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Abstract

This study examines public–private partnerships (PPPs) as a financing mechanism for deep

energy-efficiency (EE) renovations in social housing. We focus on three pilot contexts (Italy,

Slovenia, Denmark) and compare the major PPP contract types (e.g. credit lines, risk-sharing

guarantees, and energy performance contracts) available in each. Using a Monte Carlo simu-

lation approach to model key economic drivers (GARCH-MIDAS), we calculate project cash

flows and risk-adjusted performance metrics (ROI, NPV, CVaR) for each PPP scheme. Our

analysis shows that, under realistic assumptions, comprehensive EE retrofits in social hous-

ing yield robust returns with payback periods in the range of 5 - 15 years. For all pilot cases

the projected ROIs compare favourably to benchmarks like the S& P 500, indicating competi-

tive risk-adjusted outcomes. Crucially, these high returns are achieved alongside large energy

savings and reduced energy poverty, since residents’ bills fall substantially after renovation

(Croon et al. (2024)). We also determine the optimal risk-sharing arrangements by minimizing

the projects’ conditional value-at-risk. The results highlight that well-designed PPP funding

models can unlock private capital for social housing retrofits, delivering both strong financial

performance and important social and environmental co-benefits.
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1 Introduction

Achieving Europe’s climate and social objectives requires an unprecedented scale-up of build-

ing renovations. The EU has set a binding target to cut greenhouse gas emissions by at least

55% by 2030 (Carter et al. (2024)), a goal that implies massive investment in energy-efficient

buildings. The EU’s Renovation Wave strategy and post-pandemic recovery plans explicitly

call for faster and deeper renovation of the building stock as essential to reach climate neutral-

ity (Housing Europe (2021)). Social housing in particular is a critical focus: it accounts for

roughly 11% of the EU’s housing stock and often shelters the most vulnerable, low-income

households. Energy poverty – the inability to afford adequate heating, cooling, and other basic

energy needs – is disproportionately concentrated in social housing (Croon et al. (2024)). In

other words, energy bills and inefficient homes go together with social deprivation. Improving

the energy performance of social housing thus advances both climate goals and social welfare.

Accordingly, recent EU reports emphasize that renovating affordable homes is a “win–win” for

climate and fairness, and they note that existing recovery funds will not be sufficient without

additional investment and smarter public–private solutions (Housing Europe (2021)).

A variety of financing models have been developed for EE projects, with different implica-

tions for cost-sharing and incentives. For example, energy service company (ESCO) contracts,

public grants combined with loans, and PPP arrangements are all being tried in European cities.

Selecting the right business model is crucial to ensure a project meets deep-savings targets. Past

research has shown that deep retrofits (those approaching 60–80% energy savings) often require

partnerships between socially motivated investors and public authorities (Capiello (2016)). In

pioneering European case studies, Copiello and Bonifaci (2015, 2016) found that energy effi-

ciency improvements allow social housing associations to charge higher rents (reflecting lower

energy bills), thereby converting energy savings into new revenue streams. By capturing these

efficiency gains as rent premiums, even modest energy-price gains translate into significant

project cash flow – a feature that makes retrofits a considerable feasibility driver. Supervised

projects like the EU-funded SUPER-i initiative have explicitly targeted this approach: they

aim to build extended PPP frameworks for “smart” energy upgrades in social housing, engag-

ing a mix of public funds, private capital, tenant contributions, and ESCO contracts (super-i-

supershine.eu).

Despite this promise, financing barriers remain the main obstacle to large-scale renovation.

Building owners and public housing agencies typically lack access to sufficient capital for deep

retrofits (super-i-supershine.eu). Financing energy efficiency renovations for social housing is

not different from financing other investments such as business expansion and development of

new products, or sales and marketing. However, the unique characteristics of energy efficiency

renovations to attract investments from financial institutions is negatively affected. Limaye

(2011) grouped the energy efficiency characteristics in five types such as: availability of funds

for investing in EE projects; Information awareness and communication; Project development

and transaction costs; Risk assessment and management; Lack of capacity. Also, Kolk et al.

(2021) stated that the lack of funds availability led to limited transformational change in energy

efficiency and sustainability and suggested that four trends are required to overcome this barrier

such as increased government action; Greater investor interest in and funding for green initia-

tives; Higher involvement of industrial companies; Rapidly widening ecosystems. To overcome

these limitations and barriers, the IEA introduced the PPP mechanisms as a solution to over-

come these barriers when applied to energy efficiency financing. Private investors and banks

tend to favour upgrades with short payback periods (often below 10 years) that yield only lim-

ited savings (on the order of 20–30%) (XXX). These shallow projects are easy to finance but fall
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far short of the 60–80% savings needed to meet policy targets. Meanwhile, lenders often view

EE upgrades as risky: they doubt the reliability of projected energy savings and the ability of

owners to repay over long horizons (Bullier and Milin (2014)). In practice, many banks “don’t

trust energy savings as revenues” and so are reluctant to extend loans for EE improvements.

The result is an “investment gap” – a chronic underfinancing of profitable retrofit opportunities.

Social housing authorities have repeatedly highlighted this gap: Housing Europe notes that even

with the new recovery funds, financing commitments are still “not enough to achieve the EU’s

targets,” and it explicitly calls for “more public investment and improved public-private part-

nerships” as part of the solution (Lakatos (2021)).

