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1 Summary 

The reduction of energy consumptions and the promotion of the generation from renewable 
sources at building level are two important factors to reach the climate targets of the European 
Union. 

Moreover, financial institutions need to be involved to support the diffusion of the technological 
solutions developed, through the definition of innovative financial instruments. Even if building 
retrofit projects bring to major benefits (reduction of energy costs, improved health and comfort, 
increased asset value, etc.), they are subject to various types of risks. An investor must spend 
time to carefully evaluate benefits and risks of a project before taking a decision whether it is 
worthwhile to finance it or not. The aim of this document is to support financial institutions and 
investors performing a proper risk analysis for the requested investments.  

First of all, it is important to understand how a retrofit project develops over the time. Usually, 
the project development can be divided into four main stages: design, financing, 
implementation, and operation and service. All stages are fundamental and building owners, 
designers and financial institutions must cooperate to identify, implement and operate the 
optimal solution.  

The second step of the analysis leads to the identification of the benefits coming from the 
retrofit process. The typical benefit of a building retrofit is represented by energy savings, that 
can lead to energy cost savings, and, consequently, to a reduction of the energy bill. However, 
other benefits, not related to energy, can be identified, like an increased asset value of the 
building, an improved cash flow of the owner, reduced operation and maintenance costs, and, 
overall, a better indoor environment in terms of health and comfort.  

The final step is the risk analysis, which results will be used by the financial institutions to take 
decisions regarding possible investments. The risk analysis can be separated in a) risk 
identification, aiming to identify which are the risk factors that could impact on the energy 
efficiency project, b) risk assessment, assessing the impact of the risk on financial parameters, 
and c) risk management, identifying possible mitigation action.  

In a retrofit project, the main risk is the performance gap between the real energy savings 
experienced and the expected savings calculated during the project design. This performance 
gap is directly related with the cost savings in the energy bill and have a direct impact on the 
cash flows of building owners and indirectly on the pay back return of the investment. The 
performance risk can be caused by many factors, each one representing a specific risk: 
inaccuracies during the design (design risk), under performance of equipment with respect to 
manufacturers’ specifications (equipment risk), lack of proper equipment configuration and 
maintenance (operation and maintenance risk), different weather conditions with respect to the 
ones considered during design (weather risk), retrofit solutions non operated correctly by the 
final users (user behaviour risk), and unexpected significant variation in energy price (energy 
price risk). Furthermore, the analysis should address the risk of changes of regulations and 
laws during the project life time, that could impact the life time of the solutions or reduce the 
incentives, a key element of the financial model. Last but not least, investors need to evaluate 
the credit risk of the lenders, as in a traditional loan or mortgage request. 

Several methodologies can be applied to assess the risk of a project and its impact on the 
portfolio of investments of a financial institution. Mean-variance portfolio analysis, real-option 
analysis, stochastic optimization techniques, scenario analysis, multi-criteria decision analysis 
and Monte Carlo simulations are examples of typical assessment methodologies adopted to 
perform the risk assessment.  
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After the assessment, it is important to properly manage the identified risks. The Energy 
Efficiency Financial Institutions Group has developed two checklists to assist financial 
institutions in capturing the risks. Furthermore, specific actions to reduce the risks can be 
identified, according to the specific risk category. For example, a better coordination of the 
design team and the adoption of standard approaches in the design can lead to cost-optimal 
solutions and cross-check procedures can reduce errors. Other important examples are 
represented by the definition of an Operation and Maintenance plan, to maintain the equipment 
in good shape and fully operational and to train the final users on how to use the technologies 
installed in the most appropriate way. Furthermore, insurance companies and/or national funds 
can be used to provide additional warranties for owners when requesting a loan or a mortgage, 
reducing the credit risk. 

Finally, the financial model DEGOV defined in the Deliverable D6.3 of the BuildHeat project 
has been analysed, evaluating how the risks are shared among the different actors involved in 
the model. 
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2 Introduction 

BuildHeat develops systematic retrofit packages to promote energy efficiency in residential 
buildings. At the same time, innovative financial models are required to gather the necessary 
monetary resources to support the renovation process and properly exploit the technological 
solutions developed. In this view, a key point is a deep understanding the risks for the possible 
financial schemes.  

Some multi-lateral development banks and investment funds have developed over the years 
projects and programmes to finance energy efficiency solutions. However, these programmes 
were mainly related to activities in the commercial and industrial field, due to either the size or 
the low pay back time of the investment. Furthermore, until the last decade the majority of 
energy finance has been focused on energy generation systems based on renewable sources. 

In the residential context, energy efficient actions were limited to single actions, like the 
installation of new windows or insulation coating, or the substitution of heating generation with 
similar, more efficient solutions . Thus, energy efficiency in the residential sector represents a 
large potential market for interested investors. In addition, many countries are tightening their 
regulations about the energy performance of buildings, following the prescriptions of the 
Energy Performance of Buildings Directive (EPBD) and making difficult to rent or sell buildings 
and dwellings with low energy performances. 

In order to achieve climate targets, the level of investment in energy efficiency needs to 
increase substantially. Despite a growing interest, also supported by the work of institutional 
bodies like the European Investment Bank (EIB) and the Energy Efficiency Financial 
Institutions Group (EEFIG), the current level of investments is too short with respect to what is 
required. Deliverable D6.1 analyzed the construction market, highlighting that the current 
retrofit rate of residential building is around 1.5%, against an expected rate by the European 
Commission of 3%.  

Financial institutions can have a key role by creating and developing new tools for funding 
energy efficiency projects in the residential sector, acting as a leverage for projects that aim to 
achieve higher optimal cost-effective levels of energy efficiency. 

Even if energy efficiency investments have many benefits (e.g. reduction of energy costs, 
increased asset value, improved indoor comfort, etc.), they are subject to various types of risk 
like any other type of investment. In general, energy efficiency investments have a low risk 
profile for financial institutions. Supporting building and dwelling owners to reduce their energy 
costs can improve their cash flow improving the affordability of loans or mortgages and, 
consequently, lowering risks to the lender.  

Nevertheless, when an investor discusses an energy efficiency project, he must spend time to 
carefully evaluate benefits and risks associated and to possibly identify a method to value 
them. This document aims at describing the most common benefits and risks related to energy 
efficiency projects, supporting financial institutions in the analysis and providing possible 
mitigation actions to reduce the impact of the identified risks. Finally, the financial model 
defined in the framework of the BuildHeat project, described in D6.3, will be evaluated to 
understand how the risks are shared among the different actors involved in the model.   
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3 Energy Efficiency Projects Evaluation 

Before taking decisions whether and how an energy efficiency project should be financed, a 
proper evaluation must be carried out. This process aims at properly identifying costs and 
benefits of the proposed actions, and to define which are the risks associated to the project 
and how these risks are distributed among the involved actors. The process can be iterative 
and can be successful only with a proper communication and interaction between building 
owners, contractors and financial institutions. 

 

3.1 Project Development 

According to the classification provided by the EEFIG, the development of an energy efficiency 
project can be divided into five main stages: Design, Financing, Implementation, Operation 
and Servicing. Developers are responsible for the phases shown in the light blue boxes in 
Figure 1. Financial institutions are responsible for the phases shown in the green boxes in the 
same figure. 

 

 

Figure 1 – Energy efficiency project development phases 
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3.1.1 Design 

On the basis of specific requirements made by building/dwelling owners, project designers 
identify the best technical and commercial solutions fitting the owner requirements and 
providing all information allowing them to make an investment decision. At the same time, the 
information will be useful for the financial institutions to understand if they can finance the 
project to support the owners.  

The design process can be carried out directly by the owner, through energy consultants or 
energy service companies, and always begins with the analysis of energy consumption, 
determining the base line of energy use which the resulting energy savings are projected 
against. The same baseline will be used during the monitoring phase to determine the real 
savings experienced.  

An accurate energy assessment of the building can be obtained through simulations, if a proper 
model has been built. Moreover, simulations can consider different scenarios and perform a 
comparison between different sets of energy efficiency measures. If the project is too small to 
justify the cost of modelling, energy savings are calculated using standard engineering 
practices and codes, like the ASHRAE standards or the prescription included in energy rating 
systems (LEED, BREEAM, etc.). 

