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Abstract 

In a world where sustainability is on everyone's radar, the financial market is in-

creasingly offering products that integrate ESG criteria. Europe is the epicentre 

of European sustainable funds, accounting for 83% of all funds worldwide. It is 

becoming increasingly imperative for investors to recognise which investment 

funds are aligned with these criteria, as well as to select the one(s) that strike the 

right balance between risk and return, considering ESG features. The first task is 

covered by the rating agencies and, since 2018, the regulations imposed by the 

European government to classify sustainable funds. The second task, of building 

a portfolio that optimizes risk and return, is carried out by this thesis using a rig-

orous quantitative method. In this way, by means of the mean-variance optimiza-

tion, an optimal sustainable portfolio is obtained that is aligned with both ethical 

and financial goals. This portfolio, combined with the risk-free asset, allows the 

creation of numerous allocation proportions aligned with the investor's profile. 

The findings demonstrate that the optimal composition can achieve a high return, 

while maintaining the risk below the average risk of all European sustainable 

funds of the sample. The presence of highly positive correlations, especially aris-

ing from large-growth and large-blend equity allocation strategies, demonstrating 

that investing in sustainability implies investing in the long-term, are sufficient to 

create an optimal mix, but not to reduce risk by a large proportion. However, the 

portfolio offers diversification that spreads risk across sectors and countries, re-

ducing the impact of underperformance in any single fund. This portfolio provides 

the best risk-adjusted return of any portfolio consisting of the sample's European 

sustainable funds. Any type of investor can invest in it in different proportions, 

when combined with a risk-free asset, to obtain a volatility and return in accord-

ance with the risk aversion. Apart from that, fund managers should seek further 

alternatives to gain differentiation in equity allocation strategies, while European 

policymakers must ensure that the regulations in the sustainable field do not re-

strict the diversification of European sustainable funds. 
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1 �☛✄✟☎✁✁✂✄✁☎☛ 

This thesis focuses on the combination of practice, theory and sustainability in 

the framework of European funds aligned with this criterion, in order to link their 

impact and presence in the capital market with the benefit of their returns, to seek 

for an optimal portfolio. This first chapter serves as a gateway to understand the 

intricacies of the research, beginning with a precise delineation of the research 

problem, followed by the determination of the research question and objectives 

✑✒ ✌✓✞ ✎✌✆✕✍✄ ✄✌ ✌✓✞ ✞✔✕ ✌✓✞ ✎✌✆✕✍✖✎ ✎✄☎✔✄✒✄✦✗✔✦✞ ✗✔✕ ✝✞✏✞✜✗✔✦✞ ✄✔ ✌✓✞ ✦✑✔✌✞✩✌ ✑✒

contemporary financial paradigms is pointed out. In order to understand the the-

oretical context of the topic, the second chapter is presented, which concentrates 

on mean-variance optimization, sustainability and investment funds. This is fol-

lowed by the methodology chapter as well as the outline of the characteristics of 

the fund's sample. Finally, the optimal portfolio obtained is interpreted, as well as 

the impact of its diversification particularly and globally. 

 

1.1 Definition of the research problem 

The growing awareness of the importance of sustainability and social responsi-

bility has led to a significant increase in demand for ethical and sustainable in-

vestments. The number of funds dedicated to sustainable investment has also 

grown and gained more prominence over the last few years. Each fund has its 

own characteristics in terms of diversification, asset allocation, investment objec-

tive, professional management and class. Normally only one fund is chosen that 

meets the characteristics of the person who wants to invest. But this thesis ar-

gues, why choose only one of them, if funds that pursue sustainable objectives 

can lead to a better risk-return if they are combined in an efficient way. Therefore, 

the selection and combination of these funds is carried out with the objective of 

maximizing the expected return of the portfolio, while controlling volatility, using 

as a basis the particular characteristics of each one of them. Through the mean-

variance optimization (MVO) method it is possible to assemble diversified portfo-

lios based on the returns and correlations of the assets. Beyond the quantitative 

part, the portfolio of this thesis highlights the benefits and downsides of current 

diversification in the context of sustainable investment in Europe, to provide visi-

bility on what people need to face nowadays when willing to invest in sustainable 
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funds. 

 

As Europe is the epicentre of sustainable funds, where most of them are availa-

ble, this thesis focuses on this particular location. Here, a large number of sus-

tainable investment funds have emerged as key players in promoting ESG prac-

tices while seeking attractive financial returns. When diving into this area, it is 

important to take into account the new regulations being proposed by the Euro-

pean Union (EU) in terms of transparency and uniformity of information. There-

fore, this research sheds light on the performance of the different investment 

funds considered, mostly quantitatively, but also qualitatively. Emphasis is placed 

on the risk-adjusted return, volatility and performance of the sustainable funds 

and the optimal portfolio, while also interpreting them in terms of the context to 

which they are exposed. In other words, the portfolio will not be interpreted in 

isolation according to its own characteristics, but the sample of funds also plays 

an important role. By considering all these aspects, the representative sample 

together with the portfolio can be interpreted from a broader perspective in the 

sustainable context. 

 

The return and risk-adjusted performance of the fund's optimal portfolio provides 

a basis for investors who want to invest in sustainability to know that the return 

and risk provided by this thesis is the optimal that an investor should assume 

regardless of their risk aversity. Furthermore, it is essential for investors who do 

not have advanced portfolio construction tools to not only know the methodology 

provided by this thesis, but also to access effectively diversified investment op-

portunities. Through the historical returns, risk and correlations of the funds, it 

was possible to determine this portfolio and analyse it against the EU framework 

of sustainable norms and strategies. 

 

Throughout this thesis, the methodology used for the construction of the portfolio, 

as well as the detailed analysis of the individual characteristics of each fund and 

their interactions, will be discussed. ✄✏✤✗✍✎ ✧✞✞✙✄✔☎ ✄✔ ✘✄✔✕ ✌✓✗✌ �✁✂✖✎ ✘✞✌✓✑✕✄

ology brings into play the idea of why choosing only one investment funds, if a 

portfolio that leads to a better risk-return objective can be built. In addition, pos-

sible areas for improvement and future development in this evolving field will be 
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examined. 

 

1.2 Research question 

In order to focus the development of the analysis on the main idea, a research 

question has been established and remained present at all times to keep the 

analysis focused and with a purpose: 

 

�What is the optimal investment portfolio of European sustaina-

ble investment funds suitable for any risk tolerance?✁ 

 

In essence, this research seeks to find the equilibrium between risk and return 

within the context of sustainable investment. 

 

1.3 Objectives 

A general objective has been set which determines the final scope of the project. 

In addition, specific objectives are detailed, which focus on particular goals to 

achieve the general objective. 

 

1.3.1 General 

Determine and analyse the optimal investment portfolio given by the mean-vari-

ance optimization method, providing the best mix of assets that leads to the best 

and least volatile returns over time and can be used by any risk type of investor. 

 

1.3.2 Specifics 

✂ Explore and define the European sustainable investment funds with which 

the analysis will be carried out.  

✂ Determine the number of years that make the study representative and 

meaningful, in order to search for the monthly returns of the funds.  

✂ Carry out the mean-variance optimization model, taking into account his-

torical returns and risk of each investment fund.  

✂ Obtain the optimal combination of European sustainable investment funds. 
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1.4 Significance and relevance of the study 

Using the result of this thesis investors can make investment decisions with more 

tools up their hand. They can either select the best proportion between risk-free 

rate and optimal portfolio based on their investor profile or build their own portfolio 

taking into account the results. Not only the use of the MVO method is clarified, 

but also the construction of new portfolios in a changing and continuously growing 

environment such as sustainability is evaluated. The individual investor can use 

this technique for the construction of his own portfolio at his own convenience or 

use the risk and return obtained in this thesis as a basis for creating other portfo-

lios that obtain a better return at a lower risk. It has the advantage that it is an 

easy and accessible method for any individual. 

 

Sustainable funds, in particular, allow access to investment opportunities that 

would otherwise be more difficult to access for those who are not financially ex-

perienced. This investment instrument mainly seeks to diversify risk through the 

different assets in which it invests, with the aim of achieving a desired return at a 

lower risk. All of this is aligned with ethical values. A portfolio constructed with 

these funds further diversifies risk if the allocation is done efficiently. This is ena-

bled by mean-variance analysis, which provides investors with a structured ap-

proach to build optimal portfolios. Combined with sustainable objectives, it not 

only delivers financial returns but also supports sustainability. Those wishing to 

invest in sustainable European funds can opt for the portfolio, which helps to re-

duce risk based on expected returns. 

