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Abstract

:

Energy efficiency in the building sector plays a key role in supporting European and global commitments against the current climate crisis. A massive adoption of deep renovation measures would allow a global reduction of energy need up to 36%, based on estimations. However, the market for building renovation is still limited, due to uncertainties associated with risk evaluation. This paper aims to suggest a method to evaluate the financial impacts of technical risks related to energy efficiency investments. Key performance indicators (KPIs) necessary to evaluate the investment risk associated with energy renovation have been defined based on an analysis of the correlation between technical and financial risks, and their originating factors or root causes. The evaluation has been carried out thanks to the EEnvest tool: a web-based search and match platform, developed within the EEnvest collaborative research project funded by the European Commission (EC). This evaluation methodology has then been applied to a case study, an office building located in Rome, for whom an energy efficient renovation project was already in place to reduce energy needs. The investment risk of the renovation project is calculated for two different scenarios: with and without risk mitigation measures being applied during the design, installation and operation phases. The results show the different technical and financial risk trends of these two scenarios, highlighting the benefits obtained by the implementation of mitigation measures.
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1. Introduction


The European Union (EU) set a range of commitments with regards to climate action, in line with the Paris climate conference in 2015. The above range from: (i) greenhouse gas reduction equalling at least 40% before 2030 compared to levels registered in 1990; (ii) increased use of renewable energy sources equal to at least 40%; and (iii) improved energy security, competitiveness and overall sustainability of all Union member states. In this scenario, the EU Directive 2018/2002 [1] sets ambitious energy efficiency targets and is supported by the EU Directive 2018/2001 that establishes a 32% binding target for the integration of energy generated by renewable sources [2].



Several studies have underlined the role of energy efficiency measures in the building sector to achieve such objectives. The European Building Stock Observatory has defined three different energy renovation levels for the building stock, based on the primary energy savings achieved after renovation: light, below 30%; medium, between 30 and 60%; and deep, above 60%. Massive adoption of deep renovation measures would allow an average reduction of energy need in the range of 36% globally [3], also reducing reliance on energy import while creating economic growth, innovation, and job opportunities. Asides from these, it would also contribute to transforming buildings into more comfortable and healthier indoor spaces.



The building sector, given its inherent energy-saving potential demonstrated by several studies, is a priority intervention area in the global effort towards sustainability. Several regulations are nowadays in place at both the European and national level, to ensure quality and efficiency of energy renovation, whose rhythm is still below 1.2% yearly average [4]. Studies performed by the Building Performance Institute Europe (BPIE) based on energy performance certificates (EPC) demonstrated that 97.5% of the built environment is ranked below A class [5]. As a consequence, the application of energy efficiency measures to both passive and active building elements are deemed to play a fundamental role in a successful energy transition to support climate objectives at a European and global level [5].



Despite a registered growth in the last decades, the market for building energy renovation is still prevented from a wider diffusion by a set of obstacles. These can be summarized as: (i) lack of adequate and market specific financial instruments; (ii) uncertainty on the final financial return and energy yield; (iii) undefined investment risk; (iv) lack of standardized approaches to risk assessment, and (v) lack of a virtual space in which to match demand and offer energy renovation services. The above turn into a single functional barrier to the expansion of deep energy retrofits in the building sector: uncertain risk perception. Stakeholders along the construction value chain related to building renovation are currently not able to identify and quantify the impact of risk on final achieved savings, and so hesitate to undertake such actions [6].



To overcome this cultural barrier and mainstream those investments for the financial sector three projects have been financed by the Horizon 2020 framework programme, funded by the European Commission: EEnvest, Triple-A and QUEST [7].



The EEnvest research project, financed by the European Commission in July 2019 and continuing for 36 months, aims to provide the market with a thorough risk assessment methodology focused on building energy renovation and a search and match investment evaluation platform to connect offers with demands for energy renovation investments. The final goal of the project is to attract private capital into the renovation sector, at present stage heavily grounded on state incentives. Within EEnvest, a framework for evaluating financial impacts of technical risks related to energy efficient renovation projects has been developed with the purpose of fitting into investors’ decision-making processes. As financial evaluation of technical risks is a rather complex matter, the first application of the EEnvest method has focused on commercial office buildings, which are the ones showing the highest potential in terms of energy and cost savings in relation to business impact.




2. Background on De-Risking Energy Efficiency in the Building Renovation Sector


Construction projects are normally initiated in complex and dynamic environments, resulting in circumstances of high uncertainty and risk, which are compounded by demanding time constraints. Being able to identify and manage risks, from the technical and economic point of view, is crucial for investors and designers [8]. The word “risk” has many different meanings in literature. One of the most general defines a risk as any factor, event that threatens the successful completion of a project in terms of time, cost, or quality. Focusing on the construction industry, risk is identified by technical factors that might negatively affect the quality and performance of the building. The risk is the effect of uncertainty on the achievement of the objectives intended as a state, even partial, of lack of information related to the knowledge of an event [9].