As well as the technical parts, the designers also provide the capital cost of the various works 
and an estimate of the operating costs (including maintenance). Usually, if the project is quite 
complex, the design process is split into two parts. An initial analysis is performed to obtain 
rough estimates on expected savings and costs, that are too rough to properly take a final 
decision, but sufficient to understand if it is meaningful to keep on the process.  

Before going on, however, preliminary information is shared with the financial institutions to 
start the financing stage and understand their requirements to be included in the detailed 
design. The detailed design will then provide the final figures and information used to perform 
the financial analysis. If the project is simple, the initial design is already detailed enough to 
allow the decision on possible financing. 

The design phase also addresses the procurement approach and defines the Operation and 
Maintenance (O&M) and Measurement and Verification (M&V) plans that will be operated after 
the defined solutions are properly installed. In addition, all the information regarding capital 
and operating costs, as well as savings and other financial benefits are included in the process. 

The outputs from the design phase should include: 

• Technical description and specifications of proposed energy efficiency measures 

• Projected energy savings 

• Projected energy cost savings due to the proposed energy efficiency measures 

• Estimates of capital cost needed to implement the proposed measures, based on 
quotations from contractors and/or suppliers 

• Estimates of the value of other financial benefits e.g. fiscal incentives, asset value, etc. 

• A preliminary approach to contracting and implementing the project 

• An Operation and Maintenance (O&M) plan, including costs estimates throughout the 
lifetime of the proposed measures 

• A Measurement and Verification (M&V) plan 
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3.1.2 Financing 

At the end of the design phase, the output data are shared with financial institutions Technical 
data are coupled with financial information of the entity that will get the financing. This 
information is analysed by the financial institutions to decide if the project can be financed and 
to identify which are the best financing model to apply. 

To improve the chance of the project to be funded, contacts with potential funders should be 
established at the design stage already, in particular at the beginning of the detailed design, 
to tune the final project according to the financial requirements and the possible financing 
model. 

Many funding institutions have developed a Technical Assistance support service to help 
owners and designers to develop projects following appropriate standards to facilitate the 
identifications of the better financing model. The Technical Assistance is considered an 
important tool by financial institution as it helps to create a common language between 
designers and financer, to make the financing decision easier. For example, the ELENA 
support program (http://www.eib.org/en/products/advising/elena/index.htm) aims at helping 
designers to prepare and launch large-scale investment programmes in sustainable energy. 
Similarly, the European Energy Efficiency Fund (www.eeef.lu) can provide technical 
assistance to develop energy efficiency projects in the public sector mainly, as well as the best 
fitting financing model. 

At the beginning of the financing stage, and probably before taking a formal decision whether 
financing a project or not and how, financial institutions will perform a preliminary due diligence 
on the project. The preliminary due diligence is usually performed at the end of the initial 
analysis, as often project designers and financers seek to avoid costly and detailed analysis 
before knowing for sure if the project will be executed or not. Examples of information that 
financing institutions analyse during the due diligence are listed below, according to a study 
carried out by the Energy Efficiency Financial Institutions Group: 

• Preliminary energy assessment with a first proposal of energy system improvements, 
stating cost estimates, with an approximation of ±15% and savings estimates. 

• Expected sources and uses of financing for the project, indicating the equity provided by 
the owner and the expected amount of loan and its duration. 

• Balance sheet showing cash flows over time, according to the identified energy efficiency 
solutions to show the impact of the energy efficiency project on the total cash flow of the 
building. 

• Historical financials for both the building expenses and the single occupants of the 
dwellings. 

• Statement on the guarantees provided by who is requiring the loan. 

• Proofs that are able to validate the projections of savings estimates and improved cash 
flow, based on comparison with similar project types or detailed simulation analysis. 

• Definition of roles, responsibilities and contractual obligation of the parties involved in the 
project. 

  

Based on the information provided by the owners and the designers, the financial institution 
can decide whether to proceed to the next stage of the financing process or not: a detailed 
analysis of value and risk of the energy efficiency project leading to a final decision on the loan 
and investment. 
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This step requires the finalisation of project information, including more accurate cost and 
savings estimates, as well as the procurement and contracting approach to be used with the 
suppliers and the contractor that will execute the project.  

A detailed financial model will be prepared, including the costs, the risk analysis and the value 
associated to the identified benefits. Following an iterative approach, the financial analysis can 
provide suggestions to modify and improve the technical and the commercial proposal.  

Possible types of energy efficiency financing by financial institutions can be grouped as follows: 

• Involvement of banks and financial institutions to issue loans/mortgages, specifically for 
energy efficiency upgrades in residential buildings, including the leasing for energy 
efficiency products. 

• Financing of specialised energy service contracts. 

• Secondary financing. 

 

These possible financial models are discussed in detail in D6.3 – “Financing models for deep 
retrofit actions”  

Assuming the outcome of the design and financing analysis processes meets the investment 
criteria set by the institution, a term sheet or offer is issued to the owner requiring the funds. 
After a negotiation phase, the funds can be provided, and the implementation stage can start. 

 

3.1.3 Implementation 

After the approval by the investment committee based on the outcome of the risk analysis and 
the due diligence on the building owner requesting funding, the financial institution provides 
the requested money to the owner. The contract can include specific clauses depending on 
the specificity of the energy efficiency project, however, every contract will include specific 
milestones to ensure its effective implementation and to reach the projections made during the 
design phase. 

Energy efficiency projects can be implemented via several types of contracts and it is important 
to distinguish the method of energy efficiency project execution from the type of financing, even 
if some type of contracts include both the implementation and the financing (like the Energy 
Performance Contracts). Many of the implementation contract used, with some exceptions, 
are similar to those used in general construction and engineering contracting. Deliverable D6.3 
discusses the financing models, while the list below, prepared by the Energy Efficiency 
Financial Institutions Group, tries to provide a short overview on the most common project 
implementation contracts: 

• Main Contractor. A Main Contractor (also called a general contractor) is a company 
capable of managing the entire retrofit of the dwelling/building, purchasing the required 
equipment (if it is not the direct manufacturer) and, if necessary, subcontracting part of the 
activities to install the improvements. It is possible for an owner to sign a lease-purchase 
agreement with the financial institutions and then hire its own Main Contractor for 
implementation. A Main Contractor marks up the costs of subcontractors as part of its 
profit margin and takes all construction risk on the project. The historical records and past 
experiences of the Main Contractor are key issues in selecting the right company. 

• Construction Manager. A Construction Manager is a person or a company that manages 
the planning, design and execution of a project from its beginning to its end. The 
Construction Manager is responsible for controlling time, cost and quality of the works. 
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Some owners prefer to appoint a Construction Manager instead of selecting a Main 
Contractor. If there is no Main Contractor, the owner defines the various contracts with the 
suppliers and makes the Construction Manager responsible for making them respect the 
time schedule and the budget. A Construction Manager that also defines the contracts 
with subcontractors is often called a Construction Manager-at-Risk and operates similar 
to a Main Contractor. The big difference between the two approaches is related to the cost 
structure as the Construction Manager doesn’t mark up the subcontracting as part of its 
profit. 

• Single Measure. Some types of retrofits involve a single work or a very limited number of 
suppliers, with the owner able to fully manage all the contracts, without the need of a 
General Contractor. In some cases, the presence of a Construction Manager can help the 
owner in the management of the work, even if it is not required. 

• Bid Management. Bidding can be managed in different ways. Full service ESCOs usually 
take responsibility for performing the design and engineering for the retrofit (either directly 
or via subcontract), select the suppliers and manage the contracts with them. Owners 
have the opportunity to request modifications, but the final decision on the design 
approach and project choices is left to the contractor. However, some owners prefer to 
maintain a certain degree of control on the design choices, by using trusted engineering 
companies and suppliers. This approach, called “Bid Specification” allows the owner to 
provide the contractor with the detailed specifications of the works and materials to be 
used in the retrofit process.  

