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[bookmark: _Toc224553228]Foreword
The Pig Health and Welfare Council (PHWC) brings together producers, processors, vets, welfare scientists, government representatives and allied industries with a shared commitment to advancing the health and welfare of pigs across the UK. Central to this mission is the need to continually assess the evidence underpinning slaughter practices. Methods used in commercial settings should reflect latest scientific evidence and the practical realities of modern pig production. 
High-concentration carbon dioxide (CO₂) remains the predominant stunning method used, not only in UK pig processing but around the world. The procedure allows pigs to be moved to the point of stunning in a manner sympathetic to their natural group instincts and behaviours, with minimal individual restraint which is considered a significant welfare benefit. It also offers predictable throughput and optimises product quality.
However, PHWC recognises the growing body of evidence highlighting significant welfare concerns associated with CO₂ exposure – particularly aversion, respiratory distress and behavioural signs of discomfort before unconsciousness. As societal expectations evolve, and as scientific understanding deepens, the sector recognises the need to evaluate new, alternative stunning systems and any welfare improvements they may offer. 
Transitioning from CO₂ to alternative stunning systems is more than a technical adjustment; it represents a transformational change in commercial processing operations. To ensure this shift delivers genuine welfare, operational and economic benefits, it is essential that it is guided by robust science, proven commercial viability and clear regulatory frameworks.
An industry-led, evidence-based transition allows processors to adopt new technologies responsibly, rather than facing the challenges and unintended consequences that could arise from change driven solely by a mandated ban. Maintaining high animal welfare standards, along with worker safety and current line speeds, requires that early adopters of argon or other hypoxic systems have confidence that these emerging technologies are validated at commercial scale and can operate safely and efficiently. 
Moving ahead without comprehensive testing and validation could risk inefficiencies in processing, reduced throughput and difficulty meeting customer demand for British pork. If domestic capacity were constrained before suitable alternatives are fully established, retailers and foodservice operators may be forced to source pork from countries where CO₂ stunning remains standard practice and where on-farm welfare requirements may be lower. This would displace UK production, undermine the competitiveness of the British pig sector and result in pork being imported from systems that fall short of the standards expected in the UK – ultimately doing little to advance global animal welfare.
This report provides a robust and impartial assessment of the economic implications of moving away from CO₂ stunning within a commercial UK context. Commissioned by AHDB and informed by extensive stakeholder engagement and the latest literature, it offers a realistic appraisal of the costs, operational factors and uncertainties associated with adopting inert gases such as argon or enhanced electrical systems.
Importantly, the report does not attempt to determine which method should replace CO₂, nor does it draw welfare conclusions; rather, it supplies critical economic insight that must sit alongside ongoing welfare evaluations and practical considerations. 
The findings present a nuanced picture. While alternative systems may hold welfare potential, all options currently come with substantial financial, logistical and operational challenges. Throughput, labour, capital investment, installation downtime and the practicalities of retrofitting existing sites all shape feasibility.
Wider impacts – such as gas supply resilience, meat quality, regulatory approvals and the welfare implications of pre-stun handling – also carry significant weight and must be considered holistically. 
For PHWC, this report is an important contribution to the broader evidence base required to support informed, sector-wide decision making. Any transition away from CO₂, should it be pursued, will demand careful planning, cross-sector coordination and a clear understanding of the welfare, commercial and logistical implications. Furthermore, it is important to recognise that any such transition will also need to be based upon further practical research, given the limited global availability of commercial scale experience with some of the potential alternatives.  
We hope this work will support constructive dialogue between government, sector and welfare experts as we collectively consider the best way forward. Ensuring that stunning methods are not only economically viable but also deliver meaningful welfare benefits remains a central objective of PHWC, and this report provides a valuable foundation for that ongoing effort.

Duncan Berkshire MA VetMB MSc CertPM FRCVS
Pig Health and Welfare Council Chair
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[bookmark: _Toc224553229]Executive summary
The Agriculture and Horticulture Development Board (AHDB) commissioned Europe Economics to estimate the plant-level costs and practical implications of converting from high-concentration CO₂ to alternative systems for stunning and killing pigs in a commercial UK pig processing facility. The work is intended to inform discussions on potential regulatory or market-led changes to stunning practices by providing quantitative estimates of per-pig costs under different technological options. 
The study does not seek to make a recommendation on whether CO₂ should be replaced. Instead, it quantifies the cost implications of alternative systems, alongside associated operational and market impacts, and highlights key uncertainties and practical constraints that will shape feasibility and how costs are distributed.
While animal welfare considerations and stakeholder views are noted, the report does not undertake an independent welfare assessment or seek to reach conclusions on comparative welfare outcomes. It does, however, reflect a consistent view from stakeholders that welfare must be appraised across the entire stunning pathway, from lairage and pre-stun handling through movement along the raceway and restraint up until the point of loss of consciousness, rather than focusing solely on the induction phase. 
This whole-pathway perspective is particularly relevant for electrical stunning systems. The report highlights that welfare outcomes under electrical systems depend heavily on calm handling, single-file movement and reliable restraint at commercial speeds. Stakeholders expressed concern about the practicality of sustaining these conditions at scale without frequent reliance on movement aids such as electric goads, despite regulatory and welfare guidance seeking to minimise or eliminate such tools. They also highlighted risks associated with miss-stuns, higher labour intensity, increased space requirements and a greater dependence on operator skill and consistency. Evidence from the literature also indicates electrical stunning has higher rates of blood-spotting, with associated commercial consequences. 
The report also identifies substantial uncertainty and first-mover risk associated with inert gas alternatives. No pig processing facility currently operates an argon stunning system at full commercial scale under UK stun-to-kill requirements. As a result, any early adopter would face uncertainty over achievable throughput, reliability, operating parameters, staff safety and animal welfare outcomes in real-world conditions.
In addition, a large-scale shift to argon could introduce new supply-chain risks, including uncertainty over availability, pricing and resilience, which could have implications for operational continuity and animal welfare if disruption occurs.  
These technical and operational uncertainties are compounded by transition risks. Installation and commissioning of alternative stunning systems would likely require multi-week periods of reduced output or shutdown, creating pressure to divert pigs to other processing sites, with associated haulage, scheduling and animal welfare implications. Stakeholders emphasised that the risks associated with transitioning away from CO2 to alternative systems would vary widely between individual plants, be largely unavoidable in practice and may result in costs as significant as the long-term differences in operating costs.
The report also highlights several wider impacts that are not fully captured in per-pig cost estimates. These include site-specific layout constraints, downstream capacity limitations, retailer approval processes and potential effects on exports and international competitiveness. Higher processing costs are expected, over time, to place upward pressure on UK pork prices, increasing the substitution risk towards cheaper proteins and imports, particularly if overseas competitors continue to use lower-cost CO2 stunning systems.
Taken together, the report findings suggest that moving away from high-concentration CO2 stunning would entail not only substantial cost increases but also significant technical, operational and market risks. These include uncertainty over the commercial viability of alternatives at scale, exposure to transition and supply-chain disruption, and potential unintended welfare and quality consequences if systems cannot be reliably operated at commercial throughput rates.
Within the evidence-based ranges tested, electrical stunning is generally the lowest-cost alternative modelled, while argon options are more expensive. However, all alternatives remain materially above the current CO2 baseline, and their practical feasibility depends on factors that vary widely between individual plants and are not fully captured in modelled costs.
The findings underline the importance of further commercial-scale validation, supply-chain assessment and coordinated transition planning before any large-scale shift away from CO2 could be considered.
[bookmark: _Toc216280649][bookmark: _Toc224553230]Methodology and evidence base
The analysis is based on a bottom-up cost model for a notional high-throughput UK site currently using a CO₂ system. The model compares three alternatives to this baseline: 
· Argon with added capacity (e.g. a second kill line) 
· Argon with extended operating hours 
· Electrical stunning with appropriate pre-stun handling and restraint 
For each option, the model estimates per-pig costs in 2024 prices, including labour, gas and electricity, water, maintenance and annualised capital costs.
Model inputs are drawn from three main sources. 
First, structured interviews and a short data request to major multi-site UK pig processors provided information on current CO₂ operations, indicative capital envelopes, and expectations for how costs and throughput might change under alternative systems.
Second, a review of the recent technical literature – particularly the EU Reference Centre for Animal Welfare’s PigStun project – provided evidence on throughput, gas usage, energy consumption and capital requirements for argon and electrical systems, which was scaled to UK conditions where necessary.
Third, stakeholder feedback was used to test the plausibility of model assumptions and to define optimistic, central and pessimistic parameter ranges. Central results represent Europe Economics’ best estimates within the available evidence, while optimistic and pessimistic scenarios illustrate how rankings might change under more favourable or more challenging conditions.
We note that a key caveat to the analysis of argon systems is that, to our knowledge, no party has ever carried out a trial of operating a pig processing facility using argon at a commercial scale. We would recommend that such a trial is carried out to verify the feasibility of an argon system in a commercial setting.