In the building renovation process, it is quite common to find a difference between planned building energy performance, as calculated during the design phase and measured energy consumption during the actual building operation phase. This represents an inherent risk of energy renovations, which may lead to a mismatch between foreseen and actual financial indicators, such as payback time. This difference is called energy performance gap [10,11,12,13] and can be generated by a variety of root causes. These can be divided in two main groups: those that are calculation driven and those that are component driven. Calculation driven gaps are generated by a mismatch between the simulated model of the building and its actual configuration. Root causes can be ascribed to errors in model construction or in model application, as well as to installation inadequacy that triggers component underperformance. Component driven gaps are related to component technical failure (or damages) [14]. Damages are deemed to generate part of the energy gap, as well as additional incurred costs for component reparation or substitution. Despite the root causes of risks associated with energy renovation actions being clear at a high level, there is a lack of structured literature in the field. In the last decade, the European Commission has highlighted the importance of de-risking energy efficiency for investors, with the aim to attract private capital in the sector and multiply actions that have been based on public incentive schemes since the early 2000s. In this frame, research in the field of financial risk associated with energy efficiency actions has been promoted at policy level, providing space to several call topics under the Horizon 2020 research framework program [15]. According to the International Standard Organization (ISO), as per their ISO 31,000 standard [9], risk management is based on a sequence of steps: context definition, risk identification, analysis process and mitigation measures identification. In the context of energy efficiency in the building renovation sector, there is an interest on the side of several stakeholders to de-risk investments to secure their capital, their future expenditure in energy bills, and their comfort levels in indoor spaces. The main stakeholders involved in de-risking are investors/financers, building owners and tenants. Several studies have demonstrated that energy efficiency generally adds commercial value to real estate assets [16]. However, as the guarantee for achieved energy performance results is not provided except in the case of energy performance contract procurement types, stakeholders often doubt whether to accept the extra costs related to the adoption of a deep energy renovation approach, rather than opting out of those risks and choosing basic light energy renovation approaches [17,18,19].



Most recently, the Energy Efficient Mortgages Initiative has developed a thorough evaluation of mortgages across EU member states, demonstrating a promisingly negative correlation between energy efficiency features of a building and the probability of default associated with the mortgage [20].




3. EEnvest Evaluation Methodology for Energy Efficient Renovation Projects


3.1. Definition of Technical Risk


Within the EEnvest project, risk is identified by analysing the energy consumption deviation from the expected energy performance, as well as the possible negative consequences due to the implementation of the renovation action or of a set of actions. During the building renovation project, technical risks can negatively affect the economic trend of the investment, producing some deviations from the expected business plan. These differences depend on several factors (errors or technical failures) and occur in different phases of the renovation project (design, installation, or operation phase). The EEnvest technical risk definition includes the occurrences that arise occasionally (such as extraordinary maintenance), but does not consider ordinary maintenance, since that is part of the life cycle cost analysis of each renovation project. The EEnvest technical risk is generated by possible errors generated during the design phase (presented as “calculation-driven gaps” in the following section) and/or construction and operation phases (“component-driven gaps”) of the building. Breakages and failures covered by the constructor’s warranty are not accounted for in EEnvest technical risk definition, as they would normally be repaired or replaced by the warranty provider at no cost for the owner or tenant. Starting from these considerations, the EEnvest approach identifies the financial impact of technical risk introducing two specific indicators that directly link technical and economic issues: (i) the energy performance gap and (ii) the damage, both strictly connected to the decision-making process, with a direct influence on the economic investment.



The energy performance gap (as a percentage of the energy performance) is one of the most complex and common issues of energy performance deviation between predicted and real measurement of a building energy consumption, analysed in numerous articles [21,22,23,24] and considered an important part of the technical risk [25]. It can depend on several matters: (i) mismatch between design, construction, and operation phase; (ii) differences between input data sets of the calculation phase (planning, modelling) and real building use, in terms of working hours, occupancy, lighting condition, temperature, etc.; (iii) external conditions, such as climate (temperature, solar radiation, humidity, wind, etc.); or (iv) differences between building code requirements and final use/implementation.



On the other side, the damage indicator (as a percentage on the investment—%, as mentioned for the previous indicator) includes the investment deviation due to technical failures, malfunctions, or breakages of the building elements. These two indicators are independent from each other and non-exhaustive if considered separately.



The EEnvest platform also provides users with both indicators in terms of respective economic values (€), in order to make them easier to understand as well as to increase their market uptake.



Technical Risk Calculation Methodology


The EEnvest technical risks calculation method allows for the matching of several probability–impact data distributions of possible occurrences extracted from the data inputs of the building project. In the EEnvest web-platform, the EEnvest technical risk database is uploaded together with (i) several probabilistic impact data of possible occurrences and failures that can happen to the building elements and technical systems, (ii) correction factors (mitigation measures) used to modulate the effect of a risk, and (iii) alerts. The technical risk calculation process runs online on the EEnvest web-platform extracting from the EEnvest technical risk database all the technical risk combinations specific to a renovation strategy elaborated for a building, producing a technical risks probabilistic trend of impact and probability for both energy gap deviation and damage indicators. An overview of the technical risk calculation process in the EEnvest web-platform is reported in Figure 1.



