://www.hse.gov.uk/carboncapture/carbondioxide.htm


4. RISK OF LAND BANK CONTAMINATION 
There is a risk of: 

• plastic in digestate and chemicals of concern contaminating the land bank 

• operators landspreading contaminated digestate 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because there is a risk of: 
• long term impact on soil quality 

• loss of an end market for digestate 

 
Managing the risk 
The following manages the risk, there is a requirement to: 

• exercise a high level of control on waste inputs 

• remove plastic contamination prior to digestion 

• sample and check end material to make sure plastic is removed and that chemicals of concern are not present 

• monitor efficiency of removal 

• submit quarterly returns of recovered outputs 

Taking these actions will control the risk and rate it as ‘low’. 
 

 
5. RISK TO SURFACE WATERS CLOSE TO AND DOWNSTREAM OF SITE 

5.1 Spillage of digestate tank failure liquids, including oil – acute effects 
We have assessed the acute effects as: 

• water supply pollution 

• fish kills 

We have assessed the harm as: 
• direct run-off from the site across the ground and through surface water drains and ditches 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because of the potential for spillage from digestion tanks and storage 
vessels. 
 
Managing the risk 
The following manages the risk: 

• digestion tanks require appropriate design and validation 

• an impermeable surface is required for storage of all wastes 

• no point source emissions are allowed to water 

• run-off is restricted to clean surface water using appropriate measures 

• the site drainage plan is documented 

• all staff are trained in the event of an emergency or accident 

• primary infrastructure is bunded in line with CIRIA 736 and industry standards 

• run-off is restricted by the ‘emissions of substances not controlled by emission limits’ rule 

• all biogas condensate shall be discharged into a sealed drainage system 

• condensate taps are checked daily 

Taking these actions will control the risk and rate it as ‘low’. 
 



5.2 SPILLAGE OF DIGESTATE TANK FAILURE LIQUIDS, INCLUDING OIL – CHRONIC EFFECTS 
We have assessed the chronic effects as deterioration of water quality. 
We have assessed the harm as: 

• direct run-off from the site across the ground surface and through surface water drains and ditches 

• spillages and digestate through direct run-off from site and through surface water drains and ditches 

• indirect run-off through the soil layer or from loss of containment 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because of the potential for spillage from digestion tanks and storage 
vessels. 
 
Managing the risk 
The following manages the risk: 

• controls on site location 

• preservation of critical infrastructure requirements 

• all storage areas shall be constructed to an approved standard 

• secondary containment is in place and validated by a chartered engineer to CIRIA 736 standard 

• all lagoons are constructed to CIRIA 736 standard 

• lagoons are inspected to ensure appropriate freeboard is maintained 

• all transfer of digestate and material is supervised 

Taking these actions will control the risk and rate it as ‘low’. 
 

6. RISK TO WATER ABSTRACTED FROM A WATERCOURSE 
These risks relate to watercourses downstream of a facility and to water for agricultural or potable use. 
This receptor is at risk from spillage of digestate liquids due to tank failure. 
There is a risk of contaminants travelling through direct run-off from the site across ground surface, via surface water 
drains and ditches and finally through abstraction. This could have acute effects and cause the closure of abstraction 
intakes. 
 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because of the potential for spillage from digestion tanks and storage 
vessels. 
 
Managing the risk 
Risk management is as set out in risks 5.1 and 5.2 along with: 

• the activities cannot take place within groundwater source protection zone 1 or 2 or if a source protection 

zone has not been defined then within 50 metres of any well, spring or borehole used for the supply of water 

for human consumption (including private water supplies) 

• an impermeable surface is required for the site 

• all primary tanks undergo a delegated inspection regime and the process parameters are monitored and 

understood by site operatives 

Taking these actions will control the risk and rate it as ‘low’. 
 
Risk to groundwater 
Groundwater is at risk from spillage from digestate tanks and storage vessels. 
There is a risk of contaminants travelling through soil to groundwater which can then be abstracted from a borehole. 
This could have a chronic effect resulting in the groundwater requiring treatment or causing closure of a borehole. 



 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because of the potential for spillage from digestion tanks and storage 
vessels. 
 
Managing the risk 
Risk management is as set out in risks 5.1, 5.2 and 6.1 and: 

• process parameters are monitored and understood by site operatives 

Taking these actions will control the risk and rate it as ‘low’. 
 

8. RISK OF DIFFUSE EMISSIONS FROM POLLUTING AND GREENHOUSE GASES SUCH AS METHANE AND AMMONIA 

There is a risk of fugitive releases of volatile organic compounds such as methane from storage of gas bags, lagoons, 
tanks, vents and pipe work. 
We have assessed the harm as: 

• acute effects and long term effects on air quality 

• longer term effects of volatile organic compound releases and adding to global climate change 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as medium 

• overall severity of potential consequences as medium 

• overall risk rating as medium 

The reasons for giving the activity this rating is because: 
• biogas contains high levels of methane and is a known contributor to climate change 

• digestate and digestate storage releases ammonia which can severely impact air quality 

• burning biogas and biomethane can produce harmful pollutants 

 
Managing the risk 
The following manages the risk: 

• storage tanks and lagoons are covered and where necessary emissions are abated 

• venting is minimised by correctly fitting under and over pressure relief valves and is recorded as abnormal 

events 

• gas pressures are continually measured within the design of the plant 

• leak detection and repair is employed 

• gas holders are maintained and replaced as needed 

• emissions are controlled by emission limit values with a requirement to monitor and report 

• no fugitive releases are permitted 

• operators must install a surplus gas burner or flare to combust surplus biogas 

Taking these actions will control the risk and rate it as ‘low’. 
 

9. RISK TO PROTECTED SITES 
Protected sites include: 

• National Parks and Areas of Outstanding Natural Beauty 

• Marine Conservation Zones 

• Sites of Special Scientific Interest 

• Special Areas of Conservation 

• Special Protection Areas 

• Ramsar wetland sites 

Protected sites can be at risk from any source and by any pathway. However, the main risk is from ammonia and NOx. 
The risk of harm to protected sites include (but are not limited to) the following: 



• toxic contamination 

• nutrient enrichment 

• leachate 

• contaminated surface water run-off 

• smothering 

• disturbance 

• predation from pests and vermin 

 
Judgement of risk 
We have judged the: 

• likelihood of the hazard affecting the receptor as low 

• overall severity of potential consequences as low 

• overall risk rating as low 

The reasons for giving the activity this rating is because waste composting operations may cause harm to and 
deterioration of nature conservation sites. 
 
Managing the risk 
The following manages the risk: 

• the parameters listed at the beginning of this document do not allow operations to take place in close 

proximity of conservation sites 

• emissions of substances not controlled by emission limits (excluding odour and noise) shall not cause pollution 

• the operator shall not be taken to have breached this rule if BAT and appropriate measures, including, but not 

limited to, those specified in any approved emissions management plan, have been taken to prevent or where 

that is not practicable, to minimise, those emissions 

• emission limits as set in the permit 

• all lagoons and tanks shall be covered - new sites are required to have a fixed covering 

• an ammonia reduction plan will be implemented where necessary 

• emission limits for stack gases are specified 

Taking this action will control the risk and rate it as ‘low’. 
 

 

 

 

 
 
 

 

“'Perfect explosive mixture' was flagged years before fatal water plant blast: 1 April 2025. Martin Jones,BBC West 
Investigation sand Alon Aviram, BBC News, Bristol 
It has been more than four years since an explosion at a water treatment plant killed four workers, including a 16-year-
old apprentice. No official explanation has yet been published. 
Now a BBC West investigation has uncovered reports which expressed serious concerns about conditions in parts of the 
site, long before the incident. 
"If these reports are even half correct, then this was an accident waiting to happen," an industry expert said. 
Under the agreement of anonymity, he has studied two leaked reports provided to the BBC about safety at the Wessex 
Water Avonmouth plant near Bristol. 
They were written for and provided to the company five years before a storage tank explosion killed Michael James, 64, 
Brian Vickery, 63, Raymond White, 57, and Luke Wheaton, 16, in December 2020. 
The reports highlight a "perfect explosive mixture", "serious risk to personnel" and a smell of gas so strong, the authors 
claimed they could not stay in the area to complete their report. 
Wessex Water said it has "robust process controls on site" and the matters identified by the reports - produced nearly 
11 years ago - "have been resolved". It added that the reports relate to a different part of the site from where the 
explosion occurred. 
The site processes waste water, sifting out solids, and produces biogas and a form of fertiliser. 



The reports, written by a consultant brought in to assess the site in 2014 and 2015, warned Wessex Water about safety 
concerns across parts of the plant, including digesters, gas holders and biogas pipework. 
Both reports explicitly flagged an explosion risk. 
The author – who also spoke to the BBC on the agreement he would not be named - said he wanted to make his 
findings public because he had twice tried to contact the Health and Safety Executive (HSE) but had not had any reply. 
"I think it [the explosion] could have been prevented," he said. 
The areas of the plant covered by the reports are separate from the storage silo that exploded in 2020, but the reports' 
author, an experienced consultant in the anaerobic digestion industry, said he had been concerned about large parts of 
the site. 
"From the start of the plant all the way through to the holding tank, the complete biogas system was dangerous," he 
said. 
An investigation by Avon and Somerset Police was dropped in July 2024. A spokesperson at the time said the evidence 
gathered did not reach the "extremely high threshold to prosecute" for manslaughter. 
Meanwhile, families and colleagues continue to wait for answers as the HSE has yet to release its findings, which are 
unlikely to come before July this year, but which could still result in criminal charges. 
Coming forward to BBC West's investigations team, the reports' author said that following his inspections in 2014 and 
2015 he would not have been happy for one of his family members to work there. 
"Four years on, I thought... there would be some sort of closure for the families," he said. 
The reports are highly technical and raised a number of safety issues in 2014 and 2015. The claims include: 

• A bio dome with a gas leak, meaning a fan had to be switched on constantly, creating a "perfect explosive 

mixture" with the fan being a potential source of ignition 

• A powerful smell of gas around the roofs of digestion tanks, so strong the authors said they could not stay in 

the area to complete their report 

• Corroded pressure valves and bird screens, along with some valves that are "greatly undersized" 

• Gas possibly flowing the wrong way around the site because of inadequate measuring tools 

Another concern was the alleged emission of hydrogen sulphide (H₂S), which the report described as a "serious risk to 
personnel". H₂S is a toxic gas that, in high concentrations, can be lethal. 
The author said: "It wasn't just the explosive atmosphere, it was the toxic atmosphere created by the valves venting. 
"Any gas discharge will create a hazardous environment or potentially a hazardous environment." 
The reports also state that none of the vessels they looked at were fitted with flame arresters – safety devices designed 
to stop flames from igniting flammable gases. 
While some industry experts consider these essential, others believe they are not always necessary and there is no legal 
obligation to fit them. 
The reports' author said: "I think all the digesters should have flame arresters. 
"The industry seems to oppose it, but flame arresters... would have prevented a spark being taken back into the vessel 
and causing a large explosion." 
The BBC has not been able to establish whether Wessex Water took remedial action between these warnings in 2015 
and the explosion in 2020. It is not clear whether the silo that exploded was fitted with a flame arrester at any point. 
In January 2024 - three years after the explosion - the Health and Safety Executive served the company with an 
Improvement Notice. 
It said: "The operator has failed to demonstrate... that it has taken all measures necessary to prevent major accidents 
and limit their consequences. 
"Their Major Accident Prevention Policy does not address the necessary measures and major hazards management 
system elements required." 
In response, Wessex Water said the notice was "unrelated to the subject matter of the reports" and that the HSE was 
"satisfied" with steps taken by the company and confirmed compliance on 9 February 2024. 
The author of the reports confirmed his findings were shared with management at Wessex Water in 2014/15 and said 
he believed that the issues were a systemic failure, rather than the fault of staff on the ground. 
"I think they didn't do the correct assessment... on the complete system from start to finish," he said. 
He believes high levels of gas were produced in the holding tank that exploded, which may have been ignited by a spark 
on the day of the incident. 
Many industry figures and Wessex Water staff have been reluctant to comment publicly for fear of jeopardising future 
work in an industry with few employers. 
One, who studied the reports but spoke on condition of anonymity, said: "I'm looking at this thinking I wouldn't want to 
operate this plant. There are too many things wrong. 

https://www.bbc.co.uk/news/articles/cpv3ng676k5o


"The number of places they're venting gas from is scary. If these reports are even half correct, then this was an accident 
waiting to happen." 
'Wrong standard' 
Another source, who knows the Avonmouth site well, said safety problems in the industry were widely known before 
the explosion. 
He said: "It feels like the whole water industry was working to the wrong standard. 
"We always thought it would be one of the other water companies [where there would be a disaster] but it was 
Avonmouth." 
He added that safety had improved dramatically in the years following the fatal blast. 
The Health and Safety Executive said it could not comment on the BBC's findings because its investigation remained 
"live". 
The exact cause of the explosion has not yet been made public. 
But Prof Clifford Jones, a specialist in combustion risk at the University of Chester, said dust released from the storage 
silo could have been ignited by a spark. 
He said: "There might have been an area at the top of the silo of high concentration of dust. That would have been 
susceptible to a spark. 
"Methane which was there would make [the explosion] all the more powerful." 
For the families of those who lost their lives, the community in Avonmouth and the water industry more broadly, the 
wait for answers will hopefully come to an end when the HSE publishes its investigation later this year. 
 
 
 
 

 
Issue 19: 

 
Wheelwash facilities at farmyards are not indicated. Sight-Distance-Triangles for farmyard entrances were not included.  
 

Issue 20: 
The Retail Property Value of surrounding houses will be seriously affected. As a result of potential death from 
explosion; asphyxiation; high odour levels as at Ballybofey; health risks from noise & particulate matter in the flaring 
process; pollution of drinking water sources and the high level of vermin.  
Who will purchase a house in the surrounding area? 
 

ISSUE 21 
Vermin –  6.4.7 Human Health (On-Site Receptors) - Exposure to disease due to Pests onsite  
Rodents can be harmful since they may transfer viruses, micro-organisms, parasites etc. and may, therefore, represent 
an important factor for the spreading of various diseases. Control of rodents is a mandatory prerequisite for any waste 
management facility. Flies and birds can also pose a problem, where they are attracted to raw waste.  
Due to the nature of wastes being accepted at the site, feral animals, flies and other vermin may be attracted to the 
site. Vermin maybe attracted to the facility in search of food sources. Pests such as rodents and flies can not only be a 
nuisance to users and neighbours, but they can also transfer germs and disease and affect the ecological balance of an 
area.  
Sources of potential public health risks associated with vermin and other pest animals include:  
• Transmission of disease.  

• Threat to native flora and fauna.  

• Threat to livestock.  

 
 

The following Scientific Reports indicate the serious hazards from emissions for health issues & death from a Biogas 
plant close to existing houses.  

 
 

Reference Number 22: Safety Precautions for Anaerobic Digestion Systems. UPDATED: 2020/12/18 
Whether you are designing, constructing or operating a biogas plant, you need to identify health and safety risks and 
plan measures accordingly to either eliminate or mitigate them to make your facility as safe as possible. It is a crucial 
step to avoid injuries and deaths. 



Frequently, however, human errors, equipment breakdowns or equipment misuse are the causes of accidents. Thus, 
accidents are often avoidable if you anticipate the risks or you plan rigorously your project. 
The summary below identifies the major hazards associated with an AD facility, presents some necessary safety 
measures, shows schemas of an AD facility and gives a few examples of past accidents that occurred in the industry. 
Biogas 
The biogas produced by an anaerobic digestion plant is composed of combustible gases methane (50-75%), carbon 
dioxide (25-50%), water (H2O), nitrogen (N2), oxygen (O2), hydrogen sulfide (H2S), ammonia (NH3), and trace elements 
(organo-halogenated, siloxanes, etc.). H2S, CO2, and water make the biogas very corrosive. 
The composition can vary according to the nature of the incoming substrates and the operating conditions. 
Properties of biogas 

 
Reference Number 23: Source: Institut National de l’Environnement Industriel et des Risques (INERIS) – Translated 
Biogas composition based on its source 

 
Reference Number 24: Source: Institut National de l’Environnement Industriel et des Risques (INERIS) – Translated 
 
Health & safety risks associated with a biogas plant 
All the following risks are easily mitigated if health & safety are taken into account at all phases of a biogas project 
development. The risks include, for example: 

• Fire and explosion 

• Confined space hazards 

• Risk of Asphyxiation 

• Risk of gas poisoning (H2S, NH3) 

• Risk of high-pressure gas or liquid leaks 

• Risks associated with rotating mechanical equipment 

• Risks associated with pathogens (diseases) 

Fire and explosion 



Under certain conditions, biogas in combination with air can form an explosive gas mixture. The risk of fire and 
explosion is particularly high close to digesters and gas reservoirs. It can occur because of a gas leak, creation of an 
explosive zone, welding, clogged or frozen pipes or others. 
To generate an explosive atmosphere, the following conditions are met simultaneously: 

• Presence of a combustible gas: methane (CH4) 

• Presence of an oxidant: oxygen from the air 

• Presence of an ignition source 

• Concentration of the combustible gas included in its explosive range (LIE-LSE) 

• Presence of a confinement. 

Explosion triangle for biogas 

 
Source: German Biogas Association 
For a biogas composed of 60% methane and 40% carbon dioxide, the range of biogas concentrations in the air 
necessary to reach the explosive range is between 8.5 and 20.7. 
Risk of asphyxiation 
Biogas generation, transportation and flaring can lead to oxygen-deficient atmospheres. The biogas accumulation in a 
confined space can significantly reduce the level of oxygen (anoxia) and result in poisoning or asphyxiation symptoms, 
even death. 
The minimum regulatory oxygen content is 19%. The asphyxiants that are typical constituents of biogas are carbon 
dioxide (CO2) and methane (CH4). 
Chemical hazards 
Due to their toxicological properties, ammonia, hydrogen sulphide or carbon dioxide expose operators 
to safety hazards. To reduce the risks, it is essential to maintain the threshold limit value (TLV). 
Someone that is exposed to H2S concentrations of over 50 parts per million can get serious injuries or die. Such 
concentrations also cause pipes or steel tanks corrosion or breakdowns of the biogas engine. 
Occupational exposure limit values (OELs) of the main hazardous gases in biogas 

 
Reference Number 25: Source : Institut National de Recherche et de Sécurité (INRS) – Translated 
High-pressure gas or liquid leaks 
High-pressure gas or liquid leaks occur when pressure goes lower or high than normal in tanks. For example, a tank 
breakdown can cause a flooding of digestate on site. The digestate spreads on nearby lands if the flood is not 
contained on time. 
 
