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Abstract

:

Atmospheric carbon dioxide emanating from activities associated with the construction of buildings in the UK contributes approximately 16% of the uk’s total emissions and will need to be reduced significantly to meet international agreements. Against this scenario, this paper presents a novel perspective for carbon accounting and trading that proposes the use of a platform for the uk construction industry as a possible solution. This suggestion assumes that taxation should be synchronised with phases of the entire life cycle of the building and that tax credits (or deficits) should remain an asset of the building itself. In this regard, a strategy is in place in the uk, but with gaps in how it will be implemented. To resolve these gaps, firstly, this paper explores and integrates three socio-technical components (i.e., carbon accounting, trading, and certification) that form an essential set of tools required for the management of taxes directed at property developers and construction companies. Then, it points out the need for a suite of computer-based systems to facilitate the recording of emissions information, the purchase of carbon offsets, and a way to access specialist financial services. As a result, a trading platform is conceptualised that makes use of blockchain technology as a foundation for future research.
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1. Introduction


1.1. Convincing Evidence of an Accelerating Rate of Global Temperatures


There is convincing evidence of an accelerating rate of global temperature rise corresponding with an accumulation of carbon dioxide (co   2  ) and other greenhouse gasses (ghgs) in the atmosphere [1]. In response to the threats associated with rising temperatures and other disruptions to the earth’s atmospheric and oceanic systems, governments around the world, including the uk, have committed significant resources, planning, and laws. The main thrust of this action is that each country will reduce their emission of ghgs with nationally determined contributions (ndcs) as set out under the Paris Treaty ([2], Article 6) and subsequent agreements. If successful, this will lead to a reduction in emissions by at least 34% by 2020 and 100% by 2050, as compared with 1990 levels. The carbon dioxide equivalent (co   2  e) measure includes the relative contributions of the seven main Greenhouse Gases (weighted based on their impact on global warming) comprising: co   2  , methane (ch   4  ), nitrous oxide (n   2  o) and hydro-fluorocarbons (hfc), perfluorocarbons (pfc), nitrogen trifluoride (nf   3  ), and sulphur hexafluoride (sf   6  ).




1.2. Rate Not Fast Enough to Meet International Obligations


However, the latest results from computer modelling, reported in IPCC [1] predict that the rate of global emission reductions will not be fast enough to achieve net zero by 2050. In the uk, this translates to a fall in emissions of 3.1%/yr. This is further confirmed, in a broader context, by a recent compendium of research on the mitigation of climate change published in IPCC [3], which concludes that the goal of a 1.5 °C limit in global average temperatures is unlikely to be achieved without significant action to reduce at source ghg emissions and for significant quantities of co   2   to be extracted from the atmosphere and safely sequestrated in long-term storage. Carbon removal refers to directly extracting co   2   from the atmosphere whereas carbon capture for use or storage (ccus) involves industrial processes where co   2   is captured from a smokestack or flue and then conditioned for re-use. For simplification, many researchers blur the distinction and refer to both processes as carbon capture. Both the current uk and us strategies require direct air capture (dac) of co   2   from the atmosphere, but neither fully specify how these will be implemented or financed.




1.3. Harmful to the Natural Environment


The ipcc reports have also pointed out that harmful processes, such as ocean acidification, rapid changes in land use, chemical and effluent pollution, stratospheric ozone depletion, atmospheric aerosol loading, and nitrogen and phosphorus use, are widespread and increasing. These also contribute to global warming by reducing the ability of the land to absorb co   2   [4]. In the context of efforts to combat global climate change, the terrestrial and oceanic sinks of atmospheric ghgs are as important to restore and expand as the reduction in the sources of co   2   [5]. This fact heightens the urgency of ongoing efforts. The mechanisms for emission reductions as well as the restoration of natural systems need to be revised to ensure that progress is made.




1.4. The Climate Change Act


Reassuringly, the commitment that the uk has made to reduce carbon emissions is enshrined into binding legislation with the Climate Change Act (henceforth, The Act) which empowers the government to enact regulations, initiate incentive programmes and raise taxes [6]. The Climate Change Committee (ccc), an independent statutory body is empowered under the Act to deliver these results. The cccs industrial decarbonization strategy (see Ref. [7] for a review)) is further elaborated in the Sixth Carbon Budget, which includes sections specifically directed at the built environment [8]. The strategy addresses critical industries such as surface transport (representing 22% of 2019 emissions), manufacturing + construction + fuel supply (combined as 20% of the total), operation of buildings (17%), electricity generation (10%), agriculture (10%), aviation (7%), shipping (3%), waste disposal (6%), and from the escape of fluorinated gases (3%) and provides a roadmap for systematic reductions in emissions. The Act has, up to this point, been successful in helping to reduce ghg emissions in the uk [9] by 44% between 1990 and 2019 at a rate of approximately 1.4%/yr. Despite this apparent success, The Act, as it is currently expressed as regulation, will need significant reconfiguration and additional programmes if the uk intends to meet their international obligations [9]. This has led to speculation on how an additional tax or the imposition of a market mechanism, might be imposed.




1.5. Objectives of this Conceptual Study


The anticipation that some form of tax will be assessed on construction projects raises several questions that form the objectives of this study. These are: What is the likely course of action that the government will take to limit emissions in the construction industry? What future requirements for accounting and reporting for carbon emissions will be put in place? Will carbon be taxed on each project, or will companies be obligated to pay on an annual, operational basis? Will new services develop using blockchain technology, and what tools will be necessary for developers and builders to estimate emissions, submit accounts, pay taxes, transfer credits, receive refunds, and related functions? Is there any technology, either existing or under development, that could aid in this process?





2. Policy Considerations for Carbon Taxation


It is clear that substantive action will need to take place to achieve our legally-binding international commitments and that this will invariably involve significant economic costs. There is a growing movement for pricing carbon emissions as it allows for market mechanisms to alter the economic conditions to favour incremental reductions. There are policy implications associated with this [10].