Recognizing these challenges, policy experts have advocated PPPs and other blended finance

tools to mobilize private capital while sharing risk. The International Energy Agency argues

that joint public–private approaches are critical to unlock energy efficiency investments (IEA

(2017)). Public agencies may lack capital but can offer guarantees, subsidies, or contractual

frameworks; private partners bring funds and technical expertise. Casady et al. (2024) note

that public authorities often turn to PPPs under budget constraints and innovation imperatives,

whereas private sponsors are drawn by profitability and supportive policy frameworks. In the

context of low-carbon infrastructure, these analysts find that PPP arrangements in climate-

related projects tend to be more creative and stakeholder-rich than traditional contracts, yielding

strong social buy-in. Specific to social housing, Copiello (2016) emphasizes that new types of

private participants (including socially-driven “venture philanthropy” investors) have emerged

to help finance EE measures. These actors accept moderately lower financial returns in ex-

change for social impact, leveraging the energy bill savings of residents to make the projects

viable. Indeed, recent project evaluations show that well-designed PPP contracts can deliver

competitive financial outcomes: for example, the SUPER-i pilots report that deep renovations

structured under PPP models yield payback periods of only 5–18 years and double-digit returns

on investment (super-i-supershine.eu). In sum, the literature suggests that integrating energy

performance improvements into housing contracts – and sharing the gains with investors and

tenants – is key to aligning private incentives with social goals.

This paper builds on those insights by quantitatively assessing PPP funding models for social

housing renovations. We analyse the PPP instruments available in Italy, Slovenia, and Denmark

– three countries with differing markets and housing systems – and we simulate stochastic fu-

ture economic conditions to evaluate financial outcomes. Our methodology combines GARCH-

MIDAS forecasting for macroeconomic variables (Engle et al (2013)) with project-level cash-

flow analysis. For each country and PPP contract type, we compute standard indicators (ROI,

net cash flow, NPV) and risk metrics (conditional value-at-risk, CVaR). We then identify the

optimal investment share for social housing under each scenario by minimizing the project’s

downside risk. This approach allows us to rank PPP structures by their risk-adjusted returns.

The results consistently show that energy-efficiency upgrades in social housing can generate

robust returns—often exceeding stock-market benchmarks—while delivering large energy sav-

ings. In other words, well-structured PPP financing appears capable of simultaneously achiev-

ing high financial performance and major social/environmental benefits. By highlighting which

PPP contract is best suited to each local context, our study offers actionable guidance for poli-

cymakers and social landlords seeking to close the renovation gap and alleviate energy poverty

through public–private collaboration.

The remainder of this paper is structured as follows. Section two reviews relevant literature and

elaborates on the structure, characteristics, and current practices surrounding PPP agreements

in the context of energy efficiency renovations. Section three provides a statistical analysis
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using Eurostat data, evaluating the extent of energy poverty across Italy, Slovenia, and Den-

mark, and highlighting the socioeconomic conditions in these countries. Section four offers

a detailed description of the available PPP funding contracts in Europe, outlining their main

features, benefits, risks, and involved stakeholders. Section five describes our financial eval-

uation methodology, including stochastic simulations of key economic indicators through the

GARCH-MIDAS model and the financial metrics employed (ROI, NPV, CVaR). Section six

conducts an empirical analysis to investigate the financial feasibility of each PPP model across

the selected pilot countries, ranking these contracts based on risk-adjusted returns and compar-

ing their profitability against standard benchmarks. Finally, section seven synthesizes the key

findings and policy implications emerging from our analysis, providing actionable insights to

policymakers, investors, and social housing authorities.

2 Literature review on Public-private Partnerships

Public–private partnerships (PPPs) have increasingly been recognized as effective mechanisms

for leveraging private-sector expertise and funding to enhance energy efficiency in Europe’s

housing sector (Scanlon and Whitehead 2008; Croon, Hoekstra, and Dubois 2024). Although

successfully implemented across sectors such as transportation, infrastructure, and renewable

energy, their adoption in social housing remains comparatively limited and geographically con-

centrated, primarily in the United Kingdom and Ireland (Casady, Cepparulo, and Giuriato

2024). Key obstacles limiting broader uptake include perceived low profitability, the com-

plexity of managing diverse stakeholders, and uncertainties related to financial performance

and long-term returns (Copiello 2016). To address these challenges, several PPP models specif-

ically designed for energy-efficiency improvements in social housing have emerged. These

include shared-savings contracts, guaranteed-savings contracts, dedicated credit lines, risk-

sharing or guarantee facilities, and overarching energy performance contracting (EPC) frame-

works. Shared-savings contracts, frequently involving Energy Service Companies (ESCOs),

have attracted considerable attention due to their ability to align incentives effectively between

public agencies and private partners. Under this model, ESCOs handle project design, imple-

mentation, and initial investment, subsequently recouping their investment via an agreed-upon

share of the energy savings (SUPER-i 2022). Empirical studies highlight that such contracts

often result in superior financial outcomes, driven by the ESCOs’ vested interest in maximiz-

ing achieved savings (Build Up EU 2022). In contrast, guaranteed-savings contracts explicitly

transfer performance risk to the ESCOs, obligating them to compensate public entities if energy

savings fail to meet predefined targets. While providing greater financial certainty for pub-

lic housing providers, this structure may limit ESCO profitability unless actual energy savings

substantially surpass guaranteed levels (JRC 2022). Countries such as Austria, Germany, and

Italy have notably employed guaranteed-savings contracts effectively, using them to overcome

public-sector risk aversion and catalyze private investments in social housing improvements