• Design Build Operate Maintain. This is another common contract type for systems 
providing energy services to the host property. For example, companies specialized in 
generating and providing heat to buildings can design, build, operate and maintain the 
generation equipment as well as the distribution system. Typically, payments are based 
on a fixed quota to cover operating costs, plus a variable quota based on measured 
consumptions. Usually, this kind of contracts are quite long (10 years or more)  

• Energy Performance Contracts. EPCs are the typical contracts issued by ESCOs 
(Energy Service Companies) operating as a Main Contractor with full responsibility for the 
energy assessment, project development, design, construction, and provision of a savings 
guarantee. The savings guarantee is the critical element that makes a contract an EPC. 
An EPC can be used with or without external financing. 

• Savings Maintenance Contracts. In many cases, savings tend to be reduced each year 
due to reasons related to poor maintenance or changes in the operating conditions that 
don’t make the systems work in an optimal way. As savings represent a real important 
part in nearly all the financing model for energy efficiency, specific approaches to perform 
a regular analysis and to take the proper countermeasures are required. A first approach 
is called “Retro-Commissioning”, that refers to the process of recalibrating systems in a 
building relative to the occupancy and usage. The second approach is called “Continuous 
Commissioning” and refers to a process of recalibration that is performed regularly, even 
daily or in real-time, maybe through the use of proper control systems and real continuous 
monitoring. A Continuous Commissioning approach also allows to perform activities of 
predictive maintenance and to early detect faults. 

 

3.1.4 Operation & Servicing 

After all the installations are completed, the retrofit is operational and the associated Operation 
and Maintenance plan will start and be an important driver of project performance. The energy 
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performance should be tracked through implementation of a specific Measurement and 
Verification (M&V) plan, defined during the design phase. This plan should be based on the 
prescription defined by the International Performance Measurement & Verification Protocol 
(IPMVP), which provides a framework and key performance parameters for the field 
measurement of energy use.  

For larger projects implemented under an Energy Performance Contract, where the payments 
to the ESCOs are based on the project performance drives the fees to the contractor, 
independent specialist may be appointed to measure and verify the real savings. For smaller 
projects, the costs for operating the M&V plan has to be considered in relation to the benefits.  

Traditionally, the project performance results are not measured and verified following a proper 
M&V plan. Thus, financing institutions should make owners responsible for submitting M&V 
reports periodically to show the achievement of the expected goals and to call upon guarantees 
if under-performances are experienced. Beyond normal management reports, a systematic 
use of M&V reports can provide useful information to risk management as they can highlight 
problems such as reduced level of savings during the operation and can be used to adopt 
mitigation action. Historical M&V data will also help financial institutions to better address 
similar future energy efficiency project, avoiding mistakes and suggesting adequate mitigation 
actions during the design phase already.  

3.2 Benefits evaluation 

Usually, building owners begin the process for an energy efficiency project with a unique 
objective in mind: reducing the energy consumptions to have monetary savings. However, 
these projects can also generate other types of benefits beyond just energy cost savings, that 
can be directly related to energy or not. For any specific project, it is important to identify all of 
these benefits and their value during the design and the analysis before the financing. During 
the operation phase, the continuous monitoring and periodic verifications are required to 
ensure that the expected benefits are met, or to take mitigation actions, including an update of 
the economic benefits. 

Benefits of energy efficiency projects also occur on three levels: the retrofitted building level, 
the level of the energy system, and the level of the national and international economy.  

Clearly, financial institutions required to contribute to an energy efficiency project are mainly 
interested to benefits strictly related to the retrofitted building, even if the project can become 
part of a wider strategy for the financial institutions with expected benefits at national and 
international level (e.g. reduction of greenhouse emissions and increase of share of renewable 
energy). Nevertheless, depending on local regulations, the aggregation of energy efficiency 
projects at district and urban level can also generate benefits that arise in the energy system, 
as the reduction in maximum electrical load can imply a reduction in the need to invest on new 
energy supply capacity. The managers of the energy infrastructures can define specific 
payment schemes as well as reduced energy tariffs in order to share the benefits with the 
owners of newly energy efficient buildings, with a direct impact on the cash flow of the building 
owner. In addition, the support to the global reduction of greenhouse gases emissions can 
have a valuable positive impact from the social point of view on how the financial institution is 
perceived by citizens and other possible clients.  

Therefore, it is important to identify and value all monetary benefits in order to maximise the 
returns of the project and include them inside the contract. As designers are mainly focused 
on energy cost savings, they may not have identified or properly valued them, while the 
financial institution may support them and propose ways to insert them in implementation 
contracts. 
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3.2.1 Energy related benefits 

The first and primary driver for an investment in energy efficiency are the energy cost savings, 
that is the saved money coming from the reduced energy consumption and consequently 
reduced energy bill. Often energy cost savings are confused with energy savings, but the first 
is expressed in currency (e.g. €), while the latter is expressed in energy values (e.g. kWh), 
even if there is a correlation between them. Energy cost savings are calculated using the 
projected energy savings multiplied by the assumed energy price function over the investment 
lifetime. It is important to remember that energy prices are made up of several contributions: a 
fixed charge and a variable one based on consumptions (including system management costs 
calculated as a percentage of the consumptions and taxes.  

Depending on the contract with the energy provider, energy can have different costs in different 
hours, but costs can also change from one day to another. Depending on the complexity of the 
residential tariff, all of these elements need to be considered in calculating the appropriate 
energy cost savings. Improvements in energy efficiency can also help to reduce the exposure 
of energy price volatility, allowing to make better prediction on the expected costs and 
consequently on the cash flow of the owner. 

Additional energy related benefits include a better energy demand prediction by energy 
providers, allowing them to define innovative services like demand response mechanisms, 
usually resulting in the form of reduced energy costs at times of peak demand. The energy 
provider can share these benefits with the final users, by reducing the tariff component related 
to infrastructure management. 

Energy related benefits can then be summarized as: 

• Energy cost savings, due to reduced energy consumptions 

• Better prediction of savings, due to reduced exposure to energy prices volatility 

• Potential implementation of innovative services, like demand response approaches, with 
a reduction of the energy tariff 

• Better management of the energy infrastructure, reducing the tariff component related to 
infrastructure management 

 

3.2.2 Non-energy related benefits 

Beyond the energy related benefits described in Section 3.2.1, other non-energy related 
benefits can be identified. These benefits are very situation specific, as well as their monetary 
value, thus the allocation of value has to be agreed between the owners and the financial 
institutions. Nevertheless, it is important that they are identified and valued during the due 
diligence analysis, before financing the full intervention, in order to be included in the financing 
contract issued by the financial institution. Often a non-energy related benefit may be 
considered by the decision makers of a funding institution to be more strategic than just energy 
cost savings and therefore they can decide to fund the project, even if the economics are not 
so favourable. 

The main non-energy related benefits can be summarized as: 

• Increased asset value: the installation of up-to-date equipment with high energy efficiency 
performance contributes to the modernisation of a residential building (or at least to the 
diminution of the building obsolescence). In this way the renovated building increases its 
market value, allowing the owners to see the renovation process as a fruitful investment. 
Sometimes, dwellings and residential buildings have lost many of their market value and 



 

 

www.BuildHeat.eu  Page 11 of 30 

renovation actions based on energy efficiency can contribute to put them back on the 
market. 

• Improved cash flow: savings in the energy bill do not only mean a reduction of costs, but 
also an increase of revenues that can be used to repay loans and reduce the payback 
time. Moreover, an improved cash flow can also be considered during the due diligence 
process, as it increases the capability of the lenders to repay the debt. 

• Reduced operation and maintenance costs: new equipment often reduces operations and 
management costs as well as energy costs, with a longer useful life and a higher durability 
of the different components, if properly installed, operated and maintained. 

• Improved health and well-being: improved energy efficiency in a residential building is 
often coupled with the improved of comfort of the indoor environment in the different 
seasons of the year. Living in a comfortable environment has a positive impact on the well-
being and health of people.  

 

The challenge for these non-energy benefits is three-fold. First, they have to be identified 
according to the specific project. Then, the resultant benefits must be estimated and, finally, it 
must be evaluated their impact on the cash flow. Currently, there is no standard way of 
calculating the value of these benefits, making it difficult to put them in a contract. Specific 
agreement between the funding institutions and the lenders must be done. However, the 
identification process in worthwhile, as it can support a positive decision on the investment. 
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4 Risk Evaluation 

In the past, energy efficiency projects have presented as no or very low risk, as they would 
have been repaid with the generated savings. However, like any investment project they 
include risks, which need to be identified, understood and evaluated. Many of the risks present 
in energy efficiency projects are familiar to financial experts in other fields or real property 
investments.  