Biological hazards (pathogens) 



Wastes of animal and human origin, used as AD feedstock, contain various pathogenic bacteria, parasites and viruses. 
Pathogenic species that are regularly present in animal manures, slurries and household waste are bacteria (e.g. 
Salmonellae, Enterobacter, Clostridiae, Listeria), parasites (e.g. Ascaris, Trichostrangylidae, Coccidae), viruses and fungi. 
For example, a tank spilling into a slurry tank can create projections and aerosols containing microorganisms. 
Overview of hazards in biogas plants 

 

 
Reference Number 26: Source: German Biogas Association 
Zones at risks of explosion 



 
Reference Number 27: Source : Institut National de l’Environnement Industriel et des Risques (INERIS) – Translated 
 
Safety precautions  
General 

• Use corrosion-resistant material to water or sulphur products 

• Equipment should be designed not to let biogas in or out 

• Electrical installations must comply with standards and regulations 

 
Regarding the fire hazards: 

• The constituent materials, in particular digesters or the combustion unit, must be non-combustible 

• The installations must comply with the provisions of Article R4216 of the Labor Code: provide specific 

extinguishing systems inside the premises of the detection systems. 

• Storage inside the premises must be avoided 

• Petrolium products storage should respect the Decree as of July 1, 2014 setting up the technical rules and 

applicable security for storage of petroleum products 

 
Digesters, post-digesters and biogas storage tanks 

• Install a device to protect against risks of explosion 

• Safety valve: digesters and biogas storage tanks must be equipped with safety devices (safety valves) that 

prevent excessive vacuum or overpressure 

• Sluice gates: have 2 sluice gates for one digester in the case one of them breaks down. Moreover, there should 

be a possibility to lock one of the sluice gates manually 

• Mixer: get a backup power supply. 

• Biogas desulphurization through the injection of air 

• Inside the digester or post-digester, air metering pump should be set so that the air flow does not exceed 8% 

of biogas volume produced at the same period 

• Digester inlet piping should be equipped with a check valve that will prevent the biogas from flowing back. 

 
Flares 
The flares are necessary in risk control on a biogas plant. If there are problems or the plant is on start-up phase, the 
flares have to treat the biogas. The biogas cannot be sent in the atmosphere. 

• Gas flares must be equipped with a flame arrester 

• It must have a ventilation device 

Condenser 
• Make sure that during steam dump no biogas leaks outside 



• Install detectors of high and low levels connected to the pump stop 

 
Digestate storage tank 

• If the tank is covered, it is important to ensure that it is sufficiently ventilated 

• Install the detector of high level connected to the digestate supply. 

 
Technical premises 
Technical premises should be sufficiently ventilated. 
 
Piping 
Separate biogas and substrate piping. Biogas piping should be as well: 

• Airtight and tested before first use 

• Fluid, pressure and corrosion resistant 

• Easily accessible and preferably placed on the surface 

• Should consist of welded sections and not to go out of confined spaces, especially the premises 

• Provide the slopes to evacuate the corrosive and condensate 

• Piping holding the substate should be protected against freezing 

• Security valves should be placed upstream of the installations intended for production, storage, treatment and 

use of biogas 

• Systems that trigger security valves should be installed in easy-to-access places 

How to minimize risks and ensure safety during every step of your biogas project? 
The operator and the plant designer have to take certain measures at every step of a project. The goal is to ensure 
safety and minimize risks. 
 
Plant design 
This step is particularly important to ensure the safety of the biogas plant. The operator and the plant designer have to 
pay attention to: 

• The norms, guidelines and all other codes that apply to biogas plants 

• The classification of explosion zones, since the electric system installed on the biogas must be suited according 

to the risks of explosion 

• Avoiding confined space 

• Potential risks that can happen during the operation of the plant 

 
Project construction 

• Make sure to plan the project rigorously 

• Hire an onsite expert to insure the workers apply the health and safety measures that are established 

 
Biogas plant commissioning 
Commissioning of a biogas plant can be the most dangerous step of a project. 
Accidents that can happen include: 

• Structural failure rarely happens when the tank is being filled or the high-pressure pipes are being tested 

• Accidental hydraulic discharge during the pre-operation test of the pumps and valves 

• Lack of calibration of the health and safety equipment 

• Higher risks of explosion when the air inlets are opened and the air reach biogas 

 
Biogas plant operation 
During this step, a lot of accidents and incidents happen. To avoid them, the operator must: 

• Train every operator of the plant for the work in confined space, portable gas detection, process and 

equipment use 

• Apply strict procedures for equipment locking 

• Regularly verify health and safety equipment to make sure they are calibrated and offer precise measurements 

• Do a visual screening of all equipment to detect leaks and verify the state of equipment 

• Make sure all workers apply health measures to avoid pathogen diseases 

• Train all plant workers for basic firefighting skills and CPR 



Examples of past accidents on biogas plants 
In Europe, there were about 800 accidents on biogas plants between 2005 and 2015. Fortunately, less than a dozen of 
them had consequences on humans. Here are some examples. 
 
Farm plant, Saint-Fargeau, France 
In 2018, an explosion followed by a fire occurred at the level of the gasometer in the post-digestor of the farm plant in 
Saint-Fargeau, France. The accident happens during the initial test for the operation of the agitator when its propeller 
was replaced. 
 
Consequences 

• Breakdown of the gasometer 

• Melting of the power cable of the agitators 

• Sealing damage of the head veil 

 
Causes 

• Error made during the installation of the agitator 

• Supporting system of the agitator is not connected to the ground 

• Electric arc during the power interruption of the agitator, an ignition and flames source 

• Non-efficient monitoring from certified organizations during the initial and periodic visits 

 
Biogas plant of Rhadereistedt, Germany 
In 2005, a large quantity of H2S leaks in the charging hall of the biogas plant of Rhadereistedt, Germany. The workers 
don’t follow the procedure to discharge the truck because of a breakdown of the lid covering the tank. The tank 
containing animal and dairy waste is left opened. 
 
Consequences 

• Death of the truck driver and of 3 other workers 

• Injuries and hospitalization of another worker 

 
Actions taken 

• Apply safety measures to avoid the operation of the agitators when the lid of the tank is left opened 

• Make new streams to avoid sending liquid digestate through the trench 

• Optimize ventilation system 

• Install gas detectors 

• Avoid intermediate storage in the trench during the nights and weekends 

• Avoid mixing materials 

• Train workers 

Complementary guidelines about risks and safety measures on anaerobic digestion plants  
There is a number of guidelines on required safety measures for an anaerobic digestion plants. You can read them to 
get more information on this topic. 
The document Safety rules for agricultural biogas plants (l’Institut national de l’environnement industriel et des risques 
de la France) (In French only)  include information about the operation and maintenance of a biogas plant. It contains 
critical measures to prevent risks during the operation, reception, starting, testing and maintenance of biogas plants, 
to intervene in confined spaces, in the digestors, post-digestors and storage tanks. 
Depending on your region, here are a few guides that you might find useful: 

• United States: Safety Practices for On-Farm Anaerobic Digestion Systems (EPA) 

• Germany: Safety Rules for Biogas Systems (German Agricultural Occupational Health and Safety Agency) 

and Biogas: Safety First (German Biogas Association) 

• Quebec: Lignes directrices pour l’encadrement des activités de biométhanisation (Gouvernement of 

Quebec) (In French only) 

 
Reference Number 28: Biogas impurities: environmental and health implications, removal technologies and future 
perspectives. Adhena Ayaliew Werkneh. Heliyon 8 (2022) e10929.  Science Direct, Renewable and Sustainable Energy 
Reviews Volume 135, January 2021, 110225. www.cell.com/heliyon 
 

https://agriculture.gouv.fr/sites/minagri/files/documents/pdf/Guide_MethanisationV9_1-2.pdf
https://www.epa.gov/sites/production/files/2014-12/documents/safety_practices.pdf
http://www.build-a-biogas-plant.com/PDF/safety-rules-for-biogas-systems-2008.pdf
https://biogas.org.rs/en/news/safety-first/
http://www.mddelcc.gouv.qc.ca/programmes/biomethanisation/lignes-directrices-biomethanisation.pdf
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews/vol/135/suppl/C
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The biogas impurities, for example, carbon dioxide and NOx, have different environmental impacts such as climate 
change that results in malnutrition, flooding, the spread of communicable diseases and other disasters. With respect 
to the public health point of view, for example, hydrogen sulphide, which is among the main contaminants of biogas, is 
characterized as heavier than air, highly toxic and flammable gas, while upon inhalation, it reacts with the biological 
enzymes within the blood stream and results in inhibiting cellular respiration to cause sudden collapse, pulmonary 
paralysis, and death (L_opez et al., 2012). The odour threshold limit of hydrogen sulphide is about 0.00047 ppmv 
(Aroca et al., 2007), whereas at higher concentrations of 200–300 ppm, the hydrogen sulphide may cause respiratory 
arrest that leads to unconsciousness (Syed et al., 2006). Due to the corrosive and toxic nature of hydrogen sulphide, 
sulphur dioxide emissions are caused by biogas use in combustion (Lopez et al., 2012). As it was described by Macor 
and Benato (2020a), biogas is on average 10 times more toxic than natural gas in terms of dioxins and furans toxicity, 
and exhausts three times more NOx emissions than the natural gas standard. SOx emissions contributed about 6% of 
the imposed biogas human health toxicity. 

As a general overview, human health damage from biogas impurities has been imposed through regulated and 
unregulated emissions, where "the regulated emissions are substances that have regulatory limits for their maximum 
levels, while the unregulated emissions (which have higher toxicity impacts) are compounds without fixed regulatory 
limits" (Macor and Benato, 2020b). Those of the biogas impurities considered as regulated emissions are SOx, NOx, 
HCl, CO, VOCs, particulate matters, while the polycyclic aromatic hydrocarbons, furans, dioxins, and aldehydes are 
considered as unregulated emissions. Furthermore, SOx, NOx, and H2S are responsible for human health damage 
(Macor and Benato, 2020a, 2020b, 2021). The main challenges of the biogas impurities to human health are mainly 
due to the absence of a widely adopted and common emissions standard (e.g. at EU level) for both regulated and 
unregulated emissions. This is a point of concern for the stakeholders, as each country (mostly in developed nations) 
independently defines the impurities that need to be "tracked and their maximum levels", which is considered the 
most challenging (Macor and Benato, 2020a, 2020b). 

 
Reference Number 29: Potential hazards posed by biogas plants. Katarzyna Stolecka, Andrzej Rusin. Renewable and 
Sustainable Energy Reviews Volume 135, January 2021, 110225. https://doi.org/10.1016/j.rser.2020.110225 

The biogas production technologies are now highly developed, especially at the level of local biogas plants. 
Unfortunately, it has been impossible to avoid in-service fatal accidents. Therefore, the design and construction of new 
technological installations intended for biogas large-scale production have to take account of the plant safe operation. 
In the first place, this applies to the course of industrial processes and to potential failures that may occur in them due 
to the flammability and toxicity of biogas constituents. This paper is focused on the hazards that biogas poses to 
human health and life. It presents the hazard zones arising due to possible scenarios following a release of biogas from 
a biogas plant. 

The failures and accidents that occurred in biogas plants in the past prove that total elimination of hazards in this 
sector is impossible. The example analyses of failures of typical elements of a biogas plant presented in the paper 
demonstrate possible hazardous scenarios following an uncontrolled release of biogas. The flammable constituents of 
biogas can contribute to the creation of a large zone posing fire or explosion hazards. 

Reference Number 30: Quantitative analyses of biogas plant accidents in Europe. 
Petr Trávníček, Luboš Kotek, Petr Junga, Tomáš Vítěz, Karel Drápela, Jan Chovanec. Renewable Energy Volume 122, July 
2018, Pages 89-97 

Rapid grow of biogas stations numbers across the Europe could be seen in recent past. This is also associated with an 
increase in the absolute number of operational accidents. In the opinion of experts who deal with safety engineering 
in the field of bioenergy installations, the number of accidents on biogas stations is growing faster than energy 
production from these stations. The aim of this paper is to open a discussion about interpretation and uncertainty of 
quantitative accidents assessment. For this purpose, 208 accidents of biogas stations were collected across Europe 
from 2006 to 2016. These data were statistically analysed. 

 
Reference Number 31: MITIGATING TECHNICAL AND OPERATIONAL FAILURES IN THE DESIGN AND MAINTENANCE OF 
BIOGAS PLANTS. Silva Lozančić, Josip Radić, Držislav Vidaković, Marijana Hadzima-Nyarko. 15th International 
Conference on Industrial Engineering and Environmental Protection IIZS 2025 Technical Faculty “Mihajlo Pupin” 
Zrenjanin, October 2-3, 2025, Zrenjanin, Serbia 
CLASSIFYING COMMON SOURCES OF HAZARDS AND INCIDENTS IN BIOGAS PLANTS  
Common sources of hazards in biogas plants  
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This chapter provides an overview of the main sources of hazards in biogas plants. The history of failures and accidents 
in biogas plants demonstrates that the total elimination of hazards in this sector is not feasible. However, it is possible 
to influence some of the hazards during the construction process itself, with examples of poorly executed works 
presented in Table 1. 
Table 1. Common hazards in biogas plants: failures due to construction 

 

 
 

 
 



Although biogas production has significant environmental benefits, these facilities involve risks related to fires, 
explosions, and biological and mechanical hazards. These hazards will now be described, covering those that are 
possible during the exploitation of a biogas plant. For a better overview, Table 2 with the listed hazards, their causes, 
and mitigation techniques is provided. 

Table 2. Sources of hazards in biogas 
plants, their contributing factors, 
and mitigation techniques Hazard  

Contributing factors  Mitigation technique  

Fire and explosion  The risk of a fire or explosion, exist when 
the concentration of methane in the air is 
within the range of 5% to 15%  

Monitoring and control  
Ignition source control  
System design and maintenance  

Biohazard  Presence of microorganisms, such as 
bacteria, viruses, fungi, and parasites, in the 
organic waste feedstock  

Monitoring and control  
Hygiene standards  
Disinfection  

Electric  Electrical equipment that is not properly 
installed or maintained  

Regulations and standards  
Design and installation  
Maintenance  

Mechanical  Frequent use of heavy gear and equipment 
with moving parts  

Proper machine guarding  
Regular maintenance  
Adequate training  

Biogas is a flammable gas that presents a fire and explosion risk if it encounters a spark or flame. Mixtures of air and 
methane pose a particular danger and can ignite at a methane concentration between 5% and 15%. Under ideal 
conditions, when the mixture is near its stoichiometric ratio, a powerful explosion can occur, making it crucial to 
monitor and manage gas concentration within the plant. Biohazards stem from the nature of the raw materials used, 
including manure, food waste, and sewage sludge. These materials can contain various microorganisms like bacteria, 
viruses, and fungi that can threaten workers’ health, potentially causing gastrointestinal illnesses or skin and 
respiratory infections. To prevent these risks, it is essential to use appropriate personal protective equipment, adhere 
strictly to hygiene standards, and perform regular disinfection of equipment and work areas. Mechanical hazards at 
the plants are significant due to the use of heavy equipment and moving parts. Workers are at risk of crushing, 
entanglement, and amputation injuries. It is vital to carefully assess and mitigate these risks through proper machine 
guarding, regular maintenance and inspections, and providing adequate training for staff. Electrical hazards are present 
due to the extensive use of electrical equipment. Improper installation or maintenance can lead to electric shock or 
fire. Because of this, strict standards and regulations have been developed by international organizations and national 
governments. These regulations ensure the safe design, installation, operation, and maintenance of electrical systems, 
thereby protecting workers and the environment.  
Common causes of incidents  
Incidents in biogas plants, which can range in severity, are typically caused by a variety of factors. These can include 
human errors in operations and maintenance, equipment and component failures, and natural or technological 
disasters. The severity of these incidents, which can manifest as accidents, is determined by factors such as the type 
and location of the event, as well as the effectiveness of the existing safety measures. Accidents in the biogas sector 
are typically caused by equipment and component failures, design errors, and improper operation or maintenance. 
Across the broader bioenergy sector, a majority of accidents are a result of fires (53%) and explosions (40%), with a 
smaller percentage (7%) related to toxic releases.  
As previously mentioned, accidents can be the result of a combination of various factors, including maintenance error, 
equipment failure, operational error, component failure, and natural disasters (Table 3). 

Table 3. Common types of accidents and 
their descriptions Accident  

Description  

Maintenance error  Improperly inspecting or replacing equipment. Regular maintenance is essential 
for safe and efficient operation  

Equipment failure  Leaks or malfunctions (electric and mechanical hazards), can occur, resulting in 
occurrences and injuries  

Operational error  Misinterpreting data or failing to follow proper protocols can lead to significant 
causes of biogas plant occurrences  

Component failure  Component failure is a common cause. Parts can fail due to normal wear and tear, 
corrosion, and fatigue  

Natural occurrences  Natural occurrences such as floods, earthquakes can cause equipment damage or 
structural failures  

Since biogas plants are a relatively new type of industrial facility, safety regulations for them have not been fully 
developed. Understanding the range of hazards and causes of accidents in biogas plants is essential for ensuring safety. 
It is also important to recognize that the unique variables of biogas facilities can make their occurrences distinct from 



those in other industries. Therefore, further research is needed to overcome the challenges of data underreporting 
and to establish clearer causal relationships to continue to enhance safety protocols. 
The construction and operation of a biogas plant is a highly complex process, requiring diverse expertise and facing an 
extremely aggressive operating environment that threatens material integrity. While biogas production offers 
significant environmental benefits, the inherent nature of the process means the complete elimination of hazards is 
not feasible. Risks such as fire, explosion, biohazards, and mechanical/electrical failures are constantly present, often 
stemming from design flaws, equipment failure, or human error.  
Response from MLavelle: In the absence of understanding the range of hazards, the Precautionary Principle applies. 
 
Although biogas plants are conceived as a smart and ecological way to manage waste and generate environmental 
profit, they can sometimes turn into the site of ecological and material disasters. The most crucial element throughout 
the entire process of plant construction and operation is the human factor. Project designers and contractors bear 
immense responsibility, as irregularities in execution can significantly contribute to poor operating outcomes.  
To ensure both safety and long-term viability, a proactive strategy is essential. This includes careful analysis of system 
element placement during design to prevent cascade failures, employing effective mitigation techniques (like gas 
content monitoring and regular maintenance), and upgrading existing technological options. Furthermore, the 
successful implementation of biogas projects requires an integrated approach to managing the entire supply chain and 
logistics, alongside crucial investment in training programs for technicians and operators to ensure the availability of a 
skilled workforce for long-term success. 
Response MLavelle: Basically, it is criminally negligent to place an industry with such risks in an active quarry 
restoration & recycling centre with blasting, seismic vibration, machinery, staff, drinking water, pollution & death for 
the nearby population. 
 
 
Reference Number 32: Life cycle assessment of biogas production. Fabian Gievers, Meike Walz, Tobias Röther, and 
Matia Mainardis. DOI: https://doi.org/10.1016/B978-0-443-33679-9.00003-5 © 2026 Elsevier Ltd. 
 
