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Introduction
Cement is a man-made product created using a combination of natural ingredients, including Lime, chalk, shale, and other natural materials that either require extracting from the land or are by products of other processes. A chemical reaction is created by heating the materials at high temperatures, which then produces a substance that can be crushed to produce a substance that is the raw material used for concrete production (Gasdia-Cochrane & Gasdia-Cochrane, 2023). 
Cement production has increased year on year since the 1940s, with production now estimated at 4.1 billion tons annually, this has increased rapidly, from 1.39 billion tons in 1995 and statistics showing the amount of cement produced globally increased by over 3000% since 1950, with the sharpest increase being in the last two decades from 1995 (Cement Production Global 2023 | Statista, 2024).
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(Mohr Et al, 2015)
Globally, the nations producing and using the vast majority of Cement are China and India, with China producing the majority of cement by a large margin (two billion metric tons produced in 2022) this could be explained by the fact that these countries are rapidly expanding and developing, and with development comes the need to build. As Cement is comprised of natural ingredients that are available worldwide, it is a substance that the majority of countries will have the resources to produce, and there is unlikely to be a need to import cement unless restricted in production due to market limiting, resource scarcity (due to over production) or other factors which will be discussed further in this essay.
Perhaps surprisingly, Cement is the second most consumer substance in the world, with only water being a more ‘in demand’ resource (Gagg, 2014) and cement production is responsible for around 8% of the worlds CO2 emissions (Ali et al., 2015) as well as creating a lasting impact on communities where the natural materials required for production are extracted, including increased respiratory and other health issues in communities in proximity to mining works (the materials used in cement are usually produced by surface blast mining), as well as permanent economic deterioration such as decreased biodiversity, water pollution, noise pollution, methane emissions and landscape affects, which can impact house prices, as well as damage to properties from blast mining shockwaves and ongoing damage to roads due to increased traffic (Ferrini et al., 2021).
The purpose of this essay is to examine the solutions that have been put in place in order to address the negative externalities of production of cement and explore the effectiveness of these solutions.


Market Failure
It is clear that the level of CO2 production and environmental damage and societal damage caused by the cement industry is not equalled by the benefit it brings, therefore the cement industry has reached a ‘market failure’ level due to negative externalities of production and is unsustainable unless changes are implemented to bring the cement production industry to an equilibrium point. International pressure is mounting to reduce emissions and make business more sustainable, and if an industry cannot make the changes required, they risk export barriers and economic consequences. Market failure is defined as an “inefficient distribution of goods and services” (Market Failure | INOMICS, 2023) 
The negative externalities of production of cement, which cause welfare loss as a byproduct or ‘external cost’ at a local and global level are not taken into account when factoring in production cost and are not passed onto the consumer. Solutions need to be put in place in order to mitigate the social, environmental and economic cost of cement production. The below diagram demonstrates how negative externalities of production create welfare loss and external cost.
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Method and solutions to a failing Market
The Cement industry is one that is subject to what is known as ‘inelastic demand’ – this means that broadly, demand for the product will stay the same despite if the price increases or decreases. In the case of the construction industry, it is usually only in the worst cases of economic downturn where supply and demand for products are impacted (Fibich et al., 2005) 
Cement demand grow 8% in 2022 and 12% in 2023, this is despite rising pieces due to global inflation (Pti, 2024) – with an increase in production and supply, the private benefit to producers and suppliers is not the only factor that must be taken into account, with social and ecological impact increasing as production increases (Juarez & Finnegan, 2021). Several solutions to the market failure, and attempts to find a balance between essential production and the required reparations are explored in the following sections.
Solution 1- Government regulation/pollution limits
One solution to the market failure is that of government regulations on production of goods, or a cap on the amount of pollution a company/industry can produce. The aim of this is to produce an efficient outcome by making the producer/company pay for the emissions and impact it produces, or by regulating the total amount of pollution that can be produced by a company/producer annually, keeping pollution within pre-prescribed limits and therefore meeting targets. The risks of this method are that the costs of meeting the additional costs are likely to be passed onto the consumer, which may mean that consumers consumer less of the product, or that producers simply manufacture less of the product in order to stay within the limits of pollution allowed. 
The intention of schemes and regulations of this kind is that producers will explore more sustainable and effective methods of production, which allow them to continue production and sale, while causing less impact to the environment. 
The below figure demonstrates how pollution limits for producers/companies can be modelled.[image: ]