A proper risk evaluation process should be divided into three main steps: 

• Risk Identification, aiming to identify which are the risk factor that could impact on the 
energy efficiency project, reducing the benefits. Depending of the project stage (design, 
financing, implementation and operation), different risks need to be evaluated. 

• Risk Assessment, assessing the impact of the risk on the financial parameters used by 
the financial institutions to make decision upon financing an energy efficiency project or 
not. 

• Risk Management, identifying possible mitigation action to adopt in order to reduce the 
impact of a risk on the financial parameters. 

 

All energy efficiency projects have similar types of risk, regardless of their size, but smaller 
projects have lower resources available to carry on a fully detailed due diligence process and 
to understand all the risks. A better understanding, and ultimately quantification of the risks, 
should pave the way for the diffusion of energy efficiency projects in the residential sector, 
allowing financial institutions to develop optimal financial tools to support building and dwelling 
owners. 

Risk evaluation is usually carried out during the design and the financing stages of the project 
development, before making the final decision if a project can be financed or not.  

4.1 Risk Identification 

The first step of the process of risk evaluation is the identification of the risk associated to the 
energy efficiency project. Risks can be divided into two main categories: 

• Performance risks, that are the risks preventing the energy efficiency project to reach the 
performance goals expected during the project development 

• Risks associated to other factor, that depend on factors external to the project, even if they 
could have a negative impact on its performance 

4.1.1 Performance Risk 

Performance risk is essentially the technical risk that the project does not generate the energy 
savings expected during the project development. This underperformance can occur for 
different reasons. In some cases, the reasons are related directly to the energy efficiency 
solution or technology adopted, and how the project has been implemented. On the other hand, 
sometimes, the underperformance depends on factor that are external to the project itself. The 
typical risks directly related to the project are related to the design and development of the 
project itself, the choice of the equipment, the installation, the normal operation and 
maintenance. External factors include the final user behaviour, changes in the operating 
condition due to weather or energy price, or variation in the occupancy of the building.  
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The gap between designed savings and actually achieved savings is known as “performance 
gap”. A careful selection of the engineering teams and contractors responsible for the design 
and implementation of the project can help to reduce the performance gap. The involvement 
of final users from the first steps of the development can also allow to train people on the 
proper use of the solutions and technologies adopted in order to reduce the impact of user 
behaviour on the performance. 

Typically, financial institutions don’t directly take the performance risk, as it resides to the final 
building owner or to the contractor, depending on the model adopted to perform the retrofit. In 
some case, like the Energy Performance Contract (EPC), payments are strictly connected to 
a performance guarantee, and the Energy Service Company (ESCO) implementing the 
contract take the performance risk.  

Nevertheless, financial institution should consider the performance risk when analysing an 
energy efficiency project to finance. The main reasons can be summarized as: 

• Even if there is no legal or contractual responsibility for performance risk, project under-
performance will lead to customer dissatisfaction and possibly disputes between owners 
and contractors can put the investment or loan at risk. 

• Often financial institutions include the owners’ cash flow that should result from energy 
efficiency projects in their risk assessment, taking into account both energy cost savings 
and national incentives. In this way, the lending financial institution is indirectly exposed 
to performance risk at some extent, as a performance gap will reduce the cash flow 
improvements expected and therefore increase the risk of default. 

• Failures of project performance at a large scale may lead to reputational risks for the 
financial institution. 

• With the growing of the energy efficiency market, financial institution may will to take some 
or all of the performance risk, through a revenue sharing approach with the building 
owners, beyond the sole loan return. This has already happened in some other energy 
markets such as the financing of RES-based power plants. 

• Many financial institutions will want to aggregate energy efficiency loans or investments 
and re-finance them through the growing green bond market. However, the green bond 
market, driven by socially responsible investing, requires the underlying projects to have 
real environmental benefits and a guarantee of performance is required. 

 

Performance guarantees should be carefully examined and considered in all types of financing 
models, taking into account that: 

• Contractors will not generally assume risks that they cannot directly manage  

• Savings guarantees will usually be well below the achievable savings in order to build-in 
risk protection for the contractor 

• Guarantees always carry a cost 

 

Owners and financial institutions should consider the involvement of an insurance company to 
guarantee a minimum level of savings, independently of the under-performance of the 
implemented solutions. Insurance policies are available for most commonly used energy 
efficiency technologies. This insurance can help reduce the cost of capital by providing 
additional certainty that loan repayments or projected capital returns will be made. 
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Design Risk 

Design risks concern the failure of the energy modelling, selection of energy efficiency 
measures and engineering design to accurately predict the energy savings, keeping all other 
factors equal. The main reasons for this failure mainly concerns design error and/or the 
inaccuracy of design models.  

A design failure may be difficult to identify unless it involves a clear mathematical error or 
problems in the specifications. Design failures can occur in single measure or technology 
projects but are more likely when there are interactions between different measures in an 
integrated retrofit, interactions that are sometimes difficult to accurately model or predict.  

Beyond the specific technologies, also the choice of the design approach can seriously affect 
the energy efficiency of a building. Traditionally, designers work in a “silos” mode, designing 
optimal single solutions, but the final integration may result in lower than optimum efficiency. 
An example is the separation of architects and building services engineers, where the architect 
designs the building and then “hands it over” to the building services engineers.  

Last, but not least, there is also the conservatism factor, with designers that tend to adopt the 
same concepts and solutions in different projects even if in some cases the results are not 
optimal. This factor is even more relevant in projects with strict time schedules and strong cost 
limits. When clients seek to minimise capital cost only rather than the global project costs (that 
include also operation and maintenance costs), sub-optimal solutions are pursued, resulting in 
certain energy efficiency measures being cut out of design. 

The solution is the integrated design, which seeks to find design solutions that fulfil 
multiple functions and have multiple benefits. Often solutions obtained through 
integrated design are able to produce savings both in terms of capital investments and 
in operation costs, going against the commonly held view that reducing energy costs 
inevitably requires increased capital costs. 

Another very common design issue that can prevent an optimal solution is the over sizing of 
equipment. Usually, when engineers evaluate the thermal and electrical loads in a building, 
they add a safety factor (usually determined by engineering codes) to be sure to cover the 
worst-case scenario, as well as redundancy to mitigate the possible impact of equipment 
failures. The final equipment is then selected considering the next higher size in the catalogue, 
thus adding another element of over-sizing. These technical and cultural factors are further 
encouraged by traditional contracting and consulting contract structures that incentivise 
maximisation of capital investment, without taking in proper consideration the reduction of long-
term operating costs.  

Unfortunately, this high over-sizing implies that systems operate at a low efficiency points, 
consuming too much energy to achieve a result that can be achieved with less energy when 
working at an optimized operating point. Careful design techniques, based in data collection 
on actual demands, coupled with incentive structures that encourage low energy designs can 
help to reduce worst effects of over-sizing. 

 

Equipment Risk 

The equipment risk refers to the under-performance of the equipment according to the 
manufacturer specifications. For example, the energy efficiency performance is lower than the 
specified level with a negative impact on the final energy cost savings, or the equipment suffers 
failures that increase maintenance costs, thus reducing the final cash flow for the owner. Other 
examples may include a reduced lifetime, as well as higher operation costs than expected. 
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Generally, contractors will not assume risks associated with equipment that they were not 
responsible for manufacturing but instead will refer to manufacturers’ warranties. Insurance 
companies can be involved to strengthen the manufacturers’ warranties, but the premium 
could be quite high as it is highly dependent on the reputation of the specific manufacturer for 
the insurers, thus reducing the advantages of the solution. 

Contractors should negotiate for the longest warranties they can obtain from the 
manufacturers. Also suppliers of equipment should be carefully chosen carefully to ensure high 
quality equipment from reputable manufacturers. 

Contracts should ensure that adequate warranties are in place, and request additional 
insurances for specific design operation.  

