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Assignment 1 - Sustainability challenge for business.  
Introduction
The Institution of Civil Engineer’s (ICE) Charter for Sustainable Development obliges members to ‘meet the needs of today without compromising those of tomorrow’ (Institution of Civil Engineers).  This reflects the United Nations’ Brundtland Commission definition of sustainability as “meeting the needs of the present without compromising the ability of future generations to meet their own needs.” (United Nations - Academic Impact)
The Institution recognises the vital role its members play in identifying the needs of society, and in devising and developing solutions to meet the aspirations of society. While civil engineers contribute to economic growth, environmental protection, and improved quality of life there is a flip side to this, as such, engineers need to also protect and enhance the environment and manage our resources to minimise adverse impacts on future generations. 
To achieve these objectives requires solutions which strike an informed balance in terms of cost, benefits, sustainability, and acceptability within the broader legislative framework, and involves an evaluation of Whole Life Costs. (Institution of Civil Engineers)
Acting on climate change and net zero, has been identified as of the most critical corporate sustainability issues they businesses are facing (Johnson-Woods, 2022). This was amplified by Rachel Skinner the 156th President of the ICE, who made net zero the primary focus of her term in office, highlighting that it is the most urgent issue that civil engineers need to tackle (Panos, 2020) and that the wider public needs civil engineers to make that significant difference in the years ahead. 
The following sections will discuss net zero and how civil engineers are working to address the challenges posed by climate change.

What is Climate Change?
Climate change refers to long-term shifts in temperatures and weather patterns. These shifts may be natural, such as through variations in the solar cycle. But since the 1800s, human activities have been the main driver of climate change, primarily due to burning fossil fuels like coal, oil, and gas (United Nations - Climate Action).
When we burn fossil fuels, greenhouse gases (e.g., carbon dioxide and methane) are generated which act like a blanket wrapped around the planet, which in turn traps the sun’s heat and raises temperatures. According to the United Nations, energy, industry, transport, buildings, agriculture, and land use are among the main emitters of greenhouse gases.
Since the Industrial Revolution in the 1800s, the temperature of the Earth is now approximately 1.1°C warmer, and if unchecked will continue to rise. However, temperature rise is only the beginning of the story. Because the Earth is a system, where everything is connected, changes in one area can influence changes in all others (United Nations - Climate Action).
Climate change affects everyone, but the 10 countries with the largest emissions contribute 68% of the greenhouse gases emitted worldwide. These countries have the greatest responsibility to act, but everyone must take climate action to reduce the impacts of climate change now being felt around the world, with consequences including intense droughts, water scarcity, severe fires, rising sea levels, flooding, melting polar ice, catastrophic storms, and declining biodiversity.
We can tackle climate change by: 
· lowering the emissions, we are sending into the atmosphere, from activities such as industrial processes, power generation, transport, and intensive agriculture; and
· removing greenhouse gas emissions from the atmosphere, for example by capturing carbon created during industrial processes before it’s released or planting more trees (National Grid).
Net zero means cutting greenhouse gas emissions to as close to zero as possible, with any remaining emissions re-absorbed from the atmosphere, by oceans and forests for instance (Action). To limit the impacts of climate change (e.g., ahead of COP 27[footnoteRef:1] it has been reported that the last eight years have been the warmest in history) and maintain a liveable climate, global temperature increase needs to be limited to 1.5°C above pre-industrial levels. Signatories to the Paris Agreement have committed to reduce emissions by 45% by 2030 and reach net zero by 2050. [1:  Egypt Goals and Vision
Inclusive, rules based and ambitious, substantive outcomes, commensurate with the challenge based on science and guided by principles building on agreements, decisions, pledges, and commitments, from RIO 1992 to Glasgow 2021.

We seek to accelerate global climate action through emissions reduction, scaled-up adaptation efforts and enhanced flows of appropriate finance. We recognize that 'just transition' remains a priority for developing countries worldwide. https://cop27.eg/#/vision#goals
But it is noted that many senior members of government, accredited media personnel and other delegates will be travelling to COP 27 via modes of transport that are generally not considered as being sustainable.] 


Carbon Footprint in Civil Engineering
Almost 40% of all global energy-related emissions are due to buildings and construction, half of those emissions are due to the embodied carbon of the building, and two-thirds of that is accounted for by the structure. The civil engineering profession has, therefore, through its work in creating infrastructure and the built environment, been a significant accomplice, albeit unwittingly for the most part, in climate impact. However, the significance of buildings and construction in climate change now also puts us in a unique position to help combat the climate crisis (Arnold, 2020).
Infrastructure projects are very carbon intensive, both in terms of emissions during construction and embodied carbon post construction and through the asset’s lifespan. For example, the Whole Life Carbon in Construction and the Built Environment Ireland report produced by the Building in a Climate Emergency Research Group indicates that works outlined in the National Development Plan[footnoteRef:2] will increased the embodied carbon total by ~10% per year. [2:  The Government published NDP 2021-2030, the largest to date, foreseeing €165 billion of public investment in infrastructure projects over 2021-2030 and setting out Departmental allocations for 2021-2025. https://www.gov.ie/en/publication/774e2-national-development-plan-2021-2030/ ] 

Similarly, two of the fundamental materials used in engineering have a significant carbon footprint: 
· Concrete is the most widely used construction material in the world and is responsible for 6-10% of global anthropogenic carbon dioxide (CO2) emissions. Portland cement is the primary ingredient in concrete and is responsible for most concrete’s carbon emissions. CO2 is released at two points during cement production: roughly 40% of the CO2 generated is from the burning of fossil fuels in the manufacturing process, and the remaining 60% is from naturally occurring chemical reactions during processing (materialspalette.org).
· Steel production is an energy-intensive process as it requires high temperatures to transform iron ore into steel. The energy and heat from the processes come from fossil fuels, which is primarily coal. The use of fossil fuels means that the average CO2 emissions from steel production is about 1.85 tonnes CO2 per tonne of steel produced. 

