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Abstract 
[bookmark: _Hlk141700762]Urgent transitions to mitigate effects of climate change are needed. Policies and reduction targets for greenhouse gas emissions associated with the built environment are emerging. Meeting these targets will be essential to ensure built assets are not stranded. Asset ‘stranding’ occurs when a building no longer meets emissions targets and, as a result, may not be allowed to be occupied or rented, resulting in implications for asset income and occupancy. The Carbon Risk Real Estate Monitor (CRREM) tool was developed in Europe to enable emissions analysis of assets and portfolios to reduce the risk of stranding. CRREM is regarded as one of the most valuable tools for asset management and valuations in Europe and UK, however, in Australia it has only recently been adapted for local conditions. This research provides key insights into the effective use of CRREM for Australian built assets. 
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[bookmark: _Hlk141700797]Introduction
[bookmark: _Hlk141700813]The building sector has been identified as a substantial contributor to global warming, with some 37% of greenhouse gas (GHG) emissions attributable to buildings globally (UNEP, 2022). It has been suggested that the global building sector carbon intensity will have to decline from the current  52 kgCO2e/m2/pa to below 10 kgCO2e/m2/pa by 2050 in order to be in line with the 2ºC global carbon budget (Urban, 2020). As such, buildings have been identified as a key asset class for decarbonisation (IPCC, 2023), and consequently the need to set global and national carbon targets. Already, in certain locations around the world, in particular Europe and the UK, buildings are subject to increasing regulation and legislation relating to GHG emissions. Australia, one of the highest GHG emitters per capita in the world, has set a goal of reaching net zero emissions by 2050 (Climate Change Authority, 2019). The International Energy Agency (IEA) has suggested that Australia improve its National Construction Code and place greater emphasis on the building and transport sector’s environmental performance to help meet these carbon targets (IEA, 2023). The IEA review estimates that a 60% productivity improvement would be needed for a net zero aligned trajectory. Potential penalties for failing to meet emission targets could be detrimental to property asset incomes and values, resulting in broader financial implications for Australia.
The Carbon Risk Real Estate Monitor (CRREM) tool was developed as part of a Horizon 2020 funded project to assist building owners to better understand the emissions profiles of their assets and to enable financial investment decisions that reduce carbon footprints (CRREM, 2023a). The idea behind this tool is to enable investment decisions to be made that minimise adverse impacts on building value due to its carbon footprint. While this development is focused on the EU and UK specifically, it has since been expanded to include Asia Pacific and the Americas. Despite its demonstrable benefits and widespread international use (BRE, 2022, Stein, 2023), CRREM only recently entered the Australian market, and it has not yet been tested  in the Australian context.
The CRREM tool enables the monitoring of energy performance of a single property, or portfolio. Utilising key inputs, the tool provides a visual graphic of the performance of the asset or portfolio, and identifies at which point the asset may be subject to ‘stranding risk’ as a result of regulatory requirements, and voluntary requirements like alignment with Science Based Targets Initiative (SBTIs) to minimize global warming to 1.5o or 2oC (CRREM, 2023b). The objective of the tool, is not to just provide a graphical representation, but focuses on the decarbonization requirements of the asset in comparison to overall sector targets and Intended Nationally Determined Contributions (INDCs). The decarbonization pathways created by CRREM are in the context of meeting emissions targets from the Paris agreement, and the associated emission pathways and budgets which then are contributed from building sector pathways, which have been converted for various property types (CRREM, 2020b). CRREM provides these decarbonization pathways as a way in which to benchmark where the current asset or portfolio sits (the pathway is effectively a form of carbon budget), as a result a user can then see clearly (as shown in Figure 1) the timing of when their asset may be stranded based on this pathway, and generates the realization of the need for retrofits to improve the energy efficiency and carbon profile of the asset or portfolio. 
Figure 1. Example of CRREM decarbonization pathway and asset stranding