Pricing co   2   would provide a strong collective incentive for businesses, individuals, and families to consider emissions when making choices. It would also encourage innovation and adaptation in a move towards less consumptive behaviour. Furthermore, it is likely to change the way that buildings are procured, designed, financed, built, operated, refurbished, and dismantled. Amongst the policy consideration for building are:




	(i)

	
Choice of emissions limiting mechanisms;




	(ii)

	
Determination of an acceptable tax payment schedule for the full life cycle of buildings;




	(iii)

	
Determine how different classes of buildings (hospitals, homes, infrastructure, schools, etc.) should be taxed;




	(iv)

	
Choice of emission measurement methods for buildings;




	(v)

	
Deciding on how to shift taxes to the end user;




	(vi)

	
Determine the balance of tax, Cap and Trade, and other mechanisms;




	(vii)

	
Ensuring that social justice is taken into consideration.









There is enough experience to judge the range of options that policymakers are facing and to consider the strong possibility that there will be a move towards taxing end-consumers.



2.1. Choice of Emissions Limiting Mechanisms and Measures


Burke et al. [11] and others have suggested that setting the price of carbon will be critical in achieving net-zero emissions in the uk and commented on the complexity of this task. If the price is too low, then polluters will have little incentive to invest in abatement or offsetting (i.e., paying others to extract and sequester carbon from the atmosphere). If the prices are too high, then the economy will be damaged and consumers exposed to high costs.



As first described analytically by Ref. [12], regulators could contain pollution by reaching a balance between permits to pollute (i.e., quantities determined by a Cap and Trade scheme) or by taxation (which sets a fixed price for co   2   emissions). A uniform carbon tax on the construction and use of buildings has the advantage of providing certainty in cost, while a Cap and Trade scheme would provide certainty on the control of total quantities of carbon emitted on a project-by-project basis. A cap on the price of carbon would help achieve the legally binding obligation for emissions limitations by allowing the price of carbon to rise and fall based on supply and demand. This feature also allows those able to extract carbon from the atmosphere using natural or mechanical means to fund their activities.



Getting the balance right requires a highly complex policy strategy that would be a significant challenge for any government to meet. Although carbon taxes have the most obvious effects on consumers (in this case the renters and purchasers of building space), all carbon reduction policies will increase costs. This raises several issues, for example, social equality and justice. Price mechanisms for carbon emissions in the form of a tax can be regressive and disproportionally applied to certain segments of society. There is also the risk of double taxation, which should be avoided as it would impose added economic stress.



At present, no country uses a consolidated, uniform carbon tax code for all emissions across domestic and commercial polluters. The uk has, similar to other countries, a complex mixture of taxes, ets and incentives that produce an uneven spread of costs for different classes of polluters that are levied at differing rates. Codes are not optimised for either tax revenue or economic growth. Adam et al. [13] has pointed out that carbon taxes, incentives, and other market mechanisms could play a crucial role in the incremental reduction in emissions, but that there should be an international effort to consolidate taxation around a standard and rational basis such as taxing the consumer or the end-user (preferably based on mass) rather than the producer.



During the extensive consultation process, criticism was received that embodied carbon is not receiving sufficient attention (see Ref. [14], for examples). This component of the carbon footprint, defined as the ghg emissions associated with the manufacturing of building components, materials, and processes, can make up a significant percentage of full life-cycle emissions as it includes carbon-intensive materials such as structural and reinforcing steels, cement, bricks, sheet, and finished timber products. Embodied carbon is calculated by adding up the co   2   emissions required to manufacture, transport, assemble and commission materials and components used for construction. Emissions associated with disposal, once the components or structure are demolished, are also included. Embodied carbon may represent up to 50% of the total full life-cycle co   2   footprint of a building and its demolition. For some, such as bridges, sports arenas, and other structures that have low operational carbon associated with them, the percentage of embodied carbon can approach 100% of the total. Müller et al. [15] summarised the role of infrastructure development in the context of moderating carbon emissions as it is closely connected with urban development, economic growth, health, and well-being. This lack of completeness in accounting for emissions is typical of most environmental laws.



Other than the UK Emissions Trading Scheme (ukets) and the Carbon Price Support (cps) programme, no other programme uses the mass of emitted co   2  e as a basis for taxation. Advani and Stoye [16] present a strong argument for end-consumer emission taxation based on the weight of co   2  e emitted, claiming that this would impact households directly and disproportionately to wealth. Policymakers could adjust taxation based on household income or some other measure.



Under current uk building regulations, design-stage calculated operational emissions (expressed in kgco   2  /m2 per year) are submitted to a Building Control Body (bcb) along with an energy performance certificate (epc). Approval is based on criteria established by the local planning office who then issue a certificate of occupancy. This approach has been effective in reducing emissions during the use of the building but provides no incentive for designers and builders to reduce embodied carbon.



Reforms are needed that would reduce the variation in carbon prices across different types of fuel. This approach has been criticised by Adam et al. [13] and others as missing a good opportunity to reformulate policy around a uniform and direct tax on harmful emissions.



Any tax or ets imposed on the construction industry would require a significant reworking of existing regulations, notably Part L of the building code, which applies a broad set of environmental standards to all building and engineering work in England (Scotland and Wales have similar regulations that apply to buildings built in these countries).




2.2. A Tax Payment Schedule for the Full Life Cycle of Buildings


This section speculates that developers and builders will require a new set of tools to manage the imposition of a carbon tax on buildings. These are encapsulated in the conceptual model for a carbon accounting and trading platform (catp). If there is, as predicted, a shift towards end-user carbon-based assessment, payments of carbon taxes will continue through the building’s full life cycle. There are significant advantages to synchronizing the carbon accounting with milestones in the life-cycle of a building project, notably that governments will find it easier to tax developers by adding additional carbon taxes to existing fees and licenses rather than raising new taxes. For example, leverage could be exerted over builders by making payment for pollution a prerequisite for obtaining building consent, planning approval, occupancy permits, and, as the building reaches the end of its useful life, permission to demolish. The level of taxation could be variable or incrementally increased from year to year.