[bookmark: _Toc216280650][bookmark: _Toc224553231]Results
The central results of our model are set out in Figure 0.1. 
Figure 0.1: Central cost estimates for each stunning option (£/pig)
[image: Bar chart comparing cost per pig (£/pig) across four methods of stunning: CO2 baseline, argon with added capacity, argon with no added capacity, and electrical stunning. Argon with added capacity shows highest cost near £1.50, followed by Argon with no added capacity around £1.35, Electrical stunning at approximately £1.10, and CO2 baseline lowest at about £0.42.]
Source: Europe Economics analysis 
 
Under central assumptions, all alternatives are materially more expensive than the baseline.

Argon with added capacity is £1.49 per pig, argon without added capacity is £1.36 per pig and electrical stunning is £1.11 per pig. These represent uplifts of 257%, 226% and 165%, respectively, relative to CO₂, which costs £0.42 per pig. 
[bookmark: _Toc216280651][bookmark: _Toc224553232]Wider impacts and unquantified costs
The model focuses on steady-state per-pig costs for stunning and immediate post-stun operations at a single representative site, holding annual pig numbers constant.
Several important wider impacts are discussed qualitatively but are not quantified in the per-pig estimates because robust data are not available or because the effects depend on sector-wide dynamics rather than a single plant. These include:
· Technological and first-mover risks – No plant currently operates argon stunning at full commercial scale with stun-to-kill. Early adopters would face uncertainty over long-run performance, reliability, maintenance needs, gas consumption and welfare outcomes under UK conditions, as well as the risk that standards or preferred technologies change again after significant capital has been committed. These technology and policy risks are material for investment decisions but are not quantified in the model.
· Short-run disruptions and transition risks – Multi-week installation downtime, partial closure of lines and the diversion of pigs could impose substantial short-run costs and create winners and losers from sequencing effects. Stakeholders emphasised that these transition risks are highly uncertain and could be as important as steady-state per-pig differences when considering a move away from CO₂.
· Demand side and competitiveness impacts – Higher processing costs are expected, in the long run, to raise wholesale and retail prices, reducing UK pork consumption or shifting demand towards cheaper proteins. The consumer-facing analysis should be interpreted carefully: the market consequences of any transition are likely to be driven at least as much by perceptions of welfare (and any associated implications for meat quality and product specifications) as by the magnitude of the cost change itself – meaning that consumer and retailer acceptance may hinge more on the welfare case for a given system than on differences in pence per pig. There are also potential impacts for international competitiveness if UK plants adopt more expensive alternatives ahead of competitors that continue to use CO₂.
· Site-specific layout, footprint and downstream constraints – The feasibility and cost of alternative systems depend on site layout. In some plants, accommodating argon or electrical systems would require significant building works or may be infeasible without relocation. In addition, chilling and downstream processing capacity may be the binding constraint rather than the stunner. In such cases, adding stunning capacity or extending hours would not translate directly into higher throughput without further investment.
· Gas supply and operational resilience – A large-scale transition to argon would introduce uncertainties around availability, pricing and logistics at sector scale. These supply-chain risks are flagged qualitatively but are not reflected in the per-pig cost estimates.
· Welfare and meat quality considerations – Possible effects on blood spotting, PSE and other meat-quality parameters may have commercial consequences through trimming and downgrades. There are also conflicting views on the welfare impacts of different systems, which this report does not conclude on.
Taken together, the evidence indicates that, within the ranges tested, all currently available alternatives to high-concentration CO₂ are expected to increase plant-level costs materially for a representative UK facility, with significant upside risk from transition logistics, site-specific constraints and other unquantified elements. 
In addition to this study, AHDB has commissioned Europe Economics to analyse argon supply in the UK and Europe. That work will investigate the current supply capacity and market volatility of argon and the potential implications of the UK/European pig processing industry switching to argon systems for commercial pig slaughter, including whether there is sufficient argon capacity available to service the industry on a stable basis. 
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[bookmark: _Toc224553233]1 Introduction
Europe Economics has been commissioned by the Agriculture and Horticulture Development Board (AHDB) to assess the economic costs and benefits for UK pig processors of moving away from high-concentration CO₂ stunning to alternative methods. This report sets out the findings from our cost model and accompanying evidence review. 
Currently, pig processing facilities in the UK use CO2 as their primary method to stun and kill pigs. Almost 10 million pigs are slaughtered each year in the UK, of which 90% are killed using CO2 gassing.[footnoteRef:1]  However, there have been animal welfare issues raised about using CO2. Studies conducted by the European Food Safety Authority (EFSA) assert that exposing pigs to high concentrations of CO₂ during stunning leads to significant welfare hazards, notably pain, aversion and respiratory distress before loss of consciousness.[footnoteRef:2].  [1:  Defra official statistics (2025) [online]  ]  [2:  Nielsen, S. S., et al. "EFSA. Scientific opinion. Welfare of pigs at slaughter." EFSA Journal (2020). [online]  ] 

The EU Reference Centre for Animal Welfare recently undertook a detailed research project regarding the economic, environmental, quality and welfare costs associated with different methods of pig slaughter. The PigStun project was a central part of this work, testing four alternative stunning systems and developing technical specifications to support a transition away from high-concentration CO₂ stunning in commercial slaughterhouses.[footnoteRef:3] [3:  https://eurcaw-pigs.eu/dossier/pigstun ] 

In this context, AHDB has sought to understand the potential implications for UK processors of transitioning to alternative methods of killing pigs in the UK. In Great Britain, these decisions are framed by the Welfare of Animals at the Time of Killing (WATOK) Regulations, which require controlled atmosphere systems using high concentrations of CO₂ to operate on a stun-to-kill basis, with pigs remaining in the gas until dead. By contrast, under the EU framework, gas systems may be used on a stun-to-stun basis, with killing achieved by subsequent exsanguination.
This study aims to provide an objective, evidence-based assessment of the economic costs and practical feasibility of different options. To this end, a quantitative cost model has been developed to compare the costs associated with CO₂, argon and electrical stunning, and to consider the feasibility of helium systems. Evidence has been gathered through anonymised interviews and data requests to major UK processors, complemented by published sources. The analysis anchors assumptions in UK stakeholder input where available and uses recent literature to inform technical parameters and ranges.
This study focuses on plant-level costs for stunning and immediate slaughter operations at a notional UK site. It does not provide a full welfare assessment, nor does it quantify costs in downstream cutting and butchery, retail margins or farm-level impacts. Those elements are outside scope but are discussed qualitatively where relevant.
The Animal Welfare Committee recently published its opinion on welfare impacts of CO₂ and potential alternatives.[footnoteRef:4] We discuss its findings in Chapter 5.  [4:  Defra (October 2025) “Opinion on the welfare impacts on pigs of high concentration CO2 gas stunning and of potential alternative stunning methods” [online] ] 

The remainder of the report is structured as follows:
· Chapter 2 describes our approach and evidence sources
· Chapter 3 explains the cost-modelling framework and scenarios
· Chapter 4 presents the quantitative results, including sensitivities and a discussion of robustness
· Chapter 5 sets out wider operational, market and welfare considerations that are not monetised in the model
· Chapter 6 concludes
[bookmark: _Toc216280653][bookmark: _Toc224553234]2 Approach and methods
This section sets out the approach taken to the study, including the evidence collected and the modelling approach. 
[bookmark: _Toc224553235]2.1 Evidence sources
Our analysis draws on two evidence streams:
· Literature review
· Stakeholder interviews and data
2.1.1 Literature review
We undertook a targeted review of recent technical and policy literature on alternatives to high-concentration CO2 for pig slaughter, complemented by sources on optimising current CO2 practice.
The geographic coverage of relevant literature is primarily European but also included UK-relevant sources from veterinary and welfare organisations. The evidence gathered from the literature review was used to inform default technical parameters for the cost model where relevant quantitative values were provided. The literature also provided evidence on welfare, meat quality and other wider impacts.  
A key input was the Deliverable 4 (D4) report from the PigStun project – the integrated assessment of alternative stunning methods – which synthesises results on animal welfare, meat quality, environmental and social impacts, and ease of conversion across argon retrofit, helium systems, optimised CAS, and improved electrical stunning, benchmarking against current CO2 practice.[footnoteRef:5] [5:  EURCAW Pigs “D4: Analyses and recommendations regarding four systems in the PigStun project that provide alternatives to high CO2 stunning: Deliverable 4 PigStun” [online]] 