(Copiello 2016). Dedicated credit lines represent another notable PPP structure, wherein public

institutions or development banks collaborate with commercial banks to provide loans at prefer-

ential rates for energy efficiency retrofits. This model lowers borrowing costs and facilitates the

pooling of capital from diverse sources (European Commission 2022). However, this arrange-

ment typically results in the debt appearing directly on the housing provider’s balance sheet,

potentially limiting their financial flexibility for future investments. Risk-sharing or guaran-

tee facilities further enhance private lenders’ confidence by partially securing loan repayments,

thus mitigating default risk and stimulating private-sector participation. Recent EU-supported

housing retrofit initiatives have successfully employed such mechanisms to increase lending ac-

tivities, although they must carefully navigate risks of moral hazard and maintain rigorous risk
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assessment practices (European Commission 2022; Build Up EU 2022). Energy Performance

Contracting (EPC) frameworks have also played a critical role, providing standardized legisla-

tive and regulatory environments that clearly define performance metrics, responsibilities, and

financial incentives. EPC frameworks have shown particular success in Denmark and Slovenia

by enhancing transparency, reducing transaction costs, and thus increasing scalability and in-

vestment attractiveness (SUPER-i 2022).

Empirical studies reinforce the effectiveness of strategically designed PPPs for deep renova-

tions in social housing contexts. For instance, the Danish Børglumparken housing retrofit

project demonstrated that shared-savings contracts significantly outperformed other PPP mod-

els in terms of risk-adjusted returns (SUPER-i 2022). Similarly, the SUPER-i project’s findings

underscore how combining public grants with well-structured PPP mechanisms can substan-

tially shorten payback periods, improve financial viability, and deliver substantial returns on

investment (SUPER-i 2022; Build Up EU 2022). Despite their benefits, significant challenges

persist. Fragmented property ownership, limited tenant affordability, and prolonged payback

periods typical of deep-energy retrofits continue to impede broader adoption. Recent insights

from Housing Europe (2021) highlight that successful PPP implementation in social housing en-

ergy renovations necessitates robust community engagement, clear and transparent risk-sharing

agreements, and supportive regulatory frameworks to overcome existing systemic barriers ef-

fectively.

(Antonini et al., 2014). Public-private partnerships offers several benefits such as: Ensure the

necessary investments into public sector and more effective public resources management; En-

sure higher quality and timely provision of public services; Mostly investment projects are

implemented in due terms and do not impose unforeseen public sectors extra expenditures; A

private entity is granted the opportunity to obtain a long-term remuneration; Private sector ex-

pertise and experience are utilised in PPP projects implementation; Appropriate PPP project

risks allocation enables to reduce the risk management expenditures; In many cases assets de-

signed under PPP agreements could be classified off the public sector balance sheet. How-

ever, PPP disadvantages are: Infrastructure or services delivered could be more expensive; PPP

project public sector payments obligations postponed for the later periods can negatively re-

flect future public sector fiscal indicators; PPP service procurement procedure is longer and

more costly in comparison with traditional public procurement; PPP project agreements are

long-term, complicated and comparatively inflexible because of impossibility to envisage and

evaluate all particular events that could influence the future activity.

The initial equity investors, who develop the PPP proposal, are typically called project share-

holders. Typical equity investors may be project developers, engineering or construction compa-

nies, infrastructure management companies, and private equity funds. Lenders to PPP projects

in developed countries may include commercial banks, multilateral and bilateral development

banks and financial institutions, and institutional investors such as pension funds and insurance

companies. The project company contracts with firms to manage design and construction (usu-

ally known as an Engineering, Procurement, and Construction, or EPC contract), and operations

and maintenance. These contractors may be affiliated with the equity investors. Yescombe’s

book on PPP finance includes examples of PPP structures for different types of PPP (Yescombe

(2007)).
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3 Energy Poverty Analysis

Tables 1-12 in the Appendix provides the EUROSTAT statistics on energy poverty measures

in SUPER-i pilot countries (Denmark, Italy and Slovenia). This study focuses on the popula-

tion with equivalised income below the 60% median at national level, owners with outstanding

mortgages or housing loans and tenants who pay subsidised rent or are rent free residents.

3.1 Denmark:

From the statistical analysis done by EUROSTAT on energy poverty measures in Denmark,

the percentage of the population unable to keep their homes adequately warm during winter

or cool during summer ranges between 6.6% and 10.9% across the period (2011-2020), which

is the lowest compared to the other countries and the European Union. Also, we observe that

the population in Denmark has the lowest rates of arrears on utility bills which is almost half

that of the European Union. Also, the population in Denmark are less likely to suffer from

poverty risk or social exclusion as shown in Table 4. In accordance with tables 1, 2, and 4,

tables 5 and 6 report that owners with outstanding mortgage or housing loans and tenants that

pay subsidised rent or are rent free residents in Denmark have a lower material and social

deprivation rate compared to the EU Union countries. Table 7 reports that the percentage of low

income households who live in poor condition dwellings suffering from leaking roofs, damp

walls, floors, etc ranges between 14.9% and 16.8% which is fairly low compared to the other

SUPERSHINE countries. Tables 8 and 9 show that the housing cost overburden rate ranges

between 3.9 and 7.5 which is the lowest after Italy during the investigated period. Tables 10

and 11 show that the overcrowding rate ranges from 3.5% to 4.9% in Denmark and is the

lowest compared to other countries. From table 12 we observe that the household final energy

consumption is the highest in Denmark ranging from 4,323 to 4,496. Finally, we observe that

energy poverty indicators in Denmark showed a slightly decreasing trend. However, after 2020

we observe an increasing trend of the energy poverty indicators which can be explained by the

sudden rise in inflation rate after the COVID-19 pandemic, which affected many households’

income.