Figure 1 contains a timeline based on the riba Plan of Works and shows the milestones in the building life-cycle where co   2  e accounting, reporting, and trading take place. Financial services are required for the full life-cycle of buildings and the riba Plan of Work [17] provides a suitable framework.



It is also likely that in the uk at least, taxes will be assessed and paid throughout the life cycle of the building. These start during the planning phases (when developers already pay fees) and continue while the building is in use, for example, when alterations are made and systems are upgraded. When the building is decommissioned and the materials are disposed of, a final assessment is made and taxes are paid. In the case of the Cap and Trade scheme for buildings, an assessment would require the purchasing of carbon tokens, equivalent to the mass of embodied and operational carbon up to the point they are paid. In this scenario, carbon credits would vest with the building itself and transfer as units of the building are bought and sold. In this way, carbon would be handled in an account that would operate based on credits and debits.



Raising new taxes is always a cause for concern as it would likely have economic and other implications. The government would have to be careful when applying them. The best approach would be to add them to existing taxes or fees and to fit the timing into legacy systems. One way to achieve this is to synchronize tax payments with building certifications, which occur at regular intervals as planning permission, building regulations completion certificate, energy performance certificate, ownership certificate, defects certificate, earthquake certificate, practical completion certificate and occupancy, established use certificate, and building demolition permission. Obtaining approvals represents a burdensome and bureaucratic aspect of construction in the uk and is considered one of the main impediments to higher profits in the industry.




2.3. Choice of Emission Measurement Methods for Buildings


A change in accounting towards measurements based on the mass of carbon emitted is crucial if the uk’s ccc (as well as most other large-country climate change agencies) will continue with Cap and Trade schemes. There is strong momentum behind the use of market mechanisms to help reduce co   2   emissions (see Ref. [13]).



Currently, most environmental laws do not use the mass of co   2  e as a basis for taxation. The uk policy for the building sector is mostly based on energy use as a proxy measure for co   2  e emissions. However, these vary widely depending on the user, type of energy, and fuel consumed. This creates inefficiency as it frequently leads to over or under-taxation or, in some cases, double taxation. The uk shares with other countries the resistance to additional taxes raised from households and many of the policies target the big polluters; however, this just pushes the problem of who pays for pollution upstream. This makes it impossible to estimate the amount of damage done by the polluter. For example, the Future Homes Standard (fhs), set to become law in 2025, targets a part of the construction industry by requiring that all new homes must be designed and constructed in such as way that they emit 75–80% less carbon than homes built under current regulations.




2.4. Ensuring That Social Justice Is Taken into Consideration


There is a strong moral argument for ensuring that whatever market mechanism is used, climate justice is led by climate economics; see the study by Sayegh [18]. This argument is based on the notion of a right to energy coupled with the duty of do-no-harm, which can be achieved by compensating those that are less able to pay. Everyone has the right to pollute as long as they can pay for the damage caused. If they cannot pay, then society should cover these costs.



Hepburn [19] and others pointed out that environmental success is based on governmental success and that leaving things solely to corporate social responsibility and altruistic consumer and shareholder preferences will not deliver the required results. On the other hand, leaving all notions of environmental protection in the hands of the government is likely to fail because government agencies rarely have the depth of expertise required to manage the complex tasks associated with environmental protection.



Unlike other taxes, such as value added (vat), income tax, national insurance, and corporate tax, which are assessed on the end user, those raised to combat climate change (as described in the Sixth Carbon Budget) are applied to a limited group of big polluters, but without much reference to one of the basic tenants of environmental conservation: that the polluter pays [20].



In a recent review of existing environmental policy oriented towards buildings, Skillington et al. [21] concluded that as improvements in operational emissions for buildings have progressed, the relative importance of indirect or embodied energy has as well. As a result of this, policies addressing this portion of energy and emissions reductions are being proposed. In at least four countries—Australia, Canada, the USA, and the uk—voluntary actions are addressing this area. Regulatory measures for embodied carbon are largely absent at a national level. However, the private sector is showing an increase in the number of companies that regularly report their complete carbon footprint as a form of good environmental and social responsibility.




2.5. Reforms to Ensure Uniform Tax Rates and the Price of Carbon


Policymakers will also have to consider the potential uneven impact on certain segments of the population who may have lower resilience (and greater sensitivity) to price increases of basic commodities. This same sentiment is also one of the key issues in arriving at international agreements [22] where there is genuine concern that a carbon reduction policy could lead to even greater social inequality.



There are implications for the procurement of public buildings under more stringent environmental regulations. Pouikli [23] provides an analysis for eu public procurement, providing a useful example of the issues raised.



Considering that this is a moving-target problem of global complexity, and given the extent of uncertainties about almost every aspect of politics, science, and economics, policymakers will need to administer changes to co   2   taxation with the same sensitivity that they approach income tax or value added tax (vat). Policymakers have a limited number of options but must work alongside companies and individuals to improve the atmospheric carbon budget. It is assumed that the ukand other governments will revise their strategies to ensure that the agreed-upon targets can be achieved and to engage fully with theirs. This includes several measures, such as expanded use of market mechanisms such as direct taxation or an ets [24].