The project covers slaughterhouses in Germany, Denmark, Spain and the Netherlands. 
2.1.2 Stakeholder evidence
To capture UK-specific realities that are not fully reflected in the EU-heavy literature, we held structured interviews with major UK pig processors and industry bodies. These discussions provided insight into the configuration of current CO₂ systems, operational practices, staffing, maintenance routines and the practical considerations involved in transitioning to alternative methods.
The information gathered was used to calibrate UK-specific model parameters and to collect qualitative evidence on the feasibility of retrofitting or installing new systems within existing plant layouts.


Interviews followed a common question set designed to:
· Understand current operating systems and practices
· Sense check assumptions drawn from the literature regarding the likely operational and cost impacts of alternative methods
· Fill specific evidence gaps in the cost model, particularly around capital and downtime requirements, labour needs and throughput implications
Consistent with early project scoping, the interviews focused on argon-based, controlled-atmosphere systems and electrical stunning as the two alternatives of primary interest. Each interviewee was asked whether helium systems were viewed as feasible, but there was a strong consensus that these were not realistic for commercial deployment. As such, detailed questioning concentrated on argon and electrical systems, which are the focus of the quantitative analysis presented later in this report. 
Following the interviews, a short data request was issued to processors to capture consistent quantitative information on key operational and cost parameters. 
Evidence on high-throughput performance of CO2 alternatives remains limited. UK-specific parameters were not always obtainable from stakeholders because the industry lacks direct operating experience on which to base firm estimates for alternative systems. As a result, parts of the model necessarily draw on international benchmarks and ranges derived from the literature.
We discuss the implications of these evidence gaps for interpretation and robustness of the modelled cost results in the results section.
[bookmark: _Toc224553236]2.2 Cost modelling approach
The cost model provides a structured quantitative framework for comparing the cost of different slaughter methods under UK conditions. It combines information from the literature, stakeholder interviews and data requests to produce a set of cost estimates for a notional UK slaughter site.
The model estimates per-pig costs, which allow comparisons across plant sizes and technologies.
2.2.1 Cost components
Total costs are built up from operating (ongoing) costs and one-off capital costs associated with converting to alternative systems.
Operating costs are driven primarily by throughput and include all items that recur during normal operations:
· Labour – staff required to operate and maintain the stunning and slaughter line, including any changes in staffing levels resulting from alternative systems
· Gas and electricity – consumption of argon or CO₂ gases and electricity in the stunning system
· Water – changes in water use arising from system differences or cleaning requirements
· Maintenance – planned and unplanned maintenance of the stunning equipment and related infrastructure
Throughput is a key driver of these costs. Any change in the number of pigs processed per year directly affects the total operating costs, as labour, gas and maintenance requirements scale broadly with production volume. The impact of alternatives on a per-pig operating cost depends on the impact on staffing levels, maintenance requirements and the consumption and cost of gas and electricity.
Capital costs capture one-off conversion or installation costs for new systems, including equipment purchase, fitting and downtime during installation. These costs are treated as a single upfront investment and converted to an annual equivalent using a depreciation period of 10 years and a 3.5% real discount rate, consistent with HM Treasury Green Book guidance. The resulting capital annuity allows capital costs to be expressed on the same per-pig basis as operating costs, providing a fair and transparent basis for comparison across options. All per-pig costs, representing the sum of annualised capital and operating costs, are expressed in 2024 prices.
2.2.2 Model scenarios
Baseline scenario
The cost impact of alternatives to CO2 are calculated relative to a counterfactual baseline scenario.
The baseline represents an ‘average’ UK CO₂ stunning and slaughter operation. It has been constructed by synthesising data and qualitative information provided by processors, scaled to reflect an ‘average’ plant operating at commercial throughput levels, maintaining realistic relationships between throughput, labour and operating costs. This approach enables comparison on a consistent basis, without attributing results to individual firms or facilities.
Alternative scenarios
Two argon scenarios and one electrical stunning scenario are modelled, reflecting the range of possible system configurations and associated costs:
· Argon with added capacity: Replaces CO₂ with argon and installs additional capacity (for example, an extra Butina system) to offset the expected reduction in pigs per hour. This keeps annual kill broadly constant, reflecting stakeholder feedback that materially reducing total throughput is not viable given supply chain impacts. The model includes the added capital and operating implications of the extra capacity.
· Argon with no additional capacity: Replaces CO₂ with argon but does not add capacity, instead extending hours to maintain annual output (an overtime adjustment is applied). Stakeholders highlighted major practical barriers to extending operating hours, but this scenario is included for comparison and to show the cost consequences of operating without additional capacity.
· Electrical stunning: Full conversion to an electrical stunning system, removing the CO₂ line and installing electrical stunner(s) with layout and space modifications for handling and restraint. 
All alternatives are compared against the same CO₂ baseline.
It is important to note that, unlike CO₂ systems, there are currently no commercially proven, large-scale argon (or other inert gas) stunning systems in routine use for pig slaughter. The argon scenarios are therefore necessarily based on experimental and pilot-scale evidence and would involve a degree of first-mover financial risk for any processor implementing them at commercial scale. 
2.2.3 Sensitivity analysis
The model incorporates structured sensitivity analysis to reflect uncertainty in the impacts of alternatives.
Three variant sets of assumptions are defined for each model parameter for argon and electrical stunning impacts:
· Central (best estimate) – based on the most plausible or median value derived from literature and interviews
· Optimistic (low-cost) – assumes parameters favourable to lower costs (for example, smaller throughput losses, or lower capital costs)
· Pessimistic (high-cost) – assumes parameters likely to increase costs (for example, longer downtime, larger throughput penalties, or higher energy use)
For the baseline CO₂ system, results are presented for a ‘central case’, but ‘low’ and ‘high’ variants of the baseline (based on smaller/larger notional sites) have been calibrated and can be used to illustrate the impact of operating scale. 
2.2.4 Unquantified costs and limitations
Some cost elements fall outside the model scope or could not be quantified due to data limitations. These include:
· Export impacts – potential effects on market access or price differentials associated with changes in meat quality or specification
· Pig diversion costs – temporary costs from redirecting animals to other sites during installation or downtime
· Additional costs for extending operating hours – the extended hours scenario would likely incur additional costs, including:
· FSA inspection cost and other regulatory constraints (permits/access hours)
· Additional costs for labour and energy for extended chilling, cutting and butchery
· Site-specific relocation costs – costs that would arise only in certain facilities if new equipment could not be accommodated within the existing footprint
The latter are outside the defined scope of this project, while export impacts, diversion costs and costs associated with extending operating hours that sit outside the core stunning process could not be quantified due to a lack of robust data. These costs are discussed qualitatively in Chapter 5. 
[bookmark: _Toc224553237]3 Evidence from literature and stakeholders
This chapter summarises the evidence the study gathered from our literature review and stakeholder engagement. 
[bookmark: _Toc224553238]3.1 Weight given to evidence source
For parameters that drive costs in UK plants, we place greater weight on UK industry stakeholder evidence than on published European studies. Our weighting reflects two considerations.
First, the PigStun programme already documents detailed parameters and costs for European cases. We use PigStun to establish mechanisms and plausible ranges, and to cross-check our assumptions. Second, transferability to the UK is limited in certain respects. While some throughput-driven operating parameters may be similar per pig across countries, fixed and semi-fixed costs often are not.
European sites in the literature are often larger than typical UK plants. Per-pig capital and other fixed costs in those studies can therefore look lower because they are spread over higher volumes. In addition, UK-specific factors also matter for capital costs and feasibility regardless of throughput – for example, available footprint, the need to reconfigure handling and bleed areas within existing buildings, working patterns and inspection coverage, and retailer requirements.
Accordingly, we anchor central inputs in UK stakeholder evidence for layout feasibility, staffing, working hours, maintenance practice and practical downtime windows, with triangulation against PigStun estimates. Where UK-specific evidence is not available, we draw on PigStun to set ranges and mechanisms and translate them to UK prices and volumes.
There are, however, important gaps. No UK site has yet implemented argon, CAS or improved electrical stunning at commercial scale. Again, where UK-specific evidence is not available, we draw on European literature to set plausible mechanisms and ranges, then translate to UK prices and plant scales. In these cases, we:
· Use literature values as ranges rather than single points
· Adjust for UK scale where fixed costs are likely to bite harder
· Test central, optimistic and pessimistic cases to show how rankings could change
Some elements remain uncertain and are handled transparently. In particular, public and stakeholder evidence on installation downtime is mixed and site-specific. Our capital cost estimates are converted into an equivalent per-pig annual cost (‘annuitised capex’) that excludes lost-production costs, so we report indicative downtime ranges and signpost that any shutdown could entail material additional costs not captured in per-pig annuity results. We return to these uncertainties in the results chapter and explain what would need to be true for conclusions to change.