Figure 1, shows how the technical risk calculation method works. Input data, inserted by the users based on their own renovation scenario and building features, activate the risk calculation process, extracting the probabilistic impact of the occurrences of the energy renovation measures implemented from the EEnvest technical risk database. In the case of Figure 1 the renovation project is characterized by two energy renovation measures: M1 substitution of the windows and M2 installation of the thermal insulation in the external wall. The technical risk amounts of both indicators (energy gap and damage) are sized (RS calculation) on (i) building dimension (project building data inputs), (ii) features of building boundary condition as climate severity, and (iii) mitigation measures implemented, as certification protocols or verification procedures. The output, for both technical risk indicators, is a complete probabilistic trend of technical risks of technical malfunctioning (including both impact and probability) determined through a Monte Carlo simulation.





3.2. Definition of Financial Risk Associated with Technical Risk


Financial risk can be defined, in general terms, as the possibility of losing money on an investment. In the context of energy efficiency and for the purpose of our work, financial risk can be defined as the possibility of losing money or, better, not achieving the expected return on an investment for the energy efficiency renovation of a building. There are many variables that can affect financial performance of an investment. In our case, following the approach of Jackson [26], we consider three main variables:




	i.

	
Technical performance: if the renovation measures do not perform as expected, then the financial performance of the investment will also be directly affected. In the case of energy performance gap, lower energy savings means lower economic and financial savings, while in the case of damage, an additional investment is required in order to achieve the expected results;




	ii.

	
Climate: warm winters and cold summers affect the overall economic convenience of an energy efficiency investment, as they imply lower energy requirement for the building. This means, compared with the baseline of historical energy consumption, that the real amount of energy saved will be lower than expected, implying a lower return on the investment;




	iii.

	
Energy price: the variation of the cost of energy also affects the economic convenience of an investment, as the same amount of energy saved in terms of kWh will correspond to a different Euro amount.









For each variable, the model estimates a probability distribution. As refers to the technical performance, the probability distributions for energy gap and damage are calculated as shown in the previous paragraph. The probability distributions for climate and energy prices, instead, are calculated based on historical series available from external data providers. The calculation of the financial impact of technical risks is therefore calculated based on the following assumptions:




	
The event of damage causes an additional investment for extraordinary maintenance/repair. As a consequence, in order to estimate its impact on the financial performance, the probability distribution of the damage random variable, expressed as a percentage, is applied to the investment cost, and considered as a negative economic component for the calculation of financial indicators.



	
The event of underperformance causes a reduction of energy savings compared to expectations. As a consequence, in order to estimate its impact on the financial performance, the probability distribution of the energy gap random variable is applied to the expected value of energy savings and considered as a negative economic component for the calculation of financial indicators.








It is also assumed that the event of damage is not correlated to the event of underperformance. This means that the two probability distributions are calculated, treated, and applied independently. Moreover, while the damage event is only related to technical risks, energy performance is affected by all three variables, namely energy gap, climate, and energy price. Provided that the three variables are assumed to be stochastically independent, the EEnvest model calculates the overall financial risk as the combination of the probability distributions of each of the three variables concerned through a Monte Carlo simulation. This method consists in drafting one random value from the probability distribution of each variable and then inputting those values into a formula in order to find one expected value of the cash flow, that is, in our case, the monetary value of the expected energy savings generated each year. The formula used to calculate the cash flow is the following:


CashFlow = EES × EP × (1 − EnergyGap) × HDD − Investment × Damage



(1)




where:




	
EES = Expected Energy Saving, expressed in kWh, provided by the user as input;



	
EP = Energy Price, expressed in €/kWh, provided by the user as input (based on actual prices observed for the energy audit) and linked to a probability distribution based on the analysis of historical series;



	
EnergyGap = Risk of technical underperformance as explained above, expressed as a probability distribution in terms of % of EES;



	
HDD = Heating Degree Days, representing the climate risk in terms of a probability distribution calculated on the basis of the historical series;



	
Investment = Investment cost



	
Damage = Risk of technical damage as explained above, expressed as a probability distribution in terms of % of the investment cost.








This is a simplified formula, which only considers the thermal energy consumption affected by HDD. In case of building renovation including electric components, the formula shall also be extended to consider the different electric energy price). Repeating the Monte Carlo simulation for a large enough number of times (i.e., more than 100,000), results in a series of values for cash flow that can be used to draft a probability distribution of the variable. The same series of values can be further exploited in order to calculate a series and a probability distribution of the relevant outputs of the financial analysis, such as the payback time and the Internal Rate of Return (IRR) of the investment.




3.3. Financial Evaluation of Energy Efficient Building Renovation Based on the Occurrence of Technical Risk: The EEnvest Evaluation Methodology


The evaluation of the energy efficient building renovation investment, a core result of the EEnvest search and match platform, is done according to seven different key performance indicators (KPIs) that refer, respectively, to the technical risk (Table 1) and to the financial risk (Table 2) of the investment.



When reporting indicators, a mix of graphs and commentary is generally the most effective option rather than presenting only large amounts of commentary or, likewise, only condensed representations in graph form. Considering the multivariate data output of the EEnvest project, the radar chart (also known as spider chart, polar chart, star chart or Kiviat diagram) is a suitable solution for data representation. The radar chart is represented by a two-dimensional chart containing three or more variables, with axes starting from the same point and arranged radially. The data length of the different spokes is proportional to the magnitude of the variable and the variables are represented by decimal numbers with the same scale between all axes. Each variable value is plotted along its individual axis and all the variables in a dataset are connected together to form a polygon. The radar chart can be used to visualize and analyse the quality of data and specifically to show:




	
Similarity between observations.