There have been proposals from economists to create a new class of tax that takes into account the damage that a product or process would have on the emissions balance. Ref. [25] suggested replacing a value-added (vat) or sales tax to damage and value-added tax (davat) partially based on life cycle assessment (lca) of materials and services. davat would add a premium to all goods sold to consumers and, similar to vat, the end consumer would bear the full cost of the tax with the main advantage of the removal of double taxation and creating a more uniform and transparent tax regime. The additional costs will force the reduction in the use of goods and services that seriously harm the environment and human health will be priced up, and those that impact them less will be priced down. The paper reflects on the proposal made by De Camillis and Goralczyk [26], where new market mechanisms (for example, Cap and Trade) are adopted for a full life cycle perspective. This is proposed in the form of a fiscal framework, based on vat which has been chosen due to flexibility (i.e., by allowing different rates to be applied) and that these affect market prices as well as emissions. Using a hypothetical case study and a simulation experiment, the authors show that price mechanisms coupled with lca can help to reduce emissions. These results confirm the work of Advani and Stoye [16], who demonstrate that non-uniformly distributed energy taxes are fraught with problems and have the opposite of their intended effect. For example, reforms that raise a direct tax on households would help improve the efficiency of emissions reduction efforts, although some adjustments would need to be made to support poor households.




2.6. Funding Carbon Capture and Sequestration


Although no universally agreed-upon system can reliably value the natural environment as a sink of co   2   [27], there are methodologies that are followed by organizations such as Verra, who will quantify the capacity of a track of land to absorb and sequester co   2  . The latest plan is to fund carbon capture, usage, and storage (ccus) from the central government through the newly established Infrastructure Fund (cif) [28], which forms part of the government’s Ten Point Plan for a Green Industrial Revolution, with commitments focused on driving technological innovation and simultaneously, a shift to renewable energy sources. These plans are relativity modest, with ccus deployed in only two clusters in the uk by the mid-2020s, and four clusters by 2030. Once fully realised, these will capture 10 Mtco   2   per year. This quantity is not sufficiently large enough to meet the growing demand for carbon extraction. Indeed, Smith et al. [29], analysed the state of carbon dioxide removal worldwide and concluded that a large gap exists between the quantities of co   2   that countries are planning to remove and the capacity of carbon removal systems.




2.7. Cap and Trade and a Carbon Marketplace


The most promising mechanism for providing funding for ccus and natural ecosystem repair is to apply a modified Cap and Trade scheme [30,31] to control carbon emissions. Although it does not have the same certainty in terms of setting a fixed price for a ton of co   2   extracted, it could ensure that emissions can be held in a constant quantity. The downside is that the price of carbon will follow the market demand and to some extent, we are relying on the invisible power of the marketplace to ensure our future. However, by creating an open market, suppliers (i.e., those able to extract co   2  ) will have a marketplace through which they can sell, nominally in the form of a token that can be traded electronically.



Cap and Trade has been criticised for both a failure to enhance natural resources, such as forests, oceans, and peat bogs and for not doing enough to reduce emissions. Furthermore, Carl and Fedor [32], by tracking global carbon revenues in a worldwide survey, compared Cap and Trade with direct taxation. This revealed that 70% of Cap and Trade revenues (totalling USD 4.60 billion) is earmarked for green spending: roughly the same proportion of direct carbon tax (72% or USD 15.6 billion) is refunded to those paying or used for general government expenses.



Despite their shortcomings, Cap and Trade schemes are the most popular form of Emissions Trading Schemes (etss) and are in use or are planned to be used in over 60 countries [33,34]. According to data published by the World Bank, the 34 national jurisdictions that use Cap and Trade cover 11.65 Gt of co   2  e, a quantity that represents 21.5% of the total global emissions.



Modifications are required to adapt the existing Cap and Trade schemes to a more suitable configuration. At present, they require a central regulatory authority that allocates (or sells) licenses to discharge pollutants annually. The administration also sets the price cap, administers emission reports, manages payments, and ensures compliance. Payments into the scheme are in the hands of the central authority and there is no way to ensure that money will be directed to operators of ccus or those restoring the environment.



etss and in particular Cap and Trade have attracted abundant criticism, with the main complaint being that under current configurations, the cap on emissions is not low enough to achieve the net-zero goals. Additionally, while they might work in reducing co   2   emissions reasonably well for large, localized polluters such as steel plants and energy producers, they are not effective for fragmented industries such as manufacturing and construction, where the production of components can simply move to locations where there are little or no controls on pollution (the so-called leakage problem).





3. Changes to the Working Practice of Developers and Project Managers in Construction


A carbon tax on the construction of buildings and engineering structures will incur additional costs that will be borne by property developers, construction companies, and in particular the project managers. The risk profile will be altered by the inclusion of additional taxes and project success novel challenges will have to be overcome when dealing with the imposition of carbon taxes. Indeed, such changes could impact a very broad range of project priorities, such as financing a project and achieving sustainability goals, obtaining occupation, and the change of use or demolition certification. The threat to project viability would likely be a powerful driver in motivating construction companies and stakeholders to engage in a systematic and persistent reduction in both embodied and operational emissions. It is also expected that they would rely on tools and platforms that would assist them in managing these challenges.



This is likely to have an impact on the building process, including later stages when the building is in use and when it is eventually demolished and the materials are disposed of. Aspects that are specific to the construction industry are likely to be policy-related factors. These are:




	(i)

	
They can be delineated from other industrial sectors because they are project-based and have a defined timeline;




	(ii)

	
A building has a carbon footprint that remains relevant for the full life cycle and may vary from year to year;




	(iii)

	
Developers, owners, and tenants make regular payments to government agencies, whether it be for certificates, council tax, surveys, and other government services. Crucially, these payments are associated with unique identification numbers;




	(iv)

	
Estimates of the carbon footprint can be made at any time using modern software based on the application of standard models;




	(v)

	
Costs associated with carbon offsetting and tax payments can be accounted for separately from other building-associated costs;




	(vi)

	
Specialist financial services, oriented towards environmental compliance, can be accessed.