Finally, we note that the welfare implications of alternative systems are a matter of debate that sit beyond the scope of this study. Stakeholders stressed that decisions about stunning systems should be grounded in evidence on the welfare impacts of the entire slaughter process rather than the induction phase alone. Several respondents questioned how far current literature, which often focuses on gas exposure, captures the welfare implications of pre-stun handling, restraint and re-stunning at high commercial throughputs in UK-style plants.
We report welfare findings from the literature alongside stakeholder commentary in Chapter 5, without offering an overall welfare ranking between systems.
[bookmark: _Toc224553239]3.2 Evidence from the literature
This section summarises key information collected from literature on operating parameters, resources, capital needs and costs for alternatives to high-concentration CO2. Key figures below are indicative ranges from PigStun, the most recent and relevant study for our purposes.  
Throughput impact
Throughput is a primary driver of cost in our model, so these parameters feed directly into scenario design and sensitivities.
PigStun found that argon systems achieved a throughput multiplier of about 0.6 vs CO2 (i.e. around 40% lower throughput per stunner). As noted in Section 1, the WATOK Regulations in Great Britain require high-concentration gas systems using CO₂ to operate on a stun-to-kill basis, with pigs remaining in the gas until dead. If any future argon systems in Great Britain were required to operate on a similar stun-to-kill basis, longer exposure times than those tested in PigStun would likely be needed, implying lower achievable throughput than the 0.6 multiplier observed under EU stun-to-stun conditions. This means that our central argon throughput assumption is likely to represent an upper bound on capacity in a UK stun-to-kill setting.
For electrical stunning, similar throughput rates to CO2 were achieved by employing multiple parallel stunners in the ‘improved electrical stunning’ system, with four lines running at 170 pigs per hour each for 680 pigs per hour total at the case study site. In theory, therefore, an electrical stunning system can achieve the same throughput as CO2 provided there is enough space for parallel stunning lines. 
Resource use and unit prices
A key input taken from PigStun was the cost of argon, which was assumed in that study to be four to six times the price of CO2 on a per-kg basis. Like PigStun, we assume a 5x multiplier for the price of argon relative to CO2. PigStun also provided per pig estimates of gas (argon or CO2), electricity and water usage for each of the stunning systems, which helped inform our ranges along with stakeholder input. Staffing estimates were also provided for each system.
Capital costs and maintenance 
For argon, retrofit investments were reported to be roughly £0.6–£1.5m; new or substantially modified installs ranged from £0.8m to £2.7m.
The study expressed maintenance for the new equipment as a share of capex at 7.6–12.9% per year. For electrical stunning, equipment for four stunners was estimated at around £1.96m, with some cases requiring an additional £2.6m for building or space modifications where additional raceways and sticking lines are required. Maintenance was estimated at 2% of install cost.
[bookmark: _Toc216280659][bookmark: _Toc224553240]3.3 Evidence from stakeholders
As set out in Section 2.1.2, we engaged with the major UK multi-site pig processors and relevant industry stakeholders. 
Across respondents, stakeholders supplied approximate quantitative information and qualitative context covering:
· Hourly throughput on current CO₂ lines and the distribution of operating hours across a normal week
· Indicative staffing for pre-stun, stun and immediate post-stun areas, including how staffing might change if hours were extended
· CO₂ consumption and costs, electricity and water use where available, and indicative maintenance and servicing costs
· High-level capital envelopes for equipment and works in the event of replacement or conversion, typically as bands rather than firm quotations
· Order-of-magnitude expectations for the change in throughput and staffing under argon or electrical alternatives, together with practical considerations for installation and commissioning
These inputs were used to build a notional UK site that reflects average scale, cost and working patterns, and to calibrate central, optimistic and pessimistic ranges for the alternative scenarios. All figures were treated as ranges and triangulated across respondents.
3.3.1 Evidence on alternative systems
Processors reported that within existing UK layouts, hourly throughput on argon would be lower than on current CO₂ lines unless additional capacity was installed.
Respondents provided approximate percentage reductions in pigs per hour relative to CO₂, together with indicative staffing adjustments under two operational approaches: extended hours to maintain weekly volumes or added capacity to recover hourly throughput.
Stakeholders also described the additional equipment and layout modifications that might be required and, in some cases, provided indicative capital bands for equipment and works. 
For electrical stunning, stakeholders focused on the feasibility of delivering capacity through multiple parallel stunners and, on the upstream, handling changes needed to feed restraint consistently. Respondents provided indicative ranges for staffing per stunner, described ancillary works that may be triggered by local layouts and shared order-of-magnitude capital bands for equipment and building modifications.
Stakeholders highlighted the significantly larger pre-handling footprint required to deliver capacity through parallel stunners, including additional raceways and restraint areas. Several respondents noted that within existing UK buildings, these space requirements could be difficult to meet without substantial building works and, in some cases, might not be feasible at all. 
For both argon and electrical stunning, evidence from stakeholders on capital costs and installation downtime was limited and mixed, and therefore there is a degree of uncertainty in the estimates of installation and conversion costs. Some interviewees anticipated being able to run at a reduced rate or use long-weekend works during conversion; others indicated a full site shutdown would be required. The length of downtime varied significantly, potentially reflecting differences in site-specific factors.
Given the uncertainty, the capex estimate for the notional site in the model excludes the cost of lost production during any shutdown period and the cost of diverting pigs to other sites during a shutdown. However, as these are important impacts of switching to an alternative system, we assess this qualitatively in Chapter 5. 
3.3.2 Qualitative points raised by stakeholders
A key consideration raised by stakeholders is the supply chain. If an alternative stunning method yields a lower pigs-per-hour rate than the current CO₂ line, there will be a backlog of pigs and potentially serious welfare impacts on farm.
Replacing CO₂ with argon and resuming the previous operating schedule would not sustain baseline weekly volumes. Over a longer horizon the supply of pigs can adjust, but that would imply a reduction in total production for the UK pork industry. In practice, converting to a lower-throughput stunning system such as argon would require either operating for longer hours or additional days to clear the weekly volume, or increasing installed capacity. Adding additional capacity (e.g. a second gas stunner) does not completely avoid this challenge, because additional labour would be required to operate the second line. 
While longer days or additional shifts could, in principle, recover some lost hourly capacity, extended hours are not a frictionless substitute for capacity when trying to maintain total weekly kill. Stakeholder input indicates that running extended hours (e.g. operating Monday to Saturday instead of Monday to Friday) is not a practical, feasible long-term solution, due to limited availability of additional labour. It is also unclear if sites would be able to arrange for the requisite Food Standards Agency meat hygiene inspectors and Official Veterinarians to be on site for the extended hours.
Stakeholders also highlighted practical constraints linked to chilling windows if stunning and slaughter were to run significantly later into the day. As a result, extended hours may not be operationally feasible at all sites, even if staffing and inspection cover could in principle be arranged.
Adding capacity – for example, a larger controlled-atmosphere unit with more or bigger gondolas, or a parallel unit – avoids extended hours but introduces capital costs and transition challenges. The feasibility of adding capacity with a larger stunning system or an additional line is highly site-specific as on-site engineering constraints vary considerably. Pre-stun pits, raceways, bleed rails and the geometry of adjacent areas may constrain what can be installed and how it can be commissioned, and in some cases planning or building-control implications arise.
Given the site-specific nature of these risks, it is difficult to capture them monetarily in a model for a notional UK site. However, we have acknowledged the significant uncertainty in the capital expenditure required to convert to an alternative system, and it is possible that the costs for some sites will exceed even our pessimistic scenarios if relocation is required due to space constraints.
Additionally, stakeholders emphasised that increasing stunning capacity does not automatically translate into higher overall plant throughput. At several sites, the binding constraint is chilling, boning or packing capacity rather than the stunner itself (though such constraints may apply to current CO2 systems as well as to alternative systems).
Installation downtime is a related constraint raised by stakeholders. Multi-week shutdowns (either partial or full, depending on the specific circumstances at each site) would create pressure in the supply chain and would require diverting significant numbers of pigs to other plants. Stakeholders noted that spare capacity is uneven, inter-site distances can be significant and longer journeys bring haulage costs and scheduling complexity.
A further complication is that retailer consent is also a prerequisite. A workable transition is likely to require coordination across processors and retailers so that conversions are staggered and other plants temporarily absorb surplus animals while a site is offline. Even with coordination, additional transport and planning costs would be expected for the conversion period.
3.3.3 How stakeholder evidence shaped the scenarios
Our modelled scenarios are shaped by the input from stakeholders on practical considerations.
Our first argon scenario replaces CO₂ with argon and adds capacity so that weekly kill is maintained without relying on extended hours. The alternative argon scenario replaces CO₂ with argon but adds no capacity and models the costs of running extended hours to maintain annual output. For completeness, we also carry out sensitivity analysis for an argon scenario without extended operating hours or additional capacity (i.e. acceptance of lower annual volume). 
[bookmark: _Toc216280660][bookmark: _Toc224553241]The electrical scenario assumes full conversion, with removal of the CO₂ system and installation of parallel electrical stunners with associated restraint and handling changes. Quantitative results are presented in Chapter 4.