3.2 Italy:

Tables 1 and 3 report that the percentage of people unable to keep their homes adequately warm

in the winter and cool in the summer ranges between 17% and 44%. Furthermore, during the

investigated period, we observe a significant decrease in this rate from 36.1% in 2011 to 17% in

2021. However, this decrease is not enough as the percentage of people in the European Union

as a whole who are unable to keep their homes adequately warm is still lower. This statistic

confirms the needs for Energy efficiency improvements in the current buildings in Italy. From

table 2, we observe that the percentage of people with arrears on utility bills has been decreasing

from 11.9% in 2013 to 4.5% in 2019. In line with the previous findings, table 4 reports that

the percentage of people at risk of poverty and social exclusion, even though decreasing, is

high ranging from 24.6% to 28.5%. Tables 5 and 6 report the material and social deprivation

rate in Italy for owners with mortgage and tenants who pay subsidised rent or are rent free.

These tables show that the material and social deprivation rate is much higher than that of the

European Union, even though its significantly decreasing throughout the investigated period.

Table 7 reports that the percentage of low income people living in poor condition dwelling due

to leaking roof, damp walls, floors or foundation has decreased from 30.1% in 2013 to 16.4% in

2019 and then rose back up to 24.5%. This sudden increase could be attributed to the increase

in inflation rate and the impact of COVID-19 on the housing sector in Italy. Tables 10 and 11
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show that social housing residents in Italy suffer from overcrowding issues as the overcrowding

rate by owners with mortgages and tenants with subsidised rent is high and stable at 30% which

is comparatively higher than that of the European union. Lastly, table 12 reports that the final

energy consumption in households per capita in Italy is decreasing slightly from 32378 in 2011

to 30656 in 2020.

3.3 Slovenia:

Table 1 and 3 reports the percentage of people unable to keep their homes adequately warm in

the winter and cool in the summer ranges between 8.2% and 12.4%. Like Italy, Slovenia experi-

enced a significant decrease in the percentage of people unable to keep their homes adequately

warm in the winter or cool in the summer from 17.3% in 2011 to 12.9% in 2020. Table 2 shows

that the percentage of arrears to utility bills is higher in Slovenia compared to the European

Union as a whole, even though during this period a significant decrease in arrears on utility bills

is observed. In line with the findings of tables 1,2 and 3, table 4 reports that the share of people

at risk of poverty or social exclusion in Slovenia is the lowest among the pilot countries and

the European Union average. Table 7 reports that the percentage of low-income people living

in poor condition dwelling due to leaking roof, damp walls, floors or foundation has decreased

from 34.7% in 2011 to 20.8% in 2020. Unlike in the case of Italy and Denmark, the low-income

people’s status was not affected by the sudden increase in inflation rate and COVID-19 in the

housing sector. Tables 8 and 9 report that the housing cost overburden rate of owners with mort-

gage and tenants paying subsidised rent has decreased from 10.5% in 2011 to 4.4% in 2020.

Tables 10 and 11 show that social housing residents in Slovenia suffer from overcrowding issues

as the overcrowding rate by owners with mortgages and tenants with subsidised rent is ranging

from 12.4% (20.4%) in 2011 to 8.3% (16.4%) in 2020 and is comparatively higher than that

of the European union for owners with mortgage and lower for tenants with subsidised rent.

Lastly, table 12 reports that the final energy consumption in households per capita in Latvia is

decreasing slightly from 1303 in 2011 to 1072 in 2020.

4 Describing the PPP models

Detailed templates for various public-private partnership (PPP) funding contract models are pro-

vided in the Appendix. These PPP models aim to effectively mobilize private capital and exper-

tise to support public energy efficiency and social policy objectives. Shared Savings Contracts

delegate full financial and operational responsibilities to Energy Service Companies (ESCOs).

These companies assume all investment risks and recover their costs by retaining a predeter-

mined share of energy savings. Social housing associations and private owners benefit from a

portion of the realized energy savings exceeding guaranteed minimum levels, as well as prop-

erty value appreciation, without financial risks. Tenants directly benefit from reduced energy

bills. Guaranteed Savings Contracts shift the investment cost burden initially to social housing

associations but transfer performance risks entirely to ESCOs. ESCOs guarantee a minimum

level of energy savings, compensating housing associations if savings fall short of projections.

This model ensures stability for public entities, rewarding them with guaranteed savings and

additional benefits if energy savings exceed expectations. Energy Supply Contracts represent a

cooperative arrangement where both ESCOs and social housing associations share investment

costs and risks. Energy savings are divided between stakeholders, with social housing asso-

ciations transferring their allocated portion of savings directly to tenants. The ESCOs receive

their share proportionally to their investment contribution, thus balancing incentives and risks

among all involved parties. The Direct Credit Line PPP model involves social housing asso-

ciations directly obtaining funding from financial institutions or government loans. Under this
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model, social housing entities assume full investment risk and retain complete control of energy

savings, which they transfer fully to tenants. This arrangement offers substantial benefits from

increased property values, but the entities bear all investment and operational costs, though

partially mitigated by available government grants.