Source: CRREM (2022) v2.03 utilising Melbourne Case study building
This study aims to apply CRREM to a series of Australian commercial property case studies to evaluate the pathways, assumptions and data inputs for the Australian context. The objective is to explore the potential of CRREM as an innovative tool for industry and understand the nuances for its’ application in the Australian context. 
This paper begins by providing some background information about Australia and its carbon targets and the development of CRREM. This is followed by the Research Approach (with reference to the Data Collection and Data Analysis methods), the Results and then finally the Discussion and Conclusion.
[bookmark: _Hlk141701344]Background
The Australian Context 
Australia has recently committed to reducing its GHG emissions to 26-28% below 2005 levels by 2030 and net zero by 2050 (IEA, 2023). Several state governments and local councils have followed this up with setting their own carbon reduction targets, such as New South Wales (one of Australia’s most populous states) which have committed to reducing their emissions by 50% from 2005 levels by 2030 and net zero by 2050; while Victoria has committed to achieving net zero emissions by 2045 (NSW Government, 2020, Victoria State Government, 2023). In particular, the City of Melbourne has estimated to meet their ambitious emissions reduction targets for 2030 to achieve net zero emissions before 2050 and align their strategy to the C40 Climate Action Plan framework (C40 Cities, 2022). To meet these targets, there is a need to retrofit 77 buildings within the City of Melbourne every year until 2050. With every year of inaction, building owners and tenants increase their risk exposure to adverse effects on building occupancies, rents, and assets values. The IEA has welcomed Australia’s commitment to carbon mitigation, but has stated that stronger efforts are needed to improve energy efficiency and carbon target alignment and that there is room for improvement on the country’s transport and building sector’s energy efficiency performance (IEA, 2023).
Enacted in 2010, the Commercial Building Disclosure Program (CBDP) (CBD, 2020), mandates the declaration of energy efficiency for all commercial buildings, for sale or rent in Australia, as measured by certified energy ratings based on the National Australian Built Environment Rating System (NABERS). However, CBDP solely focuses on past emissions over a period of 12 months (referred to as base building) and does not require the future forecasting of emissions. Furthermore, as there is only a requirement to consider the base building energy considerations, the ratings are often underestimated due to the lack of whole building assessment. As such, Australia’s mandatory energy efficiency disclosure program neglects the need to consider and reduce future climate-risk factors and more holistically consider whole-of-building emissions. The CRREM tool provides a more forward-looking tool that has a broader consideration of the emissions profile of a building into the future, and exploring potential asset stranding considerations. Asset ‘stranding’ is where a building does not meet Paris aligned  emission targets, which could comprise organizational, sector or government-based targets or requirements. For example, a building may not be allowed to be occupied or rented if it is performing beyond a specified target. (a penalty already occurring in the UK for buildings with poor energy efficiency) (Hirsch et al., 2019). The stranding of an asset leads to detrimental loss of income due to an inability for the space to be rented or occupied. Thus, property owners need a way in which to assess stranding potential and the ability to identify opportunities for retrofits and upgrades to ensure the property asset meets the emission target levels, and ensure continuity of income and occupancy (CRREM, 2020b).The next section provides more detail of the CRREM tool, its development and application within Australia. 
[bookmark: _Hlk141701515]The CRREM Tool
Funded by the European Union (EU), the Carbon Risk Real Estate Monitor (CRREM) was developed to alleviate risks associated with asset ‘stranding’ and avoid obsolescence, accelerated depreciation and loss of income due to climate change, changing market expectations, and legal regulations. CRREM has been described as a tool that: 
“will accelerate the decarbonisation and climate change resilience of the EU commercial real estate state sector by clearly communicating the downside financial risks associated with poor energy performance and the quantification of financial implications of climate change on the building stock” (CRREM, 2020b).
The CRREM project has created a free to use Excel based tool which has been funded by the H2020 program (European Commission, 2022). The tool provides country specific energy-reduction pathways that are aligned with the requirements of the Paris Agreement to limit global warming to 1.5°C. The tool allows its potential users to assess the carbon and energy performance of their buildings and portfolios, and then benchmark these assets against the CRREM pathways, thus supporting effective carbon risk management. The unique feature of the CRREM tool is its ability to enable building owners to evaluate their commercial properties’ capacity to meet targets while considering future retrofitting plans that are costed and planned within the assets’ life cycle strategies. It also allows a portfolio analysis and may assist in developing future investment strategies for management and ownership. Further, the tool could assist in the measurement and reporting of emissions and organisations’ action plans for built assets to achieve net zero. However, the application of CRREM within an Australian context has limited testing and application and further exploration of how the tool works on commercial building stock in Australia to understand the nuances is required to assist industry in their comprehension and utilization of the CRREM tool. Initially developed for the EU, the expansion of CRREM has meant that calculation of the pathways for each country are required. These are generated by calculating the carbon that could be emitted by the country (and sector) till 2050 and the trajectory of these pathways, start at the current energy intensity of each country’s building stock but converge to a comparable target (CRREM, 2023b). The CRREM tool has then utilized information and data from GRESB to develop individual pathways (per country) for the various property types which creates specific decarbonization trajectories to a target amount based on the property type. In Australia, due to our geographic variety, further extension of the nuance has been included to enable the consideration the climate zones to reflect the different heating and cooling requirements of different locations and how this subsequently affects the energy intensity of buildings (CRREM, 2023b).   
While several versions have been released for Australia, the consistency and comparability when applied to Australian assets needs further investigation. CRREM may be utilised to assist asset owners in Australia to develop and refine their future retrofitting and upgrading plans that integrate asset life cycle planning towards net zero emissions. The testing of the CRREM tool and its different versions, and the implications and outcomes of the various optional inputs are explored in this study. 
Research Approach 
This section describes the data collection and analysis approach used. The latest CRREM tool (Version  V2.03) as well as previous releases (Version V1.22 and V2.02) were used to assess a portfolio of buildings from across Australia. The purpose of examining the different versions is to highlight how updates may affect the results, and in the context of decision making and asset planning, appropriate caution should be taken which version used in the assessment (especially seeing as this is a continuously evolving tool and constantly being updated). 
There were 70 office buildings selected from three different Asset Owner’s portfolios, located in New South Wales, Victoria, Queensland, Northern Territory and Western Australia. Data collection is discussed first followed by analysis approach. 
[bookmark: _Hlk141701688]Data collection
[bookmark: _Hlk141701700]Data for the portfolio of buildings was attained through publicly available online information from three leading Australian property Asset Owners (referred to throughout this report as Asset Owner 1 to 3). Information on a total of 70 buildings was collected, with some data limitations, as described in Table 1. 