	
Comparison between observations.



	
Presence of outlier variables.








Many variables can be easily compared, each one along its own axis, and overall differences are identified by the size and shape of the polygons. The results can be used individually or by defining clusters with similar features. The radar chart representation is also useful for detecting which variables are scoring high or low within a dataset, making them ideal for displaying performance. In general, there are pros and cons to almost any type of report or data visualization. Spider graphs offer an interesting way of looking at several variables at the same time, and they provide the great advantage of being fast and easy to understand.



The radar visualization shows different constraints, such as:




	
Using multiple polygons in the same radar chart makes it hard to read.



	
Representing too many variables creates too many axes and can also make the chart more complicated and harder to read.



	
The variables on the different axes are usually nominally independent, therefore it can be hard to compare values across each variable.



	
The main pros of the radar visualization are:



	
Overlaying multiple “webs” on a radar graph allows a very easy visual comparison against reference data sets.



	
A reference polygon can be used as a benchmark for easy comparison.



	
Deficiencies or strengths in performance are easy to visualize.








For all these reasons, the evaluation of the investment—a core result of the EEnvest search and match platform—has also been summarized by the EEnvest Radar graph and by the associated average performance of the investment, as presented in Figure 2. The average performance is calculated as a simple average of the rating that the investment has obtained in each KPI, separately for each of the two categories (technical and financial risk). As shown in Figure 2, the radar graph is composed of several convergent axes, each of which represents one variable. Axes are divided in a range of values, bigger as one moves farther from the centre of the graph. On each axis, one data point will show the variables value, and the connection of all the data points will consequently draw the area of the polygon.



The dimension and the shape of the polygon will be analysed for the comparison of different case studies. The overall quality or desirability of the energy renovation investment is evaluated according to five levels, where 1 is the lowest and 5 is the highest (Figure 3).



This type of visualization and evaluation is very promising, considering also the possibility to easily compare multiple radar graphs by simply overlapping them, and can therefore work as a very powerful tool during the investment decision-making process.





4. Case Study: Renovation of an Office Building


This paragraph shows the EEnvest technical risk evaluation process presenting an energy renovation strategy at a selected office building, located in Rome (Italy), and shown in Table 3. Italian pilot is the headquarters of the International Fund for Agricultural Development (IFAD), an international financial institution and specialized United Nations agency that works to address poverty and hunger in rural areas of developing countries. The IFAD building is located in Via Paolo di Dono 44, Rome (IT) and it is managed by Prelios SGR. The office building was built in 2001, for a total gross surface area of more than 46,000 square meters. It is composed of ten floors, eight above-ground and two below-ground storeys. The net heating area is about 24,470 m2 with a net heating volume of 97,000 m3.



In 2010, the building was the first building to achieve the Leadership in Energy and Environmental Design certification for Existing Buildings: Operations and Maintenance (LEED EB:O&M). In 2015, the IFAD building was the first Italian building and the first United Nation (UN) entity to become LEED certified, and it achieved the Platinum level, the highest level of LEED certification awarded by the United States Green Building Council (USGBC).



The IFAD building’s baseline energy consumption and building managing costs before the renovation (in 2017) were in the range of 1.4 Mil € (see Table 4), and included:




	-

	
Natural gas consumption for thermal energy equal to approximately 1.5 M kWh/year, with an associated cost up to about 50,000 € (with a price of natural gas of 0.03 €/kWh).




	-

	
Electric consumption about 3.2 M kWh/year, with associated costs up to 420,000 € (considering the electric price of 0.13 €/kWh).




	-

	
Operation and maintenance (O&M) cost of the whole building, close to 316,000 € (this data includes the costs of maintenance contracts of the building construction, thermal and electric systems, operation and replacement and substitution of the materials or components).









IFAD and Prelios SGR decided to renovate this building in 2019 with the support of Prelios Integra SpA. The annual amount of the energy costs was about 470,000 €/year, respectively 11% for natural gas and 89% for electric demand. Systems performance improvement was the main driver of this renovation, based on the need to reduce electric consumption of the building. The building envelope was excluded from this round of renovation, as it had already been refurbished in 2015. The proposed renovation strategy (see Table 5) aimed to increase the energy performance and to produce as much electric energy as possible. For the heating generation system, the gas boiler was substituted by a new co-generator (a system able to produce thermal and electric energy from natural gas) and a photovoltaic system to supply energy to the co-generator. The mechanical air ventilation system was substituted by a more performing system using a multi-purpose air-conditioning system, and the lighting systems were replaced by LED technology.



The energy renovation project aims to achieve a reduction equal to about 37% of the energy consumption of the building from 2019 to 2021. Table 6 shows the energy consumption and related costs, estimated after the renovation project. The natural gas demand increased from 1,468,243 kWh/year at pre-renovation to 1,890,243 kWh/year at post-renovation, because the co-generator system uses natural gas to produce thermal and electric energy. Conversely, the electric consumption (as electricity delivered form the grid) is reduced by 55%, from 3,286,000 kWh/year to 1.806.000 kWh/year. The IFAD energy cost after the renovation was estimated at 295,436 €, respectively 22% for natural gas, and 78% for electric energy. Operation and maintenance costs (O&M), including contracts, operations, replacement materials, are not expected to vary significantly after the renovation so the same amount is considered.