 

By analysing the characteristics of the funds and the portfolio obtained together 

with those of the European sustainable market from a holistic point of view, the 

findings are also valuable for fund managers and policymakers. The main rea-

son is that the first ones have the responsibility to create diversified funds that 

seek the best returns for an acceptable risk in the sustainable segment. And the 

second, impose the rules within a sustainable regulatory framework. It is im-

portant that both are aligned for a correct management of sustainable policies 

and adequate diversification. Therefore, not only the characteristics of the portfo-

lio obtained are useful for them, but also the interpretation of the portfolio based 
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on the current context of sustainable investment. This thesis also provides inter-

esting data for financial advisors, who will be able to offer the portfolio, or even 

build new portfolios for different types of risk averse investors based on the opti-

mal risk and return resulted from this thesis. 

 

O✜✞✝✗✏✏� ✌✓✄✎ ✌✓✞✎✄✎ ✦✑✔✌✝✄★✆✌✞✎ ✔✑✌ ✑✔✏✍ ✌✑ ✄✔✜✞✎✌✑✝✖✎ ✞✕✆✦✗✌✄✑✔ ✗✔✕ ✗✤✗✝✞✔✞✎✎�

but also to fund managers, financial advisors and policymakers that are involved 

in the construction of portfolios or release or adaptation of regulations in the sus-

tainable development.   
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2 �✁✠☎✟✠✄✁✂✝� ✆✟✝✂✠✄☎✟☎ 

To begin this chapter, it is essential to highlight the importance of Modern Portfo-

lio Theory. The way to proceed to find the optimal portfolio for any type of investor 

risk according to the authors of the mean-variance optimization methodology will 

be developed. The importance of the correlation of the assets in finding the port-

folio will be described. However, as the final investment decision depends on the 

investor's profile, the different types are mentioned so the selection is properly 

made. The second section begins by describing the concept of sustainability, dis-

cussing the plausibility of the application of ESG ratings, as a result of which the 

European standards for the classification of sustainable financial products were 

introduced. The Morningstar Sustainability Rating, which is useful for selecting 

funds according to their level of sustainability, is also presented. Finally, the de-

velopment and characteristics of European sustainable funds and what to con-

sider when selecting them as an investment instrument are discussed in more 

detail. 

 

2.1 Mean-variance optimization: seeking the optimal portfolio 

2.1.1 Modern Portfolio Theory 

In 1952, Harry Markowitz introduced his theory about the efficient frontier of opti-

mal portfolios. A few years later, in 1958, James Tobin added the risk-free rate. 

The two are known as the pioneers of the Modern Portfolio Theory (MPT), which 

performs a mean-variance analysis for portfolio selection. 

 

Markowitz (1952) studied the effects of asset risk, correlation and diversification 

on expected investment portfolio returns (POMS, 2009), basing the model on the 

fact that investors seek maximum returns at a low level of risk. As exhibited in 

�✂✓✞ ✆✑✆✝✔✗✏ ✑✒ ✂✄✔✗✔✦✞✁� ✌✓✞ ✄✔✜✞✎✌✑✝ ✕✑✞✎ ✝✑✝ ✎hould) consider expected return 

a desirable thing and variance of return an undesirable thing (p. 77). Through 

MVO, he proposes to reduce the risk of a portfolio by benefiting from diversifica-

tion, arguing that it is not sufficient to look at the expected return and risk of par-

ticular assets. The return in MVO represents the expected return, since it is a 

measure of the average expected profit. The variance represents the volatility 

and it is a measure of how much the actual return of the portfolio are expected to 
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deviate from the expected return. The expected return of a portfolio is calculated 

as follows: 

✞✒�☛✁ ✌ ✂✄☎✞✒�☎✁
✆

☎✝✟
 (1) 

where ✠ is the number of assets and ✄☎ the weight of asset ✡, meaning that the 

weight of all assets must be equal to 1. 

 

The level of risk is measured using standard deviation (☞), which is calculated as 

the square root of the variance (☞✍): 

☞☛✍ ✌ ✂✂✄☎

✆

✎✝✟
✄✎

✆

☎✝✟
☞☎✎  (2) 

The no✌✄✑✔ ✑✒ �✔✑✌ ✙✆✌✌✄✔☎ ✗✏✏ ✌✓✞ ✞☎☎✎ ✄✔ ✑✔✞ ★✗✎✧✞✌✁ ✓✗✕ ★✞✞✔ ✗✝✑✆✔✕ ★✞✒✑✝✞, but 

�✥✂ ☞✆✗✔✌✄✒✄✞✕ ✌✓✞ ✦✑✔✦✞✙✌ ✑✒ ✕✄✜✞✝✎✄✒✄✦✗✌✄✑✔� ✑✝ �✆✔✕✄✜✞✝✎✄✒✄✦✗✌✄✑✔✁� ★✍ ✄✔✌✝✑✕✆✦✄✔☎

the statistical notion of a covariance (☞☎✎), or correlation (Fabozzi, Gupta, & Mar-

kowitz, 2002). It is not efficient to diversify by choosing assets at random, but by 

choosing those that are uncorrelated. In this way, the risk to which the investor is 

exposed can be significantly reduced. The importance of asset correlation is clar-

ified in the next section. 

 

Given estimates of the returns, volatilities, and correlations of a set of investments 

and constraints on investment choices (for example, maximum exposures and 

turnover constraints), it is possible to perform an optimization that results in the 

risk/return or mean-variance efficient frontier (Fabozzi et al., 2002). That is the 

first step of the investment process (Figure 1) of MVO, through which it is possible 

to arrive to a set of ✄☎ and ☞☎✎.  
 

Figure 1: The MPT investment process 

 

Source: (Fabozzi, Gupta, & Markowitz, 2002) 
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The efficient frontier contains a series of portfolios that minimize the variance 

for a given level of return, or provide the maximum return for a given risk. It is 

illustrated in Figure 2. The whole curve determined by all risk-return opportunities 

available is called minimum-variance frontier of risky assets, because it con-

tains all portfolios with the lowest possible variance. The minimum-variance 

portfolio (MVP) is composed by the combination of assets that have the lowest 

variance. The entire curve that lies from the MVP downwards is considered inef-

ficient, due to the fact that there are other portfolios with higher return for the 

same level of risk. In other words, the MVP is the starting point of the efficient 

frontier. 

 

The individual assets are dispersed to the right inside the frontier, which means 

that combining them yields a higher return than choosing them separately. This 

explains the diversification effects. 

 

 

Figure 2: Minimum-Variance and Efficient frontier 

 

Source: own illustration based on Bodie (2012) 

 

Markowitz thus indicates that investors, based on their risk aversion, can choose 

any portfolio that lies on the efficient frontier, which would be named optimal 

portfolio. In addition, all portfolios that lie on the efficient frontier make up effi-

cient portfolios.  
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✂✑★✄✔ ✝✟�✠✁✂ ✞✩✌✞✔✕✞✕ �✗✝✧✑✤✄✌☎✖✎ �✥✂ ★✍ ✄✔✌✝✑✕✆✦✄✔☎ ✌✓✞ ✦✑✔✦✞✙✌ ✑✒ ✝✄✎✧-free 

rate. Thanks to his Separation Theorem, he was able to create a model that iden-

tifies a single optimal portfolio on the efficient frontier, which can be used by any 

type of investor regardless of their level of risk. A risk-free asset means that it has 

no variance. In practice, government bonds issued by a stable and creditworthy 

country are typically used as risk-free rate. The reasoning behind using these 

bonds as a risk-free rate is that they are considered to have minimal credit risk 

and their yield is used as a benchmark for the minimum return an investor should 

expect without taking on additional risk. 

 

When introducing the risk-free asset, the investor must end up deciding his allo-

cation between the asset with 0 variance and the optimal portfolio. Figure 3 illus-

trates the combination of risk-free rate and optimal portfolio. 

 

Figure 3: Risk-free asset and Optimal Portfolio 

 

Source: own illustration based on Bodie (2012) 

 

As a consequence, the efficient frontier now becomes a straight line, called the 

capital allocation line (CAL), which contains all possible combinations of risk-

free asset and risky assets. This line is more efficient than the efficient frontier 

itself because for each risk level there is a combination of risk-free asset and risky 

assets that has a higher return, with the exception of the optimal portfolio. The 

optimal portfolio, also called tangency portfolio, is the combination of risky as-

sets that has a perfect balance between return and risk and does not include risk-
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free assets. All portfolios between the risk-free rate and the tangency portfolio 

contain proportions of risk-free assets and the risky portfolio, while portfolios 

above the risky portfolio include leverage. In a nutshell, the optimal portfolio is the 

one that can be used by any investor, regardless of the risk aversion. The in-

vestor's level of risk aversion comes into play when selecting what percentage to 

invest in the risk-free asset and what percentage to invest in the optimal portfolio.  

Therefore, according to the Separation property, the choice of the portfolio should 

be made in two independent successive steps (Bodie, 2012): 

- Determination of the optimal risky portfolio is purely technical 

- Allocation of the complete portfolio to risk-free rate versus the risky portfo-

lio depends on personal preference. 