Life cycle assessment standards 
The international standards ISO 14040:2006 (ISO, 2006) and ISO 14044:2006 (ISO, 2006) describe the preparation of 
LCAs and thus form a basis for a comparable and standardized procedure for the evaluation of environmental impacts. 
The standardization of the LCA ensures that all studies are carried out according to uniform criteria, which is essential 
for the comparability and transparency of the results. This involves modelling the entire system from which products 
are created or in which processes and activities take place (Hauschild & Huijbregts, 2015). 
In addition to the ISO standards, there are other instruments for assessing the environmental compatibility of biogas 
systems, depending on the topic and objective. These specific application guidelines, such as the as the European EN 
16760 standard for bio-based products, the EU Renewable Energy Directive (RED), the framework of Environmental 
Product Declarations (EPD), the ILCD handbook, and the EU Product Environmental Footprint (PEF) guide are all based 
on the main features of the ISO standards. 
Currently, the most widely used method for assessing the life cycle performance of biogas is the RED framework , as it 
is commonly used by biofuel producers in Europe for compliance reporting and the awarding of financial support that 
depends on meeting certain sustainability criteria (Brandão et al., 2022; van den Oever et al., 2021). This Directive sets 
out the rules for calculating greenhouse gas emissions, proposes default values and defines the objective and scope of 
the environmental assessment. 
 
Standards and guidelines that apply to life cycle assessment in the context of biogas systems. 



 
Response from MLavelle: The Application does not indicate compliance with these Standards. 
 

 
Framework of the international reference life cycle data system linking elementary flows from the inventory results to 
the impact results at midpoint level and endpoint levels. Adapted from JRC European Commission. (2010). 
International Reference Life Cycle Data System (ILCD) Handbook: Framework and requirements for life cycle impact 
assessment models and indicators. Publications Office. https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-
Framework-Requirements-ONLINE-March-2010-ISBN-fin-v1.0-EN.pdf. 
 
Cultivation of biomass  
When cultivating biomass, field work comprises a range of activities that also have a significant environmental impact 
(Bacenetti et al., 2016). These include soil preparation, sowing, crop care, and harvesting (Rana et al., 2016). Soil 
preparation and sowing require the use of machinery that burns fossil fuels, and therefore emits greenhouse gas and 
other pollutants. Intensive tillage can also lead to the release of soil carbon into the atmosphere as CO2. 
Other direct emissions include the release of chemicals into the environment, which can harm nontarget organisms 
and contribute to soil and water contamination (Birkved & Hauschild, 2006).  
The use of arable land for energy crops generally leads to a change in land use. This could lead to deforestation or 
conversion of natural habitats, and have an impact on biodiversity and carbon stocks, not only where the land was 
converted, but possibly also on other areas worldwide (De Baan et al., 2013; Warner et al., 2013). In addition to the 
effects of the change in land use, another variable and influencing factor regarding the environmental impacts of 
biomass cultivation is the type of crop, the crop rotation, and its yield efficiency for the evaluated conditions (Ingrao et 
al., 2019; Nilsson et al., 2024). The increased use of biomass to produce biogas may require the use of valuable arable 

https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-Framework-Requirements-ONLINE-March-2010-ISBN-fin-v1.0-EN.pdf
https://eplca.jrc.ec.europa.eu/uploads/ILCD-Handbook-LCIA-Framework-Requirements-ONLINE-March-2010-ISBN-fin-v1.0-EN.pdf


land and therefore compete with food production, and thus have a negative impact on regional biodiversity (Ingrao et 
al., 2019). However, depending on the distance and the choice of transportation, the delivery of the biomass also plays 
an important role in the overall emissions from biogas production chains (Muradin & Kulczycka, 2020). 
Process technology 
The technology used in biogas production (e.g., anaerobic digestion regimes such as mesophilic or thermophilic 
temperature, pretreatment processes) affects the energy yields of the biogas, the efficiency of the whole process 
chain, and therefore the overall environmental impact.  
How emissions, especially methane slippage (unburned methane emissions), are managed plays a significant role. 
Methane is a potent greenhouse gas, and its management is critical for environmental sustainability. Methane leakage 
from the biogas production supply chain not only contributes to increased greenhouse gas emissions into the 
atmosphere but also affects the overall efficiency of the biogas system. Typical methane leakage is reported to be in 
the range of 1.7 to 5.2% (Wechselberger et al., 2023). 
Moreover, they concluded that biogas plants with lower gas production emitted a larger proportion of their production 
compared to larger plants, which can be partly explained by the absence of gas collection from digestate storage 
normally observed in smaller plants. Therefore, the effect of methane leakage can be a main contributor to the global 
warming potential (GWP) of biogas systems (Li et al., 2021). Besides the GWP, freshwater eutrophication is also an 
environmental burden of biogas systems caused by the electricity consumption of the digesters (van den Oever et al., 
2021). 
 
 
Reference Number 33: Biogas plants accidents: Analyzing occurrence, severity, and associations between 1990 and 
2023. Hala Hegazy, Noori M. Cata Saady, Faisal Khan, Sohrab Zendehboudi, Talib M. Albayati. Safety Science 177 (2024) 
106597.   www.elsevier.com/locate/safety 

 
 
Fire and explosion hazards  
Biogas is flammable and can ignite in the presence of a spark or flame, creating a fire or explosion hazard (Europa, 
2014; Rusín J., 2022). Fig. 3 presents the signages used for fire and explosion hazards. hazardous conditions develop 
when a significant quantity of air is coupled with methane concentrations between 5% and 15% (Scarponi et al., 2015). 
An explosion is one of the most dangerous possibilities in biogas facilities. It can be triggered by igniting combustible 
gases, such as methane and hydrogen, created during anaerobic digestion. Poor ventilation, equipment failure, and 
human mistakes can increase the explosive potential of these gases. 
 
Biohazard  
Biogas plants convert organic waste into renewable biofuel and energy. Yet, using these wastes can pose severe risks to 
those operating and maintaining biogas plants. Biohazard is frequently observed in biogas plants. According to the 
United States Occupational Safety and Health Administration (OSHA), biohazards are biological substances or agents 

http://www.elsevier.com/locate/safety


that can endanger human health. Many microorganisms, including bacteria, viruses, fungi, and parasites, can be found 
in the feedstock of biogas plants, including animal manure, food waste, and sewage sludge. If not managed properly, 
these microorganisms can result in gastrointestinal illnesses and skin and respiratory infections (Abuhena et al., 2022; 
Scarponi et al., 2015). Moreover, the environment at a biogas plant may support the growth of harmful microbes, 
raising the risk of illness. 
Toxic release (biohazard) is another critical situation that might occur in biogas facilities. Anaerobic digestion processes 
produce toxic gases (biohazard), such as hydrogen sulfide and ammonia, seriously threatening employees and the 
environment. Exposure to these gases can result in significant health consequences such as respiratory distress, 
nausea, and even death. When workers at biogas plants are exposed to a lack of oxygen, they may suffer from asphyxia 
(biohazard). This can be caused by oxygen displacement by other gases generated during the anaerobic digestion, such 
as methane and carbon dioxide. 
 
Mechanical hazard  
In biogas plants, mechanical risks are substantial. Heavy gear and equipment are frequently used in biogas plants to 
manage the feedstock, mix, and pump. Workers using such equipment could be seriously endangered by crushing, 
entanglement, and amputation injuries. Other mechanical risks are that workers may encounter falling objects, moving 
parts (augers, shafts, bearings, and cranes), and high-pressure systems (Energypedia, 2010; Teodourita et al., 2008). 
Electric hazard  
Biogas plants use electrical equipment, posing a risk of electric shock or fire if not properly installed and maintained 
(Agency, 2020; Akbulut et al., 2021). Therefore, electric hazards are a significant concern in biogas facilities. 
Malfunctions (electric and mechanical hazard) can arise in biogas plants due to equipment failure or human error. 
Malfunctions can result in various situations, including explosions, fires, and toxic releases (biohazard). 

 
Common causes of occurrences in biogas plants 



 
 
Case study on severity.  
An example of how serious an occurrence in biogas plants could be is the catastrophic disaster that occurred on 
August 17, 2020, in Chateau lin, Finistere, France, when a digester at a biogas facility spilled, releasing a substantial 
volume (400 m3) of digestate into the nearby River AULNE. The leak caused a severe environmental crisis, polluted the 
river, and significantly threatened aquatic life and the local ecosystem (Mignaux, 2021). The occurrence was reported 
to the French Ministry of Ecology, which sent a team of experts to examine the damage and perform an emergency 
reaction. The long-term implications of the digestate leak on the River AULNE’s environment are unknown, as it can 
take years for a river ecosystem to recover from a spill of this magnitude. The spill, however, is likely to have had long-
term effects on the river’s water quality, aquatic life, and general environment (Analysis, 2020). Digestate is a nutrient-
rich material that, when released in a large mass to a water body, can significantly alter the chemical composition of 
water. The spill undoubtedly decreased the oxygen levels significantly, causing detrimental effects on the fish and other 
aquatic organisms inhabiting the river. Furthermore, the digestate’s high nitrogen content could have caused an 
overpopulation of algae and other plant life, affecting the river’s ecosystem even more. The ammonia nitrogen 
pollution that caused aquatic mortality seriously affected the nearby community. The pollution was severe enough to 
force the closure of a drinking water intake, resulting in a prefectural ordinance prohibiting drinking water use in 50 
villages, affecting around 180,000 people. The facility had to remain operational to maintain water pressure, 
worsening the problem (Mignaux, 2021). Swimming and seaside fishing were forbidden, and drinking water intake was 
closed due to water safety concerns. Fishing is a vital source of income and enjoyment for many people in the area. 
Therefore, these restrictions substantially impacted the local population and tourism operators. Mitigation measures 
were implemented to contain and remove the contaminated material, and ongoing monitoring of the river’s water 
quality and ecosystem is expected to continue in the coming years to assess the spill’s long-term effects and ensure 
that appropriate measures are implemented to restore the river to its natural state (Analysis, 2020; Mignaux, 2021). 
 
Fatalities and injuries 
The number of fatalities and injuries caused by each scenario is indicated by a bar on the graph below, along with the 
percentage of total fatalities caused by each scenario. The number of people killed by explosions is (53) > toxic 



releases (biohazard) (17) > asphyxia (biohazard) (7) > fire (2). Malfunctioning (electric and mechanical hazard) did not 
result in any fatalities. The ranking of scenarios in terms of the percentage of the total number of deaths is explosions 
(49%) > toxic release (biohazard) (33.3%) > asphyxia (biohazard) (13.7%) > fire (3.9%) > malfunctioning (0%). Explosions 
caused the most injuries (52). The ranking of causes of injuries is explosions (68.4%) > toxic release (biohazard) (21.1%) 
> asphyxia (biohazard) (7.9%) > fire (1.3%). It is crucial to highlight that injuries caused by various events might range in 
severity and influence individuals and the environment.  
 

 
Fatalities and injuries by scenario. 

 
 
Reference Number 34: Risk Assessment of Biogas Production from Sugarcane Vinasse: Does the Anaerobic Bioreactor 
Configuration Affect the Hazards? Rogeri, R.C.; Stolecka -Antczak, K.; Maradini, P.d.S.; Camiloti, P.R.; Rusin, A.; Fuess, L.T. 
Biomass 2025, 5, 79. https://doi.org/10.3390/ biomass5040079 
Anaerobic digestion of sugarcane vinasse is integral to enhancing ethanol distilleries’ environmental and energy 
performance by converting organic waste into biogas; however, the flammable and toxic nature of biogas has led to 
significant safety concerns, particularly in anaerobic bioreactors where biogas is produced and stored. This study 
provides a comparative risk assessment of different anaerobic reactor configurations—a covered lagoon biodigester 
(CLB), a continuous stirred-tank reactor (CSTR), an upflow anaerobic sludge blanket reactor (UASB), and an anaerobic 
structured-bed reactor (AnSTBR)—processing vinasse, focusing on fire, explosion, and hydrogen sulfide (H2S) toxicity 
hazards. Jet fire scenarios posed the most severe threat, with fatal outcomes extending up to 66 m, while the fireball 
scenario exhibited no lethal range. The risks to human life from explosions were minimal (1.2%). H2S toxicity was 
identified as the most critical consequence, with particularly severe impacts in CLB systems, where the hazardous zone 
was up to 20 times larger than in AnSTBR. Therefore, the design of anaerobic bioreactors for vinasse treatment 
must primarily address the risks associated with H2S -rich biogas, as reactor configuration plays a key role in mitigating 
or amplifying these hazards—high-rate systems such as AnSTBR and UASB demonstrating safer profiles due to their 
compact design and lower gas storage volumes. 

 

https://doi.org/10.3390/


Beyond technological implications, the composition of biogas poses critical safety risks. The bioenergy sector (i.e., 
ethanol, biodiesel, biomass, and biogas) records the highest number of accidents resulting in severe injuries and 
fatalities in biogas facilities. 
 
Quantitative analyses reveal that accident rates in Europe have grown faster than the sector itself In these risk 
assessments, the “critical event” are biogas leakages, which may lead to explosive mixtures when CH4 is released into 
the atmosphere in the presence of air and potential ignition sources. For biogas composed of 60% CH4 and 40% CO2, 
explosive atmospheres may form at concentrations between 8.5% and 20.7% of the mixture in air. 
In turn, H2S poses severe risks to human health, even at relatively low concentrations. High-level exposure can lead to 
olfactory paralysis, respiratory failure, and death. H2S is the second leading cause of inhalation-related fatalities after 
carbon monoxide, and lethal concentrations are reported at approximately 300 ppm. Quantitative studies confirm that 
intoxication by H2S is one of the main causes of death in accidents in biogas plants. Even moderate exposures can 
trigger acute symptoms such as headaches, dizziness, and eye irritation, underscoring the need for strict monitoring. 
The critical unit in biogas plants is the anaerobic reactor due to the high concentration of biogas produced and stored. 
Moreover, in a quantitative study almost all accidents occurred in anaerobic reactors integrated with or without 
gasholders. 
The safety assessment of anaerobic digestion systems involves analyzing two main accident scenarios to evaluate the 
consequences of uncontrolled biogas releases. The first scenario focuses on the partial rupture of the bioreactor, 
leading to biogas leakage through openings of different sizes and pressures, and subsequent hazardous events such as 
fire, explosion, or toxic exposure. The second scenario represents a more critical condition characterized by the total 
structural failure of the bioreactor and the complete release of stored biogas to the atmosphere. By comparing both 
scenarios, the analysis aims to identify how variations in leak size and operating pressure influence the magnitude of 
hazardous zones and potential risks to workers, providing key insights for preventive design and emergency planning. 
The identification of hazardous event scenarios was based on previous research that applied event tree analysis (ETA) 
and identified the uncontrolled biogas leak as a critical event. Figure 2 summarizes all hazardous events that follow the 
biogas leakage from a partial rupture condition, like immediate ignition (jet fire), delayed ignition (explosion), or no 
ignition (H2S intoxication). In this study, a 200 mm rupture was selected as a conventional reference diameter widely 
used in risk assessment methodologies, whereas a 1000 mm tear was included to represent more severe, yet realistic 
membrane failures reported by operators of covered lagoons. Similarly, the pressures of 0.05 bar and 1 bar correspond 
to typical operating conditions and an abnormal overpressure scenario, enabling a broader evaluation of potential 
accident consequences. 
Hazards in biogas plants are significantly related to the geometry of the plant, the parameters of its operation, and the 
composition of the biogas produced, i.e., the content of flammable and/or toxic compounds. Fires caused by biogas 
ignition can occur in the form of a jet fire in the case of partial rupture. A jet fire occurs when biogas released from a 
pressurized source is ignited close to the source of the release. This type of fire is characterized by a long and stable 
flame. Each of the fires has negative effects on humans and the environment related to the direct impact of the flame 
and the generated heat flux. For example, the lower values of this heat flux at 2.5 kW m−2 cause human pain and the 
breaking of glass after a sufficiently long period of exposure. Higher values at 12.5–15 kW m−2 cause first-degree 
burns and melting of plastics. In turn, values at 25 kW m−2 cause significant injuries, and values above 37.5 kW m−2 
can result in human deaths. 

 



 
 
The probability of death resulting from various types of fires is shown in Figure 5 in the case of partial rupture (i.e., jet 
fire), because the fireball did not generate a level of heat flux capable of causing human death. A 100 probability of 
human death was noted for both analyzed levels of biogas pressure and the larger hole size (1000 mm) in the 
event of a biogas jet fire. The range of areas associated with 100% human deaths will be approximately 32 and 65 m 
for 0.5 and 1 bar, respectively. In the case of lower pressure and a smaller diameter of damage (200 mm), the 
probability of human death will be no more than approximately 55% and will extend to a range of about 5 m. In the 
case of higher pressure, the probability will be about 90% and will extend to a range of about 16 m. 

 
 
An explosion is another type of hazard associated with the flammable properties of biogas components. Under 
favorable conditions, it may be a consequence of the biogas installation’s partial or complete failure. The negative 
effects of this phenomenon are generated overpressure and flying debris from the ruptured installation. For example, 
overpressure of 0.21 kPa causes large glass windows to crack, 4.8 kPa damages building construction, and 20.7 kPa 
causes minor damage to heavy machinery and equipment. Higher values of the overpressure generated by the 
explosion, i.e., at 99.9 kPa, 137.8 kPa, and 199.8 kPa, result in 1%, 50%, and 99% human fatalities from lung damage, 
respectively. 
Similarly to the fireball scenario, no Hazardous Zone or Hazardous Range were associated with a pressure wave 
causing the death of humans in the complete rupture explosion simulations. Nonetheless, the range covered by the 
pressure wave of 4.8 kPa (damage to building construction) and 20.7 kPa (damage to heavy machinery and equipment) 
was considerably greater than the consequences caused by the partial rupture pressure wave or even the 
consequences of the fireball. In this case, considerable monetary loss and impact on buildings in the vicinity can occur 
as a consequence of a complete rupture and the following explosion. In this scenario, the Hazardous Zone and 
Hazardous Range were also affected by the reactor size and resulting biogas stored in the headspace. The 4.8 kPa 
pressure wave covered an area of up to 2.4 million m2 and 877 m range under 1 bar of pressure and 1.57 million m2 
and a 708 m range under 0.05 bar of pressure for CLB technology. Conversely, for the high-rate AD bioreactors (UASB 
and AnSTBR), the consequences of the pressure wave were 11- and 3.5-fold lower for Hazardous Zone and Hazardous 
Range, respectively. 
The probability of death as a consequence of partial or complete rupture followed by an explosion and pressure wave 
was very low for all conditions (1.2%). However, the distance from the bioreactor associated with this death risk 
increased, along with the hole size (partial rupture) and the volume of biogas stored in the different technologies 
(complete rupture). The overpressure scenario (from 0.05 to 1 bar) did not significantly impact these distances, unlike 
in the jet fire scenarios. On the other hand, unlike a fireball, despite the low probability, a complete rupture explosion 
can result in human death. 