The EEnvest testing process confronts two different renovation strategies (Table 7) with the same solution set (renovation measures adopted) and the same energy performance (building energy demand for heating, cooling, ventilation, etc.) but with different mitigation measures:




	-

	
Scenario 1 includes the mitigation measures, such as the LEED certification and the energy performance monitoring; according to this, the investment is slightly higher, with a payback time of 7.46 years.




	-

	
Scenario 2 does not include any mitigation measure; the investment is lower, and the payback time is reduced to 7.26 years.









4.1. Technical Risk Evaluation


EEnvest technical risk calculation method is directly connected to the solution sets identified in the energy renovation strategy, both for the energy renovation measures and mitigation measures adopted. EEnvest technical method extracts and sizes the impact risks from the database (assigning weights). In this pilot we have tested two different scenarios, including the same renovation measures applying to building systems (heating and cooling system, ventilation, and lighting) but differing based on the application of mitigation measures. The trend of the damage, energy performance gap and payback time indicators has been calculated for both scenarios through the EEnvest technical risk calculation method, the results are reported in Table 8.



From the results reported in Table 8, in Scenario 2 the technical risk probabilistic calculation shows the following:




	-

	
damage indicators double the investment deviation from scenario 1;




	-

	
energy gap indicator doubles the (annual) energy costs of scenario 1;




	-

	
payback time indicator with technical risk is higher than scenario 1.









The mitigation measures implemented in Scenario 1 reduce the economic impact of technically non-compliant situations. Furthermore, the trend of payback time indicator calculated with and without technical risks (Table 7 and Table 8) highlights that the impact of technical risk is quite significant, with the scenario 1 increase equal to about 1.47% (from 7.46 to 7.57 years) while in scenario 2 the increase is equal to about 6.61% (from 7.26 to 7.74 year).




4.2. Financial Risk Associated to the Occurrence of Technical Risks in Window Substitution


As stated in Paragraph 3.2, the financial risk is assessed through the probability distribution of relevant financial KPIs as a consequence of the probability distribution of the technical risk factors affecting energy savings (energy gap) and investment cost (damage). The model also adds the effects of other risky variables affecting economic values of the investments, such as energy prices and climate (Heating Degree Days—HDD). The following figures show the results of the financial risk analysis, in terms of probability distribution of the Project Internal Rate of Return (IRR) (calculated on a 20-year time horizon), in the case of mitigation measures activation (Scenario 1). The orange line represents the probability distribution of the IRR considering only the risks related to the variation of energy prices and climate conditions (Figure 4). Since these two variables are assumed to be normally distributed with a mean of zero, the overall probability distribution of the IRR is also normally distributed, with a mean equal to the expected value. In this case, the distribution is quite narrow (concentrated between 12.8% and 13.7%, with a mean value of 13.3%), meaning that energy price and climate have little effect on overall financial KPIs. The blue line instead represents the probability distribution of the IRR considering all risks, including the technical ones. The inclusion of technical risks in the calculation makes the overall probability distribution wider (ranging from about 11% to about 14%) and, since the effects of the risky technical events always have negative impacts on cash flows, the mean of the distribution is moved to the left towards a lower value (about 12.9%).



The effect of the mitigation measures on the financial results are shown in Figure 5 and Figure 6. Since mitigation measures have a cost, not considering technical risk into impact calculation, would imply that the only effect on financial result is a translation of the probability distribution (in this case, of the IRR) towards left. This is mainly due to the higher investment cost, directly affecting the IRR of the project.



However, if technical risk variations due to mitigation measures are also taken into consideration in the calculation, then the overall impact of the mitigation measures themselves appears evidently. As shown in Figure 6, the inclusion of mitigation measure changes the shape of the probability distribution of Project IRR, moving the mass and the mean value of the distribution towards higher values (mean value shifting from 12.5% to 12.9%). This means that even if the mitigation measure increases the overall investment cost, their positive effect on the expected value of cash flows offset the higher cost, bringing an added value to the project in terms of lower riskiness and improved project quality.



Figure 7 shows the results of the two compared renovation scenarios as extracted from the platform, with technical and financial KPIs.





5. Discussion


The EEnvest—Risk reduction for building energy efficiency investments—project aims to develop a web-based investment evaluation platform for building owners and private investors. One which validates the investment security level of an energy renovation project for commercial buildings through a solid and structured assessment method. The EEnvest web-based investment platform will determine different risk levels analysing a series of economic indicators coming from technical and financial risk-evaluation models. In the following, findings on the effectiveness of technical and financial risk models will be presented.