5 Methodology implementation and evaluation

5.1 Simulation of stochastic economic variables

This paper investigates the financial profitability of the available PPP funding contract in each

country using the Return on Investment (ROI), the Conditional Value at Risk (CvaR) and deter-

mines the most appropriate PPP funding contract for each building by comparing their risk ad-

justed extra returns (RP). However, to perform such analysis we simulate several key economic

indicators such as the inflation rate, interest rates on debt, default rate on rent, rent growth rate,

risk free interest rate and building market value growth rate using GARCH-MIDAS model of

Engle et al. (2013) for the period 2023-2047. This model allows us to link economic indica-

tors which are observed at a lower frequency (monthly, quarterly, etc..) with entities that are

observed at a higher frequency (daily). The simulation process is done as follows:

• We obtain yearly historical data for the past 20 years monthly (to be aggregated to yearly).

• For each economic variable we fit the simple GARCH-MIDAS model, using the realised

volatility as the dependent variable. Where GARCH-MIDAS is given by:

rt = µ +
√

τtgtεt

gt = α0 +α
(rt−1 −µ)2

τt−1
+βgt−1 +σzt

τt = m+θ ∑w(k,ω1,ω2)Xt−k

Where gt is the short-term component of the total volatility, and τt is the long-term com-

ponent of the volatility, that is σ2
t = τt ∗ gt . X is the independent variable, w(k,ω1,ω2)

is a parameterized weighting function, the parameters α and β are positive and satisfy

0 < α +β < 1 to ensure stationarity of gt , and α0 is restricted to be equal to 1−α −β to

ensure that E(gt) = 1 so that in the long run σ2 = τt .

• Using the MCMC approach, we obtain a 1 year ahead forecast up to 25 years (monthly to

be aggregated to yearly). Where in each year we have 300 simulated samples.

• We create a forecast matrix to store the results of the MCMC approach. The matrix

is H ∗K. H is set to 300, and K is the K-year ahead forecast. For each year, we will

have 300 simulations where the only element that is changing.

• For H = 1 we obtain a 1 year ahead forecast starting from t+1 to t+25.

• For H=2 we obtain a 1 year ahead forecast for each t starting from t+1 to t+25.

• Repeating these steps until we have H=300.

• We store the simulated values for each forecasted year in matrix with dimension T*H,

where T=25 and H =300.
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The following graph shows the annual average of the simulated economic indicators for the next

25 years for each country.
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5.2 Financial analysis of each PPP funding scheme

The next step after the simulation of the key economic variables, we investigate the financial

profitability of each PPP contract using the yearly ROI which is given by:

ROIt = DF ∗ Annualcashin f low−annualcashout f low

investmentcost

Using the yearly ROI for each involved party in the PPP contract, we measure the yearly VaR

and CVaR, to determine the contractual overall loss that could be experienced in the worst-case

scenarios. According to Richtarik (2015) the Value at Risk (VaR) is a metric used to determine

the extent and probabilities of potential financial losses. In other words, it is the maximum loss

that will not be exceeded at a given confidence level. The VaR is defined as follow:

”Let X be a random variable representing loss. Given a parameter 0 < α < 1, the α −VaR of X

is”:

VaRα(ROIt) = {c : P(ROIt ≤ c)≥ α}
interpretations of VaR:

VaRα(ROI) is the α-quantile of the distribution of X, which provides the maximum loss that

will not be exceeded with probability α .

Also, Richtarik (2015) defined the CVaR as:

”Let X be a continuous random variable representing loss. Given a parameter0 < α < 1, α −
VaR of X is”:

VaRα(ROIt) = E[ROIt |ROIt ≥VaRα(ROIt)]

The CVaR in this study is calculated as:

CVaRα(ROIt) = 1/(1−α)∗ ¯VaRα(ROIt)

Lastly, the risk adjusted extra return is a financial investment measure which determines the

expected investment return that exceeds the risk free rate of return. That is, RP represents the

level of compensation that the investor receives for taking the extra risk associated with a given

investment. The Risk adjusted extra return (RP) is given by:

RP =
E(ROI)−Risk f reerate

σROI

where E(ROI) is the expected value of ROI which is approximated by the sample average, σROI

is the standard deviation of the ROI, which is obtained by taking the square root of the variance

of ROI’s, where the variance is given by:

σ2(ROI) = E[(ROI −E(ROI))2]

Table 5.1: Ranking for risk adjusted extra returns

Ranking for risk adjusted extra returns (RP)

0.75 < RP < 0.95 5 reasonable

0.95 < RP < 1.5 6 very reasonable

1.5 < RP < 2 7 good

2 < RP < 3 8 very good

RP > 3 9 excellent
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6 Empirical application

In this empirical analysis, we provide a comprehensive study to investigate the economic and

financial feasibility of the energy efficiency refurbishments in Italy, Slovenia and Denmark

with a focus on the available PPP’s funding contract in each country. In this study we apply the

Return on investment (ROI), Conditional value at risk (CVaR) and the adjusted risk extra returns

(RP) to each PPP funding contract taking into consideration their different characteristics. Then

we determine the most appropriate PPP funding contract for each pilot using the adjusted risk

extra returns, for example a PPP that provides the highest adjusted risk extra returns for all

the parties involved in the energy efficiency project is selected as the best possible PPP for the

specific building. The table below summarises the ranking of each PPP for each building per

pilot.