 
 
Intoxication by H2S is one of the main causes of death in accidents in biogas plants. There is no report in the literature 
that evaluates the impacts of the high H2S concentration usually found in the biogas evolved from vinasse on the 
health and safety of workers and operators of sugarcane vinasse biogas plants. H2S is extremely toxic: concentrations 
of 20–50 ppm can cause eye irritation (conjunctivitis) and lung irritation; concentrations of 150–200 ppm can affect 
one’s sense of smell and severely irritate the eyes and lungs; 500 ppm may cause sudden loss of consciousness 
(‘syncope’); and concentrations above 1000 ppm are fatal. Among the potential hazards presented in biogas plants in 
the partial rupture scenarios, H2S intoxication presented a higher Hazardous Range (Table 4) and Hazardous Zone 
(Figure 9) with risk of death. 

 
 
H2S intoxication was also associated with a larger hazardous zone, with a risk of death reported to be among the 
consequences of a complete rupture scenario, according to the evaluation performed in this study. 
The ’death Hazardous Range’(1000 ppm) increased up to 20-fold from the smaller (AnSTBR) to the bigger (CLB) reactor 
at both pressures tested. The death Hazardous Zone was up to 753 and 14,963 m2 for the AnSTBR and CLB reactors, 
respectively, under 0.05 bar of pressure. Meanwhile, the death Hazardous Zone increased to 2420 and 51,336 m2 for 
the AnSTBR and CLB reactors, respectively, along with the increased pressure (1.0 bar). It is worth highlighting the 
impact that the H2S concentration could have on the vicinity of the biogas plant in the case of a complete rupture. The 



lower concentrations considered in the simulations (200–500 ppm) can still be significantly hazardous to human life. A 
range of up to 1.7 km was achieved in the case of a complete rupture of a CLB under 1 bar of pressure. Meanwhile, 
the range of the high-rate AD reactors in the same condition was between 148 and 248 m for UASB and AnSTBR. 

 
 
The probability of human death as a consequence of a partial and complete rupture followed by a toxic cloud of H2S at 
the sugarcane vinasse biogas site is extremely high and is impacted by the hole size (Figure 11a,b) and reactor 
configuration (Figure 11b,c), respectively. For the partial rupture scenarios, the overpressure scenario tested (from 
0.05 to 1 bar) did not impact the probability of death as a function of the distance from the reactor either, but the hole 
size increased significantly. The range of the hazard zone related to a 100% probability of human deaths increased 
from 20 to 80malong with the hole sizes (200 to 1000 mm; Figure 11a,b). Though no differences in the death zone 
ranges among the reactor technologies are presented for partial rupture scenarios (Table 4; 1000 ppm), the specific 
construction of the equipment can make each reactor configuration more susceptible to smaller or larger holes in the 
case of an uncontrolled biogas leak. In CLB technology, a plastic or HDPE covering is fixed on the sides of the lagoon, 
which is often inadequate and results in uncontrolled biogas leakage resulting in greater susceptibility to larger 
holes in the cover fixation areas. For the complete rupture simulations, the high-rate AD. bioreactors, i.e., UASB and 
AnSTBR, presented a 100% probability of human death within the 15–20 m range (0.05–1.0 bar; Figure 11c,d). 
Therefore, the complete rupture scenario of a high-rate AD bioreactor resulted in a death zone similar to a biogas 
leakage from a 200 mm hole size (Figure 9). On the other hand, the bigger bioreactor and biogas volume stored 
(CLB) showed a 100% probability of human deaths within the 60–80 m range (0.05–1.0 bar; Figure 11c,d) or 4-fold 
higher than the UASB and AnSTBR. 
 



 
 
Response from MLavelle: Some of the existing neighbours to the proposed Biogas plant are within these distances & 
as shown above & are exposed to 100% probability of death from a toxic concentration of biogas. 
 
Reference Number 35: Safety Practices for On-Farm Anaerobic Digestion Systems. USEPA. Office of Air and Radiation 
Code 62071, 2011 
2.3 HAZARDS ASSOCIATED WITH BIOGAS  
AD biogas is composed of three main constituents: methane, hydrogen sulfide, and carbon dioxide. Each of these 
gases can be dangerous under certain circumstances. Common hazards associated with biogas include asphyxiation 
and fire or explosion potential. 
2.3.1 Asphyxiants  
Gases that prevent the uptake of oxygen into human cells are referred to as asphyxiants. There are two categories of 
asphyxiants: simple and chemical. A simple asphyxiant displaces oxygen, and chemical asphyxiants “reduce the body’s 
ability to absorb, transport, or utilize inhaled oxygen. Asphyxiants are often active at very low concentrations (a few 
ppm)” (Lawrence Berkeley National Laboratory, 2008). Asphyxiant gases are present wherever there is storage of an 
organic material; therefore, manure pits or any other areas for organic material storage become potentially dangerous. 
Following are the various asphyxiants that are typical constituents of biogas.  
• Simple asphyxiants – carbon dioxide and methane  
• Chemical asphyxiants – ammonia and hydrogen sulfide  
 
2.3.2 Immediately dangerous to life and health  
Within confined spaces and other covered areas, the potential exists for atmospheric concentrations to develop that 
become immediately dangerous to life and health (IDLH). An IDLH condition can be defined as an atmospheric 
concentration of any toxic, corrosive, or asphyxiant substance (simple or chemical) that “poses an immediate threat to 
life or would cause irreversible or delayed adverse health effects or would interfere with an individual’s ability to 
escape from a dangerous atmosphere” (OSHA, 2008C). Following are the main IDLH concerns when handling the 
production of biogas (Center for Disease Control and Prevention, 1995).  
• Oxygen deficiency – less than 19.5 percent by volume air  
• Hydrogen sulfide – more than 100 ppm  
• Ammonia – more than 300 ppm  
• Carbon dioxide – more than 40,000 ppm  
 
2.3.3 Explosion potential  
Methane, the main component of biogas, is flammable when it mixes with air. Upper and lower explosive limits (LEL) 
are established to provide an identifiable range of concentrations that will produce a flash fire when an ignition source 
is presented. The LEL is often referred to as a flammable limit. For methane, the lower and upper explosive limit is 5 
percent and 15 percent by volume of air, respectively (Linde Gas LLC, 1995). 



 
2.4 ELECTRICAL SYSTEM HAZARDS  
The generation of large quantities of electricity at an AD facility creates electrical hazards, most of which can be found 
near the gen set, transformer, and electrical panels. The only personnel with the authority to service and repair 
electrical systems are licensed electricians. In addition, the facility should post signs identifying general electrical 
hazards near the electrical generation system. 
2.4.1 High voltage  
Any electrical source above 600 volts is considered high voltage (NEC, 2005). Typically, transmission lines from the 
transformer are the source of the highest voltage on a farm. A transformer is a piece of machinery used to increase 
the voltage, allowing for more efficient   transport of the electricity. When dealing with such high voltage, the main 
hazard is contact with exposed leads, which could be fatal. 
2.4.2 Low voltage  
All electrical sources less than 600 volts are considered low voltage (NEC, 2005). Typically, switches, controllers, fuses, 
breakers, wall outlets, and electrical panels are considered low-voltage devices. One major hazard associated with 
electrical panels is arcing, which occurs when electricity from an energized source jumps a gap of air and discharges 
into an adjacent conductive surface, typically metal. If an individual happens to be in the pathway of the arc, they can 
be seriously burned or killed. 
 
 
Reference Number 36: Guidance for Evaluating Human Health Effects in Impact Assessment:  AIR QUALITY. Health 
Canada. December 2023. Healthy Environments and Consumer Safety Branch, Health Canada, Ottawa, Ontario. 
 
5.2 PARTICULATE MATTER  
The general term “particulate matter” (PM) can be defined as particles (solid or liquid, or a mixture of both) less than 
100 micrometres (μm) in diameter. Particles of 10 μm or less in diameter are referred to as PM10. Particles of 2.5 μm 
or less in diameter are referred to as PM2.5 or fine PM. Particles intermediate in size (i.e., PM10-2.5) are generally 
known as the coarse fraction of PM10. All three size designations (PM10, PM10-2.5 and PM2.5) have been 
demonstrated to affect various aspects of human health, such as the respiratory and cardiovascular systems. The fine 
(smaller) particles pose a greater risk to human health, as they can be inhaled deeply into the lungs and into the 
blood. Despite the overlap between each of these size fractions (i.e., the PM10 size fraction includes the PM2.5 size 
fraction), there is also variation in the deposition patterns within the lungs because of differences in the physical and 
chemical composition (WHO, 2003). Particulate matter can be primary or secondary in nature; primary particles are 
emitted directly from a source, while secondary particles form in the air during chemical and physical processes from 
precursors gases such as SO2, NO2 and volatile organic compounds (VOCs). 
Health Canada (2022a) conducted an extensive review of the literature on the health effects of PM2.5, succeeding two 
previous analyses on this subject (Environment Canada and Health Canada, 2012; Health Canada, 2013a). That latest 
assessment concluded that there were distinguishable effects for both short- and long-term exposures, and that the 
evidence, while highlighted by epidemiological studies of associations in the Canadian (and other) population for 
premature mortality and hospital admissions, was supported by evidence from controlled exposure studies using both 
animal and human models providing a clear causal chain at Canadian exposure levels. For instance, short-term (hours 
to days) exposure to PM2.5 can cause serious heart and lung events like heart attacks, heart failure, stroke, asthma 
attacks and premature death. Effects also include increased emergency room visits and hospitalizations for 
cardiovascular and respiratory problems. Long-term (months to years) exposure to PM2.5 can cause premature death, 
and can likely cause lung cancer, and heart and lung diseases. Exposure to PM2.5 may also lead to neurological and 
developmental outcomes. Additionally, the evidence pointed to adverse effects that are indicative of non-threshold 
relationships at the population level. The WHO Air Quality Guidelines (2021) also provided an extensive review of the 
scientific literature describing the relationship between ambient PM and various health endpoints. These guidelines 
note that a threshold could not be identified below which no adverse effects on health occur but provide a series of 
interim targets and guidelines for both PM10 and PM2.5 for 24-hour and annual periods. The CAAQS for PM also 
recognize that there is no population health threshold for human health effects; therefore, any increase in exposure 
will result in an incremental population risk (Environment Canada and Health Canada, 2012). Health Canada has 
concluded that the risk associated with PM2.5 is higher than the health risks associated with coarse PM or total 
suspended particulates (TSP) and constitutes the bulk of the health impact associated with PM, though there may be 
effects resulting from exposure to particles in the 2.5 to 10 μm range. Total suspended particulates, while having no 
specific health effects beyond that of PM2.5 and PM10, can have soiling effects that may be of concern to 
communities, and may contribute to deposition of substances that have consequences for soil and country foods 
quality, and thus should be assessed.  



Given there is no level of exposure below which there is no risk to population health, everyone’s health can be affected 
by PM2.5. Children, older adults, smokers, people carrying certain gene variants (e.g., antioxidant enzyme) and those 
with pre-existing cardiovascular and respiratory conditions (e.g., asthma) are at greater risk (Health Canada, 2022a). In 
addition, those engaged in greater levels of outdoor activity are more likely to be exposed for lengthier periods and are 
thus more vulnerable to the effects of PM.  
 
6.2 IDENTIFY AND CHARACTERIZE HUMAN RECEPTORS  
The identification and description of all existing and reasonably foreseeable human receptors that may be affected by 
project-related air emissions, including individuals temporarily exposed during specific uses of the areas (e.g., cabins, 
recreational use, seasonal occupancy, transient use), are necessary for an assessment of potential air quality impacts 
on human health. Local information on the frequency of use of temporary habitations, as well as frequency of 
seasonal and transient use may be of help in better characterizing the health implications of a project, especially in 
areas where such use is a common cultural feature. It is good practice to select the most sensitive or exposed 
individuals in determining these potential impacts. Some individuals are more susceptible to contamination exposure 
due to the following:  
Physiology (e.g., newborns, children, pregnant or breastfeeding women and elderly people);  
Health status (e.g., immune-compromised persons, and persons suffering from heart disease, respiratory conditions or 
allergies);  
Behaviour (e.g., amount of time spent outdoors); and  
Lifestyle (e.g., smoking, Body Mass Index (BMI) and exercise status).  
It is important to clearly describe the location and distance from the project site(s) of all potential human receptors 
(permanent, seasonal or temporary)—taking into consideration the different types of land uses (e.g., residential, 
recreational, industrial); and identifying all sensitive people (e.g., in schools, hospitals, retirement complexes or 
assisted care homes). Note that the types of residents and visitors in a particular area will depend on land use, and 
may include members of the general public and/or members of specific population subgroups (e.g., Indigenous 
peoples, campers, hunters). 
 
Reference Number 37: Analysing the Impact on Health and Environment from Biogas Production Process and Biomass 
Combustion: A Scoping Review. Marco Tamburini, Roberta Pernetti, Manuela Anelli, Enrico Oddone, Anna Morandi, 
Adam Osuchowski, Simona Villani, Cristina Montomoli and Maria Cristina Monti. Process and Biomass Combustion: A 
Scoping Review. Int. J. Environ. Res. Public Health 2023, 20, 5305. https:// doi.org/10.3390/ijerph20075305. 
 
3.3.1. Residential Setting Studies 
Of the two studies carried out in residential settings, one is a cross-sectional study from Thailand [17], which aimed at 
exploring the impact of air pollution from the activity of two biomass power plants on nearby residents’ health. Both 
plants employ the same biomass type, i.e., rice husks. This study was performed on a population of 392 residents 
(households aged _ 15 years). Exposure was determined by the distance between the residential communities and the 
biomass power plants. Accordingly, three groups were identified: Group 1, residents living at a distance of 0–0.5 km 
from the plants; Group 2, residents living 0.5–1.0 km away from the plants, and Group 3, residents living at >1 km 
distance who were regarded as the reference category. The households reported their own health symptoms during 
the past week and answered questions about chronic diseases for each member of the household, resulting in 1254 
participants. People working in the plants were excluded from the survey. 
 



 
Main features of the included epidemiological studies in residential settings. 

 
Main features of the included epidemiological studies in occupational settings. 
 
5.1. Epidemiological Studies 
5.1.1. Residential Setting Studies 
Both residential setting studies analysed the impact of living near industrial facilities using biomass on residents’ 
respiratory diseases and health symptoms. As mentioned before, the studies by Juntarawijit (2013) and Lee et al. 
(2021) appeared markedly different, especially because the former was carried out in two plants producing electricity 
from the same biomass type (rice husks) but by means of two distinct technologies (steam turbine and gasification 
with an internal combustion engine, respectively).The latter, instead, analysed 15 biorefineries producing ethanol from 
three biomass types: corn, wood and soybean. Despite these striking differences, both studies focused on the 
association between living in the vicinity of the facilities under study and the risk of respiratory morbidity (as 



well as other health symptoms) for the nearby communities. Additionally, the air pollutants taken into consideration 
were similar: particular matter (PM10 by Juntarawijit and PM2.5 by Lee et al.), sulphur dioxide, nitrogen dioxide, and 
ozone only in Juntarawijit (2013)  
The health effects of these pollutants are often well known. PM exposure has been linked to cardiovascular and 
respiratory negative outcomes, as well as cancer. In particular, exposure to PM 2.5 has raised wide concern regarding 
mortality and premature death due to both long- and short-term exposures. Ozone is an oxidative gas with 
strong irritative effects on airways, with proven association to hospital admission and mortality, although the health 
effects of long-term exposures still remain a matter of debate. Exposure to nitrone dioxide has also been observed to 
be linked to respiratory, cardiovascular, and metabolism-related diseases, resulting in an increased mortality 
among those exposed. Moreover, exposure to sulphur dioxide seems to exert its health effects on respiratory diseases 
and related mortality. 
Consistent with these observations, the results of the study from Thailand revealed that living in proximity of the two 
biomass power plants was associated with an increased risk of suffering from respiratory diseases and other health 
symptoms. 
Similar results are shown in the study by Lee et al. (2021), which dealt with the health impact of living in the vicinity of 
biorefineries using different types of biomasses. We decided to include this study in our review not only because one 
of the stages involved in the biofuel production is represented by biomass fermentation, but also because of the high 
methodological quality of the study itself. In fact, in this study, information about respiratory diseases was retrieved 
from objective hospital data. Additionally, the large sample size analysed increased the statistical validity of the 
analysis. 
Secondly, the association between biorefinery exposures and respiratory diseases was investigated according to two 
exposure indicators, that is, residential proximity and AERMOD-modelled air pollutant concentrations, to validate the 
findings. 
Thirdly, seasonal difference was taken into consideration in the association between residential exposure and lower 
airway diseases: as a matter of fact, respiratory ED visit rates among residents living within 10 km of the biorefineries 
were significantly higher than those living in the reference areas in spring and winter. These data contribute to the high 
methodological quality of the study, even though some parameters must be taken into account: (I) increasing air 
pollution levels during spring and winter can be due to photochemical decomposition rates of air pollutants at cold 
temperatures; (II) during cold seasons, there are higher air pollution concentrations due to the stagnation of air 
pollutants; and (III) tree and grass pollens cause respiratory symptoms, such as asthma, in spring. 
In conclusion, the high-level methodology adopted by Lee et al. (2021) should be considered as a reference model for 
other residential setting studies: the same methodological approach may also be used for the assessment of health 
risk among workers in industrial facilities, with the administration of an ad hoc, standardised, and validated 
questionnaire to investigate participants’ lifestyle. If this study has an occupational setting counterpart, 
a complete model about human health risk will be available.  
Workers and populations living near biogas plants could be potentially exposed to different pollutants, namely PM10 
and PM2.5, ozone, nitrogen dioxide, sulphur dioxide, some bacteria and fungi, endotoxins, and some VOCs. 
The health effects of short-term exposures to PMs, ozone, nitrogen dioxide, and sulphur dioxide are generally well 
known, although the effects of long-term exposures are not always completely understood. Thus, environmental 
monitoring should not be neglected in these populations. 
Some health issues could also arise from microbiological exposure to bacteria, fungi, and endotoxins. In particular, 
endotoxins could expose workers to some health risks, considering their high biological activity and thermic resistance. 
Even though VOCs are compounds which toxicity is generally well known, some exposures could occur in biogas plant 
workers, and thus, environmental monitoring should not be neglected. 
be neglected. 
Through environmental measurements, the monitored biogas plants included in the study highlighted the release of 
VOCs, gaseous pollutants, and particulate. 
 
Reference Number 38: Flaring from Unconventional Oil and Gas Development and Birth Outcomes in the Eagle Ford 
Shale in South Texas Lara J. Cushing, Kate Vavra-Musser, Khang Chau, Meredith Franklin,and Jill E. Johnston.  
Environmental Health Perspectives. July 2020. https://doi.org/10.1289/EHP6394. 
 