5.1. Technical Risk


The technical risk connected to the building sector and in particular to the energy renovation processes is a complex theme because it includes a wide number of topics, issues and parameters, spanning from building physics to design, construction, and operation phase. The technical risks negatively affect the economic trend of the investment, producing some deviation from the expected business plan in terms of energy performance between predicted and real measurement of energy consumption or due to damages as failure, malfunctioning or breakages. Technical risk is considered “an exposure to loss arising from activities such as design and engineering, manufacturing, technological processes and test procedures”. This definition is based on a deep analysis of literature and results coming from field experiences, as well as knowledge of technical experts involved in the process. Currently there are several studies on identification of the “energy gap” [27] and related barriers to implementation of building energy-efficient technologies [28], analysis on the process used to determine the technical risks following a decomposition of the topic based on “project phases” [22] or in other cases on “building elements” [23] through an identification of Occurrence Frequency of Quality Failures. This kind of analysis takes steps from the investigation method developed to evaluate failure risks in the engineering sector, known as Failure Mode and Effect Analysis (FMEA) [29]. FMEA is a structured systematic procedure approach to identify the reliability, the safety and quality of specific components. FMEA method has been tested on an energy renovation measure, the insulation of an external wall, and the results obtained confirm the high complexity level of implementation for such method in failure analysis for buildings. Based on this evidence, EEnvest project extracts and builds on two aspects derived from the FMEA approach: (i) the failure concept, as one indicator of the technical risk, later called damage, and (ii) the systematic approach integrated in the technical risk evaluation process. Thanks to the latter, a deep work on definition of a technical risk database was started, and through a decomposition process of the building in elements, each energy renovation measure (building component) has been associated with its related problems (occurrences) with its unique effects (impacts-probability) and mitigation measures. Subsequently, the identification of the impact and probability of each occurrence has been addressed. The Analytic Hierarchy Process [30] has been implemented as a response measure to missing data in the process, which was a frequent case due to lack of dedicated literature in the field. The Analytic Hierarchy Process is a qualitative decision-making approach, which permits quantification of some issues, in our case technical risk frequency, through a risk score obtained from several opinions of experts in the building construction sector, and to classify the level of probability, based on design and construction best practices [31,32]. At the end of these considerations, technical risk assessment was developed using the International Organization for Standardization publication ISO 31,000 (2009)/ISO Guide 73:2002 that defines the risk as the “effect of uncertainty on objectives”. In this definition, uncertainties include events caused by ambiguity or a lack of information. The events could have both negative and positive impacts on the objectives. The formula adopted to calculate the risk is:


Risk = Probability ∗ Consequence (Impact)



(2)




where “probability” is the frequency of an event occurrence, times the “consequence” of this event, considered as the outcome of an event with a negative or a positive impact. The technical risk database (impact and probability) has been built through an extensive literature review, interviews to building experts manufacturers and building managers, and estimated by energy performance simulation.




5.2. Financial Risk


The proposed financial risk evaluation model is a tool that can support the decision-making process of an investment in energy efficiency.



In fact, one of the main issues in this sector, preventing large investments to be deployed by financial institutions, is the lack of necessary information to assess the actual riskiness of these projects. This is also stated as an assumption in the topic of the call for proposals under which the EEnvest project was financed: “the lack of statistical data on the actual energy and costs savings achieved by energy efficiency investment projects, as well as on payment default rates, results in financial institutions attributing high risk premiums to energy efficiency investments” [15]. With this in mind, and with the aim of providing a significant contribution to accelerating private finance to energy efficiency, in 2013 the European Commission established the Energy Efficiency Financial Institutions Group (EEFIG), featuring members from public and private financial institutions, industry representatives and sector experts. EEFIG’s activities brought to several results, such as the “EEFIG Underwriting tool” and the “De-Risking Energy Efficiency Platform (DEEP)”. The first of these is basically a walk-through guide to assess energy efficiency projects while the second is an open-source database for energy efficiency investments performance monitoring and benchmarking. Both tools are important sources for the evaluation of energy efficiency projects but require the investor to perform a very detailed analysis on the project (Underwriting tool) and then benchmarking it with the market (through the DEEP database). This may be the case of large-scale energy efficiency investments, where investors can afford to invest resources in technical and financial due-diligence, but is hardly applicable to small to medium-size investments (i.e., under 1 Mln Euro). The EEnvest model is an additional tool that will become available for financial institutions through a platform at the end of the project, complementing the existing ones with specific features. Though its approach is simplified and based on standard assumptions for the quantification of technical risks, its main advantage is that the user can have a quick and hands-on simulation and assessment of the project under evaluation. As it is standardized and only requires the user to fill in a list of technical and financial inputs, the model is suitable also for small-scale projects. As shown in Paragraph 4.2, the results of the calculations of the model provide a preliminary and rough estimate that give the user an overall idea about risk connected to the project, also as supporting tool for the decision to go or not with further analysis. A financial institution evaluating the project may still need further analysis based on internal models. Banks, in particular, will still likely build their evaluations on the creditworthiness of the borrower, without paying particular attention to the actual capacity of the project to generate savings/cash flows. In fact, the project financing principle that the loan is paid back by the cash flows generated by the project with limited recourse on the partners is only applied to large-scale projects where a Special Purpose Vehicle (SPV) is set up. However, the availability of more information about the technical and financial risk of a project may assure the lender about the quality and the financial sustainability of the investment project and lead to lower-risk premiums applied by financial institutions to the borrowers.