Table 1 Case study data
	Case Study Portfolio
	Asset Owner 1
	Asset Owner 2
	Asset Owner 3

	Assets
	9 Offices
2 Retail
	24 Offices
12 Retail
	23 Offices

	Locations
	Sydney
Melbourne 
Gold Coast
Perth
Brisbane
	Sydney
Melbourne 
Northern Territory
Brisbane

	Sydney
Melbourne 
Perth
Brisbane


	Collected data 
	Reporting period
Total gross internal area (m2)
Grid electricity usage (kWh)
Natural gas usage (kWh)
Renewable energy usage (kWh)
	Reporting period
Total gross internal area (m2)
Grid electricity usage (kWh)
Renewable energy usage (kWh)

	Reporting period
Total gross internal area (m2)
Grid electricity usage (kWh)
Natural gas usage (kWh)



	Missing data
	Average annual vacant area (m2)

	Natural Gas
Limited Renewable Energy
Average annual vacant area (m2)
	Renewable Energy
Average annual vacant area (m2)





The study focused primarily on the mandatory data requirements in CRREM, as illustrated in Figure 1. As no ‘average annual vacant area (a mandatory input requirement for CRREM) was provided for any of the case studies a value of 0% was assumed. Additional data that was included, if available, were consumption of natural gas, renewable onsite and renewable offsite energy. 


[bookmark: _Hlk141701823]Figure 1 Mandatory data for the CRREM Tool
Analysis
The analysis focused on three key phases.  
1. Case study CRREM results, which included but not limited to, stranding year and cost of excess emissions. The outputs allow for individual buildings to be examined and compared, but also to be utilised at a portfolio level. The three portfolios were also compared against each other. 
2. Comparison of results from the different versions of the tool for the different case studies. Asset Owner 1’s case study buildings were selected for this. 
3. The sensitivity testing of the different options and implication of the non-mandatory data input requirements. 
[bookmark: _Hlk141701922]Results & Discussion
Objective 1: Apply CRREM to case study buildings.
This section presents the results of the analysis of the building portfolio using the CRREM tool. This section includes reference to individual building results followed by a comparison of the three portfolios side by side. 
Figure 2 provides an example of the CRREM tool results for an office building (Building 1, a 6 star NABERS energy rating) located in Brisbane (Queensland) that is 76,000 m2. The stranding year is 2036 (the third earliest when compared against other case studies). This graph clearly informs the user from what year the building will not meet emission targets and may start leading to potential loss of income due to inability for the space to be rented or occupied. This indication of a loss of income is clearly seen in Figure 3 too. Figure 3 of the CRREM analysis for office building 1 illustrates the carbon cost of excess emissions (in USD dollar per year). From the stranding year 2036, the annual costs increases (in red) to a value of over $155,689 per year. An important consideration to note is the role and prominence in the results of the  decarbonization profile of the grid, which has a substantial impact on the building profile of building performance. For example, the quicker the grid decarbonizes, the further out the stranding year is, if the building performance is maintained. 

Figure 2 CRREM analysis of case study office building 1 located in Brisbane.


Figure 3 Carbon cost of emissions of office building 1.
Table 2 provides a side-by-side comparison of the three Asset Owners portfolio results for the carbon cost of excess emissions using the CRREM tool (V2.03). When comparing the portfolios side by side, the results show that Asset Owner 3 has the poorer performing office portfolio. With an average stranding year of 2028 and a carbon cost of excess emissions above $6,000,000 per year. In comparison Asset Owner 1 who has the best performing portfolio with an average stranding year of 2036 and a cost of excess emissions of over $1,000,000 per year. One must bear in mind while interpreting the results that Asset Owner 1 had the most complete data set and that Asset Owner 2 and 3’s case studies had some missing data which can influence the results. 