The contract should also require that operation staff have to strictly follow the maintenance 
requirements established in the operations manual provided with the equipment, to keep in 
force the manufacturer’s warranty. The same contract should allow for review of maintenance 
logs by contractors or tender to confirm those procedures were followed. 

In many cases, the under-performance of the selected equipment depends on the process of 
commissioning and installation of the selected equipment. When bidding and subcontracting 
installation activities, owners and main contractors must be careful in the selection of the 
companies that will perform the activities and they are responsible for controlling that works 
are carried out according to the defined time schedule and with the requested quality. Issues 
during installation can also lead to equipment failure rates higher than expected, thus 
increasing the operating and maintenance costs. 

 

Operation and Maintenance Risk 

To achieve the energy savings projection identified during the design process, an energy 
efficiency project must be properly operated and maintained. This is one of the biggest issues 
when dealing with an energy retrofit in a residential building, as it can happen that the 
contractor installing the retrofit doesn’t manage the maintenance of the same equipment, and 
third-party companies are involved. The issue is even bigger at dwelling level, with 
maintenance often managed by the single owner, involving professionals and firms different 
from the installing ones. 

However, there exist retrofit models and contracts that include specific clauses where the 
contractor is also responsible for the proper operation and maintenance of the installed 
equipment. Under the Energy Performance Contract, for example, energy savings are 
transformed into monetary values directly on the contract, in order to identify the periodic fee 
paid by the building owner to the ESCO. The ESCO is thus responsible for implementing 
the energy efficiency solutions but also for their maintenance and proper operation, in 
order to guarantee the expected savings. A very detailed section in the contract is dedicated 
to the management of system failures and how these failures are reflected on the financial 
exchanges between owner and ESCO. 

Often the quality of the maintenance as well as the monitoring and the verification protocols 
can vary from low (or completely absent) to very high and this affects the project outcomes. 
Many energy efficiency projects do not include a measurement and verification plan and 
therefore the actual outcome is uncertain. In this case, savings may be over or under – stated 
and may indeed be illusory as they could be caused by other external factors such as the 
external weather. The International Performance Measurement and Verification Protocol 
(IPMVP) sets out methodologies and key measurement indicators to monitor, measure and 
verify the performance of an energy efficiency project. To guarantee a proper assessment of 
the results, it is important that an energy efficiency project includes the definition of a proper 
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measurement and verification plan just from the design phase, following the recommendations 
and the prescriptions from IPMVP. 

 

Weather Risks 

Weather can have a significant impact on achievement of energy savings. If, for example, a 
retrofit process aims to dramatically reduce the heating consumptions and the outside 
temperatures of the following winter are mild, savings will be less than what expected, with the 
other conditions unchanged. While energy bills will remain lower than they would have been 
without the intervention, and the impact on the building is still positive, there can be issues for 
contracts where savings are written and identified. Conversely, if winter conditions are worse, 
savings can be higher. 

Energy performance contracts should include algorithms taking into account weather 
conditions and should generally not penalise the contractor if weather limits savings. Where 
the cash flow from savings is required for the return of capital, the best insurance against 
weather risk is a long contract.  

Most variations in weather will balance in contracts longer than three or four years. The 
weather risk can also be mitigated by a more careful selection of the baseline, considering 
energy consumptions of more than one year in order to balance possible variations.  

Where weather risk is considered particularly significant, especially in specific climatic zones 
with a high weather variability and when dealing with large projects (for example at district or 
urban level in the residential sector), possible mitigation measures are represented by hedges 
or specific insurance contracts. 

 

User behaviour 

Any calculation of energy savings is based on a baseline consumption. Beyond the technology 
solutions implemented, energy use is also affected by other factors, such as the user behaviour 
and the proper use of the solutions installed.  

Any projection of savings is based on an assumption that conditions remain as they were in 
the baseline. However, boundary conditions can change, so energy savings should be 
calculated through normalisation techniques included in the Measurement and Verification 
plan, otherwise the calculation of savings can lead to misleading values.  

Any contract based on a projected level of savings must allow for these changes and should 
specify a method of normalisation or a process to reach a new baseline. 

Furthermore, technologies can perform at their best if final user have a proper behaviour. If, 
for example, users keep windows open when air conditioning and/or the ventilation system are 
operating or they sets operating points of the equipment differently from what prescribed by 
the designers, the energy savings can be reduced. 

The most common action to mitigate this risk is to set a pattern of building (dwelling) use that 
owners and tenants are willing to guarantee. Energy service companies and investors are 
naturally unwilling to take on risks that really sit with the project host. In contracts where energy 
savings are guaranteed, specific clauses have to be inserted to define the proper use condition 
of the building (dwelling). 
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Energy price risk 

Monetary savings are calculated taking into account an assumed energy price and its predicted 
variations over the time. However, energy prices can change, both up and down, in a way very 
different form what has been predicted, affecting not the amount of energy saving achieved, 
but the energy cost savings associated.  

Often an owner of a retrofitted building or dwelling believes savings have failed to materialise 
when actually they have been partly or wholly subsumed by rising energy prices due to external 
factors. It is not simple to explain this effect, as the main interest of owners is usually focused 
on the reduction of the energy bill, so the reporting systems should be designed in order to 
include the energy savings experienced and the reference to energy price changes. Energy 
Performance Contracts, for example, usually guarantee savings in terms of historical energy 
usage, in kilowatt hours, not in currency. 

 

Mistakes leading to performance gap 

The outcome of the risk identification process is a list of risks, which impact on the project 
performance needs to be assessed. The Solar Bankability project defined a set of mistakes 
that can cause performance gaps when dealing with the implementation of a PV plant. Even if 
the application context is different, many mistakes are also valid for energy efficiency projects. 
Starting from the mistakes identified by the Solar Bankability project and including other 
mistakes specifically related to energy efficiency projects, Table 1 includes a list of the most 
common mistakes leading to performance gaps, taking into account the category defined 
above. 

 

Table 1: Common mistakes leading to performance risk 

Category  Mistakes 

Design Risk 1. Errors in the definition of the project specification 

2. Missing data to characterize the energy performance of the 
building/dwelling before the retrofit 

3. Inadequate simulation model calibration 

4. Lack of knowledge on available technologies by designers 

5. Separate design of each element in a complex retrofit 

6. Unnecessary oversizing of components 

7. Missing integration between architectural and engineering 
design 

Equipment Risk 1. Inadequate component testing 

2. Absence of adequate product delivery, transport and 
installation 

3. Incorrect assumptions on equipment lifetime 

4. Wrong configuration of the system during the installation 

5. Damages to the equipment during installation 

Operation & Maintenance Risk 1. Lack of an operation and maintenance plan 

2. Missing information from manufacturers and designers on how 
to properly use the installed solutions 
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3. Missing or inadequate maintenance of all the systems 

4. Missing or inadequate configuration of the monitoring system 

5. Maintenance performed by technicians with limited knowledge 
of the technologies adopted 

6. Limited warranty provided by manufacturers 

Weather Risk 1. Wrong assumptions on the initial baseline 

User Behaviour Risk 1. Changes in the settings of the solutions adopted, without a 
proper evaluation of impacts 

2. Lack of an operational manual for tenants and owners 

3. Building use not compliant with instructions 

 

4.1.2 Risks associated to other factors 

Regulatory Risk 

Energy efficiency projects do not typically involve a high degree of regulatory risk. Energy 
efficiency standards for buildings and equipment have generally tightened across the world 
and it is expected that performance requirements become stricter in the future. However, 
efficiency projects are more likely to make buildings compliant to regulations than to violate 
codes. However, some innovative technologies or management systems may not yet be 
anticipated in currently adopted codes. For example, requirements for recycling of indoor air 
and fire-safety regulations can be really different in different territorial contexts. 

If from a technical point of view, regulatory risk is quite low, when dealing with financial 
considerations the matter changes, e.g. when there are national or local incentives (in the form 
of subsidies, feed-in tariffs, tax deductions, etc.) that are essential to ensure the sound 
economics of the project. In some contexts, retrospective changes to feed-in tariffs for 
renewable projects have occurred and these have severely impacted project returns for all 
investors and lenders.  

The risk of changes during project development needs to be considered as they can lower the 
financial cash flow of the owners with a negative impact on the pay-back time of the investment. 