3.1. The Introduction of Carbon Accounting for Buildings


There is evidence that there is a shift by the Government towards a carbon-based taxation regime. Significantly, the ccc plan to assess whole-life carbon and material use of public and private construction projects is mandatory by 2025 and will require the implementation of a standard approach to reporting and accounting ([9], p 39). A bill has recently been introduced to Parliament by Jerome Mayhew, Conservative Member of Parliament for Broadland (see Ref. [35], for Jerome’s reading of the bill). Thus a shift to carbon accounting for project-based construction work may become a legal requirement. One sign that the uk is moving towards a ets for the construction industry is the expected requirement that reporting and standardized accounting will become obligatory [36]. Such a requirement can be seen as the first step in charging fees for co   2   emissions during the life-cycle of a building, most likely to start as a payment when submitting a planning application.




3.2. Carbon Accounting and Reporting


In project-based accounting, the standard approach for estimates of the carbon footprint is to apply the ghg Protocol [37], as a formal method to identify, explain, and provide options for ghg inventory management. Under this protocol, estimates are made under iso 14064, an international family of standards (see Ref. [38], for an overview) that comprises three parts, which detail the specifications and guidance for the organizational (iso 14064-1:2006) and project levels (iso 14064-2:2006), and validation and verification. They can be used independently or as an integrated set of tools to meet the varied needs of ghg accounting and verification (iso 14064-3:2006). Included within the iso 14064 standard is the facilitation of market mechanisms for reducing emissions.



The first stage in controlling carbon emissions from a construction project is to measure them. There are several approaches to measurement. For example, Kennelly et al. [39] propose a hybrid method for quantifying embodied and operational carbon emissions using life-cycle analysis (lca). Ren and Li [40] published a review of carbon accounting models for the urban building sector, pointing out the need for a standardised approach. Others, such as Evans and Sidat [41], Cipriano et al. [42], focus on how to calculate co   2   emissions in the built environment to implement new protocols for market mechanisms. Wang et al. [43] introduces the usability of an ecological service platform for carbon trading. Even though this work focuses on forest carbon reserves (rather than construction), it remains a useful indication of a quantitative approach. Wong et al. [44] explored the possibility that energy efficiency ratings and carbon accounting can affect the industry practitioners’ decisions in building design and operations, pointing out that while stakeholders have a good understanding concerning energy efficiency, in general, misconception abounds on its relevance for the construction industry.



Meanwhile, Arnold et al. [45] have provided incentives for opening the debate on changing the building regulations by re-imagining the uk building codes by suggesting universal lca for all projects.




3.3. Carbon Trading with Electronic Markets


Recently, Yan et al. [46] stressed how the development of digital technology brings with it the promise that it could provide opportunities to mitigate environmental problems. In detail, this study explored the state-of-the-art of digital transformation in the construction industry, focusing on analytical tools. Results indicated that the digitalization level of carbon-related topics is still at an early stage.



Some anticipate the growth of an international market that will provide an inclusive platform where quantities of carbon credits can be bought by those polluting and sold by those who can absorb and sequester equivalent quantities [47,48]. This financial feature is seen as being critical in creating a market mechanism that will effectively reduce the global levels of atmospheric co   2  . The trading price of co   2   would be determined by the market forces of supply (availability of emissions units) and demand (level of offsetting requirements). The design, management, and policing of this marketplace would represent a significant step forward in efforts to combat global climate change as it would provide a financial incentive to improve the natural environment.



Fragments of a carbon market are in place in the uk, notably through the Woodland Carbon Code [49], which provides landowners with the ability to quantify their ability to successfully harness and sequester atmospheric co   2   via land management and reforestation. The code provides an incentive to preserve or expand woodland through the issuance of carbon credits, which can be sold back to the government at a guaranteed price or used to compensate for UK-based greenhouse gas emissions. The Code works fine for small landholdings, but if expanded to encompass larger domains, then it would be a significant challenge to administer and police. It is clear that an international, inclusive, credible, and efficient market will take some time to evolve [47,48,50]. The establishment of a global market will likely proceed piecemeal. A suitable price on carbon emissions would be equivalent to the cost associated with carbon removal and sequestration. Success in carbon capture and sequestration will be, apart from technical and managerial innovations, dependent on the level of money available to fund these activities. For a carbon market to work efficiently, it needs to be regulated, policed, and supported by a clear set of rules and regulations. Under such a scenario, market forces will be the main driver to reduce carbon emissions. This, in turn, will be influenced by the price of traded carbon credits on open markets. The Report of the World Bank’s High-Level Commission on Carbon Prices [51] estimated that the appropriate carbon price across the world will need to be USD 40–80/tco   2  e by 2020, and USD 50–100/tco   2  e by 2030, to achieve sufficient levels of reduction.




3.4. Measuring Tools for Developers and Constructors


The main tool that a developer or constructor would use to obtain estimates of the embodied and operational carbon emissions is lca performed repeatedly over the full life span of a building. In the construction industry, the most common tool is to make use of commercial lcasoftware, which is capable of estimations of both embodied and operational co   2  e. Developers of the project will be required to purchase or sell carbon credits on the open market depending on whether their audits result in a net positive or net negative co   2  e contribution. Modern versions of database-centred lca software such as One Click lca www.oneclicklca.com/ (accessed on 3 February 2022) use advanced big-data techniques to constantly update materials and components in the supply chain, ensuring precise estimates of environmental product declaration (epd) [52]. Individual components are included in the accounting by the use of environmental product declaration using the standard approach as described in CEN [53]. Users of this system would enter the location of the project to get the precise distance to the plant, production facility, or warehouse for accurate estimates of the embodied carbon.