4 Quantitative results
This chapter sets out the results of our cost modelling analysis for the CO2 baseline and the alternative systems, providing per-pig costs and percentage changes relative to the baseline. We also set out the sensitivity testing carried out and discuss the robustness of the model results.  
[bookmark: _Toc216280661][bookmark: _Toc224553242]4.1 CO2 baseline for notional UK plant
Table 4.1 sets out the parameters for the notional UK plant operating a CO2 stunning system, under our central assumptions. 

Table 4.1: Parameters for notional UK plant 
	Parameter
	Value
	Unit

	Throughput
	450
	pigs/hour

	Annual pigs killed 
	1,170,000
	pigs/year

	CO2 costs
	£97,294
	£/year

	Electricity costs
	£3,049
	£/year

	Water costs
	£3,913
	£/year

	Maintenance costs
	£80,430
	£/year

	Labour input
	9
	count

	Wage rate
	£13
	£/hour

	Labour cost
	£304,200
	£/year

	Total baseline
	£488,886
	£/year

	Baseline per pig
	£0.42
	£/pig


The results are anchored to a notional UK plant operating a current CO₂ system under central assumptions.
The baseline reflects typical domestic scale and working patterns, with throughput of around 450 pigs per hour across a standard weekly schedule (about 1.17 million pigs per year) and nine staff across pre-stun, stun and immediate post-stun areas. Operating costs cover CO₂, electricity, water, maintenance and labour; no conversion investment is undertaken in the baseline, so the capital annuity is zero. On this basis, the central per-pig cost is £0.42. 
This provides the reference point for all percentage changes reported for alternative methods.
Labour costs use an hourly wage of £13, applied to the baseline staffing profile. This rate is based on the Skills England salary estimate for an abattoir worker, converted to an hourly wage.[footnoteRef:6] For scenarios involving extended operating hours, an overtime rate of 1.5 is assumed.  [6:  https://occupational-maps.skillsengland.education.gov.uk/maps/occupation/OCC0418 ] 

[bookmark: _Toc216280662][bookmark: _Toc224553243]4.2 Results for alternative scenarios
Tables 4.2 and 4.3 present the estimated costs for the three alternative scenarios modelled.
The tables present per-pig annuity costs for each option under three sets of assumptions: central, optimistic and pessimistic. These scenarios reflect the parameter ranges described in the methods (for example, throughput effects, labour/overtime needs, capital envelopes and unit prices).
All figures are in 2024 real prices. Percentage changes are reported against the CO₂ baseline central case.
Table 4.2: Estimated costs for slaughter methods (£/pig)
	 
	Central
	Optimistic
	Pessimistic

	CO2 baseline
	0.42
	0.42
	0.42

	Argon with added capacity
	1.49
	1.20
	1.95

	Argon with no added capacity
	1.36
	1.15
	1.82

	Electrical stunning
	1.11
	0.85
	1.82











Table 4.3: Change in per pig costs relative to baseline (%)
	 
	Central
	Optimistic
	Pessimistic

	CO2 baseline
	–
	–
	–

	Argon with added capacity
	257%
	186%
	367%

	Argon with no added capacity
	226%
	176%
	335%

	Electrical stunning
	165%
	104%
	335%



Under central assumptions, all alternatives are materially more expensive per pig than the baseline. Argon with added capacity is about £1.49/pig, argon with no added capacity is about £1.36/pig and electrical stunning is about £1.11/pig, compared with £0.42/pig for CO₂. Expressed relative to baseline, this is an increase of 257% for argon with added capacity, 226% for argon with no added capacity and 165% for electrical stunning. 
The optimistic results still show sizeable uplifts: argon with added capacity and argon with no added capacity are 186% and 176% above baseline, while electrical stunning is 104% above baseline. At the other end of the range, the pessimistic results rise to 367% for argon with added capacity and 335% for both argon with no added capacity and electrical stunning. These ranges illustrate that totals are sensitive to plausible variation in throughput penalties, staffing and overtime requirements, capital costs and energy prices.
It is important to note what is not included in these per-pig cost estimates because of data limitations and scope. Annuitised capex excludes the diversion and haulage costs that would arise if animals were routed to other sites during conversion (which would require retailer consent and may trigger additional approvals and administrative steps), any export-related effects and site-specific relocation costs where existing space is insufficient. Where these costs are incurred in practice, they would add to the figures shown here.
Table 4.4 presents the cost per pig of each alternative excluding capital costs. This provides a comparison of the day-to-day operating costs of the alternatives, abstracting from the upfront costs of conversion and associated downtime.

Table 4.4: Estimated costs for slaughter methods excluding capital costs (£/pig)
	 
	Central
	Optimistic
	Pessimistic

	CO2 baseline
	0.42
	0.42
	0.42

	Argon with added capacity
	1.21
	1.00
	1.64

	Argon with no added capacity
	1.25
	1.04
	1.71

	Electrical stunning
	0.61
	0.54
	0.79



The results show that, even when capital costs are excluded, all alternatives still have higher day-to-day operating costs than the CO₂ baseline.
Under central assumptions, both argon options have operating costs at around three times those of CO₂, with the ‘no added capacity’ configuration slightly more expensive than ‘argon with added capacity’ because extended operating hours and overtime increase costs.
Electrical stunning has the lowest operating cost of the alternative options, at around 50% above the CO₂ baseline per pig, but it remains materially more expensive than current practice.
Breakdown of cost estimates
Figure 4.1 shows the breakdown of the estimated annual costs for each option.
[bookmark: _Ref211803548]Figure 4.1: Cost breakdown by option (£)
[image: Bar chart comparing cost components across four scenarios: Baseline, argon with added capacity, argon with no added capacity, and electrical. Each stacked bar displays gas, electricity, water, maintenance, labour, and capex costs, highlighting higher total costs for Argon with added capacity and Electrical scenarios, with gas costs dominating Argon options and capex costs significant in Electrical.]
Relative to the CO₂ baseline, the argon scenarios are dominated by two effects: the purchase of argon itself and higher labour.
Gas costs rise from about £97,000 under CO₂ to roughly £687,000 under argon (both argon scenarios), reflecting the higher unit price (five times higher than CO2 in the central scenario) and per pig consumption. 
Labour also increases materially: from just over £300,000 in the baseline to just over £600,000 in argon with added capacity and over £650,000 in argon with no added capacity, driven by staffing needs for an additional line in argon with added capacity, and by the extended hours to maintain weekly kill in argon with no added capacity.
Annuitised capital costs are another significant driver, adding £331,000 for argon with added capacity and £127,000 for argon with no added capacity. Taken together, these effects lift operating expenditure to roughly three times the baseline, with the argon with no added capacity scenario’s higher labour offset partly by its lower capital annuity.
Electrical conversion has a different profile. There is no gas purchase, which keeps operating costs well below the argon cases despite a higher electricity bill (about £14,000 per annum) and an increase in maintenance (to £88,000).
Labour roughly doubles to £608,000 to support the parallel stunners and associated handling changes. The principal additional cost is capital: the capex annuity is about £585,000 in the central case, reflecting the larger upfront investment due to the need to remove the existing CO2 stunner in addition to installing new stunners and significant layout modifications. 
Table 4.5 presents the breakdown of costs shown in Figure 4.1. 