Table 2 Comparison of portfolios using CRREM V2.03
	Australian Property Asset Owner
	Portfolio Results

	Asset Owner 1
	

	Asset Owner 2
	

	Asset Owner 3
	



The CRREM tool clearly communicated the stranding year and the carbon cost of excess emissions of the individual buildings and from a portfolio perspective. The results and graphs (Figure 3 and 4) clearly informed the user from which year the building will run at a financial loss due to an increase in the cost of excess emissions. The tool also allowed for different property portfolios to be compared (Table 2), to help determine which portfolio performs better. To date in Australia, there has been a lack of tools to help inform users about the future risk to their buildings due to climate change and valuable information such as this will help prepare building owners, especially in Australia, to systematically address this risk and create greater preparedness (Hurliman et al., 2019, Deloitte, 2022). The results provided by the CRREM tool for the case studies provide valuable insight into the possible future performance of these buildings and helps to highlight potential areas of risk (such as stranding year and cost of excess carbon emissions). This study has shown that there is not only a need for a tool such as CRREM in the Australian market but that it has the potential to help foster the creation of climate resilient built assets due to the type of results it produces.
Objective 2: Analyse the different CRREM tool versions
Three different CRREM tool versions were used for the analysis, namely V1.22 and V2.02 and the latest available tool version V2.03. Due to the completeness of data from Asset Owner 1’s properties, their portfolio was utilised for this comparative analysis. Figure 5 provides a synopsis of the differences in performance of the CRREM tools for the 11 individual assets in Asset Owner 1’s portfolio. The newer versions (V2.03 and V2.03) brought the year of stranding forward for all case studies and in some cases as much as 5 years. For example, building 2 (located in Western Australia) has a stranding year of 2042 with V1.22 and 2037 for both V2.02 and V2.03. 
The newer CRREM versions V2.02 and V2.03 produced very comparable results, with all buildings providing similar stranding years, with the exception of 3 out of the 11 case studies (buildings 4, 5 and 8), where the year of stranding increased. There are no obvious reasons why these 3 buildings have a later stranding year. All three of these buildings are in Victoria (a total of 5 of the 11 were located in Victoria). These 3 buildings do not have the highest electricity consumption (Building 1 and 2 in fact have the highest of the 11) or the lowest (building 3 has the lowest). And they don’t have the lowest natural gas consumption either (Building 1 and 11 have). Thus, it is inconclusive why these 3 buildings have later stranding years with the newer tool version (V2.03) when compared to the previous version (V2.02).  

Figure 4 CRREM tool version analysis of Asset Owner 1’s portfolio of buildings.
Three different CRREM tool versions were used, namely V1.22, V2.02 and the latest available version V2.03 for assessing Asset Owner 1’s office buildings. The newer tools brought the stranding year forward for all case studies, by as much as 5 years in some cases. The newer tool versions (V2.03 and V2.03) provided very similar results in all case studies except 3. It is understood that substantial changes were made to various data inputs (in particular the decarbonization pathways) between the V1.22 and the later version, which has meant an update to the results understandably. Further refinement is demonstrated in the later version comparisons, although this appears to be limited. Figure 6 shows that the portfolio’s stranding year range does decrease significantly from the old tool version to the newer tool versions, but also reduces the variation in results. This is likely a result of the which can be due to updates to tool calculation methods, data updates and completeness. It is interesting to note the subtle difference in tool results from V2.02 and V2.03. Details on the variations were provided in a list of updates, but the user may not be privy to exactly how these changes may affect the results, as such users need to be more aware of the changes per tool version and statements and how results from older tool versions are still utilized in reporting or decision-making and how this may change going forward. 
The CRREM tool is a useful approach to consider both individual buildings and portfolios, however, updates to data inputs, particularly, information pertaining to Australia’s decarbonization of the grid, will subsequently and understandably change outcomes and results. Users of the tool should be aware of version updates, which will be continued to be updated with more information as this becomes available. 

