Green recovery Carbon Footprinting and Covid 19
Introduction
Climate change is creating an ever-present and growing threat to the natural balance of Earth, causing more extreme weather events with increased flooding and severe droughts, sea level rise due to ice melt , increasing temperatures resulting in wild fires on land and a rise in surface temperatures in  fresh and marine water bodies resulting in lower oxygen levels, coral bleaching and increasing loss of biodiversity due to habitat loss and degradation. It is widely accepted that these events are as a result of human activity releasing more greenhouse gases into the atmosphere than natural processes can balance, with potentially catastrophic effect to life on earth (IPPC,2014)
In response to this mounting issue, the 1997 Kyoto Protocol to the United Nations Framework Convention on Climate Change (UNFCCC) became a landmark event; developed nations globally devised a  plan to mitigate climate change and drew up an international agreement to meet agreed greenhouse gas emission (GHG) reduction targets (Commons library.parliament,2020).
Countries that signed up to the protocol committed to five yearly emission reduction targets called carbon budgets. These are targets set and agreed nationally to reduce the amount of Carbon dioxide equivalent (CO2e) emissions. The first UK carbon budget commitment period was 2008-2012 . The UK agreed to reduce its carbon equivalent (Ce) emissions by 12.5% below the agreed baseline 1990  levels over the five-year period, which it met. (Assets publishing service gov uk, 2018). 
UK government committed to an overall 80% reduction in the emissions target by 2050 in The Climate Change Act 2008 (Legislation gov uk, 2008).
In 2019, the UK made a further commitment to achieve net zero emissions by 2050, the first major global economy to legislate this ambitious target. UK emissions have fallen 45%, from 800 million tonnes (Mt) of CO2e in 1990 to 435 MtCO2e in 2018 (Legislation gov uk, 2019).
The Kyoto Protocol was succeeded  by the Paris Agreement 2015, which commits all participating countries to further reduce their GHG emissions  to meet  a maximum global rise of  2˚C from pre industrial 1850s period with the more developed countries required to assist developing nations to combat climate change (United Nations, 2015).
Currently the world is not on track to meet this goal. (Harvey, Rankin, 2019)
Carbon Footprints
Carbon Footprints (CFs) are internationally agreed estimates of CO2e emissions, the most useful measurement of individual countries contribution to climate change. A CF is a calculated measurement of greenhouse gases converted to CO2 equivalents (usually in tonnes) emitted into the atmosphere by an anthropogenic activity, individual, organization or country. Broken down into industry sectors, results can be measured against targets set with regular timelines and compared to best practice (Carbon footprint, 2015). These can be adopted by organisations and nations, broken down into geographic regions and the socio-environmental and economic impacts can be assessed and mitigated (Cambridge Institute for Sustainability Leadership,2015).
Methodology
Examples of CF methodology can be found from The Carbon Trust, who based their methodology on supply chain analysis across the life cycle of a product from raw material to disposal of the end product. This allows businesses to calculate the emissions of their products, and consequently their overall business CF (Carbon Trust, 2007).
IPCC Tier 1, 2 and 3 methodology can be used for emissions from soil, developed in 2006 and further refined in 2019, this method allows the agricultural sector to evaluate the CF of their soil management systems and make informed decisions on their farming practices to reduce the GHG emissions from their businesses (IPCC, 2019).
In early 2020, the Covid-19 pandemic unfolded upon the world stage;  an unprecedented event on a global scale (UN News, 2020).
 Economies around the world closed their countries’ economies and locked down whole societies. A disaster in socio-political and economic terms, it  has provided environmental scientists unique and valuable data on the impact that our global fossil fuel emissions have on the CO2e load in the atmosphere as shown in Fig 1 as industries ground to a halt and travel was curtailed. 
Trends in 3 greenhouse gas emissions during COVID-19, February–June 2020
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Fig 1.                                     P.M. FORSTER ET AL/NATURE CLIMATE CHANGE 2020

With the planet affected by an acknowledged climate emergency brought about by anthropogenic CO2 emissions (IPCC,2014) Covid-19 has provided a window into the environmental impacts of our daily activities, such as commuting, aviation or industrial energy consumption.