In some cases, national incentives are confirmed year by year, making it difficult to plan long-
term projects, especially when the design phase takes long time to be completed.  

 

Credit Risk 

Evaluating credit risk of debtor is part of the core business of banks and other investors. 
Practices and mechanisms to evaluate credit risk associated with a real estate property are 
well established in banking and investing, considering both the purchase and the refurbishment 
of a residential building or dwelling.  

For the considerations on credit risk, energy efficiency projects can be considered at the same 
level of a standard refurbishment with the notable difference of an expected improvement of 
the property value as well as the eventual improvement of the lender’s cash flow. 

Payments for energy efficiency projects will generally come before distributions to equity: they 
will appear as an above-the-line operating expense in the case of a service contract or a below 
the line debt service in the case of a loan to the building owners. Evaluating a building’s 
capacity to pay operating expenses is very different from evaluating its debt-carrying capacity 
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or its ability to generate returns for investors. Operating expenses are paid before debt service 
and are therefore less likely to default than a loan. Debt payments are made before any profits 
are distributed. For some energy efficiency arrangements, the analysis needs simply to confirm 
that the building will be solvent long enough to cover operating or debt service payments, a 
lower bar than other kinds of credit analysis. 

As an energy efficiency project usually improve the building owner cash flow, some banks 
started to take this improved cash flow into account in credit analysis. However, as already 
anticipated before when discussing performance risk, when taking into account the impact of 
savings, the financial institution is implicitly taking some performance risk and energy price 
risk, thus a detailed technical due diligence of the whole project is required, to have a better 
understanding of these risks. 

4.2 Risk Assessment 

When all the relevant information is available and preliminary ideas on how the financial 
institution can contribute to the project, the risk assessment can be carried out to verify the 
sensitivity of financial outcome to changes in the input variables. The typical parameters 
considered in this analysis are the projected energy savings (in kWh or other energy unit), 
energy prices, capital costs, operating costs, normal maintenance, rate of failure, project 
lifetime, etc. 

Unfortunately, there is almost a complete absence of real performance data on individual 
energy efficiency measures. The advent of monitoring systems, as well as the more 
intelligence installed on new equipment can allow performance data to become more available 
over the time, supporting financial institutions in the technical due diligence process better 
addressing performance and energy price risk. Furthermore, the creation of proper databases 
and data repositories containing relevant information of energy efficiency projects can support 
financial institutions during the evaluation, by comparing a project with similar ones to value 
cash flow improvements and other benefits.  

An example of this database is represented by the De-Risking Energy Efficiency Platform 
(DEEP), implemented by the Energy Efficiency Financial Institutions Group and available at 
https://deep.eefig.eu/, designed to help up-scale investment into energy efficiency in Europe 
through improved transparency and analysis of energy efficiency projects. 

Even without detailed performance data on individual measures, a sensitivity analysis on 
specific energy efficiency measures can be carried out in order to identify the most critical risk 
factors, which can then be focused on. The risk analysis can be used to identify those input 
factors where changes will have the biggest effect on expected return. During the process, 
additional information or adjustments to the project can be required, like the installation of a 
temporary monitoring system on the electrical system to give proof of the effectiveness of the 
proposed measures. 

Several methodologies can be applied to evaluate the risks before making a decision if an 
energy efficiency project can be financed or not. Most of these methodologies deal with a 
statistical approach in the analysis of technical and economical parameters, described through 
probability distribution. Other methodologies include in the analysis also parameters that 
cannot be described through statistical parameters, like socio-economic factors. 

 

4.2.1 Methodologies 

Mean-variance portfolio analysis.  



 

 

www.BuildHeat.eu  Page 20 of 30 

This is a well-established method of economic theory, based on the work of Markovitz. The 
theory focuses on the diversification of securities towards the construction of efficient 
portfolios, which would correspond to high expected return and low variance. Diversification 
can be achieved upon different dimensions, like geography, technology or value chain. Cash 
flow models can be used to calculate risk in terms of savings, maintenance, operation costs, 
depreciation of equipment and benefits. IRR (Internal Rate of Return) parameter represent the 
returns of investment, as it is capable of considering the volatility of energy prices as well as 
national incentives and subsidies.  

In a portfolio, the expected return can be calculated as: 

𝐸(𝐼𝑅𝑅𝑝) =∑ 𝑤𝑖𝐸(𝐼𝑅𝑅𝑖)
𝑖

 

where IRRp is the return of the whole portfolio, IRRi is the return of the i-th investment and wi 
the weight of the i-th investment. Usually, this weight is calculated as the ratio between of the 
value of the i-th investment to the total value of the portfolio. 

The portfolio return variance is then calculated as: 

𝜎𝑝
2 =∑ 𝑤𝑖

2𝜎𝑖
2

𝑖
+∑ ∑ 𝑤𝑖𝑤𝑗𝜎𝑖𝜎𝑗𝜌𝑖𝑗

𝑗≠𝑖𝑖
 

where I is the standard deviation of the return of the i-th investment and ij is the correlation 
coefficient between the returns on investments i and j. The portfolio return volatility can then 
be calculated as: 

𝜎𝑝 = √𝜎𝑝
22
 

 

Based on this value, financial institutions can evaluate the impact of a request of investment 
on its portfolio, supporting the decision makers to understand if a project can be part of the 
portfolio or not, and consequently, if it can be financed. 

Usually, the usual risk measure adopted in this method is the standard deviation of historic 
periodic return, calculated through the ratio of expected excess return to standard deviation of 
the return, assuming that financial returns follow a normal distribution. Another traditional risk 
measure is the Value-at-Risk parameter, approximating the probability that the value of an 
asset will drop below a particular value over a specified confidence level. Given the probability 
distributions of all portfolio assets, the Value-at-Risk values can be used to approximate the 
maximum loss for the whole portfolio. 

The applicability of this method depends on the availability of historic data on the costs 
associated to the different technologies. Furthermore, correlation values of risks among assets 
are required to obtain valuable results. 

 

Real-options analysis.  

This method can be applied when the timing of the investment decision can be flexible, allowing 
investors to evaluate the available options as well as the market conditions. Capital budgeting 
decisions are then taken when full information is available and uncertainty about market 
conditions and future cash flows is reduced. Basically, this method helps to evaluate the value 
of waiting as part of the decision making problem. 

The method is based on a dynamic programming process to recursively evaluate a set of 
investment alternatives on a year-by-year basis, allowing to check the impact of uncertainty 
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and technical change on the diffusion of emerging technologies. Dynamic programming allows 
to identify different options in the decision-making process, and to calculate and compare the 
expected NPVs of the investment according to different timing scenario for the decisions. 

In the market of energy efficiency, this method can be employed to understand the profitability 
of a project when dealing with incentives and support schemes provided by public authorities, 
(e.g. feed-in tariffs, certificates trading, etc.) like it has been done in the market of energy 
generation from renewable energy. Furthermore, the method could provide a valuable feed-
back for policy makers to understand if the defined support reached their goals or corrective 
measures have to be undertaken. 

 

Stochastic optimization techniques.  

These techniques include optimisation methods that use random variable inputs, modelled 
through probability distributions. The random variables appear directly in the formulation of the 
optimization problem and, in an energy efficiency project, usually represent energy demand, 
technology efficiency and energy prices. Constraint functions are required to help the 
convergence toward the solution.  

This method highly relies on the characterization of the input variables and the constraint 
functions, which can also be based on random variables. The uncertainties on the different 
elements of the methods can lead to inconsistent and inaccurate results, making this method 
scarcely reliable to take decisions on financing issues. 

 

Scenario analysis 

The potential impact of risks on the profitability of an energy efficiency investment can be 
evaluated through the analysis of the discounted cash flows under various scenarios, reflecting 
different potential future changes in the application context. Scenario analysis is based on the 
fact that altering individual variables, while the others remain constant, is not realistic. 

Usually, these scenarios represent either the most probable situation (considering the events 
most likely to occur) or extreme cases (worst-case and best-case scenarios). Each scenario 
assumes values for each element in the model, like future energy costs, equipment failure 
rates, maintenance costs, etc, and for each scenario the relevant financial indicators are 
calculated. Empirical scenario analysis can provide a preliminary idea on how a project 
develops and the associated risks under different operating conditions and boundary 
conditions. 