 

The slope of the CAL is named Sharpe ratio, also called by its author reward-to-

variability ratio. According to Sharpe (1966), the author, selecting a portfolio with 

the highest ratio uniformly produce better opportunity sets than picking any with 

lower ratios. This ratio is a widely used method for measuring risk-adjusted re-

turns. A higher Sharpe Ratio indicates a better risk-adjusted return, as it implies 

that the investment or portfolio is delivering more return for the same level of risk 

or the same return for lower risk. The higher the Sharpe Ratio, the better the risk 

management and therefore the fund's performance compensates for the risk 

taken. The underlying objective is to find the portfolio on the efficient frontier that 

has the maximum Sharpe ratio (or maximum slope) and the formula is as follows: 

✞☛ ✌
✞✌�☛� ✁ �☛

☞☛
 (3) 

When having two alternatives, in particular, the whole portfolio and risk-free as-

sets, then the investor should look at the ratio of the expected difference between 

the two returns divided by the standard deviation of the difference between the 

returns (Sharpe, 2004). The upper term of the Sharpe ratio formula is called the 

risk premium, which is the excess return obtained by investing in assets that are 

riskier than the risk-free one. When implementing the MVO, a quantitative ap-

proach, the optimal portfolio of assets that balances risk and return wants to be 

found. In this way, the mean in the mean-variance framework is considered as 

the compensation for risk, which can be interpreted as the risk premium. And the 

variance, as mentioned, is measured as the standard deviation of the returns.  
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2.1.2 Correlation analysis and its relevance for asset allocation 

Correlation analysis is a fundamental input in MPT and the mean-variance frame-

work. As indicated, MVO helps investors create efficient portfolios and seek an 

optimal one. The correlation between securities directly impacts portfolio optimi-

zation and the allocation of assets by generating diversification and, thus, reduce 

risk. It is measured as a coefficient (✞✁, which value can range from -1 to 1. The 

greatest diversification benefit and, therefore, the greatest possible risk reduction, 

is generated when the securities are perfectly negatively correlated, i.e. when ✞ ✌

✁✄ (Titman, Keown, & Martin, 2018). If ✞ ✌ ✄, the securities are perfectly posi-

tively correlated and risk reduction is not possible. Hence, the diversification of a 

portfolio depends on the extent to which assets are related to each other. 

 

Highly correlated securities would increase the variance of the portfolio making 

the portfolio allocation less optimal. However, holding a single asset is not optimal 

if by adding a security, the portfolio risk decreases whilst maintaining its return, 

or the portfolio return increases by maintaining its risk (Cantillo, 2013). In other 

words, it is convenient to invest in many different securities and types of assets 

to avoid a highly dependence on any single investment.  

 

A risk-free asset has a largely stable value, which means its price is unlikely to 

move significantly up or down at any point. Therefore, its correlation to any other 

assets would be zero (Phipps, 2022). 

 

The correlation coefficient is applied to derive the covariance of the assets: 

☞☎✎ ✌ ✞☎✎☞☎☞✎ (4) 

where ✞☎✎ is the correlation between the return of the assets. The covariance is 

presented as a positive or negative term. If both securities are positively corre-

lated, the covariance is positive, and vice versa if it is negative. Therefore, as 

stated by Bodie et al. (2012): ��✁✂ variance is reduced if the covariance term is 

negative. Even if the covariance term is positive, the portfolio standard deviation 

still is less than the weighted average of the individual security standard devia-

tions, unless the two securities are perfectly positively correlated✁ ✝✙. 200).  
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2.1.2.1 When diversification is not enough 

According to Perold (2004), Markowitz had the insight that, because of broad 

economic influences, risk across assets were correlated to a degree. Based on 

the fact that investors could eliminate some but not all risk by holding a diversified 

portfolio, Markowitz (1952) stated �diversification cannot eliminate all variance✁ 

(p. 79). Even though diversifying investments across different assets or securities 

can spread risk and reduce overall portfolio volatility, it cannot completely elimi-

nate all forms of risk or uncertainty. The risk that remains even after extensive 

diversification is called market risk, risk that is attributable to market wide risk 

sources. Such risk is also called systematic risk, or non-diversifiable risk. In 

contrast, the risk that can be eliminated by diversification is called unique risk, 

firm-specific risk, non-systematic risk, or diversifiable risk (Bodie et al., 2012). 

The following table 1 summarises the differences between the two types of risk. 

 

Table 1: Systematic and Non-systematic Risks 

 

Source: own illustration based on Upwork (2022) 
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2.1.2.2 Computing portfolio variance from the covariance matrix 

When many assets are taken into account in portfolio construction, the bordered 

covariance matrix is used to calculate the variance of each portfolio. It is also 

known as variance-covariance matrix. Its particularity is that it includes the 

weights of each asset in the calculation, thus the result is the variance of the 

portfolio. 

Table 2: Bordered covariance matrix 

Portfolio 

weights ✟✡ ✟� ✁ ✁ ✟✂ 

✟✡ ✞✄☎✒✆☛✝ ✆☛✠ ✞✄☎✒✆☛✝ ✆☞✠ ✌ ✌ ✞✄☎✒✆☛✝ ✆✍✠ 

✟� ✞✄☎✒✆☞✝ ✆☛✠ ✞✄☎✒✆☞✝ ✆☞✠ ✌ ✌ ✞✄☎✒✆☞✝ ✆✍✠ 

✁ ✌ ✌ ✌ ✌ ✌ 

✁ ✌ ✌ ✌ ✌ ✌ 

✟✂ ✞✄☎✒✆✍✝ ✆☛✠ ✞✄☎✒✆✍✝ ✆☞✠ ✌ ✌ ✞✄☎✒✆✍✝ ✆✍✠ 

Portfolio 

variance  

✎☛✎☛✞✄☎✒✆☛✝ ✆☛✠ ✏ ✎☞✎☛✞✄☎✒✆☞✝ ✆☛✠ ✏✑✏✑✏✎✍✎☛✞✄☎✒✆✍✝ ✆☛✠ ✏ 

✏✎☛✎☞✞✄☎✒✆☛✝ ✆☞✠ ✏ ✎☞✎☞✞✄☎✒✆☞✝ ✆☞✠ ✏ ✑✏✑✏✎✍✎☞✞✄☎✒✆✍✝ ✆☞✠ ✏ 

✏✑✏✑✏✎☛✎✍✞✄☎✒✆☛✝ ✆✍✠ ✏ ✎☞✎✍✞✄☎✒✆☞✝ ✆✍✠ ✏✑✏✑✏✎✍✎✍✞✄☎✒✆✍✝ ✆✍✠ 
 

Source: own illustration 

As shown in table 2, the portfolio's variance is determined by a combination of 

weighted covariances, where each weight corresponds to the product of the port-

folio proportions for a specific asset pair involved in the covariance calculation. 

Each covariance is multiplied by the corresponding weights from the row and the 

column in the borders. As mentioned previously, the variance of a portfolio is 

reduced if the covariance is negative. Even if the covariance is positive, if the 

securities are not perfectly positively correlated, the portfolio standard deviation 

will still be less than the weighted average of the individual security standard de-

viations (Bodie et al., 2012). 

 

2.1.3 Investment decision based on investor risks 

For Markowitz, the investor should choose an optimal portfolio that lies on the 

efficient frontier according to his level of risk (the optimal portfolio is determined 

by the level of risk). With the introduction of the risk-free rate into the theory, the 

investment portfolio would now be made up of the optimal portfolio and the risk-
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free asset to the extent of his level of risk aversion. Therefore, a more risk-averse 

investor would allocate more capital to the risk-free asset and less to the optimal 

risky portfolio. In contrast, a risk-bearing investor would be willing to invest most 

of his capital in the optimal portfolio. He could even invest all of it in the optimal 

portfolio. 

 

The investor's level of risk aversion depends on many factors, including his or her 

financial and family situation, educational level, age, character or emotional state.  

Figure 4 shows the level of risk tolerance according to each investor's circum-

stances. 

 

Figure 4: Risk tolerance levels 
 

 
Source: own illustration based on Durango, G. M. and Delgado, V. L. (2017). 

 

In the 1980s and 1990s, as the financial industry evolved and diversified, various 

financial institutions and advisors started utilizing structured questionnaires and 

assessments to categorize investors based on their risk tolerance, investment 

objectives and financial circumstances. ✛✔✕✞✞✕� �✗✦✦✑✝✕✄✔☎ ✌✑ �✝✑✘✎ ✗✔✕ ✁✌✝✗✆✎✎

(2003), the first financial risk tolerance questionnaire was published in 1984✁ 

(Roszkowski, Davey, & Grable, 2005, p. 66). These assessments aimed to pro-

vide a systematic way of understanding an investor's risk profile and preferences. 

Nowadays, investor profile tests are a standard practice in the financial industry 

to help tailor investment recommendations and advice to individual investors 

based on their unique circumstances and preferences. In Appendix 1 an inves-

✌✑✝✖✎ ✙✝✑✒✄✏✞ ✌✞✎✌ ✘✑✕✞✏ ✄✎ ✄✏✏✆✎✌✝✗✌✞✕✄ The result of these tests give rise to different 

investor profiles, as shown in figure 5.  
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Figure 5: Investor profiles 
 

 

Source: Cooperators (2023). 