Energy demand during the COVID-19 pandemic declined dramatically with Governments closing  international borders and commerce closing workplaces resulting to populations confined to working from home. CO2 emissions  globally reduced  17% overall in April 2020 compared with the April mean of 2019 (Forster, et al. 2020 pp.913-919).
Unprecedented 36% falls in UK GHG emissions in the first four weeks of lockdown reduced to 16% as industry and business started to recover by June. Similarly, a 60% fall in emissions from passenger vehicles and  30% drop in energy production occurred but this eroded to 30%  and 15%  by the summer. Estimates show an expected 10% total reduction in GHG emissions over 2020 against 2019.
"The Covid-19 pandemic is not a solution for climate change," said Prof Taalas, Secretary General World Meteorological Organisation. "However, it does provide us with a platform for more sustained and ambitious climate action to reduce emissions to net zero through a complete transformation of our industrial, energy and transport systems. . 
Since the beginning of the pandemic, popular media have reported the ‘supposed’ positive environmental impact of Covid-19 resulting from reduced socio-economic activities with reduced air pollution, reduced energy consumption, the rise of tele-working, and the switch from fossil fuels to walking and cycling. A more systematic review by Rupani (2020) has shown some of these assertions to be correct. 
These assertions need to be tested at a finer scale and CF methodology could be used for this analysis. Such an analysis could inform public policy and private investment decisions to address the climate crisis.
Carbon footprinting methodologies can be found applied to organisational or individual activity comparing pre, during and post lockdown as a result of Covid-19. These include:
•	Rugani and Caro (2020) which used carbon footprint methodologies to show that carbon emissions from energy-related activities pre and during lockdown in Italy reduced carbon emissions by 20% and even more so in industrialised northern Italy.
•	Hook et al. (2020) did a systematic review of energy and climate impacts of tele-working using carbon footprint methodologies, to show that energy savings associated with reduced commuting and office energy savings were only part-reduced when compared with increased energy use through home working. However, when aggregated on a country level the impact is modest.
•	Filimonau et al. (2020) used carbon footprint methodologies to compare carbon use pre and during lockdown of a mid-sized UK university, showing a 30% decline in the university’s carbon footprint during lockdown, but was countered by a higher carbon intensity of online learning. Their conclusion being that it was of little benefit.
•	Carvalho et al. (2020) studied the impacts of Covid-19 on Brazilian electricity consumption and found that in some parts of Brazil energy use dropped by 20%, whereas in other parts it dropped by only 7%; the variability was explained by different patterns of consumption at a regional level. In areas with the lowest recorded difference electricity consumption is dominated by residential use, whereas in areas with highest reductions, use was dominated by industry.
Nizetic (2020) looked at the impact of the pandemic on air transport using carbon footprinting methodology to assess a drop in carbon emissions by a factor of 1.89 at Zagreb airport, whilst at Split airport it had dropped by a factor of 3.49 – this variation was explained by the higher importance of freight at Zagreb, much of which continued to be transported by air throughout lockdown; whereas at Split the very high emissions reduction was due to a collapse in tourist transport.
Andriel Evandro Fenner et al. (2018) looked at carbon emissions from the built environment over its lifecycle and found that the majority of GHG are emitted during the operational phase of a building. A comparison between building types of the carbon emissions was undertaken using PAS2050, ISO/TS 14067 and a life cycle carbon emissions assessment. This methodology provides valuable data to assist the building industry to build back greener.
 Formulation
The PM Johnson stated in October 2020 referring to the effect of the Covid 19  “We will build back and bounce back greener.” This aspiration is especially relevant in 2021 as Britain hosts COP 26 the next UN climate change conference to be held in Glasgow where participating nations must provide more stringent NDC targets for  their carbon budgets from 2030.  COP 26 provides impetus for the UK to formulate an ambitious Covid-19 green recovery plan and initiate implementation especially as the UK will have left the EU. The combination of Covid 19, increasingly evident climate change effects on the world and the COP26 summit give the UK government an ideal platform to show leadership in the GHG emissions emergency. It has three main drivers for implementing change, fiscal, legislative, and advisory (UN Climate Change Conference UK, 2021). “It is likely that Government strategies and implementation of economic incentives will be a major factor in the level of GHG emissions for decades” (Le Quere, et al. 2020).