Table 6.1: Ranking of PPP contract per pilot

Country Shared saving guaranteed saving DCL ESC

Italy 1st 2nd 4th 3rd

Denmark 2nd 1st 4th 3rd

Slovenia 1st 2nd 4th 3rd

6.1 Italy

In this section, we investigate and identify the most appropriate PPP funding contract for the

two energy efficiency projects in Montasio and Boito using the risk adjusted extra return (RP)

as a ranking tool. In the case of Montasio we observe that “shared savings contract” is the most

appropriate PPP among the possible PPP’s because it provides the highest risk adjusted extra

returns for all the parties involved (social housing, ESCO, financial institutions, tenants, private

owners).

6.1.1 Montasio

Risk adjusted extra return for the overall 25 year period The table below, shows the risk ad-

justed extra returns for the 25 years period for the energy efficiency refurbishment in Montasio

regardless of the PPP funding contract used. From this table we observe that:

• for the financial institutions any PPP is a good investment (RP higher than 1)

• for the ESCO guaranteed savings and energy supply contracts are a very good investment

(RP higher than 2) while shared savings are an excellent investment (RP higher than 3)

• for the social housing company guaranteed savings, shared savings and energy supply

contracts are an excellent investment (RP higher than 3) while direct credit line in a very

good investment (RP higher than 2)

• for the tenants any PPP is an excellent investment (RP higher than 3)

• for the private owners guaranteed savings, shared savings and energy supply contracts

are an excellent investment (RP higher than 3) while direct credit line in a very good

investment (RP higher than 2)
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• for the civil society any PPP is an excellent investment (RP higher than 3). Note that civil

society RP is not affected by the choice of PPP.

• Overall, considering all the parties together, shared savings provide the best possible

scenario and it is therefore the recommended PPP contract for Montasio.

Table 6.2: Risk adjusted extra return for each partner involved in the PPP contract

2025-2049 Social housing ESCO Private owners Civil Society

Guaranteed saving 3.59 2.430 3.52 4.763

Shared saving 3.601 3.027 3.543 4.673

DCL 2.205 2.132 4.673

ESC 3.020 2.008 2.801 4.763

CVaR and VaR analysis of best PPP contract

When shared savings contract is considered, the social housing company could realise an overall

gain of EUR 58,886.61 or more. However, in the other cases, the social housing company could

have a very serious negative outcome: when the gain of at least EUR 58,886.61 is not realised,

they would face, on average, a loss of EUR 61,985.93 . In the case of ESCO we observe a

possible overall gain of at least EUR 198,528 (Value at Risk - VaR). However if this overall

gain is not realised the ESCO could face an overall loss of EUR 208,976.85 (Conditional Value

at Risk - CVaR). While the private owners could realise an overall gain of EUR 30,853.27 or

more, or face a loss of EUR 32,477.13 if the overall gain is not realised.

Table 6.3: Risk adjusted extra return for each partner involved in the PPP contract

Social housing company ESCO Pri

Year ESCO Social housing Private owners CVaR VaR variance CVaR VaR variance CVaR

2023-2027 65.00% 22.40% 12.60% 62602.80 −59472.60 9291.52 215775.83 −204987.21 4025.04 32797.04 −
2028-2032 65.00% 22.40% 12.60% 63086.08 −59931.81 8779.27 208976.85 −198528.00 5032.99 33044.96 −
2033-2037 65.00% 22.40% 12.60% 62025.14 −58923.93 36947.79 225111.36 −213855.80 54592.83 32498.89 −
2038-2042 65.00% 22.40% 12.60% 61213.00 −58152.35 32582.83 222176.62 −211067.77 54917.21 32079.61 −
2043-2047 65.00% 22.40% 12.60% 54454.71 −51731.95 3889.21 187043.35 −177691.13 6091.63 28589.55 −

Median 65.00% 22.40% 12.60% 61985.93 −58886.61 9291.52 208976.85 −198528.00 6511.63 32477.13 −

6.2 Slovenia

The table below, shows the risk adjusted extra returns for the 25 years period for the energy

efficiency refurbishment in Slovenia regardless of the PPP funding contract used. From this

table we observe that:

• for the financial institutions any PPP is a good investment (RP higher than 1)

• for the ESCO guaranteed savings and energy supply contracts are a very good investment

(RP higher than 2) while shared savings are an excellent investment (RP higher than 3)

• for the social housing company guaranteed savings, shared savings and energy supply

contracts are an excellent investment (RP higher than 3) while direct credit line in a very

good investment (RP higher than 2)

• for the tenants any PPP is an excellent investment (RP higher than 3)
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• for the private owners guaranteed savings, shared savings and energy supply contracts

are an excellent investment (RP higher than 3) while direct credit line in a very good

investment (RP higher than 2)

• for the civil society any PPP is an excellent investment (RP higher than 3). Note that civil

society RP is not affected by the choice of PPP.

• Overall, considering all the parties together, shared savings provide the best possible

scenario and it is therefore the recommended PPP contract for Slovenia.

Table 6.4: Risk adjusted extra return for each partner involved in the PPP contract -Slovenia

2025-2049 Social housing ESCO Civil Society

Guaranteed saving 2.565 1.981 3.52

Shared saving 2.612 3.080 3.52

DCL 2.492 3.52

ESC 2.534 1.417 3.52

CVaR and VaR analysis of best PPP contract

When Shared savings contract is considered, the social housing company could realise an over-

all gain of EUR 10,561.9 or more. However, in the other cases, the social housing company

could have a very serious negative outcome: when the gain of at least EUR 10,561.9 is not

realised, they would face, on average, a loss of EUR 11,117.8. In the case of ESCO we observe

a possible overall gain of at least EUR 23,576.5 (Value at Risk - VaR). However if this overall

gain is not realised the ESCO could face an overall loss of EUR 24,817.4 (Conditional Value at

Risk - CVaR).