 

In essence, there are six types of investor profiles that are ranked according to 

the level of risk. The more aggressive the profile, the more the investor would 

invest in risky assets (equity), and the more conservative the profile, the more the 

investor would invest in fixed income. Equity primarily encompasses ownership 

in stocks, whereas fixed income comprises bonds, money-market funds, or cer-

tificates of deposit. Investing in equity carries a higher level of risk, marked by 

increased volatility compared to fixed-income investments. Fixed-income invest-

ments are susceptible to interest rate risk, causing their value to decrease as 

interest rates rise. 

 

Depending on the age of the investor, young investors can also be described as 

more aggressive, while those close to retirement will seek to maintain their capital 

and will therefore be more conservative. Moreover, as Bogle ✝✢✣✟✣✂ ✎✌✗✌✞✕� �✌✑

invest with success, you must be a long-✌✞✝✘ ✄✔✜✞✎✌✑✝✁✄ ✛✔ ✗✕✕✄✌✄✑✔� ✓✞ ✄✕✞✔✌✄✒✄✞✕

that �practices of professional and individual investors demonstrate that short-

term investment strategies are inherently dangerous✁. In the long term a person 

is predisposed to accept market volatilities for higher returns and is able to control 

risk, cost and time. Which in the short term are troublesome to foresee. 
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In summary, more conservative profiles will invest most of their capital in less 

volatile and thus less risky assets such as fixed-income investments. In contrast, 

aggressive profiles will invest more capital in stocks, which are much more vola-

tile but at the same time have higher expected returns. 

 

2.2 Sustainability in the capital market 

Sustainability within the capital market has evolved over several decades in re-

sponse to increasing awareness of ESG issues. The Organization for Economic 

Cooperation and Development (OECD) (2020) states that the demand for ESG 

products reflect desire for long-term value. Indicating that investing in sustaina-

bility implies a future-oriented perspective. The same guarantees the United Na-

✌✄✑✔✎ ✝�✁✂ ✝✢✣✢✪✂✡ �✤✞ ★✞✏✄✞✜✞ ✌✓✗✌ ✗✔ ✞✦✑✔✑✘✄✦✗✏✏✍ ✞✒✒✄✦✄✞✔✌� sustainable global 

financial system is a necessity for long-✌✞✝✘ ✜✗✏✆✞ ✦✝✞✗✌✄✑✔✁✄ An article published 

★✍ ✂✆✘✞✔✌✞� ✛✄ ✗✔✕ ✄✄✎✌✝✑✜✗� ✆✄ ✝✢✣✢✟✂ ✎✆✙✙✑✝✌✎ ✌✓✄✎ ✦✑✔✦✞✙✌✡ �☎ompanies with 

higher sustainability awareness ensure shareholder value creation via improved 

financial performance, management quality as well as reduced risk metrics✁ (p. 

1).  

 

This section provides an insight of the ESG factors to consider while investing 

✎✆✎✌✗✄✔✗★✏✍� ✗✎ ✤✞✏✏ ✗✎ ✗✔ ✑✜✞✝✜✄✞✤ ✑✒ ✌✓✞ ☛✆✝✑✙✞✗✔✖✎ ✎✆✎✌✗✄✔✗★✄✏✄✌✍ ✒✝✗✘✞✤✑✝✧

development. Moreover, the methodology used by Morningstar to rank funds ac-

cording to their level of sustainability will be introduced. This rating is used as a 

filter to select the funds to be considered for the optimal portfolio. The reason for 

using this rating will be explained in the methodology chapter. 

 

2.2.1 Sustainability development and European standards 

ESG stands for Environmental, Social and Governance and companies that apply 

these criteria to develop their activities are better positioned in the market and 

generate more interest among investors, as their goals and objectives are con-

sidered to be sustainable in the long-term. There are different factors to consider 

in ESG investing. Figure 6 reveals them. 
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Figure 6: Key ESG Factors 

 

Source: own illustration based on CFA Institute. 

 

Sustainable investing implies considering these company's practices alongside 

traditional financial metrics when making investment decisions. Investors and 

other financial market participants (FMP) evaluate how a company manages its 

impact on the environment, treats its employees, interacts with communities and 

governs itself. Research has shown that there is a positive relationship between 

sustainability and performance. Therefore, sustainable investment became more 

attractive for investors and FMP, as there is a growing interest in aligning invest-

ment objectives with ESG factors. As a result of this growing interest, it became 

necessary to assess which investments can be called sustainable and many rat-

ing agencies and data providers started to develop their own ESG rating meth-

odologies. However, the reality is that the different methodologies they carry out 

lead to very different ratings for the same company or investment fund. A study 

by the CFA Institute (2021) and mentioned in a Harvard article (2022), compares 

the different correlations between the ESG ratings of the most important rating 

agencies. Table 3 shows these correlations. This comparison shows obvious dis-

connects among the ESG ratings themselves (Prall, 2021). The highest correla-

tions are between S&P and Sustainalytics (65%); and S&P and Bloomberg 

(74%). Nevertheless, these are still very low correlations for the same assess-

ment. 
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Table 3: Correlations across ESG ratings providers 

 

Source: CFA Institute (2021) 

 

While ESG has become central to the capital allocation process for investors and 

✦✑✝✙✑✝✗✌✄✑✔✎ ✗✏✄✧✞� ✌✓✞ ✕✄✎✙✗✝✄✌✄✞✎ ★✞✌✤✞✞✔ ✌✑✕✗✍✖✎ ☛✁� ✝✗✌✄✔☎✎ ✏✄✘✄✌ their useful-

✔✞✎✎ ✄✔ ✞✩✌✝✗✦✌✄✔☎ ✘✞✗✔✄✔☎✒✆✏ ✄✔✎✄☎✓✌✎ ✗★✑✆✌ ✗ ✦✑✘✙✗✔✍✖✎ ✒✄✔✗✔✦✄✗✏ ✝✞✎✄✏✄✞✔✦✍ ✗✔✕

long-term value (Prall, 2021). These ratings, being based on different criteria, 

generate the need for a framework or regulation to judge ESG implementation in 

the capital market. 

 

The UN is leading the way on sustainable initiatives in the international frame-

work. It has established a not-for-profit company named Principles for Responsi-

ble Investment (PRI). The PRI works to achieve a sustainable global financial 

system by encouraging adoption of the Principles and collaboration on their im-

plementation; by fostering good governance, integrity and accountability; and by 

addressing obstacles to a sustainable financial system that lie within market prac-

tices, structures and regulation (United Nations Global Compact, 2023). The six 

principles are shown in figure 7.  

 

Figure 7: Principles for Responsible Investment (PRI) 

 

Source: Dcarbon (2020) 



Optimal portfolio of European sustainable funds based on mean-variance optimization model 

Rutenberg, Agustina Paula Page 19 

As a global standard, each country or union of countries should take these prin-

ciples into account when creating their own regulations. This gave rise to initia-

tives in Europe. In March 2018, the EU implemented the Action Plan on Sustain-

able Finance (APSF) that aims to promote sustainable investment. In order to 

implement the APSF, it was essential to base it on a regulation called EU Taxon-

omy. The EU Taxonomy Regulation, which was published in 2020 and became 

applicable in January 2022, establishes an EU-wide classification system or 

framework intended to provide businesses and investors with common language 

to identify the extent to which economic activities can be considered sustainable 

(Davison, McNally, & North, 2023). It is closely linked to the Sustainable Finance 

Disclosure Regulation (SFDR), which sets out transparency requirements for in-

vestors and financial advisers (United Nations Global Compact, 2022). The SFDR 

released a regulation with certain standards to maintain an equal framework while 

assessing under ESG criteria: Regulatory Technical Standards (RTS). As of 1 

January 2023, the so-called RTS started to apply, whereby FMPs shall publish, 

and maintain on their websites, sustainability information under these standards. 

It is important to highlight that at the time of writing this thesis, this information is 

extremely recent. 

 

In the context of the SFDR, European products should be classified as under the 

following key concepts: 

� ARTICLE 6: products which do not have a sustainable investment objec-

tive or do not promote environmental and/or social characteristics. 

� ARTICLE 8: products that promote, among other characteristics, environ-

mental and/or social characteristics, provided that the companies in which 

the investments are made follow good governance practices. 

� ARTICLE 9: products that have a clearly defined sustainable investment 

objective. 