Figure 6 Comparison of stranding year range for Asset Owner 1's portfolio based on three CRREM tool versions

Objective 3: CRREM tool sensitivities 
Using two buildings, one located in Sydney (Building A), and another located in Melbourne (Building B), an analysis was performed examining the role of how different data inputs and assumptions in the tool affected the stranding year of the assets. While not comprehensive across all the buildings, this snapshot provides an indicative analysis of how different data inputs affects the stranding year of different buildings. Table 3 provides a synopsis of the seven data input scenarios applied and the results for each asset.  For both Building A and B, their years of stranding were 2037 and 2038, respectively, utilising mandatory data of electricity grid usage in kWh. However, stranding years were earlier by 2 years for Building 1, and 4 years for Building 2 when natural gas data was included, demonstrating a substantial effect on the stranding year because of natural gas consumption. Subsequently, additional data was included for the different scenarios: inclusion of on-site renewables, refrigerant data, change in the location base to market-based approach, inclusion of other on-site renewables like heat pumps and including or excluding air-conditioning. Apart from the inclusion of air conditioning for Building B, which shortened the stranding date by a year (from 2034 to 2033), the other analyses demonstrated no change to the actual stranding year. Interestingly, the carbon cost of excess emissions did not change either with Test 3 to 6.  
Table 3 CRREM data input sensitivity analysis
	Sensitivity Test
	Building A, Sydney 
	Building B, Melbourne
	Notes and assumptions

	
	Year of Stranding
	

	1: With only mandatory data
	2037
	2038
	Mandatory Data 
Electricity Grid usage kWh

	2: Inclusion of Natural Gas Data
	2035
	2034
	All case studies did provide natural gas data

	3: Inclusion of onsite renewables
	2035
	2034
	All case studies did provide onsite renewable data

	4: Inclusion of Refrigerant data
	2035
	2034
	12kg of R134a (HFC) assumed*

	5: Change from location based to market-based approach
	2035
	2034
	Location based approach used for all case studies

	6: Inclusion of other on-site renewable such as heat pump
	2035
	2034
	Assumed 0 for all case studies as data not provided

	7: No Aircon selected
	2035
	2033
	Aircon selected 'Yes' for all case studies


A series of inputs (7 in total as detailed in Table 4) were tested for 2 case study buildings (Building A and B located in Sydney and Melbourne). Except for natural gas and air conditioning (which brought the stranding year forward), the other 5 sensitivity tests had limited impact on the CRREM tool stranding year results.
Observed limitations and considerations
The results are heavily reliant on country-specific normalization pathways, useful for global investors, However, this may have concerning outcomes for local building owners who are ‘waiting for the grid’ to decarbonize rather than focus on retrofitting their buildings to improve energy efficiency and reduce their emissions. CRREM also places quite a lot of reliance on technological advances required to achieve 1.5°C target and that this technical change must be taken into account until 2050 (CRREM, 2020a). However, there is no certainty of these advances occurring in time. In addition, there is uncertainty associated with estimated future operational energy and carbon has been well documented and papers such as Prataviera et al. (2022) have highlighted that the range of errors in results can range between 18% to 48%, and that in some cases overestimation of daily peaks in energy demand can be as much as 80%. So this also may be a factor for consideration in strategy planning for individual assets and portfolios. What is clear, that for the built environment to make their contribution to reducing emission, engagement in energy efficiency programs and implementation of energy efficiency and net zero carbon retrofits are required.   
The tool also has limitations when it comes to the use of emission factors. Studies such Molina-Castro (2022) have found that the uncertainty range associated with this factor can be between 2.5% and 97.5%, with most of the standard uncertainties estimated between 15% and 50%.  Further in the Australian context, only the country emission factor is utilized, and at present no regional emission factor data for Australia currently being factored into the tool (which is used in NABERS based on state/territory grid generation). At present, only weather based data for normalizing heating and cooling considerations have been included. However, the CRREM tool does allow for user-defined inputs to be used, so one can insert and apply emission factors based on the state/territory locations. However, this requires additional inputs and considerations by the user. The tool also does not include normalization of hours of use, which may have some implications if comparing CRREM and NABERS particularly around energy intensity.
Further this study is limited by only utilizing a small portfolio of buildings, with limited access to energy data and information from some of these buildings, for example gas consumption and renewable energy generation, which may significantly affect the results and outcomes for individual buildings and the portfolio overviews presented. 