Our findings suggest that living within 5 km of OGD wells and flaring activity may have had a significant adverse effect 
on birth outcomes among pregnant women in the Eagle Ford region. The fact that much of the region is low income 
and approximately 50% of residents living within 5 km of an oil or gas well are people of colour raises environmental 
justice concerns about the potential health impacts of the oil and gas boom in south Texas (Johnston et al. 2016). 

https://doi.org/10.1289/EHP6394


Measures to minimize flaring—such as more stringent regulation of flaring or investments in renewable energy and 
energy efficiency measures that reduce reliance on fossil fuels overall—could protect the health of infants. 
 
Reference Number 39: Fracking linked to low-weight babies. Ann Gibbons 13 Dec 2017. 
A growing number of studies suggests that living near oil and gas developments is associated with a wide range of 
negative outcomes, from higher rates of asthma and migraines to more hospitalizations for cardiovascular disease, 
neurological disorders, and cancer. Earlier studies have also found associations with low–birth weight babies, but those 
were plagued by low sample sizes or a failure to show that health effects got worse closer to drilling sites, as expected 
if fracking were to blame. 
Now, health economist Janet Currie at Princeton University and her colleagues have tried to overcome those problems 
by looking at birth certificates for all 1.1 million infants born in Pennsylvania between 2004 and 2013—a period that 
spanned the drilling of thousands of fracking wells in the state, which now has more than 10,000 of them. The birth 
certificates included addresses and vital statistics for each infant, such as birth weights, total months of gestation, birth 
defects, and other abnormal conditions. The researchers overlaid those data on maps showing when and where wells 
were drilled in Pennsylvania. They then drew concentric circles around each site: one at 1 kilometer, one at 2 
kilometers, and one at 3 kilometers. 
They found that infants born within 1 kilometer of a well were 25% more likely to have low birth weights (less than 
2500 grams or 5.5 pounds) than infants more than 3 kilometers away, they report today in Science Advances. Babies 
born in the first circle also showed significantly lower scores on a standard index of infant health. Infants born in the 
outer circles—between 1 and 3 kilometers away—were smaller and less healthy than those who lived farther away, 
but they weren't as badly off as babies born closest to the wells. 
To rule out other factors that could lead to poor health outcomes, including race and socioeconomic status, the team 
removed babies born in urban areas like Pittsburgh and Philadelphia, which have comparatively high rates of lower 
birth weight babies. They also compared siblings born to the same mothers who lived near fracking sites before and 
after it started. Although this sample size was small—only 594 infants exposed to fracking had unexposed siblings—it 
showed that the exposed infants were smaller and less healthy. 
The good news is that the effects don't extend far beyond the fracking sites, Currie says. The study found no decrease 
in infant weight or health past 3 kilometers. But the team doesn't know what aspect of fracking caused the low birth 
weights, which put babies at higher risk for infant mortality, asthma, attention deficit hyperactivity disorder, lower test 
scores, and lower lifetime earnings. Currie, who studies air pollution and health, says it's likely air pollution from 
chemicals or the increased truck traffic and industrialization associated with fracking. Water pollution is an unlikely 
culprit because many people in the study got their water from municipal sources not close to fracking sites. Infants, 
who are essentially the "canaries" near the fracking mines, probably aren't the only victims. If they are experiencing 
negative effects, the elderly and other vulnerable people near wells are likely to also be at risk. 
 

Reference Number 40: Living near active oil and gas wells in California tied to low birth weight and smaller babies. 
Rachel Morello-Frosch,Professor, Department of Environmental Science, Policy and Management & School of Public 
Health, University of California, Berkeley, Joan Casey, Assistant Professor, Columbia University, Kathy Tran, Ph.D. 
Candidate in Environmental Health, University of California, Berkeley, Lara Cushing, Assistant Professor of 
Environmental Health Sciences, Fielding School of Public Health, University of California, Los Angeles. June 18, 2020. 

In a California study, it was found that pregnant women living near active high-production oil and gas wells have an 
elevated chance of having low birth-weight babies. This finding adds to a growing body of research on potential public 
health impacts from oil and gas operations. 

Analysis of the birth records of nearly 3 million babies born to people living within 6.2 miles (10 kilometers) of at least 
one oil or gas well in California’s Sacramento, San Joaquin Valley, South Central Coast and South Coast regions – the 
state’s oil production epicenters – between 2006 and 2015. 

The analysis found that in rural areas, pregnant women who lived within 0.62 miles (1 kilometer) of the highest-
producing wells were 40% more likely to have low birth-weight babies compared to pregnant women living farther 
away from wells or near inactive wells only. Rural women living near the highest-producing wells were 20% more likely 
to have babies who were small for their gestational age, which is an indication of reduced fetal growth. 

Among full-term births, babies born to rural women living within 0.62 miles of a well were 1.3 ounces (36 grams) 
smaller, on average, than those of their counterparts. This decrease in birth weight may seem minor from an individual 
clinical perspective, but such a downward shift at the population level can have significant implications for overall 
neonatal and infant health. 

https://www.science.org/content/author/ann-gibbons
http://advances.sciencemag.org/content/3/12/e1603021
https://theconversation.com/profiles/rachel-morello-frosch-395011
https://theconversation.com/profiles/joan-casey-1546839
https://theconversation.com/profiles/kathy-tran-1114951
https://theconversation.com/profiles/lara-cushing-516350


 
Reference Number 41: Safety in biogas plants: An analysis based on international standards and best practices. Hala 
Hegazy, Noori M. Cata Saady,, Sohrab Zendehboudi, Process Safety and Environmental Protection200(2025)107390 
www.journals.elsevier.com/process-safety-and-environmental-protection. 
 
The operation of biogas plants is fraught with various hazards that can pose significant risks to personnel and the 
surrounding environment. These hazards stem from the complex interactions among the plant’s components, 
including inputs, processes, and outputs. For instance, the anaerobic digestion process can produce explosive gases 
such as methane (CH4), hydrogen (H2), and hydrogen sulfide (H2S), necessitating stringent safety measures to prevent 
fire and explosion incidents (Marjolaine, 2020; Yu et al., 2021). Recent statistics indicate that incidents related to 
biogas plants are not uncommon. For instance, between 2015 and 2020, over 30 reported explosions and fires in the 
UK’s biogas plants caused injuries and property damage (Hegazy et al., 2024; HSE, 2024b). Similarly, in Germany, the 
Federal Institute for Occupational Safety and Health reported 18 serious accidents involving biogas plants in 2019 
alone, highlighting the need for stringent safety protocols (BAUA, 2022). 
A comprehensive understanding of biogas plant components is essential for identifying potential hazards. Typical 
biogas plant components include feedstock reception areas, anaerobic digesters, biogas storage tanks, combined heat 
and power generation units (CHP), and digestate treatment units. Each component presents unique risks; for example, 
digesters operate under anaerobic conditions and produce toxic, flammable, and explosive gases such as CH4, H2, and 
H2S that can lead to pressure buildup, while biogas storage tanks require careful monitoring to prevent overpressure 
and leaks (Eric, 2024; Tamburini et al., 2023; Wei et al., 2025). Furthermore, electrical systems integral to the 
operation of biogas plants can introduce electrical hazards if not properly managed. A study found that electrical 
failures were responsible for approximately 25 % of industrial accidents in biogas plants in the United States of 
America (USA) (EPA, 2014b). 
Mechanical hazards are predominantly associated with the plant system’s feeder, CHP unit, and other machinery 
(GAOHSA, 2008). Explosion and fire hazards can arise in several key areas, including the feeder, the space between the 
return valve and shut-off valve, and the access.  
Additional risk zones include the connections between overpressure and under-pressure protection systems and the 
blow-off pipe, as well as the segments between the shut-off valve and the condensate trap, the shut-off valve on the 
CHP unit, the gas flare, and the gas fine filter/ activated carbon filter within the CHP unit. Hazards may also occur in 
the conditioning unit used for biogas upgrading to the natural grid system (GAOHSA, 2008; Marjolaine, 2020). Biogas 
hazards are similar in the conditioning unit for biogas upgrading, the oil tray in the CHP unit, the gas fine 
filter/activated carbon filter within the CHP unit, and the dosing station for processing aids at the beginning of the 
process. Finally, the potential for electrical hazards exists in the digester, all electrical equipment, the CHP unit, and the 
injection unit within the biogas upgrading system to the natural grid. This underscores the across all operational areas 
of the biogas plant (GAOHSA, 2008; Marjolaine, 2020). Fig. 3 identifies the main hazards associated with the seven 
primary components from our dataset, highlighting where these hazards are mostly occurring. In addition, Natech, 
being a natural disaster that cannot be controlled, will be eliminated from our analysis 

http://www.journals.elsevier.com/process-safety-and-environmental-protection


 



 
 



 
 
Biohazard accidents in biogas plants are primarily associated with releasing toxic or harmful gases, such as H2S, during 
anaerobic digestion. Exposure to high H2S concentrations poses serious health risks to workers, including respiratory 
problems and even fatalities (Sawaya and Menezes, 2024). Studies indicate that biohazard-related incidents account 
for approximately 10 % of accidents in biogas plants (Rao et al., 2010). A fishbone diagram (Fig. 5) depicts several main 
causes that might lead to biohazards in biogas plants, such as inadequate handling practice, organic overload, 
improper use or disposal of PPE, accidental spills, poor air quality, inadequate labeling of hazardous material, and the 
generation of hazardous byproducts (Angelidaki and Ellegaard, 2003).  
 
Explosion and fire hazards are significant risks in biogas plants due to the flammable nature of biogas, which is 
primarily composed of methane (Wu et al., 2025). Accidental gas leaks, improper ventilation, or ignition sources can 
lead to explosive mixtures and fires (Schmitz et al., 2021; Weiland, 2010). Statistics reveal that explosion and fire-
related accidents contribute to around 15 % of incidents in biogas plants (Rao et al., 2010). These accidents can cause 
property damage, injuries, and loss of life. Fig. 5 represents some leading causes, such as open flames, electrostatic 
discharges, mechanically generated sparks, exothermic reactions, inadequate ventilation, combustible material, and 
improper use of electrical equipment (Demirel, 2008).  
 
Electrical hazards are present in biogas plants due to using electrical equipment for processes such as pumping, 
mixing, heating, and power generation. Improper wiring, equipment malfunctions, or inadequate grounding can result 
in electrical shocks, fires, or equipment damage (Gupta et al., 2004). Research suggests that electrical accidents 
account for approximately 12 % of incidents in biogas plants (Rao et al., 2010). Some of the notable causes of electrical 
hazards represented in Fig. 5 include faulty grounding, high voltages, inadequate insulation, overloaded circuits, 
electric shock from exposed wiring or equipment, short circuits, improper use of extension cords, and electric shocks 
from wet conditions (Gupta et al., 2004).  
 
Mechanical hazards in biogas plants can arise from operating various equipment, including pumps, valves, 
compressors, and agitators. Malfunctions, failures, or improper maintenance of these components can lead to injuries, 
entanglement, or equipment damage (Weiland, 2010). Statistics show that mechanical accidents contribute to around 
18 % of incidents in biogas plants (Rao et al., 2010). As indicated in Fig. 5, entanglement, hydraulic overload, 
temperature stress, inadequate guarding, failure of safety interlocks, inadequate maintenance, malfunctioning pumps 
or valves, and inadequate training are some of the potential causes of mechanical hazards in biogas plants (Angelidaki 
and Ellegaard, 2003).  
 
Natech accidents refer to incidents where natural hazards, such as earthquakes, floods, or storms, trigger 
technological failures or accidents. In biogas plants, natural hazards can compromise the integrity of structures, 
pipelines, or storage tanks, resulting in leaks, spills, or even collapses (Jensen and Hylland, 2019). Although the specific 
percentage may vary, it is vital to consider the potential consequences of such events and implement appropriate risk 
assessment and prevention measures (Weiland, 2010). These accidents can have severe consequences for both 
human safety and the environment. Potential causes include tornadoes, tsunamis, floods, hurricanes, rupture of 
biogas storage tanks, aging and deterioration of equipment, and power outages (Angelidaki and Ellegaard, 2003), as 
shown in Fig. 5.  
 
Other accidents in biogas plants can include falls from heights, chemical spills, or process deviations. Falls from 
elevated platforms or ladders can cause injuries and account for approximately 8 % of incidents (Rao et al., 2010). 
Chemical spills can lead to environmental contamination and health risks, contributing to around 7 % of accidents in 



biogas plants (Rao et al., 2010). Process deviations, such as improper mixing or temperature control, can affect the 
efficiency of biogas production and may result in suboptimal plant performance (Gupta et al., 2004).  
 
Accidents in biogas plants stem from various hazards, including biohazards, explosion and fire risks, electrical and 
mechanical failures, and natech events. Biohazards, linked to toxic gas releases like H2S, account for 10 % of incidents, 
while explosion and fire hazards have a contribution of 15 %, often due to gas leaks. Electrical hazards make up 12 % of 
accidents from equipment malfunctions, and mechanical failures account for 18 %. Natech events further complicate 
safety risks, underscoring the need for robust risk assessments and safety measures in biogas facilities. 
 

 
 
 
 

Reference Number 42:  Biogas plants – Safe handling of biogas 002: 
  

 
 
 Hazard  
The main hazard when handling biogas are the combustibility of methane and the explosiveness of methane/air 
mixtures.  
The explosion range of methane lies between 4 % and 17 % by volume in air.  
Further hazardous components of biogas are the asphyxiant carbon dioxide and the toxic hydrogen sulfide, which can 
be lethal even at low concentrations. The density of biogas is influenced by its carbon dioxide content, the 
atmospheric pressure and temperature. The higher the concentration of carbon dioxide, the higher the density of 
biogas. If the composition of biogas is unknown, it has to be assumed that biogas can accumulate at the ceiling as well 
as in basements, pits, shafts and other cavities. 
 
Explosion prevention  
In places where biogas plants or parts thereof are installed one must consider the hazard of an explosion. These areas 
should be classified into Ex-Zones 0, 1 or 2 in accordance with national guidelines.  
In places where explosive atmospheres may occur, ignition sources must be avoided, or other protective measures 
have to be taken to eliminate the risk of ignition. Effective ignition sources include flames, hot surfaces, electrical 
sparks, static electricity, mechanically created sparks and lightning strikes.  
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Reference Number 43: Explosion safety in anaerobic digestion sites; where it can go wrong and guidance to avoid that 
happening  Sarah Bergin, Graham Atkinson, Alan Beswick, Brian Crook, Tim Small, Lee Schilling,  SYMPOSIUM SERIES 
No.170 HAZARDS 33 © 2023 Crown copyright 
 
Anaerobic digestion (AD) is a series of biological processes in which micro-organisms digest plant and/or animal 
material in sealed containers, producing biogas, which is a mixture of methane, carbon dioxide and other gases. 
AD is a complex, living, biological process that is affected by numerous interdependent factors such as temperature, 
retention time and agitation. 
Methane, the main gas of interest in biogas, has an explosive range of between 5 % and 15 % vol. in air. Within biogas, 
methane accounts for between 50 % and 70 % of the overall gas mixture. Thus, the generated methane has the 
potential to be within its explosive range at various times during the process, not only during intentional gas 
generation activities such as the digestion process but also at times when presence of methane is not essential e.g., in 
the feedstock reception area/holding tanks, or when storage tanks are being accessed for maintenance purposes. 
Over the time period from 2010-2020, using search criteria that included biogas/anaerobic digestion as keywords, 68 
incidents were recorded. In terms of incident occurrence by industry, 40 of these incidents occurred on industrial sites, 
9 were logged as agricultural sites and 19 incidents did not specify industry. It is thought that this seemingly larger 
incident occurrence in industrial sites is more likely as a result of underreporting in the agricultural sector, rather than 
the industrial sector being inherently more incident prone. This supposition appears to be corroborated by anecdotal 
observation and material breaches identified as part of the inspection scheme, which is discussed further in the 
“Findings from HSE programme of inspections” section below. 
Figure 2 shows the breakdown of incident type over the ten-year period; categorised as fire and explosion risk, 
asphyxiation/toxic gas release, physical injury, and environmental pollution due to biogas release to atmosphere or 
slurry (solids) release. From these reports, environmental pollution accounted for the most frequent occurrences. This 
is again possibly down to level of reporting (or underreporting) of human safety issues. Environmental permitting of 
most AD sites tends to be routinely inspected against the environmental criteria of the license rather than health and 
safety regulations. Where physical injuries resulted (7 incidents), reasons included equipment failure due to corrosion, 
use of incorrect tools/PPE or operative not anticipating the hazard and thus not implementing a safe system of work. 
In the case of asphyxiation/toxic gas releases (7 incidents), where operatives were in close proximity, this tended to be 
during maintenance activities, for example breaking of a crust in the digester. Where toxic gas releases occurred (not 
necessarily causing an asphyxiation risk), this tended to be due to failure/absence of an odour abatement system, such 
as an H2S scrubbing. In terms of fire and explosion risks (15 incidents), these tended to occur as a result of a deviation 
from normal operating conditions, including foaming causing blockage of PRVs leading to over pressurisation, or power 
cuts causing safety critical equipment such as flares to stop. The most serious incidents involved hot works on storage 
tanks that contained accumulations of flammable gas that had not been properly identified during Hazardous Area 
Classification (HAC). 



 
Twenty-two inspections at AD sites were carried out by HSE’s Field Operations Division in 2021/22. These were large 
sites dealing with sewage, food, and industrial wastes. In 2022/23, forty-nine inspections were carried out at 
agricultural sites. Note: these were routine inspections and not in response to an unsafe occurrence or concern being 
reported. The outcome of this campaign was that material breaches were found in 50% of cases for industrial sites and 
40% of cases in agricultural sites. 
 
Reference Number 44: Process safety at anaerobic digestion sites and its workplace impact: A rapid review. Alan 
Beswick, Gareth Evans, Brian Crook,  Becky Gosling, Claire Bailey,  Iwona Rosa, Helena Senior, Jodi Brookes, Owen 
Butler, Paul Johnson, Penny Barker, Sarah Bergin,  Lee Schilling, Tim Small. Process Saf Prog. 2025;44:359–367. 
wileyonlinelibrary.com/journal/prs. Crown Copyright. 
For this review, the potential for worker exposure to hazards at AD sites is the focus, including exposures to toxic 
substances, injuries, and fatalities from failures in mechanical and process control. 
AD hazards can be broadly categorized as follows: 
 
1. Explosive Atmospheres: These can occur with the uncontrolled release, inappropriate storage, or improper handling 
of flammable biogas, which poses serious fire, explosion, toxic, and asphyxiant risks. The release of large quantities of 
fugitive biogas from the AD plant has been widely described, and for methane (CH4) this is often in relation to the 
environmental impact or economic loss of biogas. However, if not monitored, biogas leaks also present a risk of 
explosion or flash fire. 
 