Scenario analysis is usually combined with other methods, providing a valuable tool to simulate 
various interconnected conditions, including contexts not easily described by a mathematical 
model, like a socio-economic context. 

Scenario analysis are often used also during the design stage of an energy efficiency project 
to identify the best retrofit options to apply. In an iterative process, financial institutions can 
cooperate with designers to better detail the economic parameters (cash flows, return of 
investment, etc.) and propose adjustments to the project. At the end of the analysis, the cost-
optimal solution with the lower risk profile for the investor can be identified. 

 

Multi-criteria decision analysis 

Multi-criteria analysis is a set of decision support methods widely diffused, as they can 
integrate multiple point of views, through different criteria that can derive from various contexts 
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(economic, social, technological, environmental, etc.). The basic output of these methods is 
represented by the evaluation/ranking of the different available solutions according to number 
of criteria based on possible risks. In fact, these methods relay on concepts like priority, 
outranking and distance to describe the relationships among the alternatives and criteria. The 
criteria can also be difficult or even impossible to quantify through a specific numeric value, 
thanks to the definition of qualitative scales.  

The basic methods are usually used to assess the strengths and the weaknesses of the option, 
while continuous ones can deal with problems characterized by multiple objectives and a very 
large number of variables. Through the use of programming techniques (e.g. linear 
programming), optimization problems involving multiple criteria and objectives can be solved. 
If numerical values of criteria or attribute are not easy to obtain, fuzzy logic can be a solution 
to address the uncertainty in applying functions to vague information. 

Usually, mutli-criteria analysis is adopted when there is no a single final goal, like the monetary 
value of an investment, but also other elements must be considered before taking a decision 
if a project can be funded or not. However, one of the main weaknesses of these methods is 
the subjectivity in the definition of the scales which are used to rank the possible solutions. 

 

Monte Carlo Simulation 

Monte Carlo Simulation method involves the random sampling of probability distribution of the 
model input parameters with the purpose of simulate numerous scenarios and perform a 
statistical analysis on the results. The sampling from the probability distribution of each 
parameter is realized in a way that reproduces the output distribution, thus the distribution of 
the values coming from the application of the method reflects the joint probability of the results. 

This method requires a considerable range of data as input variables, such as the probability 
density function of uncertain value or forecasted variables. However, it also offers several 
advantages, like the ability to obtain fast results when the variables of a problem are modified, 
the ability to calculate the risk based on uncertain or stochastic input variables, or the ability to 
model the correlations and other interdependencies of the system. Input variables need to be 
statistically independent otherwise inaccuracies can be experienced. 

A preliminary sensitivity analysis can be carried out to check the effect of potential input 
variables on the financial parameter selected. Usually, the best fitting probability density 
function assigned to each input variable is determined by using historical data of the variable 
(using a statistical or an experimental method). In addition, the probability is validated using 
subjective judgements on the empirical worst, base and best-case estimates (using proper 
confidence intervals).  

For this reason, the creation of specific shared databases, like the already mentioned DEEP, 
can represent an important milestone to support financial institutions to better define probability 
density functions based on real data and obtain better result from their risk assessment project. 

Monte Carlo simulations were used in D6.3 to analyse the economic parameters of the 
business model defined, used to manage deep retrofit actions for residential buildings at district 
and urban level. 

4.3 Risk Management 

After the identification of risks in the project and the assessment of their impact on the financial 
performance, financial institutions can utilize a set of procedures to manage and control the 
risks, and suggests possible changes in the projects to reduce the impact of some factors on 
the final economic figures. 
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The Energy Efficiency Financial Institutions Group has developed checklists to support 
financial institutions in the risk and benefit evaluation. Following these checklists, the financial 
institutions can be sure to address the most relevant risks and the benefits coming from the 
project, taking into account how they are valued and captured. Table 2 and Table 3 
summarizes these checklists, adapting them to the context of residential building retrofit. 

 

Table 2: Checklist for benefit valuation 

Benefit Has it been valued? Captured in contract? 

Energy cost savings   

Reduction in energy cost volatility   

Demand response payments   

Reduced operation and management costs   

Effect on building/dwelling valuation   

Credit quality impact   

Lower tenant turnover   

Reduced vacancy rate   

Reduced risk of obsolescence   

Improved health and safety   

 

Table 3: Checklist for risk valuation 

Risk 
Has it 
been 
valued? 

Holder 
Mitigants 

Host Contractor Insurer Finance 

Performance risks       

Design risk       

Equipment risk       

O&M risk       

Weather risk       

User behaviour risk       

Energy price risk       

Regulatory risk       

Credit risk       

 

Beyond the use of the checklists, mitigation measures based on best practices and standard 
procedures should be pursued. Financial institutions performing a risk assessment during the 
financing stage should also be able to provide suggestions and recommendations to designers 
involved in the development phase to improve the project performance. For this reason, there 
should be a continuous exchange of information between the parties involved in these two 
stages.  
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During the development phase, risks can be mitigated or, at least, reduced, by 
observing standard practices, like: 

• Engineers and architects involved in the design process should share all data, calculations 
and simulation files. Their awareness that this information is shared among designers will 
ensure a higher degree of care, as well as cross-check procedures are activated to prevent 
errors. 

• Third party engineers experienced with retrofits should be involved in the review of all 
design work, especially for larger projects with a higher chance of failures. Financial 
institutions often require a technical due diligence by independent engineers before 
financing complex projects.  

• Project development should follow the prescription of appropriate national or international 
standards for the design project and its documentation. For example, project certification 
systems (LEED, BREEAM, etc.) adopted by the designers allow to easily identify possible 
issue and guarantee that best practices have been followed in project development. 

• Financial institution should consider reducing savings projections during their risk analysis 
or investigate the methods the developer may have used in the design process to calculate 
the savings and take a more conservative approach. The magnitude of any reduction of 
the savings will depend on the degree of interaction among measures, the difficulty of the 
retrofit, the extent to which the technologies are proven, and other factors identified by the 
third-party engineer during the technical due diligence. 

• Specific insurance policies can be issued to cover equipment failures, when the warranties 
provided by the manufacturer are not considered strong enough by the financial 
institutions. However, additional insurances have a cost that must be included in the total 
balance of the project. 

 

Mitigation measures should be also adopted during the operation and maintenance phase, 
ensuring that a proper monitoring and verification plan is active. This plan doesn’t refer only to 
the verification of the actual performance in the contract, but it can be used also to timely detect 
failures and quickly intervene with the proper maintenance works. The following basic practices 
should be followed to manage operational risk: 

• Measurement and Verification (M&V) protocols should be defined as part of the project 
and implemented during the project lifetime 

• An Operations Manual should be provided with the retrofit that outlines as clearly as 
possible how the new systems should be operated and specific training should be carried 
to guarantee a proper system operation. 

• The contract must consider the maximum visibility of the operational behaviour, via 
operational logs, uploads of data, or real-time links to the building management system. 
Operational failure cannot be proven without evidence. 

• The contract should include some kind of on-going monitoring and verification of the 
systems that the level of savings does not decay. This process can help identify operator 
errors and other problems that lead to savings decaying over time and put in place 
corrective measures 

• Operations and maintenance contracts can be written to include performance warranties 
based on up-time or even energy performance. 
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Insurance companies can be involved also to mitigate the credit risk of the building/dwelling 
owner, providing a warranty for the financial institutions in case the conditions of the owner 
change and he is not able to repay his debt anymore. Furthermore, national and local 
authorities can make available financial resources to support building/dwelling owner in the 
repayment of their debt with a financial institutions. For example, in certain area, public 
contributions are available to cover part of the interest paid for a loan/mortgage, or to be used 
as the lien for issuing a mortgage. The latter condition can be really helpful for owners who 
can’t (or don’t want to) expose their properties a lien for the mortgage. 
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5 Risk and BuildHeat Financial Model 

Beyond the technological solutions, one of the main goal of the BuildHeat project is the 
development of an innovative financing model to allow the increase of retrofit share in the 
European market, aiming to satisfy the environmental goals set by the European Union. This 
model will support building and dwelling owners to find the financial resources required to 
perform the retrofit on their properties. At the same time, the model can be useful to involve 
financing institutions and large investors in energy efficiency projects for the residential 
sectors, providing a framework for the development of specific financial tools.  