Conclusion
Climate change is negatively impacting businesses, cities and communities on a global scale. More specifically sea level rise and frequent natural disasters will have direct impact on the quality and maintenance of buildings and infrastructures causing increasing risk to real estate owners (Winters, 2021). One such risk is the risk of stranding, when a property will not meet regulatory efficiency standards or market expectations making them less marketable and more costly to refurbish (CRREM, 2023a). There has been a lack of tools available to property owners and professionals to assist them with addressing this risk. The EU funded CRREM tool helps to address this and enables its potential users from the real estate sector to assess the carbon and energy performance of buildings and portfolios and benchmark assets against the CRREM pathways, supporting effective carbon risk.  CRREM also provides information on the financial risks associated with poor energy performance and helps quantify the financial implications of climate change on portfolios (Winters, 2021). The tool has been widely supported and adopted by several European countries, as is evident with its alignment with the Netherlands based Global Real Estate Sustainability Benchmark (GRESB) organisation, a leading ESG benchmark for real estate and infrastructure investments across the world (GRESB, 2020). 
The building sector needs to continue to work towards mitigating the effects of climate change. Tools such as CRREM combine current financial considerations of Asset Owners (property owners) with a practical way to provide a better understand the future environmental and financial risk of their assets. By providing information such as the stranding risk, building owners can see when their asset no longer meets emission targets and might become a financial liability as it may not be allowed to be occupied or rented. Even though CRREM has been widely adopted in several European countries, it has only recently been introduced in Australia and no research has been conducted to understand its usability within this context. This study helps to address this, applying the CRREM tool to 70 Australian office building case studies from three different leading Australian property Asset Owners. This study found that CRREM provided valuable insight into the future risk of these portfolios, however more detailed analysis is required to understand how inputs like state/territory emission factors might affect results for individual buildings and portfolios, and whether this may provide a more useful approach compared to a single emission factor for Australia for the purposes of asset strategy development, planning and reporting. Further, given the embedded nature of NABERS in the Australian commercial office market, it would be useful to understand the relationship between asset stranding and NABERS ratings. Further research into the relationship between CRREM and NABERS is needed and users of CRREM should continue to include a sensitivity analysis when interpreting the results.
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General Information


 Reporting Period (Year and months)


Location


 Country


Asset Size


 Total Gross Area (m2)


Total Energy Procurement


 City


 Property Type


 Average annual vacatnt area (m2)


 Grid electricity usage (kWh)


Excess dummy low	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0	0	0	117.9420757322126	107.56963000210868	96.859806225900527	86.145338145042331	76.50678479463798	67.558687132761548	59.277148512624017	51.405693719174145	44.809031340208989	38.525661552806881	32.757923818120787	27.47539555313989	22.663442394715133	18.240210361215798	14.260100502056932	10.942897804717104	8.331035282185562	6.275343265276252	5.1238465870428751	4.2603561055597154	3.5184768925970755	2.8868963451156451	2.3134670994657283	1.9038369336872649	1.5236625104738937	1.1965974900278744	0.90576340463593841	0.63863461997307935	Excess emissions	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0	0	0	0	4.4725701011183929	10.935779791822299	17.611594220661758	23.409011250351853	28.703571051491821	33.509749357924711	38.075073471988055	41.526336183957312	44.816965462515228	47.736955363962522	50.309447035267596	52.542159142171442	54.510377366157996	56.153462331762242	57.24570414871485	57.739042602392139	57.777302926713844	57.007384432902342	56.040655510447522	55.038932637224534	54.009180108087122	52.999415569982723	51.900069147725993	50.841759278920172	49.797294701297439	48.780194174519458	47.799792586606188	Decarbonisation target	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	154.78346185074767	145.02871211703416	131.8888204443781	119.37638185330967	107.56963000210868	96.859806225900527	86.145338145042331	76.50678479463798	67.558687132761548	59.277148512624017	51.405693719174145	44.809031340208989	38.525661552806881	32.757923818120787	27.47539555313989	22.663442394715133	18.240210361215798	14.260100502056932	10.942897804717104	8.331035282185562	6.275343265276252	5.1238465870428751	4.2603561055597154	3.5184768925970755	2.8868963451156451	2.3134670994657283	1.9038369336872649	1.5236625104738937	1.1965974900278744	0.90576340463593841	0.63863461997307935	Baseline asset performance	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	131.33706101799882	Climate and grid corrected asset performance	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	131.33706101799882	126.14269048741993	121.20387052894193	116.50776961111555	112.04220010322707	107.79558601772283	103.75693236570409	99.915796044989833	96.262258184253369	92.786897870548728	89.480767191162201	86.335367524166301	83.342627015322108	80.494879182083309	77.784842588407486	75.205601536886576	72.750587727373798	70.413562833819171	68.188601953431956	66.070077884577699	64.052646191990092	62.131231019945218	60.301011616007237	58.557409529821612	56.896076453202767	55.312882669448449	53.80390608141326	52.365421789394063	50.993892191325315	49.685957579155399	48.43842720657927	Stranding	4.3907561627054292	114.10199795491097	2020 Performance	1	131.33706101799882	2018 Performance	1	2	#N/A	#N/A	2018 Performance	1	#N/A	Past performance	2	3	#N/A	#N/A	Year


GHG intensity [kgCO2e/m²/yr]