2. Harmful Chemicals: Exposure to toxic compounds from the feedstock or AD processes may cause ill health, 
asphyxiation, and death. For example, hydrogen sulfide gas (H2S) is a potent respiratory and neurological toxicant 
acting as a pulmonary irritant and asphyxiant. Volatile organic compounds (VOCs) can also cause irritation in the 
respiratory tract, throat, nose, and eyes, as well as headaches, dizziness, and nausea. 
Long-term exposure to VOCs can disrupt the functions of the central nervous system, cause organ damage, and some 
VOCs may cause cancer. Most of the studies on AD units have focused on the role of H2S as an inhibitor of the 
methanogenic process or its corrosive effects on metal pipework and CHP engines. Microbial VOCs are often linked to 
odour concerns rather than respiratory ill health impact. 
 
3. Pressure Accumulation: Biogas components, including CH4, H2, carbon dioxide (CO2), H2S, or a mixture of these, can 
accumulate and over-pressurize digester vessels, pipework, and other gas containment structures. This may result in 
containment failure with leakage, fire, and explosion. Pressure build-up may be exacerbated by precursor events or 
engineering failures, such as pressure release valve or pipework blockage. Poor control of the AD process causing 
foaming events contributes to these risks. 
 
4. Other Engineering Failures: Mechanical breakdown or deterioration in pumps, valves, mixing mechanisms, and 
other critical components requires frequent maintenance interventions. Examples of such failures include corrosion of 
metal equipment caused by H2S, malfunctions of equipment caused by foaming residues, or siloxane combustion 
products deposited inside CHP machinery, increasing wear and tear. When these failures occur, maintenance tasks may 
expose employees to chemical or microbiological hazards. Such failures are also linked to poor levels of process 
reliability and control. 
 



5. Harmful Microorganisms: Exposure to various microorganisms within feedstocks prior to processing (storage and 
handling), or during the AD process itself, can be hazardous to human health. 
Some of these microorganisms are pathogenic, causing infections, inflammation, or toxicity. Exposure may be due to 
direct contact or inhalation. Some microorganisms cause allergic disease, particularly airborne fungal or bacterial 
spores. These are often present in large numbers when decomposing organic feedstocks are handled. 
In recent years, serious incidents have occurred at AD facilities in parts of the United Kingdom and elsewhere, some 
causing injury or fatality. These have arisen at different types of AD facilities and include established sites where robust 
systems and process understanding might reasonably be assumed. These events may reflect the complexity of the 
microbiological and engineering processes being managed and, among employees, a potential lack of knowledge 
about the correct preventive and mitigating actions to take. AD plant designs vary, but the associated hazards remain 
largely consistent and must be controlled.  
Multiple reported hazards associated with AD site incidents 
A range of hazards and defects has been described across multiple peer-reviewed papers, where common events act 
as precursors to dangerous occurrences that have the potential to injure or kill AD site personnel, or can affect those 
attending the site to assist in an emergency response. Examples of these are summarized in Table 1. 
 
TABLE 1 AD-related hazards and outcomes from major incident studies. 

Main hazard(s) identified/exposure risks Study outcomes/conclusions 
Between 2003 and 2010, most deaths or injuries 

involved biogas explosions, or toxic inhalation of H2S, 

particularly in confined spaces 

Five plants exploded during commissioning or during maintenance 

work. Thirteen deaths: four following gas explosions; four from H2S 

exposures after safety devices were disabled. Eleven serious 

injuries were due to burns, explosions, or H2S exposure. 

Firefighters' injuries from H2S exposures. Conclusion: AD industry 

lacked formal safety culture; rigorous procedures needed for 
hazardous materials 

In 10 years, 800 incidents in 13,171 European biogas 
sites. Included: biogas leakage from storage tanks, 

distribution networks; release of H2S; valves freezing; 

high pressure inside digester; overflowing sewage 
systems; dangerous raw feedstock 

Three fatal incidents. Risk analysis concluded risk not as high as in 
chemical plants but still have serious localized consequences. Risk 
assessments are critical to reduce the frequency of incidents. 

Of 169 reported incidents in the biogas supply chain, 
66% involved release of biogas; fires for 23%; explosions 
for 19%. Also, incidents due to exposures to gases such 

as H2S. 

Causes of biogas release: equipment failure, operational error, and 
explosions, from maintenance errors and system design errors. 
Learning from previous accidents and developing risk-awareness 
skills are needed but are limited by insufficient recording and/or in 
the published literature. Safety procedures of other industries 
should be adopted; specific safety standards for biogas 
production facilities could avoid future design and operational 
errors. 

Fires occurred in 52 of 132 incidents where energy 
generation units (ICE-CHP) were located. Flash fires in 22 
of 45 incidents in digester vessels or in gas storage 
vessels. Biogas leaks occurred from damaged piping, 
defective gas burners, and damaged gas storage vessels 

In 28 of the 52 fires: a technical defect; for example, electrical 
problems, leakage of operational fluids and ignition, or ignition of 
other flammable materials from hot surfaces. Flash fires caused by 
maintenance errors; for example, welding inside poorly ventilated 
areas; also from lightning (2 incidents). Technical defects included 
defective shut-off valves due to low temperatures. Biogas leaks 
from compressors were often linked to defective seals or failure of 
materials. 
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Environmental hazards 
Essentially the environment is only exposed to danger if biogas escapes into the atmosphere or working materials in 
the plant (e.g. digestion substrate, silage effluent, oils or fuels) enter nearby bodies of water. An accident of this type 
may be caused by structural faults or operating errors. 
Environmental hazards from biogas plants can be divided into emissions into air and emissions into soil and water. 
Analyses of biogas plants show that the digestate storage tank is one of the main sources of methane emissions, 
especially if it does not have a gas-tight cover. The CHP unit also presents some hazard, however in a lower degree. 
Other plant components are normally relatively gas-tight, but gas leakages at connection parts between the gas 
storage and the digester and pre-digester pits could happen. 
Emissions of ammonia from biogas plants should also be minimised. Ammonia causes acidification in soils, promotes 
eutrophication, can damage vegetation and can have detrimental impacts on health (in higher concentrations it is 
toxic; in groundwater, converted to nitrite, it adversely affects metabolism). 
Measures to reduce ammonia are similar to those for methane. This means that gas emissions to the atmosphere 
should be avoided (especially from the digestate storage tank). The techniques used for field spreading of digestion 
products have a crucial influence on ammonia emissions. Where possible, digestion products should be worked into 
the soil quickly, and if at all feasible application should not take place when ambient temperatures are high (i.e. 
preferably on cool days and not around the middle of the day). 
Various combustion products such as nitrogen oxides, sulphur dioxide, carbon monoxide and particulates, among 
others, are produced during the combustion of biogas. Emissions of these products should be regulated in the 
respective national regulations. 
 
Emissions to soil and water 
The quantities of liquids processed and stored in biogas plants range from around a hundred to several thousand cubic 
metres, individual tanks often hold several thousand cubic metres. The contents of the tanks should not escape into 
the environment, whether in normal operation or in the event of an accident. Environmental impacts are most likely to 
arise from the organic load and nutrients. If a tank leaks, for example, large quantities of organically polluted liquids 
enter the environment. The high organic load (high chemical oxygen load) is broken down by microorganisms, thereby 
consuming oxygen. 
The greatly reduced oxygen content can lead to death of fish populations. If large quantities of substrate enter the 
environment there is a considerable risk of eutrophication of water bodies. 
The use of processing aids (refer to section on hazardous substances) also brings with it the risk of environmental 
hazards. Mixtures of trace elements, for example, if spilled into bodies of water, can be highly toxic for water 
organisms and have a longterm impact. 
 
Health hazards 
In light of the potential sources of danger outlined above it is impossible to completely rule out health hazards for 
operators, employees and third parties. These health hazards can be divided into four categories: hazardous 
substances, electrical hazards, mechanical hazards, and explosion and fire hazards. 
Hazardous substances that are particularly likely to be present at biogas plants are biogas, processing aids, oils, 
activated carbon, silage effluent, slurry, wastes and biological agents. 
Typical hazards include: 

• Risk of asphyxiation and/or poisoning by fermentation gases / biogas in feedstock receiving areas. Release of 
highly toxic gases such as hydrogen sulphide in the receiving area, especially during mixing, as a result of 
reactions between feedstock materials  



• Hazards associated with the use of additives and auxiliary materials with hazardous properties (e.g. 

carcinogenic and reprotoxic mixtures of trace elements. 

Biological agents 
The intake of biological agents through the respiratory tract, hand-to-mouth contact, skin/mucous membrane contact, 
cuts and stab injuries is relevant to the assessment of potential hazards.  

The following are examples of hazards that may arise from biological agents during the production of biogas: 

• Inhalation of dusts or aerosols containing moulds, bacteria or endotoxins, for instance from silage or dry 

poultry excrement that has become damp (SVLFG, 2016). 

• If activities are conducted with visibly mouldy wastes, it is impossible to rule out acute toxic effects from the 

inhalation of mycotoxins or other microbiological metabolic products (TRBA 214, 2013). 

Additional hazards that may arise in plants where other substrates are used beside energy crops, liquid manure and 
solid manure: biological agents in cosubstrates (e.g. pathogens); manual contact during sorting. 

Various risky agents and materials are also liable to arise in the course of waste treatment. These may include 
impurities (interfering substances), animal carcasses, or wastes from hospitals, doctor’s practices or households with 
people who are sick or in need of care (e.g. used syringes and cannulas). 

Biological agents can also be introduced by rodents, birds or other animals and their excrement. 

Hazards from electrical equipment 
A variety of electrical equipment is used in biogas plants (control equipment, CHP unit, pumps, agitators, measuring 
instrumentation, etc.). Under certain circumstances this equipment may have adverse effects on health as a result of 
electrical hazards from the presence of electrical energy. 

• Danger of electric shock or arc caused by an electric shock through an individual’s body or by an arc flash. 

Example: damaged power cables on agitators 

• Danger from electric or magnetic fields from irritant effects in the human body created by the circulation of 

induction currents caused by electric fields, induced currents or magnetic fields. These effects occur in a 

frequency range up to 30 kHz (low-frequency range). 

Example: electromagnetic, electrical and magnetic radiation from the generator of the CHP unit (danger for people 
with pacemakers). 

• Danger from static electricity caused by an electric shock from the discharge of static electricity 

Mechanical hazards 
Accident blackspots in this connection include work on the silo or other workplaces at a height, work in the vicinity of 
rotating parts (e.g. feeding systems) or work in the vicinity of moving vehicles (risk of being run over). Accidents are 
particularly likely to occur during maintenance and repair work if inadequate protective measures have been taken. 

Gas hazards 
The workplace exposure limit (TRGS 900, 2016) or occupational exposure limit (OEL) is the timeweighted average 
concentration of a substance in air at the workplace over a specified reference period at which no acute or chronic 
harm to the health of employees is expected to be caused. As a rule, the limit is set on the assumption that the 
exposure is for eight hours a day, five days a week over a working lifetime. 



 

 
 

 
Explosion and fire hazards 
Flammable substances may be present in the form of gases, vapours, mists or dusts. An explosion can 
only occur if three factors apply simultaneously: 

• flammable substance (in distribution and concentration conducive to explosion) 

• oxygen (from air) 

• source of ignition 
Depending on the circumstances, two types of explosion can take place in biogas plants: detonation and deflagration. 
A detonation is rapid combustion occurring at the explosive limit. The pressure generated is lower than in the case of a 
deflagration, but is sufficient to destroy window panes, for example. Personal injuries are usually limited to bruising, 
burns and cuts. 
A deflagration is a form of explosion in which the propagation velocity of the reaction front is below the speed of sound 
in the respective medium and the combustion gas plumes flow in the opposite direction of propagation. The resultant 
pressure is enough to damage or entirely destroy buildings. People may suffer serious injuries, which may even be fatal. 
If the concentration of biogas in the atmosphere is between 6 and 22 % v / v, there is a risk of explosion in the presence 
of an ignition source (explosive range, explosive atmosphere). In the case of pure methane gas, the explosive range is 
between 4.4 and 16.5 % v / v. The ignition temperature of biogas is 700°C (methane 595°C). The composition of biogas 
may vary with regard to the proportions of methane and carbon dioxide, with the result that the explosive range of the 
gas mixture in the presence of air also varies. 



In addition to the specific hazards outlined above, weather-related or other environmental sources of danger may also 
arise, for example from flooding, earthquakes, storms, ice and/or snow, power outage, heavy rainfall or frost. Site-related 
sources of danger such as the effect of neighbouring businesses or the traffic situation must also be taken into account. 
Environmental sources of danger such as these may result in interactions with other specific hazards. 
 
 
Reference Number 46: BIOGAS: OPPORTUNITIES TO IMPROVE SAFETY AND SAFETY REGULATION. Olivier SALVI, Christine 
CHAUBET, Sébastien EVANNO. Transactions of the VŠB - Technical university of Ostrava. Vol. VII, No. 2, 2012. Safety 
Engineering Series, ISSN 1805-3238. p. 36 - 43, DOI 10.2478/v10281-012-0010-0 
Biogas safety issues 
• Main risks for biogas production Biogas production plants present three main risks: 
- The risk of explosion is the most studied because it is related to the production and use of a flammable 
gas which is composed mainly with methane (cf. Tab. 1). 
- The second major risk is toxicity due to the presence of H2S. It is a very toxic gas that is produced in anaerobic digestion. 
- The microbial risk is also to be considered, however chronic risk of inhaling pathogens and minor elements when using 
biogas is overshadowed by the two previous risks. 
 

 
Typical incidents in biogas plants are listed below: 
- leakage in the storage tank and/or on the distribution network of the biogas, 
- leakage following the completion of work on site storage and distribution of biogas, 
- accidental release of H2 S especially in mixtures of septic waste, 
- water pollution caused by effluent discharge, 
- overflowing sewage systems or storm-water control due to exceptional downpours, to equipment failures in the 
event of massive influx of water fire suppression, 
- presence of dangerous products in the raw material used to produce biogas, 
- overflow, freezing of valves, high pressure inside the digester. 
 
 
 



 
 

 
 
 

 



 
 

 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 

 
 



 
 
 

 

 
 

Reference Number 47: BIOEXELL -European Biogas Centre of Excellence 
MANAGEMENT OF BIOLOGICAL CONTAMINATION 
The main biologic contaminants in AD substrates are various types of bacteria, viruses, intestinal parasites, prions and 
other contaminants. The modern technologies of manure and biogenic waste treatment should not result in new 
routes of pathogens and diseases transmission between animals, humans and the environment. Some main measures 
would contribute to ensuring a veterinary safe recycling of digestate: 

• Livestock health control. No animal manure and slurries will be supplied from any livestock with health 
problems. 

• Feedstock selection and control. Hazardous biomass types are excluded from anaerobic digestion and 
canalised towards suitable, safe disposal methods (table 3). 

• Pre-treatment/sanitation of feedstock 

• Pressure sterilisation: 1330C, 3 bar, for 20 minutes. 

• Pasteurisation: 700C, for 1 hour. 

• Regularly control of the efficiency of pathogen reduction measures in digestate. 



 
 

THE PLANNING TASK 
Feasibility studies 
The potentials of a biogas plant can be established in a geographically defined area. The biogas plan may typically 
consist of the following items: 
· mapping of manure resources 
· mapping of waste products 
· energy production and application/sales of energy 
· supply scenarios (alternatives) 
· estimate of consequences for the plant 
· utilization of the digested product as manure 
As an alternative the potentials can be studied based on a specific project. The contents will more or less be identical 
but be adapted to specific conditions at the site and the required plant concept. Table 1 shows the average biogas 
potential of the most common AD substrates in Denmark. 
 
Location of the plant 
The projects can be established in connection with a biogas plan or based on knowledge about local conditions. The 
following conditions must be observed: 

• Accessibility to biomass – manure and/or various type of waste 

• Possibilities of selling power and possibly heat (either directly or as cooling through absorption coolers) 

• Political readiness to establish the project 

• Possibilities of financing. 
High-rate conversion requires available resources of a minimum of 40 t of biomass/day and a part of the biomass must 
be procured as high-grade waste products, etc. Transport of biomass is one of the important operation costs for the 
biogas plant. Aiming to have a sustainable economy for the plant, a thumb rule must be considered: the nutrient value 
of the digested biomass unit must be at least the same or bigger that the total costs of treatment, storage and 
transport of the same digested biomass unit. This aspect must be considered when planning the emplacement of the 
plant in the area as well as the location of the post storage tanks for digested biomass. 
NB: When deciding upon the location of a biogas plant, a suitable distance between the plant and the residential areas 
must be considered as well as the direction of the main winds, in order to minimise traffic and odour nuisances. 
 
Mapping of resources and energy sale 
The resources are mapped either directly or indirectly. By direct mapping the specific qualities and quantities are 
examined. It is often possible in industries or other enterprises, which have already established a more or less 
organized handling of the biomass. Indirect mapping indicates that quantity etc. is estimated from standard figures 
such as e.g. manure production per cow, waste production per inhabitant, waste quantity per slaughtered animal. 
The method is particularly suited for mapping of manure and organic household waste. In practice the methods are 
combined. 
 
The following information about the biomass is obligatory: 



• Quantity 

• quality (content of dry matter and a rough identification of type) 

• possible seasonal variations 

• present use/disposal (possibly including price of disposal). 
 
Organisation 
Besides the technical assessments the feasibility study should also contain an assessment of the organisation of the 
project under establishment and under operating conditions. As biogas projects aim at meeting requirements and 
solving problems for individuals, companies, groups, etc. it is essential that all interested parties are involved from the 
first steps of the planning phase. 
 
 
Reference Number 48: A Human Health Toxicity Assessment of Biogas Engines Regulated and Unregulated Emissions. 
Alarico Macor and Alberto Benato. Appl. Sci. 2020, 10, 7048; doi:10.3390/app10207048 
The aim of the present work is to evaluate the damage to human health arising from both regulated and unregulated 
emissions from biogas and natural gas internal combustion engines. 
A more complete picture of the toxicity of both fuels is provided by the analysis of damage to human health assessed 
in the “Health Impact Assessment”. The main outcomes are: 
• The damage per unit of electricity caused by biogas is about three times the damage caused by natural gas. 
• Among the four impact categories, “respiratory inorganics” is the most important because it contains NOx and SOx; 
the two substances with the highest impact. For this reason, “respiratory inorganics” accounts for approximately 97% 
of the total damage caused by the entire set of emissions. Among other categories, only the “respiratory organics” 
contributes in a non-negligible way. 
• The classification of the most harmful substances shows NOx in the first place. It produces, on average, over 90% of 
the damage to human health for both biogas and natural gas. However, the damage generated by NOx from biogas is 
about three times higher than from natural gas. SO2 is present in all investigated biogas exhausts and it accounts for 
about 6% of the total damage while it is practically absent in natural gas. The VOCs produce quantitatively similar 
damage for both fuels. Hence, the investigation highlights the role of NOx and SOx. However, SOx is not classified as 
“regulated emissions” for biogas ICEs. So, being the SOx contribution to the total damage non-negligible, this 
compound needs to be included among the biogas “regulated emissions”. There is also the need to fix a proper limits 
in order to reduce the harmfulness to humans of biogas fuel. 
Based on actual scientific knowledge and performed computations, it is possible to conclude that: 
• Among unregulated emissions, formaldehyde is 5 time higher in biogas exhausts than in natural gas ones. 
• NOx in the biogas engines exhausts is three times higher than those of natural gas. 
• HIA and RA analyses complement each other and provide a picture of the damage to human health. 
• Carcinogenic risk evaluation reveals that B(a)Peq of biogas and natural gas are comparable. 
• Biogas toxic equivalency of dioxins and furans in the biogas exhausts is 10 times higher than in the natural gas 
exhausts. 
• The contribution to human health damage of unregulated emissions is limited due to their very small quantities. 
• For biogas and natural gas ICEs, considering NOx and SOx is enough to obtain a good estimation of the damage to 
human health. 
• The damage per unit of electricity computed from biogas engines exhausts is about three times higher than from 
natural gas. 
 