 

There are many funds that include the term ESG or similar in their name to imply 

that they are sustainable. However, until November 2022, there were no stand-

ards in place to define what requirements a fund must meet to have sustainability-

related words in its name. Therefore, to address any misuse of such terminology 

in fund names and prevent greenwashing, the ESMA (European Securities and 
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Markets Authority) published guidelines, in which mainly the following criteria 

must be met (Davison et al., 2023): 

i. For any fund names that include any ESG-related words, a minimum pro-

portion of 80% of the investments should be used to promote the E/S char-

acteristics or sustainable investment objectives. 

ii. ✂✑✝ ✗✔✍ ✒✆✔✕ ✔✗✘✞✎ ✌✓✗✌ ✄✔✦✏✆✕✞ ✌✓✞ ✤✑✝✕ ✝✎✆✎✌✗✄✔✗★✏✞✖ ✝✑✝ ✕✞✝✄✜✗✌✄✜✞✎

thereof), within the 80% mentioned in point one above, FMPs should allo-

cate a minimum of 50% of these investments to sustainable investments. 

 

These regulations provide a framework that facilitates the classification of prod-

ucts according to the same criteria, beyond the rating agencies' methodologies. 

This will help harmonize regional standards and enhance market transparency. 

Funds that respond quickly and proactively to regulatory changes around sus-

tainability performance and disclosure will also have a competitive advantage 

over other players in the market. Thus, regulation also provides a financial incen-

tive for the fund market to embrace sustainability (United Nations, 2021). 

What is certain is that the more sustainability filters are applied to the assets in 

which one wishes to invest, the more sustainable they will be. This thesis will filter 

the funds that pursue sustainable objectives according to the Morningstar Sus-

tainability Rating (Sustainalytics), for which it is essential to understand before-

hand. 

 

2.2.2 Morningstar Sustainability Rating 

The Morningstar Sustainability Rating is designed to support investors in evalu-

ating the relative environmental, social, and governance risks within portfolios 

(Morningstar, 2021). This Rating has been published since 2016 and has evolved 

to the present day, where it measures the level of ESG risks in a fund compared 

to similar funds. The data used comes from Sustainalytics, a company acquired 

by Morningstar in 2020. At least 67% of the portfolio's assets must be qualified to 

be rated. This means that it must be composed of at least 67% equity, fixed-

income, commodities, real estate, and alternatives. Cash and currency are ex-

cluded. Until 2021, only the ESG rating of the companies was used for the calcu-

lation. Since that year, the Sustainalytics' Country Risk Rating, which assess the 

risks to the socio-economic well-being of a sovereign entity, was also 
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incorporated. Before this change, only holdings in corporations through stocks or 

corporate bonds were in the Rating calculation, meaning many funds with signif-

icant sovereign exposure were not meeting the coverage threshold to receive 

Ratings (Morningstar, 2021). Hence, each fund receives its Corporate and Sov-

ereign Sustainability Rating, and with respect to the fund's proportion of corporate 

and sovereign securities, is assigned a Morningstar Sustainability Rating. Finally, 

they are compared with fund peers in the same category1 to assign globes, 

ranked on a scale of 1 to 5. Thus, as shown in Figure 8, funds assigned with 5 

globes are the most sustainable within a category and those with 1 globe are the 

least sustainable. 

 

Figure 8: Morningstar Sustainability Rating 
 

 

Source: Sustainalytics (2023). 

 

2.3 Development and characteristics of European sustainable 

funds 

2.3.1 Preparing for sustainable investment choices: considerations before 

investing in funds 

Investment funds are institutions that pool monetary contributions from different 

investors to form a portfolio that may consist of stocks, bonds, short-term money-

 

1 Appendix 2 contains the categories into which Morningstar separates the funds. 
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market instruments, other securities or assets, or a combination of them. The 

most important of these financial intermediaries are open-end investment com-

panies, more commonly known as mutual funds (Bodie et al., 2012). Each inves-

tor buys or sells a part of this fund, which is divided into shares, whose value is 

called net asset value (NAV). The NAV is calculated at the end of each business 

day on a per-share basis: 

 

✠✞� ✌
✁✂�✄☎✆ ✝✂✟✠☎ ✡☛ ✂☞☞☎✆☞ ✁ ✌✡✂✍✡✟✡✆✡☎☞

✞✎✂�☎☞ ✡✠✆☞✆✂✏✑✡✏✒
 (5) 

 

These companies thus provide both small and large-scale investors with the ben-

efits of large-scale investing in the proportion that they have invested in the port-

folio. Investing in mutual funds has several advantages such as: 

� They are managed by professionals in the field. 

� Well diversified, which greatly helps reduce risk. Investments are spread 

across a wide range of companies or industry sectors. 

� The investment company keeps periodic record and administration of 

capital gains distributions, dividends, investments and redemptions. 

� Investor can save on transaction costs, since the investment company 

can achieve lower fees and commissions. 

� Some mutual funds have low minimum investment for the initial pur-

chase. 

� They are regulated, hence the investment company has to respect certain 

rules. 

 

But they also have downsides: 

� Investors to not have decision power over which securities are included 

✄✔ ✌✓✞ ✒✆✔✕✖✎ ✙✑✝✌✒✑✏✄✑ 

� Since the NAV is calculated when the market is already closed, there could 

exist price uncertainty when the purchase order is placed. This does not 

happen when an investor buys an individual stock, because the price is a 

real-time information. 
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� Management fees and other expenses must be paid depending on each 

✒✆✔✕✎✖ ✝✞☎✆✏✗✌✄✑✔✄ ✂✓ey must be paid regardless of negative or positive re-

turns. 

Each fund has a different fee structure and the investment choice should consider 

it along with the investment policy and past performance. There are four general 

classes of fees (Bodie et al., 2012): 

Operating expenses are the costs incurred by the mutual fund in operating the 

portfolio, including administrative expenses and advisory fees paid to the invest-

ment manager. 

Front-End Load commissions or sales charge paid when the investor purchases 

the shares. 

Back-End Load is a redemption fee incurred when the investor sells the shares. 

Other expenses may include shareholder service expenses, custodial ex-

penses, legal expenses, accounting expenses, transfer agent expenses or other 

administrative expenses. 

 

The rate of return on an investment in a mutual fund is measured as the increase 

or decrease in net asset value (NAV1 � NAV0) plus income distributions such as 

dividends or distributions of capital gains expressed as a fraction of net asset 

value at the beginning (NAV1) of the investment period (Bodie et al., 2012).  

 

✞✂✆☎ ✡☛ ✞☎✆✠�✏ ✌
✠✞�✟ ✁ ✠✞�☛ ✌ ✁✏✂✡✄☎ ✂✏✑ ✂✂☎✡✆✂✟ ✒✂✡✏ ✑✡☞✆�✡✍✠✆✡✡✏☞

✠✞�☛
 (6) 

 

When choosing a fund, it is also important to look at the prospectus, which is a 

document that describes the investment objective, as well as all information re-

lated to risks, performance and expenses. It is essential to choose funds whose 

investment objectives are aligned with the own personal objectives. Furthermore, 

the prospectus outlines the organizational structure of the fund management 

company (FMC), which according to Bogle (2010), has an enormous impact on 

the returns. A study published in The Journal of Financial Research (2017), con-

ducted by researches of the Universities of Cranfield and Middlesex, further high-

lights the major role of the FMC in the outperformance of both socially responsible 

funds (SRI) and conventional funds. Outperformance occurs when the fund 
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performs better than the market, while underperformance means the contrary, 

✏✑✤✞✝ ✙✞✝✒✑✝✘✗✔✦✞ ✌✓✗✔ ✌✓✞ ✘✗✝✧✞✌✄ ✛✔ ✑✝✕✞✝ ✌✑ ✘✞✗✎✆✝✞ ✗ ✒✆✔✕✖✎ ✙✞✝✒✑✝✘✗✔✦✞�

they use a benchmark as comparison, which provides an indicative value of how 

much the fund should have earned. They use indexes as benchmark, which are 

generally related to the purpose of the fund.  

 

Related to portfolio outperformance is whether the fund is actively or passively 

managed. Actively managed funds are managed by professionals who make 

decisions regarding the selection, buying, and selling of securities with the goal 

of outperforming a specific benchmark index or achieving a particular investment 

objective. The portfolio managers actively analyse and research investment op-

portunities. They may adjust the fund's asset allocation, sector exposure, and 

individual holdings based on their analysis of market trends, economic conditions, 

and company performance. Active funds typically have higher management fees 

due to the active management and research involved. On the contrary, passive 

funds seek to replicate a particular market index's performance or a particular 

segment of the market. These funds seek to mirror the holdings and weightings 

of a chosen benchmark index, rather than trying to outperform it. They require 

less active decision-making and research, thus they have lower management 

fees. John Bogle (2010), in his book Common Sense on Mutual Funds, mentions 

that costs incurred by actively managed funds for buying and selling portfolio se-

curities are hidden, but nonetheless real. He therefore recommends, if selecting 

actively managed funds, to select low-cost funds. Bogle believes that one of the 

most important factors affecting an investor's long-term returns is the cost of in-

vesting. Fees for actively managed funds are generally higher than those for pas-

sive index funds. These fees can significantly diminish returns over time. By 

choosing low-cost actively managed funds, the investor can potentially reduce 

the drag on the returns caused by fees and expenses. Moreover, when investing 

in actively managed funds, he assures it is unnecessary to choose much beyond 

four or five equity funds, since a large number can easily result in overdiversifi-

cation.  