Excess dummy low	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	154.78346185074767	145.02871211703416	0	0	0	0	0	0	0	0	0	0	0	0	0	0	18.093612920339666	14.260100502056932	10.942897804717104	8.331035282185562	6.275343265276252	5.1238465870428751	4.2603561055597154	3.5184768925970755	2.8868963451156451	2.3134670994657283	1.9038369336872649	1.5236625104738937	1.1965974900278744	0.90576340463593841	0.63863461997307935	Excess emissions	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	2.7850462409527736	5.2458040472215384	7.0443600642709878	8.3277133265685332	8.7457774315009402	8.9127835451164366	8.9932670159941601	8.9967743266180698	8.9737754893549386	8.8170296892748841	8.6593673095027786	8.4756977987118436	8.2815349783241317	8.0881084543355062	Decarbonisation target	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	154.78346185074767	145.02871211703416	131.8888204443781	119.37638185330967	107.56963000210868	96.859806225900527	86.145338145042331	76.50678479463798	67.558687132761548	59.277148512624017	51.405693719174145	44.809031340208989	38.525661552806881	32.757923818120787	27.47539555313989	22.663442394715133	18.240210361215798	14.260100502056932	10.942897804717104	8.331035282185562	6.275343265276252	5.1238465870428751	4.2603561055597154	3.5184768925970755	2.8868963451156451	2.3134670994657283	1.9038369336872649	1.5236625104738937	1.1965974900278744	0.90576340463593841	0.63863461997307935	Baseline asset performance	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	#N/A	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	36.95428367059499	Climate and grid corrected asset performance	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	#N/A	36.95428367059499	35.095570629008584	33.330392767241371	31.654049152866019	30.062074751552132	28.550228609249643	27.114482625333441	25.751010887216442	24.456179538406492	23.226537153379123	22.058805593963633	20.949871323201219	19.896777153830943	18.896714409698518	17.947015479463534	17.045146743009706	16.188701851938642	15.37539534645655	14.603056591844785	13.869624018543815	13.173139650676152	12.511743908591235	11.883670671733714	11.287242588820668	10.720866622962149	10.183029819976673	9.6722952887397184	9.187298382960071	8.726743074308585	Stranding	17.095247535870385	15.91784938047685	2022 Performance	3	36.95428367059499	2018 Performance	1	2	#N/A	#N/A	2018 Performance	1	#N/A	Past performance	2	3	#N/A	#N/A	Year


GHG intensity [kgCO2e/m²/yr]




Value	0	0	-344096.95315233897	-371413.48122050229	-385238.02755303844	-389371.56644971587	-378770.40062301647	-361400.68236151076	-336426.52923662611	-305107.09150877711	-266338.27571654145	-225602.35129728727	-181517.28193696131	-136894.9444322382	-92182.676472362349	-47964.327641886317	-3900.6207275998486	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Costs	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	38639.773322672372	75771.337902796411	105766.45230918679	129783.33161504056	139290.57755253979	144999.47296270414	149385.42270214492	152521.46946236942	155201.49195727115	155506.8696008288	155688.5227091143	155285.81903093489	154561.60819598957	153718.54522887344	Line	
2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	2051	2052	0	0	-344096.95315233897	-371413.48122050229	-385238.02755303844	-389371.56644971587	-378770.40062301647	-361400.68236151076	-336426.52923662611	-305107.09150877711	-266338.27571654145	-225602.35129728727	-181517.28193696131	-136894.9444322382	-92182.676472362349	-47964.327641886317	-3900.6207275998486	38639.773322672372	75771.337902796411	105766.45230918679	129783.33161504056	139290.57755253979	144999.47296270414	149385.42270214492	152521.46946236942	155201.49195727115	155506.8696008288	155688.5227091143	155285.81903093489	154561.60819598957	153718.54522887344	Points	0	0	-344096.95315233897	-371413.48122050229	-385238.02755303844	-389371.56644971587	-378770.40062301647	-361400.68236151076	-336426.52923662611	-305107.09150877711	-266338.27571654145	-225602.35129728727	-181517.28193696131	-136894.9444322382	-92182.676472362349	-47964.327641886317	-3900.6207275998486	38639.773322672372	75771.337902796411	105766.45230918679	129783.33161504056	139290.57755253979	144999.47296270414	149385.42270214492	152521.46946236942	155201.49195727115	155506.8696008288	155688.5227091143	155285.81903093489	154561.60819598957	153718.54522887344	
Annual costs [$/yr]