 
Reference Number 49: Understanding risks and optimising anaerobic digestion to minimise pathogen and 
antimicrobial resistance genes entering the environment. Devendra Saroj,  Lisa M Avery, Rupert L Hough,  
Material that originates from the human or animal gut can contain pathogens and other organisms, any of which may 
be carrying genes that make them resistant to antibiotics. If we apply those to land, and allow them to enter the 
environment, they can remain in the soil or be washed into water bodies which may be used for irrigation of food 
crops, water supplies, recreation or shellfish production. From here, humans and animals can potentially consume 
pathogens/resistant organisms or come into direct contact with them in the environment. Given that earlier this year, 
the UK’s outgoing chief medical officer said that “we are in an arms race against microbes” and that if no action is 
taken on antimicrobial resistance, 10 million people worldwide could die each year by 2050; we ought to understand 
exactly what is in the organic amendments we apply to land.  
 



Anaerobic digestion (AD) utilises organic materials to produce energy via biogas while also producing nutrient-rich 
digestate ideal for application to land as a fertiliser. However, there may be a risk to human (and livestock) health if 
pathogens originating in the feedstock are transferred to land and potentially taken up into the food chain This is 
compounded by concerns over antibiotic-resistant bacteria (ARBs) entering the environment. Resistance genes (ARGs) 
can be transferred widely within the soil microbiome, including to and from pathogens, and we do not know their fate 
during and post-anaerobic digestion. Organisms of particular concern include Clostridia, which, being anaerobes, can 
proliferate under the digester conditions and isn’t always removed by pasteurisation. With little data on pathogen and 
ARB/ARG prevalence in feedstocks, persistence/proliferation through the AD process, we cannot determine risks 
associated with application of AD to land or how it compares to traditional organic amendments. 
Response MLavelle: These results indicate that land spreading of digestate requires compliance with the Precautionary 
Principle in relation to human health & that this Application be refused. 
 
Reference Number 50: Microplastics, Antibiotics, and Heavy Metals in Anaerobic Digestion Systems: A Critical Review 
of Sources, Impacts, and Mitigation Strategies. Liu, H.; Yuan, X.; Yao, Y.; Yao, L.; Zhang, J.; Maurer, C. Recycling 2025, 10, 
116. https://doi.org/10.3390/recycling10030116 
The widespread implementation of anaerobic digestion (AD) systems for organic waste treatment is increasingly 
challenged by emerging contaminants, including microplastics (MPs), antibiotics, and heavy metals (HMs), which 
exhibit environmental persistence and pose risks to ecological and human health. This review critically examines 
the sources, transformation pathways, and advanced mitigation strategies for these contaminants within AD systems. 
MPs, primarily derived from fragmented plastics and personal care products, accumulate in digestates and act as 
vectors for adsorbing toxic additives and pathogens. Antibiotics, introduced via livestock manure and wastewater, exert 
selective pressures that propagate antibiotic resistance genes (ARGs) while disrupting methanogenic consortia. HMs, 
originating from industrial and agricultural activities, impair microbial activity through bioaccumulation and enzymatic 
interference, with their bioavailability modulated by speciation shifts during digestion. To combat these challenges, 
promising mitigation approaches include the following:  
 

• bioaugmentation with specialized microbial consortia to enhance contaminant degradation and stabilize HMs;  

• thermal hydrolysis pretreatment to break down MPs and antibiotic residues;  

• chemical passivation using biochar or sulfides to immobilize HMs.  
 
Co-digestion practices inadvertently concentrate these contaminants, with MPs and HMs predominantly partitioning 
into solid phases, while antibiotics persist in both liquid and solid fractions. These findings highlight the urgency of 
optimizing mitigation strategies to minimize contaminant mobility and toxicity. However, critical knowledge gaps 
persist regarding the long-term impacts of biodegradable MPs, antibiotic transformation byproducts, and standardized 
regulatory thresholds for contaminant residues in digestate. This synthesis underscores the necessity for integrated 
engineering solutions and policy frameworks to ensure the safe resource recovery from AD systems, balancing energy 
production with environmental sustainability. 
 
Microplastics is the subject of the contamination studies of the 14 papers we consider for this critical review. The 
pervasive use of plastics—global production reached 360 million metric tons in 2018—has led to irreversible 
environmental fragmentation, with an estimated 12 billion tons of plastic waste projected to accumulate in landfills 
and ecosystems by 2050. Secondary microplastics (MPs, 1 μm–5 mm) predominantly originate from the degradation of 
microplastics through mechanical abrasion, UV weathering, and microbial action, while primary MPs are intentionally 
manufactured for industrial applications (e.g., electronics coatings, personal care products). China alone discharges 
approximately 306.9 million tons of plastic microbeads annually into aquatic environments, exemplifying 
the scale of anthropogenic MP emissions. 
Wastewater treatment plants (WWTPs) act as critical interception points, retaining >90% of influent microplastics 
(MPs) in sewage sludge through sedimentation and filtration processes. However, this retention inadvertently 
transforms sludge into a concentrated MP reservoir, with digestates containing 5-fold higher MP concentrations 
than raw waste-activated sludge (WAS) [24]. Globally, PS, PVC, PP, PET, and PE dominate sludge-associated MPs, 
exhibiting morphological diversity (spheres, fibers, fragments) and size heterogeneity (0.1–5 mm). Regional studies 
reveal substantial variations: Italian WWTPs report PA and PET concentrations of 29.3–1470 μg/g in sludge, while 
Canadian facilities detect 50–150 μg/L polystyrene nanoplastics (PsNPs) in anaerobically digested sludge. 
Notably, MPs’ high surface-area-to-volume ratio and hydrophobicity enable them to act as vectors for heavy metals, 
antibiotics, and pathogens through adsorption–desorption dynamics, amplifying contaminant mobility in AD systems. 
Land application of MP-laden digestates introduces these composites into agricultural soils, posing long-term 
risks to food security—a critical nexus requiring regulatory intervention. 



 
Antibiotics is the subject of the contamination studies of 18 papers we consider for this critical review. Antibiotics, 
widely used as growth promoters in livestock and additives in personal care products, have experienced escalating 
environmental release due to surging global consumption. Between 2000 and 2015, global antibiotic usage increased 
by 65%, with 30% allocated to livestock farming, while medical and aquaculture sectors accounted for 55% and 15%, 
respectively. Approximately 17–90% of veterinary antibiotics are excreted as parent compounds or active metabolites, 
resulting in concentrations ranging from 100 μg/L to 500 mg/L in livestock manure. To the best of our knowledge, 
there are four types of antibiotics including tetracyclines, sulfonamides, quinolones, and macrolides that were 
reportedly detected in the FW and related AD systems, as shown in Table 1. In China’s intensive farming systems, 
tetracyclines (TCs), sulfonamides (SAs), and fluoroquinolones (QNs) constitute >75% of the antibiotic load in swine 
manure, while enrofloxacin concentrations in poultry manure exceed those in swine/cattle manure by three orders of 
magnitude. 

 
 
Antibiotics enter anaerobic digestion systems via two primary pathways:  

• codigestion of livestock manure (e.g., TCs (tetracyclines): 21.4–152.0 μg/g dry weight) with municipal waste-
activated sludge (WAS), directly suppressing methanogen metabolic activity;  

• WAS-retained antibiotics (e.g., sulfamethoxazole: 3–9.4 μg/g) influencing microbial community function 
through extracellular polymeric substance-mediated adsorption–desorption dynamics [46]. Antibiotics with 
low MIC50 values (e.g., enrofloxacin MIC50 <0.06 μg/mL) inhibit key enzymatic activities via ribosomal 
targeting, reducing CH4 yield by 30–50%. Concurrently, antibiotic-induced selective pressure drives horizontal 
transfer of antibiotic resistance genes (ARGs, e.g., sulfonamide resistance genes sul1 and sul2), increasing 
multidrug-resistant bacteria abundance by 2–3 orders of magnitude in AD sludge. 

Despite the predominance of TCs and SAs (>75% detection rate in Chinese swine manure), global thresholds for 
antibiotic residues in agricultural digestate remain undefined. Drawing from Germany’s regulatory model, integrated 
strategies should include source reduction (e.g., restricting high-risk antibiotics with MIC50 <1 μg/mL), process 
intervention (10% biochar addition achieves >90% sulfonamide adsorption), and legislative controls (ecotoxicology-
based MRLs) to mitigate risks. 
 
Heavy metals (HM) is the subject of the contamination studies of the 17 papers we consider for this critical review. The 
valorization of municipal sludge and livestock manure as organic fertilizers is hindered by heavy metal (HM) 
contamination, despite their rich nutrient content. China generates over 60 million tons of sludge annually, with 
notable HM concentrations (e.g., Cu, Zn, Cd, Cr), where Fe, Mn, Cu, and Zn constitute >80% of total HMs in swine 
manure. Table 2 shows the content of HMs in slurry. Total HM concentrations alone inadequately reflect ecological 
risks, as bioavailability and toxicity depend critically on chemical speciation—acid-soluble (F1) and reducible fractions 
(F2) exhibit high mobility, while oxidizable (F3) and residual fractions (F4) remain stable 



 
Note. Limit values according to standard for irrigation water quality in China (GB 5084-2021) ; PM: pig manure; CHM: 
chicken manure; DCM: dairy cattle manure; -: It was not mentioned in the references. 
Within anaerobic digestion (AD) systems, HMs undergo dynamic speciation transformations. During initial hydrolysis-
acidogenesis, organic acids lower pH to 5.5–6.0, enhancing dissolution of HM ions (e.g., Cu2+, Zn2+). As 
methanogenesis consumes volatile fatty acids, pH 7.5–8.5, establishing a reductive environment that facilitates HM 
stabilization through:   

• sulfide precipitation (e.g., CuS/ZnS) mediated by sulfate-reducing bacteria;  

• humic acid (HA) complexation, with HA-Cu/HA-Zn exhibiting 2–3× higher stability than fulvic acid-bound forms;  

• extracellular polymeric substance (EPS) adsorption, achieving 60–85% binding efficiency. Ultimately, >90% of 
HMs accumulate in digestate solids, with 3–25 μm particles carrying >70% of the HM load. 

Toxicity rankings follow Hg > Cd > Cr(III), where Cd poses the highest risk due to its bioaccumulation factor (BCF > 5). 
Although passivation strategies (e.g., composite additives) reduce Cu bioavailability by 40–60%, global standards for 
HM thresholds in agricultural digestate remain absent. Future efforts must establish speciation-based risk assessment 
frameworks and develop microbial enhancement technologies targeting EPS synthesis or sulphur metabolism to 
achieve controlled HM risks in AD systems. 
Response MLavelle: These results indicate that land spreading of digestate requires compliance with the Precautionary 
Principle in relation to human health & that this Application be refused. 
 
 
Reference Number 51:  Microplastic abundance and characterization in the anaerobic co-digestion of food waste and 
dairy manure. Whitney AL, Chomiak KM, Babbitt CW, Eddingsaas NC and Tyler AC (2025)  Front. Sustain. Food Syst. 
9:1666814. doi: 10.3389/fsufs.2025.1666814 
Microplastics (MP) are an emerging contaminant in organic waste recycling, yet their occurrence and fate in anaerobic 
digestion (AD) systems remain poorly understood due to challenges in isolating MP from complex matrices. This study 
developed and validated a novel extraction method using peroxide oxidation and an EDTA–Triton X-100 solution that 
achieved >96% recovery without polymer degradation. This method was applied to characterize MP in manure, 
digester effluent (digestate), and lagoon storage at a full-scale food waste–manure co-digestion facility. MP were 
consistently detected across all sources, with concentrations ranging from 120 MP kg−1 (manure) to >3,300 MP kg−1 
(lagoon). Abundance was highly variable over time, shaped by feedstock composition and digester management 
practices. The MP observed likely stemmed from multiple pathways, including food waste inputs, packaging residues, 
on-farm sources, atmospheric deposition, and fragmentation of larger plastics during digestion. Polyethylene 
terephthalate (PET) fibers dominated across all samples. These findings provide the first quantitative evidence of 
microplastic (MP) occurrence throughout the AD process and highlight how management decisions influence 
contamination. By advancing extraction methods and generating new field-scale data, this study establishes a 
foundation for assessing the risks of MP release from AD systems to agricultural soils and downstream ecosystems. 
 
 
Reference Number 52: Ranking hazards pertaining to human health concerns from land application of anaerobic 
digestate.  Rajat Nag, Paul Whyte, Bryan K. Markey, Vincent O'Flaherty, Declan Bolton, Owen Fentone, Karl G. Richards 



, Enda Cummins.  Science of the Total Environment 710 (2020) 136297. 
https://doi.org/10.1016/j.scitotenv.2019.136297 
Farm yard manure and slurry (FYM&S) are important AD feedstock and are typically mixed with agricultural waste, 
grass and/or food wastes. The feedstock may contain many different pathogens which can survive the AD process and 
hence also possibly be present in the final digestate.  
A scoring system was used to categorise likely inactivation during AD, hazard pathways and finally, severity as 
determined from reported human mortality rates, number of global human-deaths and infections per 100,000 
populations. Five different conditions including mesophilic and thermophilic AD and three different pasteurisation 
conditions were assessed in terms of specific pathogen inactivation. In addition, a number of scenarios were assessed 
to consider foodborne incidence data from Ireland and Europe and to investigate the impact of raw FYM&S application 
(without AD and pasteurisation). A sensitivity analysis revealed that the score for the mortality rate (S3)was themost 
sensitive parameter (rank coefficient 0.49) to influence the final score S; followed by thermal inactivation score 
(S1, 0.25) and potential contamination pathways (S2, 0.16). Across all the scenarios considered, the screening 
tool prioritised Cryptosporidium parvum, Salmonella spp., norovirus, Streptococcus pyogenes, enteropathogenic 
E. coli (EPEC), Mycobacterium spp., Salmonella typhi (followed by S. paratyphi), Clostridium spp., Listeria 
monocytogenes and Campylobacter coli as the highest-ranking pathogens of human health concern resulting from 
AD digestate in Ireland. This tool prioritises potentially harmful pathogens which can emerge from AD digestate 
and highlights where regulation and intervention may be required. 
Harmful pathogens can be present in higher concentrations in animal FYM&S (Jones and Martin, 2003; Avery et al., 
2004; Nicholson et al., 2005) compared to food waste (Jones and Martin, 2003), grass and agricultural residues (Seadi 
and Lukehurst, 2012). Hutchison et al. (2004) reported high numbers of zoonotic pathogens (E. coli O157, Salmonella, 
Listeria monocytogenes, Campylobacter, Cryptosporidium parvum, Giardia intestinalis) in both fresh and stored animal 
waste (cattle, pig, poultry and sheep). The application of rawmanure and slurry is standard practice on farms to utilise 
animal waste while also replenishing nutrients to the soil (Szogi et al., 2015). AD is a process which can also use FYM&S 
as a feedstock and, by the action of microorganisms, break down biodegradable organic compounds into simpler 
molecules in the absence of oxygen to produce methane (Abbasi et al., 2012; Manyi-Loh et al., 2013, 2016). 
Foodborne illness (gastroenteritis) is a particular global health concern (WHO, 2008; Thomas et al., 2013; Torgerson et 
al., 2015). Nag et al. (2019)mentioned that the application of raw FYM&S and anaerobic digestate could possibly play a 
role in pathogen transportation from agricultural land to humans through the food chain (mainly ready to eat RTE 
crops). According to TIME Health (2017), 351,000 people die of food-poisoning globally every year. Foodborne disease 
means, according to WHO (2008), any disease of an infectious or toxic nature caused by consumption of food and a 
foodborne disease outbreak can be defined in the following ways, 
a) The observed number of cases of disease exceeds the expected number 
b) The occurrence of two or more cases of a similar foodborne disease resulting from the ingestion of a common food. 
The Health Protection Surveillance Centre (HSE, 2019) cited by Nag et al. (2019) suggests that Clostridium, 
Cryptosporidium, E. coli, Salmonella are the main pathogens of human health concern in Ireland. This highlights the 
importance of considering the severity (fatality/mortality rate) rather than simply the number of confirmed cases in an 
outbreak. 
Tropical diseases; mostly parasites (helminths) and some viral diseases such as yellowfever virus,West Nile virus, 
dengue virus, tick-borne encephalitis virus, zika virus, ebola virus, lassa virus,marburg virus (Hotez et al., 2007) are not 
common in Ireland and there is no historical evidence of such outbreaks in Europe. 
In some countries such as Denmark, animal manure is treated with mixed municipal sewage (Hartmann et al., 2002). 
Therefore, pathogens which are present both in animal manure, slurry and human effluent need to be considered in 
the European context. In contrast, grass, agriculture residues, animal manure and slurry, the organic fraction of 
municipal solid waste (comprises food and garden waste only) are considered the only feedstock used in AD plants in 
Ireland (Singh et al., 2010). The pathogenswhich have possible transmission pathways such as air, soil or food, water, 
and animal contact/zoonotic were considered for this study, while diseases which can be spread only by person-to-
person contact (HPSC, 2005) or insect bites were excluded. 
 



 
 

 
 



 
 
It can be concluded that pathogens such as Mycobacterium spp., Salmonella enterica spp., Listeria monocytogenes, 
Enterobacter spp., Clostridium spp. And E. coli are common both in human and animals. The common top ranked 
pathogens which appeared in the BM(Fig. 5), Scenario A FOODIRE (Fig. 7a), Scenario B FOODEU (Fig. 7b), and Scenario 
C RAWFYM&S (Fig. 7c) models are Cryptosporidiumparvum, Salmonella enterica spp., norovirus, Streptococcus 
pyogenes, Entamoeba histolytica, enteropathogenic E. coli (EPEC), Mycobacterium spp., Salmonella typhi followed by 
S. paratyphi, Clostridium spp., Listeria monocytogenes and Campylobacter coli. A comparison between results of A 
FOODIRE (Fig. 7a) and Scenario B FOODEU (Fig. 7b) highlights the difference between foodborne pathogens in Ireland 
and those found in the EU, with Cryptosporidium being noted as a greater issue in Ireland. According to the Health 
Protection Surveillance Centre (HPSC) (2018), there have been 400 to 600 cases (yearly) of cryptosporidiosis in Ireland 
since 2004. In the last scenario (Scenario C RAWFYM&S), no heat treatment was applied in terms of AD or 
pasteurisation; the additional pathogens of concern were Campylobacter jejuni, Vibrio spp., hepatitis A-virus, E. coli 
O157:H7, E. coli invasive & toxigenic, Streptococcus pneumoniae and rotavirus. A comparison of Fig. 5 and 7c 
highlights the effect of M-AD in reducing the final risk score for Salmonella typhi (and S. paratyphi) and norovirus. 
Other pathogens remained unchanged in terms of the ranking score; such as Cryptosporidium parvum, Streptococcus 
pyogenes, Entamoeba histolytica and Salmonella enterica spp. highlighting their heat resistance. 
 