 

Performance (higher or lower return) also depends on the type of fund. There are 

several types, such as fixed-income funds, equity funds, money market funds, 
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sector funds, index funds, international funds and balanced funds. But the most 

common are the first three or a combination of them: 

Equity Funds invest principally in stocks, even though they may hold fixed-in-

come or other type of securities. They can be categorized as taking a value ap-

proach to stock selection, or a growth approach (many funds also blend the two). 

Value funds look for stocks trading cheaply, (often paying relatively higher divi-

dends), accepting that this may mean comparatively lower growth. Growth funds 

prioritize long term potential, accepting that stocks may be more expensive, with 

low or no dividend (Morgan Stanley, 2023). Blended funds seek to balance the 

two approaches. The goal of an equity fund is to generate capital appreciation by 

investing in companies expected to experience growth in earnings and share 

value. 

Fixed-income Funds, also called bond funds, invest in government bonds, cor-

porate bonds, municipal bonds and other debt instruments. The primary objective 

of fixed-income funds is to preserve capital and generate consistent income for 

investors. 

Money-market Funds invest in short-term, low-risk debt securities like commer-

cial paper, repurchase agreements or certificates of deposit. The main goal of 

money market funds is to provide investors with a safe place to park their cash 

and earn a modest rate of return. They are known for their stability, liquidity, and 

capital preservation. Money market funds typically aim to maintain a stable NAV 

per share, usually at $1,00, making them attractive to investors seeking a stable 

investment option for short-term needs. 

 

As mentioned in section 2.1.3., investing in equity means being predisposed to 

take much more risk than investing in fixed-income or money-market. Therefore, 

before investing, the investor should contemplate the investor's profile. Equity 

funds carry a higher level of risk compared to fixed-income and money market 

funds due to market volatility, but they also offer the potential for higher returns 

over the long-term. On the other hand, bond funds provide regular income to in-

vestors through interest payments generated by the bonds held within the portfo-

lio. For this reason, as the SEC (2016) assures, before investing in mutual funds, 

investors should determine their financial goals and risk tolerance, beware of the 
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risk associated with the fund(s), consider the FMC features and fund manager 

background and have a look at the prospectus. 

 

Funds seek diversification in order to achieve their investment objective while 

minimising risk. Diversification is achieved through several ways, among others: 

� Sector allocation: to invest in companies across industries to reduce ex-

posure to sector-specific risks. This ensures that the fund is not overly de-

pendent on the performance of a single sector. To classify sectors, Morn-

ingstar has a well-✕✞✜✞✏✑✙✞✕ ✎✌✝✆✦✌✆✝✞ ✕✄✜✄✕✞✕ ✄✔✌✑ ✌✓✝✞✞ �✁✆✙✞✝ ✁✞✦✌✑✝✎✁✡

cyclical, defensive and sensitive. These are terms used to categorize dif-

ferent types of industries based on how they tend to perform in relation to 

the overall economic cycle. ✄✦✦✑✝✕✄✔☎ ✌✑ �✑✝✔✄✔☎✎✌✗✝ ✝✢✣✟✟✂� �✌✓✞ ✦✍✦✏✄✦✗✏

sector is highly sensitive to business cycle peaks and troughs. To the de-

fensive sector belong anticyclical stocks and sensitive sectors have mod-

✞✝✗✌✞ ✦✑✝✝✞✏✗✌✄✑✔✎ ✤✄✌✓ ★✆✎✄✔✞✎✎ ✦✍✦✏✞✎✁✄ Appendix 3 exhibits the sectors 

belonging to each Super Sector. 

� Country or geographic allocation: it involves to spread investments 

across different countries and regions to minimize the impact of localized 

economic downturn, regulatory changes or geopolitical risks.  

� Asset allocation: to not only invest in one asset class, but to invest in a 

mix of assets, such as equity, fixed income, etc. 

� Company size: investing in companies of different market capitalization 

(large-cap, mid-cap and small-cap) to diversify exposure to different risk 

profiles and market dynamics. 

� ESG factors: explore different sustainable factors, such as climate 

change and carbon emissions, gender and diversity or political contribu-

tions, to diversify the portfolio based on specific ESG criteria and trends.  

 

2.3.2 Unveiling the traits of European sustainable funds 

Europe is the key driver of sustainable funds worldwide, accounting for 83% of 

funds worldwide in 2022, as demonstrated in figure 9. This illustrates the current 

dominance of Europe in terms of market share of the sustainable fund industry 
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and is a reflection of the maturity of the market and the relatively advanced reg-

ulatory environment for sustainable investment in Europe (United Nations, 2021).  

 
 

Figure 9: AUM of sustainable funds worldwide from 2010 to 2022 by region 
 

 

Source: own illustration based on Statista data. 

 

The MSCI (2023) supports this, assuring that most assets under management 

(AUM) in Europe are invested in ESG funds or strategies with some sustainability-

related focus. European sustainable funds have grown significantly over the 

years. One year to highlight is 2020, where they have more than multiplied in 

terms of AUM. Spurred by the COVID-19 crisis, many public companies, asset 

managers, and governments stepped up their commitment to sustainability in that 

year (Morningstar, 2021). In 2021, the market continued to grow, while in the 

following year it declined. The outbreak of the war in Ukraine, the sharp rise in 

inflation and interest rates, and the resulting slowdown in economic growth led to 

a sharp fall in the bond and stock markets in 2022 (EFAMA, 2022). 

 

Prior to the implementation of the SDFR, where all funds in Europe were to be 

classified by Articles 6, 8 and 9, the reports and articles covered all sustainable 

funds equally, without taking this distinction into account. From 2021 onwards, 

when funds were to be classified according to this regulation, research on Euro-

pean sustainable funds is being carried out on the basis of this division. 
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Therefore, it is also necessary to be permanently informed about the EU disclo-

sures in order to understand these investigations, due to the continuous changes 

that are taking place. According to a PwC (2021) study (figure 10), 32% of Euro-

pean funds were already classified in line with the SFDR fund type as of May 

2021. Two years later, as of June 2023, this percentage grew to 56.4% according 

to a Morningstar study (2023). The growth of Article 8 funds, which pursue the 

promotion of ESG criteria, but do not have ESG as their main investment objec-

tive, is noteworthy. While Article 9 funds, whose investment objective is sustain-

ability, have remained almost stable.  

 

 

Figure 10: SFDR Fund Type Breakdown (percentages of AUM) 

 

  

 
Source: own illustration with data from PwC 2022 & Morningstar 2023. 

 

This corroborates the tendency of European funds towards sustainable invest-

ment. In addition, several surveys carried out by different institutions indicate that 

fund managers plan to continue to apply more sustainability criteria in the selec-

tion of fund portfolios, also due to the increasing pressure from investors for these 

financial products. The majority of European sustainable funds are domiciled in 

Luxembourg with 34%, followed by Ireland with 14% and Sweden with 11%. See 

Figure 11. 
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Figure 11: Net sustainable European assets per domicile in 2021 

 

 

Source: own illustration based on ALFI, 2021. 

 

A clear trend exists towards active sustainable funds over passive, holding 88% 

of the market share as of 2022. Furthermore, with regard to asset class (figure 

12), the most important asset class is equity, followed by fixed income and allo-

cation (divides the investment portfolio among the different asset classes). 

 

Figure 12: Asset class distribution by net assets 

 

 

   Source: ALFI 2021. 

 

Under the SFDR framework, equity also has the highest weighting in both Article 

8 and Article 9 funds (figure 13).  
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Figure 13: Article 8 and 9 Funds per asset class 
 

 

Source: Morningstar 2023. 

 

This could possibly relate to the desire for higher returns, even if the risk exposure 

is higher. A study states that sustainable funds are less risky than traditional funds 

(Yue, Han, Teresiene, Merkyte, & Liu, 2020). In addition, higher scored mutual 

funds offer better protection against extreme losses (Durán, Otero, Correia & Re-

boredo, 2019). As published in Wiley, Corporate Social Responsibility and Envi-

ronmental Management (2021), a study of the performance of mutual funds in 

Europe found evidence of the superior efficiency of funds investing in high ESG-

rated securities. In addition, investors who decide to allocate their resources in 

equity funds of European asset managers with a preference for ESG criteria 

would obtain superior financial efficiency than investing in similar funds with less 

sustainable investment policies (Abate, Basile and Ferrari, 2021). Hence, invest-

ment policies based on ESG criteria seem to enjoy a competitive advantage be-

cause of their inclusion of non-financial data. However, an increasing demand of 

socially responsible assets increases risks as well (Yue, Han, Teresiene, 

Merkyte, & Liu, 2020).  