Table 4.5: Breakdown of costs for central scenario (£/year)
	 
	Baseline
	Argon with added capacity
	Argon with no added capacity
	Electrical

	Annual pigs killed
	1,170,000
	1,170,000
	1,170,000
	1,170,000

	Gas costs
	£97,294
	£686,594
	£686,594
	–

	Electricity costs
	£3,049
	£10,563
	£10,563
	£14,400

	Water costs
	£3,913
	£28,916
	£28,916
	£1,379

	Maintenance costs
	£80,430
	£80,430
	£80,430
	£88,430

	Labour costs
	£304,200
	£608,400
	£659,100
	£608,400

	Opex total
	£488,886
	£1,414,902
	£1,414,902
	£712,609

	Capex (total)
	–
	£2,750,000
	£1,052,700
	£4,867,200

	Capex (annuity)
	–
	£330,664
	£126,578
	£585,239

	Annual total 
	£488,886
	£1,399,040
	£1,745,566
	£1,297,848



[bookmark: _Toc216280663][bookmark: _Toc224553244]4.3 Sensitivities
In addition to testing different assumptions for modelling parameters (central, optimistic, pessimistic), we also report two sensitivities for the argon system. The core results all assume the same number of pigs are slaughtered annually at the notional site. These sensitivities relax that assumption. 
First, for argon with added capacity, we test a case where the added capacity is used to maximise throughput rather than being capped at the baseline weekly kill. As the drop in throughput under an argon system is around 40%, adding a second line (doubling capacity) means that the total possible throughput is higher than under the CO2 baseline, and therefore the total possible kill is higher. Whether this additional capacity would be maximised in practice depends on the supply of finishing pigs, but also on the capacity of the rest of the slaughter line (e.g. splitting equipment) to accommodate higher line speeds.
For modelling purposes, this sensitivity abstracts from such downstream bottlenecks and assumes that stunning capacity is the binding constraint. We report estimates for a scenario where the dual-line argon systems are run at full capacity, which equates to a throughput of around 500 pigs per hour for our notional site. 
The second sensitivity relates to argon with no added capacity. In this sensitivity, we test the estimates in a scenario where the site does not (or cannot) expand operating hours to offset the reduced throughput of argon. This means that under this scenario, 40% fewer pigs are killed annually.