In fact, between 7-9% of all fossil fuel-based CO2 emissions are derived from the steel industry. The amount of steel produced in 2018 was 1.8 billion tonnes, which equates to about 3.3 billion tonnes of CO2 emissions. If we counted the emissions of the steel industry as if it were a nation, it would rank as the 5th largest in the world (Hall, 2021).

In terms of transportation, which is another significant source of carbon in the construction industry, with a climate emergency declared, the Welsh Government’s Deputy Minister for Climate Change, Lee Waters announced a freeze on new road building projects whilst a review of highway schemes across Wales is carried out. The Welsh Government’s published Programme for Government shows how they will act decisively to tackle the climate emergency.
Lee Waters advised the Senedd:
Since 1990, Welsh emissions have fallen by 31%. But to reach our statutory target of net zero emissions by 2050, we need to do much more. In the next 10 years, we are going to need to more than double all the cuts we have managed over the last 30 years, if we are going keep temperature rises within safe limits. That means changes in all parts of our lives. Transport makes up some 17% of our total emissions and so must play its part.
We need a shift away from spending money on projects that encourage more people to drive and spend more money on maintaining our roads and investing in real alternatives that give people a meaningful choice (Welsh Government, 2021).

Reflections on Net Zero
Clearly, we need to do something to mitigate and reduce the impact of climate change. This will take a concerted effort across all levels of society, from national and local government, through to big corporations and small businesses, and us as consumers and individuals.
The civil engineering industry is responding to climate change through innovation, disruption, and reimagining the way we do things. For example, Building Information Modelling (BIM) allows us to build digitally first, thereby removing potential clashes and allowing complex engineering activities to be modelled, rehearsed, and refined virtually. This reflects Ed McCann’s presidential theme of urging the industry to improve its productivity to reduce waste and inefficiencies.
With clients and engineers increasingly seeking more sustainable options, the UK concrete and cement industry, for example, has reduced the embodied carbon of concrete, per tonne, by 30% (since 1990) and reports annually on its progress to decarbonise. The absolute carbon emissions reduction of the UK cement and concrete industry is 53% compared to 1990 (mpa The Concrete Centre). Similarly, the use of low carbon concrete, concrete produced with a lower carbon footprint than traditional content, is becoming more widespread and accepted in the industry. In September 2020 the Global Cement and Concrete Association released a Climate Ambition pledge that aspires, not just to low carbon concrete but, to carbon neutrality across the industry by 2050. Many cement and concrete companies have already signed this commitment and have had their strategies third-party verified by the Science Based Targets initiative (Carbon Cure, 2022).
The circular economy offers civil engineering a viable solution to reducing carbon emissions as it encourages the elimination of waste and continued safe use of natural resources, and according to the Ellen Macarthur Foundation is based on three principles: eliminate waste and pollution, circulate products and materials, and regenerate nature. Ultimately, products should be used, repaired, transformed, and reused indefinitely, rather than continuously making new ones (SNC-Lavalin ).
The Institution of Civil Engineers has recognised that the circular economy creates massive opportunities for infrastructure engineers, in a zero-waste system, to adapt and re-use products in the construction process such that they are continuously useful. For example, re-using existing foundations or elements of the existing superstructure – Battersea Power Station, or Transport for Wales repurposing former London Underground D Stock trains, which served the Metropolitan, District and Circle Lines until 2017, on the Wrexham-Bidston Line.
One of the biggest, most expensive, and perhaps highly controversial infrastructure projects currently being constructed in the United Kingdom is High Speed 2 (HS2). HS2 aspires to be both a catalyst for growth and the most sustainable railway of its type in the world (HS2, 2022).

[image: ]
Figure 1 HS2 Environmental Sustainability Vision (HS2, 2022)
HS2 will provide high speed dedicated track for passenger travel which will free up capacity, on the existing rail network for more low carbon local and regional passenger services and freight trains. It is hoped that in providing this capacity, HS2 will take cars and lorries off the roads and cut domestic air travel.
HS2 is being built to be resilient to climate change and HS2 are seeking to cut emissions at every opportunity, by challenging the construction industry to innovate and reduce emissions to achieve their net zero vision for construction from 2035. HS2 claim to be innovating with new technologies, processes and materials that will leave a legacy of clean construction (HS2, 2022).
But the trace of HS2 is extensive in terms of the size and geographic spread and will leave an indelible mark on the natural landscape for generations to come. The challenge for HS2 is to build the railway’s infrastructure – its bridges, viaducts, tunnels, stations, and the track – while minimising its footprint and contributing towards nature recovery.HS2 are working to leave the natural environment and wildlife habitats to minimise the net loss of biodiversity in line with the Government’s 25 Year Environment Plan.
However, it is debatable whether despite the initiatives that HS2 are implementing if the scheme could ever be considered sustainable. It will irrevocably alter the natural landscape, impact on habitats and communities, and with increasing cost the perceived benefits are being strongly contested. Yet is the provision of this type of infrastructure any different to legacy the great engineers of the Victorian times have gifted us, assets that continue to work and enhance people’s lives even today (e.g., Bazalgette’s sewers, canals, railways, and waterworks).

In summary, each project we work on has an impact but generally benefits society and based on recommendations from the ICE’s 2021 State of the Nation report, we, as civil engineers, and infrastructure experts can take the following actions to significantly increase the pace of change in terms of climate change:
· This is an emergency – treat it like one
· Bring carbon into every conversation
· Understand and influence end users
· Design and build for the ‘right’ outcomes
· Strive for creative solutions
· Be responsible for resilience (Hansford, 2021)
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