Implementation
Increasing  fossil fuel taxation could be a useful policy to reduce GHG emissions. There was widespread acceptance of 78% amongst Europeans that climate change is due to anthropogenic behaviours back in 2011 and is likely to be further acknowledged today as more evidence is available but the raising of taxes is always unpopular with voters. (European Union, 2011).
In 2021 the first UK sovereign green bond will be launched, to invest directly in environmentally sustainable projects. A proposed change in legislation is to provide better transparency in investments that will demand  disclosure on effects of climate change on major companies and financial institutions in the UK by 2025. (Climate Action,2020) (Financial Times,2020).
Carbon footprinting methodologies could be used to help Government and private investors to make better evidence-based decisions, allowing the UK to bounce back greener. This relatively brief literature review shows the importance of such methodologies in decision-making, we can see for example that tele-working may have higher adoption in the future and it appears to have relatively modest carbon impacts. In this case a government would not use the levers it has available to it to encourage tele-working if its key policy objective was climate mitigation. In contrast, carbon footprinting methodology shows that the pandemic had a significant impact on the climate effect of industrial and aviation sectors, suggesting that governments should pay more attention to encouraging those sectors. 
Government funded support for research and development into new green industries in conjunction with industry and the support of scientific bodies should pay dividends such as the Faraday Battery Challenge initiative with funding of £318M between 2017 and 2022. (GOV UK, 2020)
Another example is the commitment to a £350 million fund to fuel green recovery by cutting emissions in heavy industry.(GOV UK 2020)
 Lord Zac Goldsmith minister of state Department for Environment, Food and Rural Affairs (Defra), recently stated one of the important aims of Government in building back a green and sustainable recovery was “ making zero emission vehicles cheaper than petrol and diesel and speeding up progress on low-carbon transportation to reduce emissions and improve public health”. This needs to be followed up with a road map of incentives to industry and the public to accelerate the slow progress that has been made to date. Leadership is needed such as initiatives at the Department of Transport  which could see all their vehicles powered by electric, currently less than 1% are (GOV UK, 2020).
Examples of private investment decisions include large pension increasing funds in green technologies driving the economy towards a greener future. This action is happening without CF, but the private sector examples could be used by Government for further action with further investment for example in better house insulation and smart metering for homes and business.(Skentelbery,2019) Major fossil fuel companies are changing their focus away from being oil and gas suppliers to energy producers. BP predict renewable energy will provide a rapidly increasing share of global energy growing from 1% to 10% within 15 -25 years,  the fastest uptake of new energy technology ever. Government could enhance this shift by increasing  taxation of aviation fuels whilst supporting further research and development into greener technologies for the sector (BP,2020).
Conclusion
Carbon footprinting can be used as a method to help inform governments and enable them to pass legislation curtailing the most polluting practices and to provide funding and advise to support and accelerate the most beneficial sustainable practices. As shown in Carvalho et al. (2020) in a study on CO2 emissions during Covid 19,  industry was often responsible for the majority of energy use and emissions, therefore focus on these areas of society could yield most rapid results.
Any short-term gains from Covid-19 are not going to secure net zero in the UK, so rapid and substantial green investment is required, which will also support a sustainable economic recovery. Carbon footprinting allows politicians to determine a scientifically based clear road map for a sustainable green recovery, with COP26 providing a significant platform for the UK government to show global leadership in the climate crisis following the  disruptive impact of the Covid 19. Society is perhaps now in a better position to accept the wide-ranging changes necessary to the way we live and work. CCC chair Lord Deben put the situation in stark relief in a UK 2020 green recovery report “We have a once-in-a-lifetime opportunity to address these urgent challenges together – it’s there for the taking”. (Cockburn,2020).
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