Table 4.6: Cost increase relative to CO2 for sensitivity scenarios
	 
	Central
	Optimistic
	Pessimistic

	CO2 baseline
	–
	–
	–

	Argon with added capacity with maximised output
	234%
	155%
	367%

	Argon with no added capacity and no extended hours
	234%
	174%
	349%



For the argon with added capacity sensitivity, per-pig costs are 234% above the CO2 baseline. This is a smaller increase than for the core argon with added capacity scenario (257%) because fixed cost elements (labour for the extra unit, capital annuity and part of maintenance) are spread over more pigs. Annual total costs are higher. This sensitivity illustrates that added capacity can reduce unit costs, although not enough to be as cheap as CO2, but it assumes a market for higher volumes and does not remove the need for capital outlay or commissioning time.
For the argon with no added capacity sensitivity, per pig costs are also 234% above the CO2 baseline. Per-pig costs are higher relative to the extended-hours variant because fixed costs are spread over fewer pigs. We include this case for completeness and to show the cost consequences should extended hours not be feasible.
Beyond these test scenarios, the most informative sensitivities are at the parameter level. Results move most with:
· The throughput penalty assumed for argon
· The argon-to-CO₂ price factor and argon consumption assumptions
· Labour costs, including the wage rate and any overtime premium under extended hours
· The capital envelope for equipment and building works, represented through the annuity
We also test baseline scale. Using the low- and high-throughput baseline variants changes the per-pig comparison in predictable ways: lower baseline throughput makes all options look more expensive per pig because fixed costs bite harder; higher baseline throughput has the opposite effect.
Robustness of the results
The central finding – that all alternatives are materially more expensive per pig than the current CO₂ baseline – is robust across the tested ranges. However, the level of the uplifts is sensitive to several uncertain inputs. 
Capital costs are the largest uncertainty. Stakeholders have not yet undertaken detailed retrofit or installation costing, so the evidence available to us is high level. PigStun provides more developed figures, but these are case-specific to continental layouts and may not transfer directly to UK sites. Building and services works are especially site-dependent and could vary materially with footprint and planning constraints. Moreover, the annuitised figures exclude lost production during installation, because downtime evidence is mixed and site-specific. An extended shutdown could add substantial costs.
There is also uncertainty around throughput and labour. No UK plant has operated argon at commercial scale, so pigs-per-hour effects are taken from international evidence and triangulated with stakeholder expectations. Small changes in the assumed throughput penalty have a large effect on per-pig costs through both the labour requirement and the denominator for unit costs. Labour costs themselves depend on staffing models and the feasibility of extended hours, including the availability of inspection staff. 
Input prices add further variability. Argon is typically cited as several times the price of CO₂ and is subject to market conditions; we vary the price factor in our optimistic and pessimistic scenarios. Electricity prices affect the electrical option in particular and again different assumptions are tested in our scenarios.
Finally, several impacts are unquantified and therefore not contained in the estimates. These include diversion and haulage costs if animals are routed to other plants during conversion (which would also require retailer consent and may trigger approvals and administrative steps), site-specific relocation or footprint costs where existing space is insufficient and impacts on sales (both in domestic and export markets) from an increase in prices driven by higher unit costs.
In addition, it is likely that there would be one-off costs related to health and safety training for staff when first adopting a new stunning method. The nature and scale of these training requirements may differ between gas and electrical systems and will depend on site-specific risk assessments (for example, around pre-stun handling or gas safety risks). Where these unquantified costs arise in practice, they would add to the per-pig figures shown for the notional site.
Lost production during conversion and the costs of diverting pigs are not included in the per-pig figures. Quantifying them credibly for a notional site is not feasible. Firstly, the impacts are highly dependent on site-specific factors like footprint and the extent to which some operations can continue during renovations. Second, in a coordinated transition, the net effect on a single site depends on sequencing, geography and retailer consent. These are network effects that would not be appropriate to try to estimate for a single notional site. They are discussed qualitatively in the next chapter.
[bookmark: _Toc224553245]5 Wider impacts
This chapter discusses wider impacts and practical considerations identified in our study that are not quantified in the cost model. The cost model quantifies per pig costs for a notional UK site, holding annual pigs constant. This provides an estimate of site-level impacts of switching to alternative stunning systems, for the costs we can quantify robustly with available data. Sector outcomes depend on how plants transition and how markets respond. 
This chapter also considers the impact of short-run disruptions (downtime and diversion) and longer-run equilibrium impacts under alternative stunning systems for the sector as a whole. It then outlines demand-side and trade implications. These effects are material to understanding the overall impact on the sector, but they are not assigned to the notional plant because they depend on interlinked factors across the sector.
[bookmark: _Toc216280665][bookmark: _Toc224553246]5.1 Short-run disruptions
An important short-run disruption is the reduced, or paused, production during conversion works.
Estimates provided by stakeholders for the length of downtime required to convert to an argon stunning system ranged from a few weeks to over a year. The wide range is likely driven by site-specific factors. There was similar uncertainty over the downtime required for electrical stunning conversion, though several stakeholders felt that it would take at least as long, if not longer, than an argon conversion.
Conversion work could be undertaken through staged interventions while production continues at a reduced rate, or via discrete shutdowns. The value of lost production during a conversion is not monetised in the model, though we note that some of those costs may be partially mitigated by buffers of inventory in cold storage that mean retailers and exporters can continue to receive product. However, cold storage does not address the supply-side constraint that pigs keep arriving. 
If a site is partially or fully offline for an extended period, pigs will need to be diverted. The costs to the industry of a prolonged, staggered site-by-site conversion to alternative stunning systems could be substantial, assuming that cross-industry collaboration and retailer buy-in could be achieved. These costs are unlikely to be distributed evenly.
Diversion capacity is uneven across the country and inter-site distances vary, so some plants will face longer and more expensive haulage and tighter scheduling than others. Inspection coverage and labour availability will also constrain how much spare capacity can be mobilised at receiving sites. The sequencing of the staggered shutdowns could also have a significant impact on the distribution of transition costs. A site that shuts first bears the immediate loss of production while works are undertaken, but if it then returns with added capacity, it may be well placed to receive diverted pigs while others go offline. Sites that do not need to fully shut down will also be at an advantage.
These are network effects rather than plant-specific effects. At the sector level, some of the short-run losses at one site are offset by gains at another that temporarily absorbs volume. At the plant level, however, the impact is asymmetric. Assigning a single monetary figure to a notional site would require an assumed sequence of shutdowns, a map of feasible diversion routes, and retailer permissions, none of which can be generalised credibly. For these reasons we discuss downtime and diversion qualitatively and do not monetise them at site level. Nonetheless, short-run disruption costs could be material in practice both for individual sites and the sector as a whole. 
Stakeholders repeatedly stressed that transition logistics – in particular multi-week installation downtime, diversion of pigs to other sites and associated retailer and inspection constraints – are among the most material and least quantifiable risks in practice. For many respondents, these transition risks are as important as steady-state per-pig cost differentials when considering a move away from CO₂.
[bookmark: _Toc216280666][bookmark: _Toc224553247]5.2 Long-run equilibrium supply impacts
There are potential impacts on the steady-state equilibrium of the sector following a transition to argon stunning. As discussed in Section 2.2.3, if sites add additional capacity in the form of a second stunning system, then the maximum capacity will be higher than in the baseline scenario (assuming argon systems run at 60% the speed of CO2 systems).
In the short run, it may not be feasible for sites to fully utilise the additional capacity if additional pig supply is not available. In the long run, it is less likely that sites will run significantly below maximum capacity – under standard economic conditions, firms would be expected to realise scale efficiencies to reduce marginal costs. 
Under the argon scenario with added capacity, the capital annuity, elements of maintenance, supervision and certain overheads are spread over more pigs as utilisation rises, lowering £/pig relative to the same configuration run at lower throughput. If farm-level supply responds to higher processing capacity, total UK pig numbers rise.
If the number of pigs available does not increase materially, additional plant capacity becomes excess capacity. Competition for pigs could intensify and the minimum efficient scale may rise, meaning fewer plants operating closer to full capacity becomes the cost-minimising configuration. The result would be a consolidation of UK processing sites even if the industry-wide maximum capacity rises.
The impact on the long-term equilibrium depends on pass-through to retail prices, substitution on the demand side, import competition and farm responses. It may also depend on the transition impacts discussed above. If sequencing effects and downtime differences create winners and losers, early completers with added capacity could capture diverted pigs and retailer contracts while others are offline. Alternatively, processors with spare capacity could enter into arrangements with plants undergoing conversion to kill and cut diverted pigs on their behalf and return primal joints, allowing the converting plant to continue supplying its existing customers.
The same logic applies, with adjustments, to other configurations. Argon without added capacity is unlikely to be a stable long-run position if extended hours are constrained; over time a plant would either add capacity or cede volume to sites that can maintain weekly kills. Electrical stunning can be configured with parallel stunners to restore throughput; if that involves larger capital envelopes, the minimum efficient scale effect may again encourage volume concentration at plants able to finance and integrate the upgrade.
We do not quantify these equilibrium effects for a notional plant. Doing so would require a sector model of pig supply elasticities, retail and export demand elasticities by product, import responses, regional haulage costs and explicit assumptions on the sequence and timing of conversions. Those factors are outside the scope of this study.
The qualitative conclusion is that a shift to alternatives that rely on higher capital and, for argon, lower per-line speed is likely to increase the importance of utilisation and scale, with plausible outcomes ranging from no structural change (if supply expands and all sites adopt similar configurations) to fewer, larger plants operating at higher utilisation (if supply is fixed and volumes concentrate at the most efficient converted sites).
[bookmark: _Toc216280667][bookmark: _Toc224553248]5.3 Demand‑side impacts
The increased per-pig production costs outlined in the model results section have an obvious commercial implication – the marginal cost of UK pork increases. The increased cost is likely to ultimately be passed through to consumers in the form of higher prices for UK pork products, though pass‑through rates will be uneven and depends on price elasticities of different pork products. Pork is typically positioned as a value protein in the UK, competing on price against poultry and sitting below beef and lamb. An increase in pork prices risks substitution away from UK pork towards alternative cheap proteins.
UK pork also competes with pork imports. Most UK pork imports come from EU‑27 plants, so relative demand depends on whether EU suppliers remain on CO₂ or transition to higher unit-cost alternatives. If EU suppliers do not transition, UK producers will face a cost differential against imported CO₂ product and pass-through may be restricted (because imports discipline UK prices).
If EU suppliers do switch to a CO2 alternative, UK processors will be foregoing a potential commercial advantage by switching as well. However, the demand effects also depend on consumers’ willingness to pay for UK-origin pork. Again, this may vary by product. It is possible willingness to pay for UK pork is higher for premium pork products, for example, while budget products are more exposed to substitution. Effects will therefore be uneven across consumers and products, and there is no single pass-through rate that can be credibly applied across the category.
Industry stakeholders stressed that UK processors already face significant competition from imports and that UK production accounts for only part of domestic pork consumption. Several respondents expressed concern that a unilateral or faster UK transition away from CO₂ than that undertaken in competing countries could raise domestic processing costs relative to imported product if overseas plants continue to use lower-cost CO₂ systems. 
There are also potential impacts to exports of UK pork products, including exports of offal and other fifth-quarter products. Increases in the unit costs for pig production will have demand implications in export markets. In addition, there may be a risk that an alternative method is not approved by specific import markets, or that updated listings and documentation are required before shipments from converted lines are accepted. 
Retailer acceptance is also a key commercial risk of converting to an alternative stunning system. Diverting pigs to alternative sites during a conversion is likely to require retailer consent because contracted animals are tied to approved sites. Furthermore, it is not clear if retailers would be willing to accept pork products produced by an argon stunning system or an electrical stunning system. 
Technical teams may require evidence that product quality, welfare outcomes and specifications are at least equivalent to current CO2 practice, alongside site and line approvals, updated codes and labels, and demonstrable traceability. Some buyers may seek independent audit before listing product from converted lines. These processes affect timing and feasibility and create additional administrative and assurance costs that are not captured in the model.
Another commercial impact relates to meat quality. Issues with meat quality have direct economic consequences for the industry. PigStun found that the improved electrical stunning system led to higher blood spotting rates than CO2. An increase in blood spotting rates will decrease the per-pig yield for the industry, as more products will require trimming, or will be downgraded in quality, increasing wastage. Argon systems did not perform any better or worse than CO2 in regard to meat quality in the PigStun study.
[bookmark: _Toc216280668][bookmark: _Toc224553249]5.4 Other impacts
Environmental impacts
The environmental comparison between CO₂ and argon stunning involves several trade-offs that require full life cycle assessment, which was outside the scope of this project. 
CO₂ used for stunning is typically a by-product of other industrial processes and therefore has relatively low upstream impacts, although its release at the point of use contributes directly to greenhouse gas emissions. Argon avoids these direct emissions but has a more energy-intensive production process, along with additional electricity use, transport requirements and potential infrastructure changes.
In many cases, accommodating a new stunning system would require physical expansion or modification of processing facilities, involving the use of carbon-intensive materials such as concrete and steel, whereas retaining existing systems would avoid these additional impacts.
Given these opposing factors and recognising that other alternative systems, including electrical stunning, may also have different energy and infrastructure requirements, the overall environmental impact cannot be reliably determined without a comprehensive review of gas production, distribution, energy use and system design at an individual site level.
Gas supply
An additional operational consideration is the continuity of supply for gases. Both CO₂ and argon systems depend on reliable deliveries of the respective gases, and fluctuations in the price of either gas is an important cost driver.
Stakeholders highlighted uncertainties over the availability and pricing of argon at the volumes required for a sector-wide transition, particularly if continental processors were to also switch to argon and thus compete for the same supply.
At this stage, the study has not investigated the current supply capacity of argon or the degree of price fluctuation. 
Welfare
The recent Animal Welfare Committee (AWC), drawing on the findings of PigStun, concludes that high-concentration CO₂ stunning causes pigs pain, respiratory distress and is aversive before loss of consciousness, evidenced by vocalisation, gasping and escape attempts, and reiterates earlier recommendations that its use be phased out.
Inert gases such as argon are assessed as significantly less aversive than CO₂, though effective welfare depends on very low residual oxygen and adequate dwell times. Dwell time must be sufficient to ensure a non-recovery state, as required in Great Britain.
Electrical stunning, when correctly applied, induces near-instantaneous unconsciousness, but it requires pigs to move in single file and to be individually restrained or positioned for electrode contact. The AWC notes these handling requirements can themselves be stressful and may necessitate movement aids, creating additional welfare risks. 
PigStun “improved electrical stunning” and implemented design changes to address handling issues but still found reluctance to enter the stunner remained common. Around half of pigs still required encouragement with a brush and approximately 4% required a low-voltage electric prod to step into the stunner. 
The AWC report finds electrical stunning systems that provide a near-immediate stun could present welfare advantages over gas stunning, if pre-slaughter handling minimises stress. The report recommends that that pre-slaughter handling should be such that each animal is encouraged to move through the system without the need for physical coercion or the use of electric goads.
In our interviews, some stakeholders stated that it is improbable to expect that an electrical stunning system could operate without the use of physical coercion. They stated that, in their experience, maintaining high throughputs with electrical systems in commercial conditions would be difficult without some use of movement aids, including low-voltage prods, despite regulatory and welfare guidance seeking to minimise or eliminate such tools. This tension between practical handling and best-practice recommendations was cited as a welfare concern.
Industry stakeholders emphasised that pigs experience slaughter as a continuous process from lairage through handling, restraint, stunning and bleeding, and argued that current CO₂ systems mitigate some of the most significant handling stresses by allowing pigs to move in small social groups with minimal individual restraint.
In their view, single-file movement and individual restraint required for electrical systems introduce additional welfare risks at commercial pace, even if loss of consciousness is rapid once electrodes are applied. Several respondents expressed concern that replacing CO₂ with alternatives that have not been demonstrated at UK commercial scale could, in practice, lead to greater variability in outcomes and higher handling-related stress, unless systems are carefully designed and well resourced.