 
This lists the pathogens (parasites) such as Ascaris, Ancylostoma duodenale, Toxocara spp., Trichinella spp., Entamoeba 
histolytica, Echinococcus multilocularis, and Echinococcus granulosus and the likely levels in urban wastewater and 
hospital waste; the presence of these pathogens in FYM&S is rare. It is not recommended to mix urban wastewater 
with FYM&S in an AD plant, hence limiting the likely presence of these parasites. 
Response MLavelle: These results indicate that land spreading of digestate requires compliance with the Precautionary 
Principle in relation to human health & that this Application be refused. 
 
 
Reference Number 53: Understanding the extent of emerging contaminants in English soils: Environmental 
implications of differing organic waste applications John Nightingale,  Felicity C.T. Elder, Andrea-Lorena Garduno-



Jimenez,  Laura J. Carter. Journal of Hazardous Materials 500 (2025) 140433. 
https://doi.org/10.1016/j.jhazmat.2025.140433 
The application of differing organic fertilisers to agricultural land is a long-standing practice that supports sustainable 
nutrient recycling. Despite the widespread use of organic amendments, the occurrence, distribution and fate of 
Emerging Contaminants (ECs), within agricultural soils remains poorly understood. To address this knowledge-gap, this 
study presents a comprehensive assessment of ECs across 22 English farms with diverse amendment histories and soil 
types. We evaluated and developed both a harmonised in-field sampling strategy alongside targeted and non-targeted 
mass spectrometry approaches, to reveal the presence of a wide range of ECs in soils. The antiparasitic ivermectin had 
the highest reported concentrations (21.8 ± 7.3–105.9 ± 86.7 ng/g (dw)), followed by the antibiotics oxytetracycline, 
ofloxacin, enrofloxacin, and plant protection products atrazine, and diazinon. Non-target screening identified 524 
chemical entities, 194 were singular occurrences. Prevalent contaminant classes included pharmaceuticals, 
plasticisers, polymers, fungicides and surfactants; > 40 % of these had not been previously detected in English soils. 
Dominant pharmaceuticals included antibiotics (n = 9), steroids (n = 4), anticancer (n = 3), and antipsychotic 
metabolites (n = 3). Here we present a feasible, and accurate approach to soil sampling – analyses which reflects 
accurate concentrations in field, in addition to the wide-spread occurrence of ECs in English agricultural soils receiving 
an array of organic fertilisers. 
Soil quality underpins agricultural productivity, ecosystem resilience, and ultimately human wellbeing. Historically, 
agricultural soils have been monitored for legacy contaminants such as heavy metals, nutrients, and persistent organic 
pollutants (POPs). These substances have relatively well-established analytical methods, known persistence in the 
environment and well characterised toxicology profiles. As such traditional pollutants, including lead, cadmium, 
arsenic, mercury, as well as poly aromatic hydrocarbons (PAHs), and polychlorinated biphenyl (PCBs), have been the 
focus of regulatory frameworks and environmental risk assessments. However, the intensification of agricultural 
practices and evolving environmental pressures (e.g., the need to reduce synthetic fertiliser production and use), has 
led to an increase in the use of organic waste amendments (e.g., farm yard manures, biosolids, digestates), that have 
the potential to introduce a new suite of chemical stressors, emerging contaminants (ECs), into the soil environment. 
These amendments, while beneficial for soil fertility and structure, can introduce a wide range of chemical residues, 
including pharmaceuticals, personal care products, pesticides, and industrial chemicals. ECs are not routinely 
monitored meaning there is a marked deficiency in data on the presence and distribution of ECs in agricultural soils, 
despite the significant environmental and human health risk they may pose. 
Where monitoring data does exist, this has largely focused on the presence of ECs in the United States and Australia. 
Occurrence and concentrations of ECs in UK soils remain poorly characterised despite the fact that a diverse spectrum 
of organic waste amendments are routinely applied across the UK’s agricultural landscape, ranging from livestock 
manures, treated sewage sludge (biosolids), wastewater treatment residuals and green waste composts. This 
knowledge gap is concerning given that farming systems, amendment types, amendment treatments/practices and 
environmental conditions differ between regions, which can influence contaminant fate and bioavailability. The UK’s 
Circular Economy Package set the aim to achieve a 65 % reduction in municipal waste by 2035. As part of this initiative, 
wastewater treatment companies are incentivised to reuse biosolids, aligning with the principles of a circular economy. 
This lack of knowledge is critical, as persistent contaminants can accumulate over time, potentially affecting soil 
microbial communities, crop health, and food safety, while also posing risks to groundwater and wider ecosystems. 
Whilst our understanding of chemical presence and fate is evolving; our evaluations of risk are consistently behind that 
of chemical production and use. Furthermore, there is a clear need to understand how ECs, in particular, can persist in 
natural systems following repeated applications of organic waste amendment. The importance of addressing this 
knowledge gap is underscored by technological advances in analytical chemistry, particularly mass spectrometry (MS), 
techniques. Modern MS methods, including high- resolution and tandem mass spectrometry, enable the detection and 
quantification of a much broader array of chemical compounds at trace levels than was previously possible. These 
advances facilitate comprehensive chemical profiling of soils and amendments, providing new insights into the 
chemical landscape shaped by contemporary agricultural practices. Currently, regulation surrounding ECs in 
agricultural soils is non-existent in the UK. The introduction of regulatory frameworks to safeguard soil quality and food 
safety will require robust, validated analytical methods and monitoring strategies. Without baseline data and 
standardised approaches, risk evaluations will be obsolete thus hindering policymaking. Leading to the potential risks 
associated with ECs to go unrecognised or unmanaged. Moreover, monitoring studies consistently overlook key 
analytical components such as sampling strategy and effects of sample transport which ultimately result in a poor 
understanding of absolute concentrations in the field. A comprehensive evaluation of the persistence of ECs with 
known ecological and human health concerns under real crop production conditions is urgently needed. This study 
aimed to;  
1) critically assess and devise a harmonised approach of soil monitoring through to analysis (targeted and untargeted), 
in soils; and  
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2) determine the presence of ECs in English agricultural soils with diverse organic amendment histories.  
To achieve this a multi-residue extraction method was developed targeting 18 analytes that consisted of a wide range 
of physicochemical properties and optimised for their extraction from soils with varying properties. Liquid 
chromatography-tandem mass spectrometry (LC-MS/ MS), and liquid chromatography-tandem high-resolution mass 
spectrometry (HRMS), techniques were employed to capture a broad spectrum of contaminants, enabling a 
comprehensive assessment of EC presence in soils. To the best of our knowledge, this is the first study to report a wide 
analysis of ECs in English agricultural soils. Ascertaining representative soils across farming landscapes remains a 
challenge for environmental scientists; controversial goals between production/farming and environmental research 
(i.e., farming, academia, and regulatory bodies), continuously stunts our abilities to assess chemical risks towards soils 
in the environment. To address this, the study adopted a citizen science approach, engaging directly with farmers to 
raise awareness of the issue associated with chemical contamination in soils. This approach underscores the 
importance of such studies for improving soil health and advancing our current evaluation of chemical risks. Our 
approach fosters stakeholder engagement, raising awareness of soil contamination issues and promoting a shared 
responsibility for environmental stewardship. 
Twenty-three farms with contrasting farming practices and application histories were sampled across England; SI Table 
1 contains the application histories for the selected farms. In brief, the farm application histories were comprised of, 
FYM/slurry (n = 9), biosolids (n = 8), food digestate (n = 3), Wastewater Treatment Residuals (n = 2), and unknown (n = 
2). Fourteen farms were sampled using a W - transect sampling method following site visits (as described below), and 
samples from eight farms were shipped to the University of Leeds (1 sample per field). Soil samples were sampled to 
0–10 cm depth using a trowel and stored in zip-lock bags and cool boxes containing ice packs (≤ 8 h), before storage at 
20 ◦ C. 

 
Footnote citation key: A =PubChem; B =DrugBank (NA); C =Martins et al.; D =Blume et al.;E=Shao et al.; F =Lautz et al.; 
G =Chen et al.; H =Sabourin et al.; I =Kahle et al.; J =Mansouri et al.; (Opera prediction); K =ˇ Cesen et al.; L =Nemeth-
Konda et al.; M =Aggarwal et al.;N=Campo et al.; O =Yu and Bi;P=Al-Rajab et al.; Q =Wu et al.]; R =Li et al.; S =Frade et 
al.;T=Krogh et al.; U =Krogh et al.; V =Li et al.; W =Menacherry et al.;X=Wang et al.; Y =;Z=Mrozik and Stefa´ nska, ]; AA 
=Straub et al.; AB =Yang et al.; AC =Kümmerer et al.; AD =Jones et al.; AE =Li et al.; AF =Hansen et al.; AG =EFSA; AH 
=Stoob et al.; AI =Srinivasan and Sarmah; AJ =Gao et al.; AK =Karnjanapiboonwong et al.; AL =Wu et al.; AM =Zhang et 
al.; AN =Rabølle and Spliid,; AO =Carlson and Mabury, ; AP =Prado et al.. 
 
Over 520 chemicals were identified to a high confidence level (Level 1–2), representing 194 unique entities. The 
contaminant classes most frequently detected were human pharmaceuticals (n = 52, Rank 1) > plasticisers (n = 51, 
Rank 2) > surfactants (n = 44, Rank 3) > fungicides (n = 40, Rank 4) > polymers (n = 35, Rank 5) > veterinary medicines 
(n = 23, Rank 6) > herbicides (n = 20, Rank 7) > human or veterinary use pharmaceuticals (n = 16, Rank 8) > disinfectant 
(n = 14, Rank 9) >pharmaceutical derivative/research chemical (n = 11, Rank 10).  
These dominant classes differ from those reported in previous studies, highlighting the importance of context-specific 
chemical classification when assessing risks to soil, plant and human health. Notably, 46.4 % of the identified 
pharmaceutical compounds—both veterinary and human—had no prior documentation in the scientific literature, 
regardless of environmental matrix. This underscores the limitations of current monitoring frameworks and the need 
for expanded EC surveillance. Quantified concentrations of pharmaceuticals in soils were found to range between 0.06 
± 0.07 (sulphamethoxazole) ng/g (dw) - 105.9 ±86.7 (ivermectin) ng/g (dw), and positive correlations were identified 
between concentration and K OC. This demonstrates that fate processes play a fundamental role in the presence and 
concentration of ECs in agricultural soils, and thus their risk towards terrestrial biota (i.e., microbial populations, 



earthworms). The potential risks associated with this exposure require further investigation. Although elevated 
concentrations of ivermectin, oxytetracycline, and ofloxacin raise immediate concerns for soil health, the primary 
contaminant classes posing leaching risks were plasticisers (35 %), herbicides (26.1 %), plasticisers (21.7 %), fungicides 
(8.7 %), plant growth regulators (4.4 %), and flame retardants (4.4 %). Overall, our understanding of the risks posed by 
ECs identified in this monitoring campaign are limited. This underscores the urgent need for a more harmonised 
approach to contaminant identification in agricultural soils and more comprehensive evaluations of the risks they pose 
to ecological receptors and connected environmental compartments. The engagement of farmers within this study 
through citizen science approach not only improved sampling reach but also fostered awareness and stewardship 
among key stakeholders. This will be critical in maintaining soil health as the UK moves towards a circular economy 
with increased organic waste reuse within agriculture. This study underscores the urgent need for a more harmonised 
approach to contaminant identification in agricultural soils and more comprehensive evaluations of the risks they pose 
to ecological receptors and connected environmental compartments.  
 
Environmental implications  
The presented study demonstrates that the reuse of contaminated organic fertilisers contributes to the widespread 
occurrence, and accumulation of emerging contaminants in agricultural soils. Over 520 contaminants were identified, 
some reported for the first time in England, with concentrations ranging from 0.06 ± 0.07–105.9 ± 86.7 ng/ g (dw). 
Notably, 46.4 % of pharmaceuticals had not been detected in previous monitoring campaigns, underscoring the 
unknown risks these chemicals pose in arable soils. There is a clear need to accurately assess the risks associated with 
different organic fertiliser applications to protect both environmental and consumer health. 
Response MLavelle: These results indicate that land spreading of digestate requires compliance with the Precautionary 
Principle in relation to human health & that this Application be refused. 
 
Issue 7: Effects of RED III on the biomethane market: What impact will the sustainability requirements from Article 29 
of RED III have on the biomethane market? 
The analysis answers the question of what impact the increased sustainability requirements from Article 29 of RED III 
will have on the biomethane market. As a result, a large proportion of the biomethane currently used in biomethane 
CHP plants would very likely not fulfil the greenhouse gas reduction requirements set out in Article 29 of RED III. This 
could affect around two-thirds of the biomethane used under the German Renewable Energy Sources Act, meaning 
that around 2.3 TWh of renewable heat and 1.9 TWh of renewable electricity could then no longer be generated. 
 
Reference Number 54: Biogas Production in Agriculture: Technological, Environmental, and Socio-Economic Aspects. 
Krzysztof Pilarski, Agnieszka A. Pilarska and Michał B. Pietrzak.  Energies 2025, 18, 5844. https://doi.org/ 
10.3390/en18215844 
Anaerobic digestion involves intensive water use, while digestate management determines the extent to which 
nutrient leaching or groundwater pollution may occur.  
In biogas plants, water plays a vital role as a process medium—it is used for substrate preparation and dosing, cleaning 
of installations, cooling of cogeneration units, and feeding steam boilers. In conventional energy systems, water 

consumption can reach several dozen litres per kilowatt-hour (kW・h; 3.6 MJ) of electricity produced. Under 
conditions of declining water availability and increasing frequency of extreme weather events (droughts, heatwaves), 
this creates significant operational and environmental risks. Increasing demands for environmental protection and 
resource efficiency (energy, nutrients, and water) are driving the development of systems that treat process water as a 
valuable resource and seek to close the water loop within the technological process. 
The positive environmental impact of biogas technology is not automatically guaranteed—management of production 
and digestate handling is crucial, especially regarding water quality. 
The literature shows varied views on how anaerobic digestion (AD) affects water quality, particularly groundwater and 
surface water. Ferdes et al. (2019) state that a well-designed biogas plant poses no risk to these waters, as no process 
wastewater is produced. Digestate is processed, and recovered water is reused in the system. Excess water treated by 
two-stage reverse osmosis reaches a quality suitable for industrial and agricultural use. Small amounts of wastewater 
may be sent to local treatment plants, and roof rainwater is directed to separate drainage systems, reducing 
contamination risks. 
Agrohydrological simulations suggest that the impact of biogas production on water quality may be ambivalent. If 
digestate is applied at rates similar to untreated slurry without any modification of agricultural practices, nitrogen 
leaching into groundwater may remain unchanged. This indicates that anaerobic digestion alone does not ensure 
improved water quality; appropriate agronomic measures—such as optimising fertiliser application rates, timing, and 
methods are essential. 



A management approach based on sustainable agricultural principles, including crop rotation and site-specific 
fertilisation planning, has been shown to reduce nitrogen losses to surface and groundwater. However, such strategies 
may also result in lower yields, thus highlighting the need to balance economic performance with the protection of 
natural resources. 
Logan and Visvanathan (2019) emphasise the importance of digestate quality and its appropriate management. They 
point out that direct application of digestate to agricultural land can contribute to pollution if sanitary and 
environmental requirements are not met. Therefore, current management strategies—often focused primarily on 
maximising energy recovery—should also incorporate environmental protection objectives, particularly with regard to 
water resources. 
Therefore, the influence of biogas production on water quality depends on substrates, fermentation technology, 
digestate management, and farm practices. When performed sustainably, with advanced purification and appropriate 
fertilisation, biogas production can improve groundwater and surface water quality. Poor management may worsen 
eutrophication and nitrate contamination. A systemic, interdisciplinary approach to biogas plant planning and 
operation is essential, combining energy, environmental, and agronomic factors. 
The schematic below (see Figure 7) presents the impact of biogas production on water management and soil quality, 
highlighting the importance of digestate management to limit nutrient leaching—particularly nitrogen and 
potassium—into groundwater. It also demonstrates the beneficial use of digestate as a fertiliser, supplying essential 
nutrients (N, P, K) to crops. This topic will be briefly discussed in the following subsection  
Effective digestate utilisation requires meeting certain conditions. Separating liquid and solid fractions improves 
nutrient bioavailability. Digestate is most suitable for crops with high organic matter demands, provided that soil 
nutrient levels and groundwater quality are regularly monitored. Its application should be carefully aligned with 
crop nutrient needs and seasonal timing to minimise losses. Excessive application can cause soil degradation and 
environmental harm. 
Response MLavelle: The Biogas proposal indicates a constant supply of manure for 12 months. Crop nutrient needs & 
seasonal timing involve the growing seasons. However, the spreading of digestate is not possible for the 5 months 
outside of the growing season. Spreading in this 5month period means run off into the adjoining river & underground 
aquifer. 
At the same time, it is important to consider that, despite these benefits, wider environmental impacts related to 
biomass sourcing cannot be overlooked. The growing demand for energy crops used in biogas production may 
encourage the expansion of monoculture systems, which carries risks of biodiversity loss and soil degradation. 
Intensive cropping without adequate rotation often leads to increased soil erosion, depletion of soil organic matter, 
and elevated nutrient runoff, thereby worsening eutrophication pressures. Furthermore, large-scale cultivation of 
biogas feedstocks typically requires substantial fertiliser and pesticide use, which can adversely affect groundwater 
quality and potentially reduce some of the environmental gains achieved through digestate recycling. 
Therefore, sustainable biogas production must involve not only careful digestate management but also responsible 
feedstock sourcing. Agroecological practices, such as multispecies cover cropping and integrating catch crops and 
agricultural residues, offer effective ways to reduce these risks while ensuring sufficient feedstock supply. 
Response MLavelle: This report indicate the unsuitability of development of a Biogas plant in an area of karstic 
limestone with the risks of pollution of the surface & groundwater drinking water schemes from the same aquifer. 
 
 

Best Regards, 

 

Martin Lavelle, BE 
2nd April 2026 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 
 