Deliverable D6.3 “Financing models for deep retrofit actions” defines a financial model for a 
new company called “District Energy Governance”, able to act as an independent interface 
between all the relevant players involved in retrofit: large private investors, local contractors, 
local banks and building managers representing the owners. Figure 2 shows the model 
described in D6.3, with the connection among the different actors. 

 

 

Figure 2: Financing Model 

 

According to Figure 2, the following relevant roles in the model can be identified: 

• DEGOV: the DEGOV is a new company who acts as a coordinator between the designers, 
the local contractors, the owners (represent by the building manager) and the financial 
institutions supporting the process. Starting from the needs and the requirements of the 
building owners, the DEGOV identifies the proper designers and contractors responsible 
for carrying out the technical activities of the project. At the same time, the DEGOV 
promotes the relationships with financial institutions and large investors, as the DEGOV is 
able to aggregate the demand of various buildings to reach the typical minimum 
investment size of large investors. The DEGOV is also able to act as an ESCO by directly 
manage the operation and maintenance of the building after the retrofit process. 

• Building/dwelling owners: they are the final beneficiaries of the retrofit process as they 
are in charge of the payments of the energy bill due to the reduction of consumptions. At 
the same time, they can have additional benefits related to improved health and comfort 
and increased value of the property. In case of a residential building with dwelling owned 
by various owners, they nominate a building manager, who is responsible for the 
management of the building, including operation and maintenance actions. The building 
manager is a crucial actor, as it represents a single reference point for the other actor of 
the chain, like contractors and financial institutions. 
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• Local contractors: they are responsible for the implementation, the operation and the 
maintenance of the installed retrofit solutions. Either large firms or local professionals, 
depending on the type of works to be done, can play this role. Sometimes, local 
contractors can deal with the whole project development, including the design. However, 
possibly the retrofit is designed by a specific team of designers, especially when the retrofit 
is complex. Local contractors usually relate with the building owner, but, in case of a 
residential multi-dwelling building with different owners for each dwelling (like in many 
cases), local contractors have the building manager as their interface. 

• Financial Institutions: the model includes two different types of financial institutions. On 
one side, there are local financial institutions, usually local banks. Local banks have direct 
relationships with the single owners of dwelling, issuing loan or mortgages as in the 
traditional real estate market. On the other hand, there are large investment funds willing 
to invest in the retrofit sector of residential buildings. Normally, the retrofit of a single 
building doesn’t reach the investment size required by a large investments funds, but 
through the aggregation of demand, funds requirements can be met. Investment funds 
don’t have a direct relationship with the owners, but they provide the local banks with the 
necessary financial resources and warranties to support the tools used by the banks to 
finance the owners. 

• Public Authorities: public authorities play a relevant role in the model, even if the retrofit 
involves a private building. Public authorities are responsible for issuing incentives (in the 
forms of contribution, discounted tariffs, fiscal deduction, etc.) to support building owners 
in the retrofit process. The economic analysis described in D6.3 shows the great 
importance of national incentives in the evaluation of the final user cash flow, and 
consequently on the evaluation of the pay-back time of the investment. Depending on the 
regulations and on the implementation contracts, incentives can be shared between 
owners and contractors. Furthermore, public authorities can finance the retrofit of public 
residential buildings, providing an example for the private owners and highlighting the 
benefits obtained in the process beyond the financial ones. Finally, public funds can be 
used to support local financial institutions in issuing loans or mortgages to owners, 
providing a guarantee or covering all or part of the interests that owners will have to pay 
when returning the debt. 

• Insurance Companies: Insurance companies can be involved to reduce the risks of the 
projects. Often public authorities cannot define specific funds that can be used as a 
guarantee when a bank issues a loan or a mortgage to private owners. Insurance 
companies can supply this role. They can be involved when the due diligence performed 
by the bank or by the financial institution results in a credit risk too high for lending money. 
The subscription of an insurance by the owners can provide the necessary guarantees to 
reduce the credit risk to a level acceptable for the funding institution and the project can 
be funded. 

 

The main financial characteristic of the model can be summarized as: 

• Energy savings are shared between owners and the DEGOV, in order to keep the net 
yearly balance positive. The net yearly balance is calculated as the difference between 
the current yearly costs (the energy bill) and the forecast yearly costs (the new energy bill 
plus the yearly instalment to repay the debt minus the yearly quota of public incentives, if 
available) 

• DEGOV shares profit margin with the local contractors and designers. The capability of 
DEGOV to aggregate demand and to support the increase of the retrofit rate of residential 
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buildings paves the way for further commercial opportunities as increasing the retrofit rate 
of residential buildings can increase the market for contractors and designers. 

• DEGOV shares profits with local financial institutions, as it helps them in the involvement 
of large private investors in providing monetary resources to transform in financial tools 
for building owners at a reduced interest rate. 

• Building owners directly apply for national incentives. Depending on the specific type of 
incentive and on the current regulations, owners can decide to share the incentives with 
the contractors in order to reduce the capital cost of the retrofit, thus reducing also the 
amount of debt capital requested to the financial institution. 

• Maintenance costs are included in the capital costs of the retrofit. With this approach, the 
local contractors implementing a retrofit on a residential building are also responsible for 
its proper operation and management. DEGOV acts as a guarantee, controlling the 
respect of the duties of the local contractors and identifying specific actions to mitigate 
possible shortfalls (even substituting the contractors, if necessary). 

 

According to this model, Table 4 summarizes how the risk identified in Section 4 are shared 
among the various actors, taking into account that in an energy retrofit of a residential the main 
performance is represented by the reduction of the energy bill, shared among owners and 
DEGOV in the BuildHeat model. Other benefits related to improved comfort and increased 
property value are related only to owners. 

 

Table 4: Risk Management Table for BuildHeat model 

Risk Impact Actors involved 

Design Risk • Reduction of savings on the energy 
bills for the owners 

• Reduction of revenues for the DEGOV 

• Reduction of expected comfort for the 
owners 

• Reduction of market increase value of 
the property  

• Owners 

• DEGOV 

• Local contractors and 
designers 

Equipment 
Risk 

• Reduction of savings on the energy 
bills for the owners 

• Reduction of revenues for the DEGOV 

• Reduction of expected comfort for the 
owners 

• Reduction of market increase value of 
the property  

• Increased maintenance costs for the 
contractors due to errors during 
installation 

• Owners 

• DEGOV 

• Local contractors and 
designers 

Operation and 
Management 
Risk 

• Reduction of savings on the energy 
bills for the owners along the life time 
of the solutions 

• Owners 

• DEGOV 
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• Reduction of revenues for the DEGOV 
along the life time of the solutions 

• Reduction of expected comfort for the 
owners along the life time of the 
solutions 

• Increased maintenance costs for the 
contractors due to errors during 
installation 

• Local contractors and 
designers 

Weather Risk • Reduction of savings on the energy 
bills for the owners along the life time 
of the solutions 

• Reduction of revenues for the DEGOV 
along the life time of the solutions 

• Owners 

• DEGOV 

User Behaviour • Reduction of savings on the energy 
bills for the owners along the life time 
of the solutions 

• Reduction of revenues for the DEGOV 
along the life time of the solutions 

• Increased maintenance costs 

• Owners 

• DEGOV 

• Local contractors and 
designers 

Energy Price 
Risk 

• Reduction of savings on the energy 
bills for the owners along the life time 
of the solutions 

• Reduction of revenues for the DEGOV 
along the life time of the solutions 

• Owners 

• DEGOV 

Regulatory 
Risk 

• Reduction of national incentives • Owners 

• Local contractors and 
designers 

Credit Risk • Owners are not able to repay the debt 
to the financial institution 

• Owners 

• DEGOV 

• Financial institutions 

 

From the Table 4, DEGOV is involved in almost all the risk categories identified, because the 
DEGOV is the entity managing the whole process and working on a revenue sharing paradigm 
with the other actors. However, the implementation of the mitigation actions identified in 
Section 4.3 and the creation of a portfolio of buildings to retrofit through demand aggregation 
mechanisms will reduce the impact of these risks. 
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