[bookmark: _Toc224553250]6 Conclusions
This study sets out the per-pig cost implications of switching from high-concentration CO₂ to alternative stunning systems in a notional UK plant. 
Using UK stakeholder evidence to anchor operating realities and literature to set technical ranges, we compared argon-based, controlled-atmosphere options and electrical stunning against a CO₂ baseline cost.

Figure 6.1: Central cost estimates for each stunning option (£/pig)
[image: Bar chart comparing stunning cost estimates per pig (£/pig) across four methods: CO2 baseline, argon with added capacity, argon with no added capacity, and electrical stunning. Argon with added capacity shows highest cost near £1.50, followed by Argon with no added capacity around £1.35, Electrical stunning at approximately £1.10, and CO2 baseline lowest at about £0.42.]

Under central assumptions, all alternatives are materially more expensive than the baseline. Argon with added capacity is £1.49 per pig, argon without added capacity is £1.36 per pig and electrical stunning is £1.11 per pig. These represent uplifts of 257%, 226% and 165%, respectively, relative to CO₂. 
The optimistic and pessimistic ranges show the same pattern, while illustrating sensitivity to plausible variation in key parameters. These ranges reflect uncertainty in throughput penalties, staffing and overtime requirements, capital envelopes and input prices. Optimistic results remain materially above baseline for all options, and pessimistic results rise to roughly 4.4x–4.7x the baseline. 
The drivers of the uplifts are clear. For argon, the largest contributions come from argon purchase and higher labour, with a further increment from annuitised capital. For electrical, the absence of gas purchase lowers operating costs relative to argon, but a larger capital annuity and higher labour still keeps per-pig costs well above CO₂. With annual pigs held constant in the central comparisons, these structural differences explain why electrical stunning sits below the argon options but remains materially higher than baseline.
Our model also tests sensitivity to operating assumptions. If argon with added capacity maximises throughput rather than capping output at the CO₂ baseline, per-pig costs fall because fixed and semi-fixed elements are spread over more pigs, although at £1.40 remain well above the CO2 baseline. If argon without added capacity accepts the throughput reduction rather than extending hours, per-pig costs increase further. 
There are important uncertainties around the level of costs. Capital is the largest: stakeholders have not undertaken detailed retrofit costings and literature estimates are case-specific to continental layouts, so we use ranges and express capex as an annuity. Evidence on installation downtime is mixed and site-specific; the model therefore excludes the cost of lost production during conversion. Throughput and labour assumptions also carry uncertainty because there is no UK commercial experience with argon at scale, and extended hours depend on labour availability and inspection coverage. Input prices for argon and electricity add further variability.
Several impacts remain unquantified and outside the totals reported here, including diversion and haulage costs during conversion, export-related effects and site-specific relocation or footprint costs. Of these, the transition costs are likely to be the most substantial, and the high degree of uncertainty around downtime costs and logistics is one of the most material risks of the alternative systems. 
Beyond the plant-level costs reported in the model, transition effects arise from how the network adjusts in the short run and where the sector settles in the long run. In the short run, downtime and diversion create real costs that are highly site-specific and depend on geography, sequencing, retailer consent, labour and inspection coverage. These costs are not assigned to the notional plant because they are network effects rather than plant characteristics. They will not fall evenly: early shutdowns bear lost production while offline, but early completers with added capacity may later gain volume as other sites convert.
Over the long run, alternatives with higher capital and lower per-line speed could increase the importance of utilisation and scale. If farm supply does not rise, volumes might reallocate toward reliable higher-capacity sites, implying possible consolidation or rebalancing. If supply expands and all sites adopt similar configurations, structural change may be limited. 
On the demand side, higher unit processing costs will raise the marginal cost of UK pork, with uneven pass-through across products. Pork’s position as a value protein implies substitution risk to poultry and to imports if retail prices rise, and relative competitiveness depends on whether EU suppliers also transition away from CO₂.
Retailer acceptance and assurance processes add timing and administrative costs, while meat-quality outcomes can affect value realisation through trimming and downgrades. Environmentally, replacing CO₂ stunning removes roughly 0.26 kg CO₂ per pig at the notional site – about 300 t CO₂ per year – but the monetised benefit at typical carbon prices is small relative to the reported per-pig cost uplifts and may be partly offset by higher electricity use. These wider factors are material for interpretation but cannot be credibly monetised for a representative site with current evidence.
Finally, on inert gases, stakeholders consistently indicated that helium is not commercially feasible for UK retrofit. Helium is lighter than air, so adopting it would require a fundamental redesign of containment and handling rather than a like-for-like replacement, alongside higher gas costs and supply considerations. By contrast, argon is the more realistic inert-gas option if a gas alternative is desired, and it is therefore the focus of our modelling.
Electrical stunning offers a different trade-off profile: it avoids CO₂ aversion and gas purchase, and generally has lower operating costs than argon, but brings welfare considerations regarding pre-stun handling and larger upfront capital costs.
In summary, within the evidence-based ranges tested, switching away from CO₂ increases per-pig costs substantially for all alternatives. Electrical stunning is generally the lowest-cost alternative of those modelled but remains well above the current baseline; argon options are higher, with results shaped by throughput effects, labour and capital. The ordering is reasonably stable, while the exact magnitudes depend on capital envelopes, throughput penalties, labour and input prices, and on non-monetised transition costs that would add to totals in practice.
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