5.3. EEnvest Combined Evaluation and Progress against the State of the Art


As shown in Figure 8 the EEnvest vision includes multiple KPIs in a structured framework for technical, financial and multi-benefit evaluation. The approach promotes energy efficiency investments (increasing investors’ confidence) leveraging the use of solid knowledge based economic models for translating the building technical features into measurable risk indicators. The developed method is also supported by a clear and easy-to-read risk evaluation for a building’s energy efficiency throughout the web based EEnvest search and match platform. To date, there are no other web-based platforms that are able to provide investors and other relevant actors along the construction value-chain with a set of complete and solid technically grounded information on financial impacts foreseen by risk deriving from energy efficiency investments. The topic of technical risk evaluation is still rather unexplored, and the EEnvest project is aiming at enlarging its platform database in the months ahead.





6. Conclusions and Further Research


As the majority of building firms considers energy efficiency as moderately important in their general investment decisions and energy costs are affected by high uncertainty and thus not considered as important for adopting energy-efficiency investments, there is a need to mainstream private capital into the energy efficiency sector [33]. Whereas energy efficiency investments are usually expected to be paid back exclusively through the reduction of energy bills, there is increasing evidence that non-energy benefits play a key role in the decision to invest in energy efficiency. This includes, for instance, increased thermal comfort, reduced productivity cost, higher air quality level, lower vacancy rates etc. Quantifying non-energy benefits can show the financial possibilities of energy-efficient technologies and increase the probability of adopting these investments [34].



In this respect, this paper presented the current state of development for the EEnvest technical and financial risk evaluation model, and an approach that considers multiple driving factors such as financial-technical and non-energy benefits at the same time (the multi benefit KPI calculation is still under development and will be part of a future publication). The multi-variables approach goes beyond the established decision-making process based on a distinct evaluation of traditional indicators such as Net Present Value (NPV) or Payback time. To date, the assumptions of the technical and financial risk evaluation model have been successfully tested on a case study building located in Rome, which is part of the demonstration activities of the research project. Results show that accounting for context risks, such as energy price and climate variability, as well as technical risk, such as energy gap and damage, has an impact on project financials, such as IRR. For this reason, the authors believe that the model is a valuable instrument to support investors’ decision making when dealing with energy renovation of commercial office buildings. The EEnvest model is also being developed to enrich its current risk evaluation methodology with the impact of the so-called non-energy benefits, such as increased thermal comfort, reduced productivity cost, higher air quality level, lower vacancy rates. Further research will be focusing on quantifying the financial impact of such benefits, to integrate them in the model and enable more informed decisions by the community of investors, owners and tenants.



Currently, EEnvest platform is not online yet, as its database is still being populated and case studies are still being developed. However, the web-based search and match platform will be going live in 2022Q2 and be available for commercial use to all actors along the construction value chain.
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Figure 1. Overview of technical risk process assessment in EEnvest platform. 
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Figure 2. Definition of the radar graph with comprehensive view of the KPIs. 






Figure 2. Definition of the radar graph with comprehensive view of the KPIs.



[image: Sustainability 14 01011 g002]







[image: Sustainability 14 01011 g003 550] 





Figure 3. Likert scale applied to the selected KPIs. 
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Figure 4. Project IRR distribution, considering all risks (blue line) and without technical risks (orange line)—Scenario 1. 
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Figure 5. Project IRR distribution, excluding technical risk, in the case of mitigation measures (blue line) and without mitigation measures (orange line). 
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Figure 6. Project IRR distribution, including mitigation measures (blue line) and without mitigation measures (orange line). 
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Figure 7. Results of the two scenarios of the technical and financial KPIs on the radar graph. 
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Figure 8. Full implementation of different EEnvest KPIs (e.g., multi-benefit) on the radar graph. 
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Table 1. Technical risk key performance indicators with relative scale of evaluation.
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	Indicators
	
	Code
	Scale 1





	Damage
	Damage indicator quantifies the investment deviation due to possible malfunctioning or failures of the energy renovation measures adopted in the renovation project.
	T.1
	1. D > 3%

2. 2% < D < 3%

3. 1% < D < 2%

4. 0.5% < D < 1%

5. D < 0.5%



	Energy

performance gap
	Energy gap indicator quantifies the energy performance deviation
	T.2
	1. EPG > 10%

2. 5% < EPG < 10%

3. 2% < EPG < 5%

4. 1% < EPG < 2%

5. EPG < 1%







1 As previously mentioned in Section 3.1, the two technical risk KPIs are expressed and evaluated as a percentage of the investment (%), but subsequently converted also in a monetary value (€) in order to make them easier to understand.
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Table 2. Financial risk key performance indicators with relative scale of evaluation.
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	Indicators
	
	Code
	Scale





	Payback time
	Payback time is the amount of time that the investment will take to recover the initial cost, when the length of the investment time reaches a breakeven point.
	F.1
	1. PT > 12 y

2. 10 y < PT < 12 y

3. 7 y < PT < 10 y

4. 5 y < PT < 7 y

5. PT < 5 y



	Maturity
	Maturity is defined as the total duration of the project needed to achieve a zero NPV (IRR equal to cost of capital).
	F.2
	1. M > 25 y

2. 20 y < M < 25 y

3. 15 y < M < 20 y

4. 10 y < M < 15 y

5. M < 10 y



	Internal Rate of Return
	Internal Rate of Return (IRR) is the discount rate that makes the net present value (NPV) of a specific project equal to zero.
	F.3
	1. IRR < 2%

2. 2% < IRR < 4%

3. 4% < IRR < 6%

4. 6% < IRR < 10%

5. IRR > 10%



	Net Present Value on Investment
	Net Present Value (NPV) is the value of all future cash flows (positive and negative) over the entire life of an investment discounted to the present.