Costs	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	201570.51080757118	645649.60596504586	1009359.0377838805	1305748.8036484153	1439821.1059220107	1530342.8595498302	1605422.7694284259	1665874.0459694478	1720703.2585468085	1748096.9545723279	1773622.4700881799	1792037.5115853418	1806322.477059972	1818775.3451921833	Value	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	-3640759.6399930678	-4163165.0045485548	-4506219.1226030663	-4689502.7871891949	-4756737.5962344604	-4651106.3366088877	-4463589.406908283	-4185117.3432390364	-3830396.8245171658	-3387252.941299154	-2911269.2923791925	-2395422.3427134613	-1871857.3250532437	-1345836.657861837	-824160.48170766118	-303126.82399831369	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Line	#N/A	-3640759.6399930678	-4163165.0045485548	-4506219.1226030663	-4689502.7871891949	-4756737.5962344604	-4651106.3366088877	-4463589.406908283	-4185117.3432390364	-3830396.8245171658	-3387252.941299154	-2911269.2923791925	-2395422.3427134613	-1871857.3250532437	-1345836.657861837	-824160.48170766118	-303126.82399831369	201570.51080757118	645649.60596504586	1009359.0377838805	1305748.8036484153	1439821.1059220107	1530342.8595498302	1605422.7694284259	1665874.0459694478	1720703.2585468085	1748096.9545723279	1773622.4700881799	1792037.5115853418	1806322.477059972	1818775.3451921833	Points	
-4163165.0045485548	-4463589.406908283	-2395422.3427134613	201570.51080757118	1530342.8595498302	1773622.4700881799	
Costs [$/yr]





Costs	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	196157.28814860631	1560231.2695472075	2749222.7079336252	3707489.2907020925	4472453.7239923282	4765126.3427137714	4935472.6622285647	5063338.8232305618	5151090.812332863	5224340.7468915256	5221218.6341009848	5214324.909911924	5188808.6621297747	5153150.8998694969	5113890.3276750166	Value	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	-9555144.3827999514	-10890140.428434405	-11740614.647361947	-12160166.678459534	-12271047.9010708	-11910283.500854224	-11334500.343559848	-10516471.335060766	-9496555.0390549861	-8238910.7569702165	-6927206.6366545083	-5508734.6057947837	-4074059.1926229917	-2637495.3408730095	-1217769.1046765135	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Line	#N/A	-9555144.3827999514	-10890140.428434405	-11740614.647361947	-12160166.678459534	-12271047.9010708	-11910283.500854224	-11334500.343559848	-10516471.335060766	-9496555.0390549861	-8238910.7569702165	-6927206.6366545083	-5508734.6057947837	-4074059.1926229917	-2637495.3408730095	-1217769.1046765135	196157.28814860631	1560231.2695472075	2749222.7079336252	3707489.2907020925	4472453.7239923282	4765126.3427137714	4935472.6622285647	5063338.8232305618	5151090.812332863	5224340.7468915256	5221218.6341009848	5214324.909911924	5188808.6621297747	5153150.8998694969	5113890.3276750166	Points	
-10890140.428434405	-11334500.343559848	-5508734.6057947837	1560231.2695472075	4935472.6622285647	5214324.909911924	
Costs [$/yr]





Costs	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	0	0	0	0	0	0	0	0	308428.27678523725	843316.17610175011	1328887.5146784734	1839918.9657264962	2354016.3985093837	2867606.9361837292	3376032.4219638174	3881983.2459463426	4374556.9311819719	4822819.8576746937	5213014.5460765837	5554353.435685317	5712994.5165587282	5840589.7276395503	5956842.1189401262	6062334.0311591234	6163385.3341370337	6244726.6958398148	6324275.3189332103	6398366.7055773828	6469094.8781203907	6538074.9020888563	Value	2020	2021	2022	2023	2024	2025	2026	2027	2028	2029	2030	2031	2032	2033	2034	2035	2036	2037	2038	2039	2040	2041	2042	2043	2044	2045	2046	2047	2048	2049	2050	#N/A	-1527080.957646067	-1627507.5177364545	-1608512.5417798578	-1483459.3961781031	-1282644.3908934712	-965963.67174495279	-596858.63684278936	-168710.29139687924	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	Line	#N/A	-1527080.957646067	-1627507.5177364545	-1608512.5417798578	-1483459.3961781031	-1282644.3908934712	-965963.67174495279	-596858.63684278936	-168710.29139687924	308428.27678523725	843316.17610175011	1328887.5146784734	1839918.9657264962	2354016.3985093837	2867606.9361837292	3376032.4219638174	3881983.2459463426	4374556.9311819719	4822819.8576746937	5213014.5460765837	5554353.435685317	5712994.5165587282	5840589.7276395503	5956842.1189401262	6062334.0311591234	6163385.3341370337	6244726.6958398148	6324275.3189332103	6398366.7055773828	6469094.8781203907	6538074.9020888563	Points	
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