4. Project Management and Carbon Reductions


Increasing direct taxation on carbon emissions for buildings will impose additional responsibilities on property developers and project managers by requiring them to engage in the monitoring, recording, and reporting of carbon emissions and the payment of taxes. Refs. [54,55] summarised the need to address the issues associated with sustainability and proposed a framework that includes elements of business strategy development, portfolio, and stakeholder management. Mavi and Standing [56] concluded that the inclusion of sustainability in project management raises the role to be central in ensuring critical success factors. Analysis points to leadership, sponsor support, stakeholder expectations, and end users imposed restrictions as the most important success factors. This section contains a discussion of these topics and is linked with suggestions for technical support in the conclusions of this work.



From the point of view of the project manager, as shown in Figure 2, the three components of the catp are shown. These are illustrated as interlocking circles in the figure and provide facilities for




	(i)

	
A trading platform for carbon emissions;




	(ii)

	
A suite of financial services, and;




	(iii)

	
A web-based certification and regulatory system.









This modular catp is designed as a tool to help manage aspects of the project associated with accounting, recording, offsetting, and paying for and financing carbon emissions.



Contained in the platform are links to financial service organizations that specialize in managing carbon offsetting. These include (but are not limited to) loans, hedging against currency exchange exposure, insurance, current and savings accounts, and so forth. The lower-most circle in Figure 2 contains items associated with certification and licensing. These include planning permission, building control, environmental rating certification as well as machinery warranties, and professional service guarantees.



4.1. Financing Full Life-Cycle Carbon Taxation


It is expected that carbon taxation will be done iteratively as it corresponds with the nature of the progress of a building from design, through to construction, and then into use. Under the scenario envisioned here, an up-front tax on co   2   emissions is made to obtain planning permission. The amount paid is based on estimates made with outline drawings, but before any procurement starts. It is only possible to estimate the mass of carbon contained in the embodied components, materials, and the operational carbon emissions associated with transport and other energy-consumptive construction processes. This uncertainty can be accommodated within the payment regime and is illustrated in Figure 3, which contains a timeline that shows how the accuracy of emitted mass improves as the project progresses. The timings of the payment are synchronized to the riba Plan of Works and if overpaid at one point, credits can be saved in the owner’s account and either sold or used for the next payment.



One significant advantage of this is that the costs associated with carbon offsetting can be separated from the normal building budget and treated differently. As there is already a growing number of specialist environmental funds that are becoming available, a specialist financial service sector can provide much-needed services to building developers and owners.



Most of the groundwork for this long-term carbon budget can be formulated during the pre-construction phases when the business case and elemental design for the building are being developed, and estimates can be based on the build based on its intended use, the number of floors, gross floor area, and frame type. Modern versions of software make use of a database, which is continuously added to and updated. It is at this point that design changes, procurement, and fabrication decisions can be made that would minimise the overall full life cycle carbon costs for the building.



Developers, builders, and occupiers that are obligated to provide life-cycle carbon offsetting for buildings would benefit greatly from access to a suite of financial services. These are listed and summarized in Table 1. This table includes the type of service, its use, and riba stages where they are needed. Whatever the case, the shift to carbon-reporting and taxing an industrial base is likely to concentrate a large amount of money that will require financial considerations relative to their importance and geographical distribution. This system must uniquely be global as the environmental crisis has no borders. Ideally, there should not be, for example, any one country or entity that dominates the trade.



Financial tools, such as loans and insurance, would pay for the large sums of money required to fully offset co   2   emissions. Since the carbon credits purchased at the start of a project will remain associated with a building, then the investment would transfer to any new owner, part owner, or leaseholder. The financial structure of the project would therefore include any co   2   tax paid, insurance for failure in design or operational standards, and derivatives to help hedge against currency (or token) exchange rate fluctuations. These mechanisms will help to optimize the capex and will if the policy is appropriate, minimize opex, the long-term operating costs (see [57], for an example of a study in this rich area of research).



Under any taxation regime that requires payment of a carbon tax as part of the building process, carbon tax payments are included in the project budget and therefore fall within the realm of the developer and project manager. In this context, the developer is required to balance the capital expenditures (capex), which includes the cost to assemble the structure, foundation and flooring systems, insulation, and cladding, mechanical, and electrical (m&e) services. Regular operating expenses (opex) incurred during the day-to-day activities of the occupiers, can be significantly altered by thoughtful designs introduced during the pre-construction phases. These are indicated by the leftmost arrow in the riba pow shown in Figure 1; business and operational decisions are made that have long-term impacts on the environmental sustainability of the building. Developers with a long-term vision about the quality of the building, notably institutional owners (often with showcase architects), are more likely to opt for a larger initial budget (i.e., capex) that might contain superior materials, fine architectural detail, as well as a higher quality building envelope and improved m and e systems. Part of the motivation for this higher expenditure would be to limit opex by reducing the energy demands. On the other hand, some developers, with a shorter-term commercial horizon, would pay less attention to opex savings and opt to minimize capex. These upfront cost-savings might boost short-term profits and appear commercially attractive for investors, but at the expense of longer-term savings, particularly if there is a carbon tax to pay.



Despite the uncertainness associated with emissions estimates before detailed designs are complete, it is, for several reasons, an ideal point for the government to impose a tax. As a starter, official certification requires the developer to pay a fee. In the uk, for example, these can be significant and can increase the overall cost of the building by several percentage points. In the uk, a planning application is submitted during the riba Stage 3 phase and marks the start of the project from an administrative point of view. At this point, the architects will have produced a Design and Access Statement, a requirement for buildings larger than 1000 m2 and/or housing projects with more than 10 dwellings. This statement would not normally contain enough detail for contracting and constructing purposes (which would be elaborated in Stage 4, The Technical Design) but would contain sufficient information to make a preliminary estimate of the embodied and operational carbon emissions calculated for the full life-cycle of the building.