The NPV/investment ratio gives a measure of profitability of the project.
	F.4
	1. NPV < 10%

2. 10% < NPV < 20%

3. 20% < NPV < 30%

4. 30% < NPV < 40%

5. NPV > 40%



	Debt–Service Coverage Ratio
	Debt–Service Coverage Ratio (DSCR) is an indicator of the project’s ability to repay a debt. It is calculated as the ratio between the operative cash flows generated by the project and the cash flows for debt, lease or other obligations (debt service, both for interests and principal payment) due in one year.
	F.5
	1. DSCR < 1.1

2. 1.1 < DSCR < 1.2

3. 1.2 < DSCR < 1.3

4. 1.3 < DSCR < 1.4

5. DSCR > 1.4
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Table 3. General data of the case study.
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General Project Data






	
Building Use/Typology

	
Office




	
Building construction year

	
2001




	
Building renovation year

	
2019




	
Net Floor Area NFA

	
24,470 m2




	
Net Volume NV

	
97,000 m3




	
Heating Degree Days (20 °C)

	
1415
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Table 4. IFAD building baseline energy consumption and costs before the renovation.
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	Baseline
	Energy Consumption *
	Costs





	Natural gas
	1,468,243 kWh/a
	49,920 €



	Electricity
	3,286,000 kWh/a
	420,608 €



	Energy consumption total. annual
	
	470,528 €



	O&M cost **
	
	316,162 €



	Total. Annual

(Energy consumption + O&M)
	
	786,690 €







* Average annual energy consumption of natural gas/electricity of the last 3 years (2016–2019). For electric energy, in case of existing renewable energy plants (i.e., PV) or cogeneration plants, this only considers the energy bought from the grid and not self-consumption. ** Total cost of maintenance: contracts + operations + replaced/substituted materials.
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Table 5. Renovation measures for the IFAD office building.
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Building Services

	
Costs






	
Heating System

	
Heat Pump (water)

	
190,000 €




	
Distribution system

	
Completed for pipes, fittings/valves/circulators/expansion vessel

	
37,000 €




	
Mechanical ventilation system (VMC)

	
VMC

(Air handler/Ventilation duct/Built-in components/Outlets/diffuser)

	
112,500 €




	
Lights type

	
Low power consumption lights, LED

	
403,787 €




	
Building Energy Management System (BEMS)

	
BEMS project by an expert certified

UNI-EN 15232

	
190,000 €




	
Building automation system of:

Lighting

Thermal system (heating and cooling)

Monitoring system of energy consumption




	
Photovoltaic system

	
Production: 43,200 kWh/year

PV Installed: 38 kWp

	
156,731 €




	
Other costs for the projects, management, experts, administrative procedures, mitigation measures, etc.

	

	
215,991 €




	
Total investment (VAT excluded)

	

	
1,306,009 €
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Table 6. IFAD building post-renovation energy consumption and costs.
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	Renovation Scenario
	Energy Consumption *
	Costs





	Natural gas
	1,890,243 kWh/a
	64,268 €



	Electricity
	1,806,000 kWh/a
	231,168 €



	Energy consumption total. annual
	
	295,436 €



	O&M costs **
	
	316,162 €



	Total. Annual (Energy consumption + O&M)
	
	611,598 €







* Average annual energy consumption of natural gas/electricity of the last 3 years (2016–2019). For electric energy, in case of existing renewable energy plants (i.e., PV) or co-generation plants, this only considers the energy bought from the grid and not self-consumption. ** Total cost of maintenance: contracts + operations + replaced/substituted materials.
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Table 7. General data of the case study.
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Renovation Project

	
Renovation Measures

	
Mitigation Measures

	
Costs of Energy Savings

	
Investment

	
Payback Time




	

	

	

	
(€)

	
(%)

	
(€)

	
(Year)






	
SCENARIO 1

	
Heating, cooling, ventilation,

lighting system

	
LEED,

Energy

performance monitoring

	
175,092 €

	
37%

	
1,306,009 €

	
7.46




	
SCENARIO 2

	
Heating, cooling, ventilation,

lighting system

	
-

	
175,092 €

	
37%

	
1,270,862 €

	
7.26
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Table 8. Results of technical risk impacts of IFAD building for two different scenarios.
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Damage

	
Energy Performance Gap

	
Payback timewith Technical Risks




	

	
Increased Investment

	
Increase of Energy Cost




	

	
€

	
%

	
€

	
%

	
(Year)






	
SCENARIO 1

	
3982 €

	
0.30%

	
3073 €

	
1.04%

	
7.57




	
SCENARIO 2

	
7762 €

	
0.61%

	
7422 €

	
2.51%

	
7.74
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