 

 

  



Optimal portfolio of European sustainable funds based on mean-variance optimization model 

Rutenberg, Agustina Paula Page 31 

3 �✠✄✁☎✁☎�☎�✁ 

After examining the theoretical part of the MVO, understanding the ESG context 

in Europe and getting to know the main characteristics of European sustainable 

funds, an overview was obtained that helps to determine how and which funds to 

select for portfolio construction. This chapter then moves on to the description of 

the methodological design and the examination of the collected data. Lastly, the 

last section describes in detail the whole process until the efficient frontier, and 

thus the optimal portfolio, is reached. 

 

3.1 Research design and approach 

In this section, it is elucidated the research design and approach adopted for this 

thesis, aimed at constructing an optimal portfolio of European sustainable funds 

through the MVO model, which can be used by any type of risk investor. This 

research employs a quantitative approach to rigorously analyse and quantify the 

financial data associated with European sustainable funds as well as carry out 

the method. Quantitative methods allow the systematic assessment of fund per-

formance, risk characteristics and other quantitative variables. 

 

Since the optimal portfolio, as mentioned in the theoretical part, is suitable for any 

type of risk investor, the analysis concludes with portfolio recommendations for 

each type of profile. Moreover, the study adopts an exploratory scope to investi-

gate the diverse landscape of European sustainable funds and their associated 

performance. In conjunction with the longitudinal design, fund returns and related 

variables over an extended period are examined. This design is crucial for track-

ing performance trends, observing variations and evaluating the stability and per-

sistence of returns. The fact that sustainability is aligned with long-term makes it 

necessary to orientate the study to this time horizon. For this reason, monthly 

returns for five years from European sustainable funds were collected. The period 

for the collection of the returns is from July 2018 to June 2023. Indeed, in 2018 

the APSF was published and since then the conception of the importance of ESG 

in the capital market has changed forever. Many funds started to be launched 

and also many others were restructured (repurposed) to be stricter in this matter. 
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In 2021, about 14% of the net assets in sustainable funds domiciled in Europe 

originated from new fund launches and conventional funds that were repurposed 

to sustainable funds by asset managers (ALFI, 2022). 

 

The optimal portfolio is determined through MVO and numerical analysis. MVO 

involves carrying out a correlational perspective to test relationships and depend-

encies between funds and their performance. The correlation between the Euro-

pean sustainable funds leads to a view on the degree of relationship between the 

funds, which is a fundamental principle for the selection of the funds to be in-

cluded in the portfolio. Therefore, the scope is exploratory and correlational. 

 

Panel data analysis is employed in this research to accommodate the longitudinal 

aspect and address the multi-dimensional nature of the data. The use of panel 

data allows for the assessment of fund performance across different funds and 

periods, enabling a comprehensive understanding of the risk-return profiles of 

European sustainable investment funds. This, in turn, aids in optimizing the port-

folio effectively using the MVO model. 

 

While there are many software packages for the construction of the efficient fron-

tier, and hence the discovery of the optimal portfolio, the method in this thesis is 

carried out with Microsoft Excel. Mainly due to its global accessibility, but also 

because it is the only tool available to the author. This method of resolution is 

implemented by Bodie et al. ✝✢✣✟✢✂ ✄✔ ✌✓✞ ★✑✑✧ �✛✔✜✞✎✌✘✞✔✌✎✁ ✝�th ed.) (p. 234-

239). It will be explained step by step in section 3.3. 

 

3.2 Source, data collection and its interpretation 

The data necessary for the construction of the optimal portfolio was downloaded 

from the Morningstar Direct database. From there the monthly returns were col-

lected, from the beginning of July 2018 to the end of June 2023 of the oldest 

share class of equity open-end funds, domiciled in Europe and denominated in 

Euro. The starting year of data collection is when the APSF came into effect and 

therefore when sustainability in investment assets started to be taken into ac-

count the most and, most important, as a regulatory level. Therefore, many funds 
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self-considered sustainable had to be framed according to these regulations, 

causing many to adapt themselves to be catalogued as sustainable. In this way, 

it is understood that this regulation in sustainability has been taken as essential 

in the creation and maintenance of the funds; as well as, it is understood that the 

returns obtained prior to this regulation did not come from 100% sustainable in-

vestments in some cases. Although investing in sustainability implies investing in 

the long-term and, therefore, the returns to be collected should be consistent with 

that time horizon, from a sustainability point of view it is indispensable to take into 

account that the real criteria has started in 2018. In this way the performance 

after they adopted "regulated" sustainable strategies can be assessed. Despite 

taking a more medium-term period, the sample includes a period of global crisis 

due to the coronavirus pandemic, which allows to observe how the funds per-

formed ✄✔ �✔✑✝✘✗✏✁ ✍✞✗✝✎, before, during and after the pandemic, which is used 

as a reference to understand future fund performance.  

 

According to the previous chapter, the optimal portfolio is composed of risky as-

sets. Therefore, the funds selected should correspond to this issue, which means 

that funds that invest in equity should be selected. In addition, to further unify the 

criteria, funds whose currency is the Euro were selected. In the research article 

"The level of sustainability and mutual fund performance in Europe: An empirical 

analysis using ESG ratings" (Abate et al., 2021), it is specified that this type of 

criterion when investigating European sustainable funds is typical.  

 

In order to select sustainable funds, some filters had to be applied. Firstly, those 

that fall under the EU's SFDR were filtered out, thus Article 8 and 9 funds were 

selected2. Then a further selection was made based on the Morningstar Sustain-

ability Rating. The use of this rating is related to the fact that the Morningstar 

platform is being used for data selection, which is a matter of ease of selection. 

But also on the other hand, the advantage of this rating, as mentioned, is that the 

globes are assigned by comparing all the funds in the same category. This rela-

tive assessment provides context and helps to understand whether a fund is a 

 

2 It should be noted that Article 8 and 9 funds selected to carry out the MVO method are those 
classified as such at the time of writing the thesis. Funds can be reclassified, specially when the 
SFDR was recently implemented.  
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leader or laggard in terms of sustainability within its investment universe and, 

thus, assess how well a fund is performing relative to its peers. Hence, all funds 

whose Morningstar Sustainability Rating was less than 5 globes were removed. 

In this way, it was confirmed that all the remaining funds were ranked with 5 

globes. Even if they are classified as Article 8 and 9, this does not guarantee that 

the rating is the best. Therefore, thanks to this rating, the most sustainable funds 

of the categories are obtained, as explained in section 2.2.2. As a result of these 

selections, funds that not only align their investment objectives with sustainability, 

but also are classified and recognised as sustainable were obtained.  

 

✆✓✞✔ ☎✞✌✌✄✔☎ ✕✞✞✙✞✝ ✄✔✌✑ ✌✓✞ ✒✆✔✕✖✎ ✘✑✔✌✓✏✍ ✝✞✌✆✝✔✎� ✘✗✔✍ ✑✒ ✌✓✞ ✒✆✔✕✎ ✕✄✕ ✔✑✌

have them for several periods, meaning that they were launched within the five 

years of the analysis. To avoid bias and to have a uniform criterion, those funds 

were removed. Only funds that did not have a maximum of the first six months of 

returns were taken into account. It would be biased to consider the recently 

launched funds, because (1) this thesis wants to analyse how the funds behave 

over a long period of time and (2) funds that have just come on the market are 

very volatile. Regarding the second criteria, when a new fund is launched, it can 

experience heightened volatility in its early stages. This is a common concept in 

the world of finance and investing. This initial volatility may stem from uncertain-

ties about the fund's investment strategy, asset allocation, market conditions and 

investor interest. Therefore, out of 310 European sustainable investment funds, 

100 were eliminated from the sample (210 remaining). This means that almost 

half of them were launched between these 5 years, which demonstrates and re-

lates to figure 9 which shows the large growth of these funds in recent years. 

 

Moreover, to construct a portfolio of sustainable funds a distinction has to be 

made. In the previous chapter, John Bogle was mentioned, who is considered the 

"Godfather" of mutual funds. He recommends selecting low-cost funds when se-

lecting actively managed funds, due to the cost of investing. The expense ratio 

would be the appropriate measure to separate low-cost from high-cost funds, 

since it determines the cost of owning a fund (based on AUM), including all the 

costs. However, this ratio is not provided by Morningstar Direct or at least not at 

the time of writing the thesis. As a result, the selection was made according to 
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the management fees. A study conducted by RIA in a Box (2019), has shown that 

the majority of the firms charge between 0,96%-1% of management fees. There-

fore, in order to maintain both actively managed funds and passively managed 

funds into the sample and based on the fact that management fees usually vary 

anywhere from 0,20% to 2,00% (Corporate Finance Institute, 2023), funds with a 

fee of less than 1,00% have been selected as low-cost. Based on this selection, 

the total number of European sustainable funds is 103, which indicates that al-

most the half of the remaining funds has very high management fees. Overall, 

the MVO will be constructed with 103 low-cost European sustainable funds. In 

order to provide context and gain an appreciation of the sample of funds, the main 

characteristics are detailed hereunder. 