The handover is a critical phase (riba 6) in the building cycle and the uk as the control of the building passes to the occupier, and the management, as well those occupying the building, change. This is also the point where most of the embodied co   2   is sealed up in the building fabric, fixtures, fittings, and systems. Accounting needs to be done during this time to reconcile the carbon that was embodied in the structure and systems. At this point, the developers will have amassed enough carbon credits to cover the components, material, and energy used during construction and a final reconciliation allows the developer to sell back excess credits into the marketplace or retire (in effect, destroy) credits that represent the co   2   embodied in the building. The developer will be incentivized to minimize the co   2   footprint by the high cost of buying co   2   credits and will be able to benefit from changes to the design, construction, or process that have led to a smaller co   2   footprint. With occupants in the building, heating, ventilation, and cooling can be commissioned. This marks the turning point when operational carbon starts to dominate the emissions. It is at this turning point that tax regimes, as well as ownership, are likely to change. This has implications for the design of the catp which are summarised in this section.




4.2. Decentralized Finance for Carbon Accounting, Trading, and Services


Decentralized Finance (defi) is the term given to a collection of web-based algorithms that use smart contracts embedded in blockchains to provide financial services. The history of defi can be traced to the introduction of BitCoin by Nakamoto [58]. Although not strictly speaking a defi system, BitCoin nonetheless spawned a series of competing cryptocurrencies and, most significantly, an ecosystem of financial services to cater to the huge sums of money that have flowed into this newly formed asset class. A new class of commercial organizations, called fintech has grown up to capitalise on blockchains and other technology. The bulk of defi has grown up around the Ethereum blockchain. The main reason for this is that it supports smart contracts and has a relatively easy-to-use programming language called Solidity. Modern blockchain networks, for example, Cardano, Hyperledger Fabric, and Tezos can also host smart contracts, so it is not necessary to deploy a custom-made blockchain for use as a trading platform.



The use of an electronic, automatic, blockchain-enabled ets has been suggested by Shu et al. [59], who benchmarked a proposed system against existing alternatives. This and other innovation suggests that defi may form a central role in the systematic lowering of concentrations of co   2   in the atmosphere and the restoration of the natural environment. Perhaps not unsurprisingly, the private sector is leading way in creating systems and services for environmental purposes. In most cases, these are in response to voluntary actions connected to environmental social governance (esg). For example, The Global Reporting Initiative [60] www.globalreporting.org (accessed on 21 November 2022) encourages companies to disclose environmental performance in the context of carrying capacities and for many, a well-formulated esg programme is a prerequisite for obtaining investment. A good example of this is the BlackRock Group of companies, who have oriented their corporate as well as investment strategies around the path to net-zero co   2   emissions. BlackRock and others have joined a widening group of companies [61] that have adopted the Science-Based Targets [62] an approach that provides guidelines and a set of protocols for the voluntary sector [63,64].



esg has, in part, driven the use of blockchain technology for carbon abatement and environmental restoration, a set of projects and companies that are often referred to as Regenerative Finance (refi). This association with defi is the use of blockchains by harnessing their capability to automatically record transaction details [65] in complex trading environments that contain multiple layers of suppliers and providers who require a digital paper trail [66,67], using systems that are extendible and can be automated (see Ref. [68], for an overview).



Another advantage of blockchain technology is that transactions can be made independently of any central authority, a feature particularly useful in reconciling global climate issues when countries may not be entirely trusting of each other [69,70] and when payment delays introduce additional financial strain [71]. Indeed, further automation of a range of administration processes could provide a broad set of benefits [72,73].



The voluntary sectors appear willing to use novel technology. The companies and open-source projects that occupy this technological space are collectively striving to build an open, transparent, modular, and non-custodial financial services industry. This evolving commercial ecosystem is converging towards a fully functioning decentralized financial system that cannot be dominated by a single person or institution. The defi educational establishment, Finematics, hosts a series of educational videos and documents that can be accessed at https://finematics.com/history-of-defi-explained/ (accessed on 21 November 2022).



Some of the companies operating in the area of carbon accounting and trading are Toucan, a blockchain-enabled co   2   trading platform used for voluntarily purchasing co   2   credits in the form of digital tokens. Toucan works in conjunction with the co   2   database, Verra, to verify, allocate, and then retire tokenized co   2   sequestration assets. KlimaDAO, a cryptocurrency based on the Klima token, is backed by a real-world carbon assets. In a similar vein, Evolution Markets, acts as a broker (in essence, a controlled marketplace) for co   2   offsets in global energy markets. Regen Network provides a platform to mint, retire, or transfer tokenized carbon credits. Moss.earth accepts cash payments that are converted into tokens and then uses the income to pay for the restoration of forests and other conservation actions.





5. Conclusion, Limitations, and Future Research


5.1. The Concept of a Carbon Accounting and Trading Platform


It is the organizations and projects listed in the previous section that make up the components of the catp system as displayed in Figure 4. This includes systems for accounting and reporting, paying carbon taxes, financing these payments, and being able to claim credit when progress is made on reducing emissions beyond expectations. It is expected that the catp would act as a single point of access for developers and building owners to access a collection of digital services associated with carbon accounting, reporting, certification, and taxation.



The upper portion of Figure 4 contains the schematic of a modified ets that can provide funding for co   2   capture and sequestration using an open trading platform. Six (6) elements are included in this portion (reading clockwise from the top): a regulator, a designer that issues regular lcas, a storage facility representing the supply chain, a construction site, an administrator working through an api, and finally, an element that represents those capable of extracting and sequestering co   2  . In this system, the developer, at various points in the building’s life-cycle, will perform a lca and submit the results via the trading interface. Depending on the rates set by the regular, the developer is obligated to purchase a certain quantity of carbon offset credits. In this proposed system, these are purchasable as digital tokens on a blockchain-based online marketplace. The price paid by the developer for credits is dependent on the supply and demand and is automatically managed using algorithms and smart contracts. Suppliers delivering materials and components on site must provide accurate epds to the developer to include in their lca estimates. At the same time, a collection of organizations and individuals that have issued carbon absorption tokens, sell these on the open market into a liquidity pool.