Table 6.5: Risk adjusted extra return for Social Housing Company and ESCO in the PPP contract - Slovenia

Social housing company ESCO

Year ESCO Social housing CVaR VaR variance CVaR VaR variance

2023–2027 65.00% 35.00% 11848.34 -11255.92 551.74 22909.88 -21764.38 814.50

2028–2032 65.00% 35.00% 11206.40 -10646.08 399.38 22396.28 -21276.46 710.68

2033–2037 65.00% 35.00% 10928.36 -10381.94 212.48 24545.36 -23318.10 614.14

2038–2042 65.00% 35.00% 10065.80 -9562.50 104.02 25414.24 -24143.54 599.48

2043–2047 65.00% 35.00% 10728.78 -10192.34 294.50 32207.30 -30596.94 577.74

Median 65.00% 35.00% 11117.80 -10561.90 387.23 24817.39 -23576.52 700.05

6.3 Denmark

The table below, shows the risk adjusted extra returns for the 25 years period for the energy

efficiency refurbishment in Borgumparken regardless of the PPP funding contract used. From

this table we observe that:

• for the financial institutions any PPP is a good investment (RP higher than 1)

• for the ESCO guaranteed savings and energy supply contracts are a very good investment

(RP higher than 2) while shared savings are an excellent investment (RP higher than 3)

• for the social housing company guaranteed savings, shared savings and energy supply

contracts are an excellent investment (RP higher than 3) while direct credit line in a very

good investment (RP higher than 2)

• for the tenants any PPP is an excellent investment (RP higher than 3)
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• for the private owners guaranteed savings, shared savings and energy supply contracts

are an excellent investment (RP higher than 3) while direct credit line in a very good

investment (RP higher than 2)

• for the civil society any PPP is an excellent investment (RP higher than 3). Note that civil

society RP is not affected by the choice of PPP.

• Overall, considering all the parties together, shared savings provide the best possible

scenario and it is therefore the recommended PPP contract for Denmark.

Table 6.6: Risk adjusted extra return for each partner involved in the PPP contract -Denmark

2025-2049 Social housing ESCO Civil Society

Guaranteed saving 2.825 2.665 3.686

Shared saving 2.223 2.044 3.686

DCL 1.981 3.686

ESC 2.109 1.817 3.686

CVaR and VaR analysis of best PPP contract When shared savings contract is considered,

the social housing company could realise an overall gain of EUR 44,625.8 or more. However, in

the other cases, the social housing company could have a very serious negative outcome: when

the gain of at least EUR 44,625.8 is not realised, they would face, on average, a loss of EUR

46,974.5. In the case of ESCO we observe a possible overall gain of at least EUR 111,091.8

(Value at Risk - VaR). However if this overall gain is not realised the ESCO could face an overall

loss of EUR 116,938.7 (Conditional Value at Risk - CVaR).

Table 6.7: Risk adjusted extra return for Social Housing Company and ESCO under Guaranteed savings contract -Denmark

Social housing company ESCO

Year ESCO Social housing CVaR VaR Variance CVaR VaR Variance

2023–2027 80.00% 20.00% 51703.66 -49118.51 4282.71 55784.11 -52994.93 7290.25

2028–2032 80.00% 20.00% 48223.05 -45812.02 3116.64 54008.08 -51307.69 6847.48

2033–2037 80.00% 20.00% 46758.47 -44420.51 1069.69 50013.35 -47512.68 6970.66

2038–2042 80.00% 20.00% 42366.32 -40248.08 587.75 52330.01 -49713.50 6967.15

2043–2047 80.00% 20.00% 45285.83 -43021.54 2299.19 88747.23 -84309.89 6156.43

Median 80.00% 20.00% 46974.51 -44625.80 2203.55 58469.37 -55545.91 6967.15

7 Conclusions

In this study we examined PPPs as financing instruments for deep energy-efficiency (EE) reno-

vations in social housing, with a particular emphasis on pilot projects from Italy, Slovenia, and

Denmark. By evaluating various PPP contract types, a detailed comparative financial analysis

using Monte Carlo simulations based on the GARCH-MIDAS model to forecast critical eco-

nomic indicators was provided. The empirical analysis demonstrates that properly structured

PPP agreements effectively address financial barriers, mobilize private capital, and substantially

reduce energy poverty. Among the evaluated PPP structures, shared savings and guaranteed

savings contracts typically yield the highest risk-adjusted returns across various stakeholders,

demonstrating superior financial performance and lower downside risk compared to alternatives

such as direct credit lines and energy supply contracts. These results confirm that PPPs, partic-

ularly those involving Energy Service Companies (ESCOs), can simultaneously deliver robust

financial returns, significant energy savings, and meaningful reductions in tenants’ energy costs.

The optimal PPP contract selection varies based on local economic contexts and specific project
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characteristics. In Italy, shared savings contracts proved most suitable for the Montasio project.