Market performance after Government regulation- Regulation/Pollution limits.
The American ‘Clean Air Act’ was implemented in 1990, but not scheduled for full compliance until 2002, the act included pollution limits and fines for exceeding this as part of the legislation, and has been widely criticised, as although the limits were (broadly) adhered to, this has caused an increase in costs in production, and allegedly hindered expansion, causing increased costs for consumers and causing competitive disadvantage, meaning that companies in America are ‘unable to compete economically with China, India, and other developing economies” (U.S. Senate Committee on Environment And Public Works, n.d.)
It is important to note that while the Clean Air Act has been heavily criticized as detrimental to industry, there is very little data to show that producers have attempted to invest in alternative technologies or more sustainable techniques, rather have continued with the ‘old methods’ while protesting that their production capacity is impacted (Nisbet, 2002).
The clear picture is that pollution limits work, but they will only work to make a real difference globally if all nations are required to meet the same standard. Without a standardised regulation the problem of pollution only moves to another location.
Solution 2- Taxes/Levies 
Taxes and Levies per Unit of pollution is another method of adjusting the equilibrium, with the ideal tax being one that is exactly equal with the cost of managing the pollution, the tax being ‘external’ and not left in the hands of the producer also allows the regulator to channel the preventative/combative activity to the method they consider most appropriate for the country/nation, allocating the cost equivalent of the pollution to a ‘more efficient good’ – while also incentivising firms to reduce their pollution by using more sustainable and cost effective processes, to maximise profits and production. Companies may consider investing in technology to identify ‘greener’ and more sustainable methods of production, which would allow the cost to produce the goods to fall, and allow the equilibrium point to increase, as the increased price of production would no longer be passed to the consumer. 
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If companies/producers choose not to invest in sustainable processes, the negative externality of production would be addresses by reduced consumption of the good, as prices for consumers (when factoring increased cost of production) would be reflected in the demand curve.
The risk with taxes on pollution outputs, particularly in a market that is ‘cornered’ or monopolised is that, as demonstrated by Gneezy and Rustichini (2000) in their study on lateness, is that companies choose to simply factor in the additional cost, as the benefit to themselves (the private benefit) still exceeds the cost, this is a more defining factor in industries that are considered ‘essential’ such as the construction industry.

Market performance after pollutant tax
Carbon Pricing, a standardised fee for producers of CO2 and other harmful chemicals is widely in use across the EU, in line with the EUs robust carbon reduction policies and this applies to both export and import goods. Statistics from SP Global (2022) show that the implementation of Carbon pricing across the EU has caused a rapid increase in the price of Cement, the below chart shows the comparison between the EU (Carbon Pricing) and America (Pollution limits)
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However, the EU is making significant investment in carbon neutral technologies and is willing to provide funding to companies/industries that are able to adhere to the new policies on sustainability and agree to “report their economic activities against six objectives: climate change mitigation, climate change adaption, pollution prevention, circular economy, healthy ecosystem and finally sustainable use of water and marine resources.( Economic activity is considered environmentally sustainable if it makes a “substantial contribution” to at least one of these six areas )” (Voetmann, 2024) and this funding would allow the production of products such as cement to continue, as long as they look to implement new systems such as cleaner energy sources and energy efficient processes, as well as scrubbers or ‘flaring’ systems to reduce the release of chemicals such as CO2 (Economic Times, 2023)

Solution 3- Market Based Solution- Permits 
As a Market based solution, introducing tradeable permits means that the regulator/government can set a maximum limit on production, extraction and/or emissions, and this should not be exceeded, regardless of how many competitors or interested parties are in a market. Permits can be traded between companies once distributed by the regulator, and robust reporting practices must be adhered to, to ensure that companies are not working without permit or exceeding permit limits.
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As the supply of permits is ‘elastic’ governments or regulators can forward plan and have a time schedule for reducing emissions or other environmental damage. The companies bidding for the permits will be aware of the reduction plan and will therefore be encouraged to put more sustainable processes in place in order to be able to continue production in line with tighter permit caps. 
There are technical difficulties in designing a permit scheme, and yet more difficulties in monitoring such a scheme. Pricing of such permits is also a crucial factor “Too high, and significant economic harm can be done. Too low, and firms will consider the payment of an additional tax or the cost of permits to be a cost of doing business and continue to pollute in the same quantities that they did prior to the market-based intervention attempting to correct the market failure.” (AP MICROECONOMICS)

Market performance after permits
A 1993 study by Rose and Stevens showed that the introduction of permits across eight countries (spanning the full range of economic development levels) created positive change, their paper states that “The net welfare gains associated with an overall 20% reduction in CO2 emissions are estimated to be nearly $20 billion, an increase of several billion dollars over a system of inflexible emission quotas requiring 20% abatement in each country” Rose & Stevens argue that a permit system shows a greater increase in welfare, and a greater reduction in CO2 emissions and other detrimental environmental effects than pollution taxes or levies or pollution limits enforced by legislation (Rose & Stevens, 1993).
Conclusion
The Cement industry is one of the greatest producers of CO2 globally, and the industry has pledged to become fully carbon neutral by 2050, yet cement production is also prediction to increase to at least twice the current rate, due to population growth and the necessity for developing countries to build and expand infrastructure. In order to ensure that te industry avoids complete market failure, they will need to implement more than the strategies discussed above. 

While Legislation, taxes/levies, and market-based solutions such as permits have their place and have been proved to make a difference in improving welfare and reducing harm, more needs to be done in order to make the industry fully sustainable. 
Following the EU model of investing in companies that are willing to introduce renewable technologies and explore alternative methods of production would allow, after initial investment, prices to remain at a level where the demand curve is maintained, as well as reducing harmful emissions and damage to people and planet. This investment could include a move towards Carbon capture, heat recovery systems, electric kilns and processing systems powered by renewable energy and electrochemical reactions, reducing overall welfare and energy costs from production. 
The welfare costs of extraction and transport, as well as the ‘end use’ of the product would still be present, and this would require further exploration to identify methods of reducing welfare cost and ensuring equilibrium within the market, and the risk of 1st world countries becoming ‘pioneers’ or clean production is only of benefit if regulation is global and all countries, including the developing nations are required to adhere to the same legislation.
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Figure 5: Negative externdlities of cement production: MSC > MPC
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Figure 8: An indirect tax on output or pollutants