The lower portion of Figure 4 contains a schematic of the system that makes use of blockchain technology with smart contracts coupled with a relational database. The developer has access to blockchain-enabled trading systems as well as defi services tailored for use in environmental applications. For example, investors would buy into funds using an application-based cryptocurrency that would be added to a liquidity pool for the trading of carbon tokens. Investors would be rewarded with fees that are based on transaction fees, interest payments, and gains associated with the open-market price of the base cryptocurrency. Additionally included in Figure 4 is a collection of peers, who represent an essential element of all blockchain systems and who are identified by the symbol P. Carbon tokens, purchased by the developer, must be retired or erased so that they are not resold (which would result in a double entry error).




5.2. Conclusions


This paper integrated three socio-technical components (carbon accounting, trading, and certification) to prepare for new taxes to limit carbon dioxide emissions in the construction industry. The work provides a description of an essential set of tools. To arrive at this, the paper detailed some of the government’s options for further limiting emissions in the construction industry and suggested that any future system would be based on market mechanisms. It should also include provision for financing ccus and the restoration of natural carbon sinks, and be set up in a way that is economically efficient by avoiding double taxation.



The paper also suggested that taxation could be synchronized with phases of the full life cycle of the building and that tax credits (or deficits) should remain an asset of the building itself. Doing this would make it easier for consumers to accept the new taxes.



The use of lca is proposed as the best way to estimate co   2  e for both embodied carbon in components and materials and emitted during use. lca has the potential to provide a fair and balanced accounting basis that is sufficiently repeatable and scientifically based so that it can be used to assess taxes.



In synthesising the three components mentioned previously, a system is proposed that makes use of novel technology, notably the blockchain and the emerging defi industry. These have proven successful for regenerative finance in the private and voluntary sectors. A catp, designed to serve the construction industry, could be assembled using nascent services, projects, and organizations.



The synthesis described here assumes that the uk government will expand the use of an ets, modified from its present form so that it can be applied to the special dynamics of the uk construction industry as well as environmental goals. This envisions a new generation of tools that can manage high flows of information and money that will flow through the system.



This study was useful in identifying an important topic for the construction industry, which in turn defines the need for digital tools to integrate the carbon emission trading platform with financial services and regulatory systems. Secondly, the presentation of this conceptual model calls for the need to conduct additional empirical studies that could validate the efficacy and reliability of the proposed system. Multiple new avenues of research are opened and will be part of future work.
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The following abbreviations are used in this manuscript:



	bim
	Building Information Modelling



	capex
	Capital Expenditure



	ccc
	uk Climate Change Committee



	opex
	Operational Expenditure



	ccus
	Carbon capture, utilisation and storage



	catp
	Carbon Accounting and Trading Platform



	co   2  
	Carbon Dioxide



	co   2  e
	Carbon dioxide equivalent



	defi
	Decentralized Finance



	dapps
	Decentralized applications



	dlt
	Digital ledger technology



	epd
	Environmental product declaration



	esg
	Environmental Social Governance



	ets
	Emissions Trading Scheme



	fintech
	Financial Technology company



	ftse
	The Financial Times Stock Exchange Index



	ghg
	Greenhouse gases



	hlf
	Hyperledger Fabric blockchain



	ibm
	International Business Machines



	iso
	International Organization for Standardization



	ipcc
	Intergovernmental Panel on Climate Change



	lca
	Life-cycle analysis



	m&e
	Mechanical and electrical services



	ndc
	Nationally determined contribution



	nbs
	Nature-based solution



	riba
	Royal Institute of British Architects



	uk
	United Kingdom of Great Britain and Northern Ireland



	davat
	Damage and valued added tax
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Figure 1. This diagram shows the phases of a typical building’s life-cycle when co   2  e accounting, reporting, and trading are required. In this diagram, the riba Plan of Works serves as a base timeline (©g.m.c.blumberg). 
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Figure 2. This schematic shows a manager of a building project with access to a catp (©g.m.c.blumberg). 
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Figure 3. This graph shows the estimating trumpet that is adapted from Estimating Accuracy Trumpet, by R. Max Wideman (accessed on 27 May 2022 from http://www.maxwideman.com/). The graph illustrates how the accuracy of carbon emissions, both embodied and operational, becomes more precise as the life cycle of the building advances. 
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Figure 4. This diagram shows the trading network comprising the project administrator, government regulator, lca analysis, supply chain network, financial, services, and blockchain technology (©g.m.c.blumberg). 
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Table 1. A list of financial services useful for developers and constructors to manage their carbon budgets and minimize full life cycle carbon emissions.
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	Financial Service
	RIBA Stage
	Action





	Borrowing
	Stages 0, 3, 6, and 8
	Borrowing is essential for distributing up-front costs for co   2  e offsets over the entire life-cycle of the project. A specialist market in lending can be expected to grow.



	Lending
	Stages 0–8
	In the defi ecosystem, extra capital from the building owners can provide much-needed liquidity for those who require money for co   2  e offsetting.



	Insurance
	Stages 0, 3, 6, and 8
	Insurance is required for developers and builders to manage risks associated with unexpected events in co   2   offsetting (e.g., safeguarding against underpayment or fines for non-compliance to regulations).



	Stable co   2   coin
	Stages 0–8
	A stable coin is a form of cryptocurrency that is closely tied to a stable fiat currency. An algorithm would ensure that there is relative stability in the price of co   2  e tokens.



	Derivatives
	Stage 0
	These provide a useful service for hedging against rapid price fluctuations in co   2  e prices during the long life-cycle. This would be similar to the use of an insurance policy.



	Carbon token marketplace
	Stages 0, 3, 5, and 8
	Would provide a managed and regulated exchange that would allow the buying (for emitters) and selling (for those who can capture and sequester) of co   2  e tokens.
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