Similarly, shared savings contracts emerged as the preferred option in Slovenia due to their

favourable risk profiles and financial outcomes. While the guaranteed savings contract is the

most appropriate in Denmark Overall, this research underscores the critical role of PPPs in

bridging financing gaps, enhancing the viability of energy efficiency projects in social housing,

and supporting EU climate and social policy goals. It also highlights the importance of selecting

context-specific PPP arrangements to optimize economic and social returns. Future policy ef-

forts should thus focus on refining PPP models, providing targeted risk mitigation instruments,

and enhancing regulatory frameworks to facilitate broader and more efficient adoption of these

beneficial partnerships across the EU.
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Appendix-2

Table 7.1: Stakeholder Benefits and Costs under PPP: Direct Credit Line

Stakeholder Benefits Costs

Social Housing

Association

• Keeps 100% of the energy

savings (which are trans-

ferred to the tenants)

• Benefits from the increased

value of the building after

the energy efficiency inter-

vention

• Investment cost (partly

possibly covered by

government grants)

• Maintenance and operating

costs of running the energy

efficiency technologies

Private Owners

(where applicable)

• Keep 100% of the energy

savings

• Benefit from the increased

value of the owned apart-

ments after the intervention

• Investment cost (partly

possibly covered by

government grants)

• Share of maintenance and

operating costs

Tenants

• Keep all the energy savings

transferred from the Social

Housing Association

• Depends on the country:

in SUPER-i pilots, ranges

from 0 (Italy, Slovenia) to

2% of the refurbishment

cost (Denmark), refunded

upon move-out

National or Local

Government

• Lower CO2 emissions for

society

• Grants towards energy-

efficient refurbishment
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Table 7.2: Stakeholder Benefits and Costs under PPP: Shared Savings

Stakeholder Benefits Costs

Social Housing

Association

• If energy savings > guaranteed

savings, receives 35% of (en-

ergy savings – minimum guar-

anteed savings)

• If energy savings ≤ guaranteed

savings, receives no share

• Benefits from increased mar-

ket value of the building

• Payoff: 35% ×
max(energy savings −
guaranteed savings,0)

None

Private Owners

(where applicable)

• If energy savings > guaran-

teed savings, receive 35% of

the surplus

• If energy savings ≤ guaranteed

savings, receive no share

• Benefits from increased mar-

ket value of their units

• Payoff: X × (35% ×
max(energy savings −
guaranteed savings,0)),
where X is ownership share

None

Tenants

• Receive all of the 35% of (en-

ergy savings – guaranteed sav-

ings) as reduced energy bills

• Country-dependent: In

SUPER-i pilots, ranges from

0 (Italy, Slovenia) to 2% of

refurbishment cost (Denmark),

refunded at move-out

National or Local

Government

• Lower CO2 emissions for soci-

ety

• Grants toward energy-efficient

refurbishment

ESCO

• If energy savings > guaranteed

savings:

– Receives 35% of guaran-

teed savings

– Receives 65% of the en-

ergy savings

• If energy savings ≤ guaranteed

• Investment cost (partially

grant-funded)

• Maintenance and operational

costs
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Table 7.3: Stakeholder Benefits and Costs under PPP: Guaranteed Savings

Stakeholder Benefits Costs

Social Housing

Association

• If energy savings > guaranteed

savings, receives 80% of guar-

anteed savings + 20% of (en-

ergy savings − guaranteed sav-

ings), transferred to tenants

• If energy savings ≤ guaran-

teed savings, receives 100%

of guaranteed savings (covered

by ESCO)

• Benefits from increased build-

ing market value

• Payoff: guaranteed savings +
20% × max(energy savings −
guaranteed savings,0)

• Investment cost (partly pos-

sibly covered by government

grants)

Private Owners

(where applicable)

• Same as Social Housing: 80%

guaranteed savings + 20% sur-

plus

• Guaranteed savings fully cov-

ered even in underperformance

• Benefit from increased market

value of owned dwellings

• Payoff: X ×
(guaranteed savings +
20% × max(energy savings −
guaranteed savings,0))

• Investment cost (partially

grant-covered)

Tenants

• If energy savings > guaranteed

savings: receive 80% of guar-

anteed savings + 20% of sur-

plus

• If energy savings ≤ guaran-

teed savings: receive guaran-

teed savings

• Country-dependent: 0 (Italy,

Slovenia) to 2% of refur-

bishment cost (Denmark), re-

funded upon departure

National or Local

Government

• Lower CO2 emissions for soci-

ety

• Grants for energy-efficient re-

furbishment

ESCO

• If energy savings > guaranteed

savings: receives 80% of the

surplus

• Maintenance and operating

costs
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Table 7.4: Stakeholder Benefits and Costs under PPP: Energy Supply Contracts

Stakeholder Benefits Costs

Social Housing

Association

• Receives (1 − γ) share of en-

ergy savings, where 0.1 < 1−
γ < 0.5

• Transfers their share of savings

to tenants

• Gains from increased market

value of the building after EE

renovations

• (1 − γ) share of investment

cost (possibly grant-covered)

• (1 − γ) share of maintenance

and operational costs

Private Owners

(where applicable)

• Receive (1− γ) of energy sav-

ings (not transferred to tenants)

• Benefit from improved market

value of private units

• (1−γ) of investment cost (par-

tially covered by grants)

• (1−γ) of maintenance and op-

erational costs

Tenants

• Receive full (1− γ) of energy

savings as reduced energy bills

• Cost varies by country: 0

(Italy, Slovenia) to 2% of re-

furbishment cost (Denmark),

fully refunded upon departure

National or Local

Government

• Lower CO2 emissions for soci-

ety

• Public grants to support

energy-efficient refurbishment

ESCO

• Retains a γ share of energy

savings (typically 0.5 < γ <
0.9)

• γ portion of investment cost

(partially grant-covered)

• γ share of maintenance and op-

erating costs
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