 

The inception dates of the funds go from 1938 to 2018, i.e., there is a large range 

of years in which the funds have been launched. Knowing the inception date of 

the funds that make up the optimal portfolio will determine whether funds that 

have been in the market for a long time were able to adapt to today's conditions 

to perform well enough and become part of the portfolio. It will also determine 

whether more recently launched funds are better able to achieve better returns. 

Or whether a combination of old and new funds is the optimal choice. 

 

In line with the traits of European sustainable funds described in the previous 

chapter, this sample also has 35,0% of the funds domiciled in Luxembourg, which 

is indisputably the number one domicile for mutual funds. This is followed by 

France with 26,2% and the Netherlands with 10,7%. Figure 14 shows the domi-

ciles. 
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Figure 14: Most chosen domiciles of the sample 
 

 

Source: own illustration with data from Morningstar. 

 

There is a predominance of funds in the sample that aim for a growth approach 

in large cap companies, as figure 15 indicates. This is aligned with the sustaina-

bility strategy, which is to invest in the long term. Most funds have a focus on 

growth companies, which have a long-term vision and strategy. Investors who 

are willing to hold their investments over a longer period may find growth compa-

nies attractive, as their value can increase significantly over time as the company 

realises its growth potential. 

 
Figure 15: Equity style of �✁✂ ✄☎✆✝✞✟ ✟✠✡☛☞✂ 

 

 

Source: own illustration based on Morningstar figure. 

 



Optimal portfolio of European sustainable funds based on mean-variance optimization model 

Rutenberg, Agustina Paula Page 37 

On the other hand, there are not many funds that concentrate 100% on the value 

approach, which look for stocks trading cheap and companies who pay large div-

idends. However, there are many funds that prefer a blend approach among large 

cap companies. They do not only seek potential growth or capital appreciation, 

but also dividend income as their investment objectives. Funds with large-cap 

focus, invest in companies with the highest market capitalization, thus these are 

typically well-established and financially stable companies. These are generally 

considered less risky compared to mid- and small-cap. Funds with a mid-cap ap-

proach invest in companies with market capitalization between large and small-

cap and are considered to have a moderate level of risk and potential for higher 

returns compared to large-caps. Whereas the minority choose for small-cap op-

tions, opting for companies with the smallest market capitalization, often newer 

or less established in the market. These may experience the highest market fluc-

tuations. In the sample there are also a few funds that select mid-cap options, 

which choose a blend approach, rather than selecting straight growth or value. 

Specifically in this market sector, European sustainable funds managers may 

choose more growth companies because they are associated with innovation, 

technology and forward-thinking solutions. They conduct their operations with the 

long-term in mind, aligning them with ESG criteria. This is corroborated by Mor-

gan Stanley (2023), in whose analysis of sustainable funds, they assert that sus-

tainable investment funds tend to lean towards growth stocks, due to the search 

for longer-term opportunities. The emphasis on large-growth companies reflects 

the belief that these companies can drive positive change and contribute to a 

more sustainable future. 

 

Figure 16 reveals the areas where the European sustainable funds of the sample 

allocate the capital. The majority of the funds allocate their capital to countries in 

Europe, but there is not much difference between the amount they invest globally, 

i.e. they do not distinguish in a specific geographical area. This is followed by 

those investing in North America and finally in Asia. 

 

 
 
 
 
 



Optimal portfolio of European sustainable funds based on mean-variance optimization model 

Rutenberg, Agustina Paula Page 38 

Figure 16� ✁✆✂✂✟�✡✂✆� ✠✄✂✠ ☎✄ �✁✂ ✄☎✆✝✞✟ ✟✠✡☛☞✂ 

  

Source: own illustration with data from Morningstar Direct. 

 

Nevertheless, in terms of net assets, half of them are invested globally. If almost 

the same number of funds invest in Europe or globally, but in terms of net assets 

more than half invest globally, it means that funds with the highest AUM in the 

sample choose to invest globally. The allocation is quite diversified, even if the 

objective is sustainability. Although there is a clear tendency to invest in Europe 

or to have a global mix. The fact that there is diversification in the geographical 

area helps to reduce the risk due to the different economic cycles or geopolitical 

events faced by the different regions. 

 

Historical return and return fluctuation, called risk and measured in standard de-

viation, are measures to consider when investing. Although the funds invest in 

different geographic areas, returns fluctuate along the same path. The table 4 

reports the maximum and minimum return and standard deviation that a fund has 

achieved, but also the mean of the return and risk of each year. The last column 

summarizes the annualized return and risk of the whole years.  

 

Table 4: Return and risk through the years 
 

 

Source: own illustration with data from Morningstar Direct. 

 



Optimal portfolio of European sustainable funds based on mean-variance optimization model 

Rutenberg, Agustina Paula Page 39 

This last column indicates that the expected return can vary between 16,53% and 

-2,39% annually. While the standard deviation can vary between 24,93% and 

7,24%. Analysing the periods, the first one did not present as much gap between 

the maximum and the minimum as can be observed in the others. Therefore, it 

could be considered a stable period, also taking into account that it was a period 

without global "anomalies". At the start of the pandemic in March 2020, the equity 

market declined globally due to the uncertainty of the coronavirus, creating a 

large gap between negative and positive return funds. Risk (or volatility) 

increased significantly. Over the course of the pandemic and early post-

pandemic, the market experienced a dramatic rise, with none of the funds under 

analysis losing. But in the following period, in the post-pandemic, the market 

compensated downwards, where most of the funds had negative returns by an 

average of -9,84%. From June 2022 to June 2023, they are settling in, still with 

high volatility. Figure 17 illustrates these concepts for better visualisation. 

 

Figure 17: Maximum and minimum annual accumulated return 
 

 

Source: own illustration. 

 
 

Through the MVO, the combination of funds that generates the optimal portfolio 

maximising risk and minimising return will be found. This method, as explained in 

chapter 2, takes into account the covariance of the funds, which can also be il-

lustrated by the correlations. While they will be calculated in the next section, 

figure 18 gives an indication of what these correlations look like, showing the 
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return fluctuations throughout the months under analysis. Since returns fluctuate 

mostly in the same direction, it could be anticipated that correlations are positive, 

although this would be corroborated with the calculation.  

 

Figure 18: Return fluctuations throughout the months 
 

 

Source: own illustration with data from Morningstar Direct. 

 

The portfolio construction process must take into account these described char-

acteristics of the sample, because it will then be necessary to understand why 

the result is the optimal combination among all the other funds that were not cho-

sen. As well as evaluating the methodology according to the criteria it includes 

for this selection. 

 

3.3 Optimal portfolio construction process 

The goal is to find the portfolio weights that strike a balance between maximizing 

return and minimizing risk. The process is carried out on the basis of Figure 1, 

where the inputs are the asset returns and volatility (measured as the standard 

deviation of the returns). The calculation of correlation will be part of the process. 

Normally, portfolio constraints such as maximum weight, number of assets held, 

risk fraction, etc. should also be taken into account, but in this case, the portfolio 

is not being built for a specific profile and there are no requirements if the optimal 

risky portfolio of European sustainable funds in general wants to be found. The 

interest comes from knowing what is the optimal return and risk for this type of 

investment category.  
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As mentioned in the previous section, the total number of European sustainable 

funds included in the process is 103, which correspond to low-cost funds for the 

investor. The MVO methodology comes with the idea of why choose only one 

investment fund, if it can be built a portfolio of funds that leads to a better risk-

return objective. The construction process is presented hereafter in a step-by-

step manner. 

 

3.3.1 Identify risk-return combinations 

The phrase "past performance is not indicative of future results" is a standard 

disclaimer used in finance and investment contexts. It is included in almost all 

prospects of investments and it underlines that historical performance of an in-

vestment or financial product does not guarantee or predict its future perfor-

mance. However, it is the best predictor of future behaviour in similar situations 

(Talogy Inc., 2023). When certain criteria or methodologies are used to assess 

prospective future outcomes, examining past performance can still be valuable. 

According to Bogle (2010), �the stock and bond markets are unpredictable on a 

short-term basis, but their long-term patterns of risk and return have proved du-

rable enough to serve as the basis for a long-term strategy that leads to invest-

ment success. A study of the past, accompanied by a self-administered dose of 

✦✑✘✘✑✔ ✎✞✔✎✞� ✄✎ ✌✓✞ ✄✔✌✞✏✏✄☎✞✔✌ ✄✔✜✞✎✌✑✝✖✎ ★✞✎✌ ✝✞✦✑✆✝✎✞✁. Hence, it is for this 

reason that past returns should be used for the construction of an optimal portfo-

lio. 

 

To begin with, the first step of the process requires to identify the returns and risk 

of each fund. For this purpose, monthly returns from July 2018 to June 2023 were 

downloaded from Morningstar Direct database. With the monthly returns, calcu-

lated as formula 6 indicates, it is possible to calculate the average annual return 

of each fund, which is a part of the risk premium calculation. The risk is measured 

by the volatility; therefore, the annualised standard deviation of the monthly re-

turns has been calculated. This leads to the next step. 

 

3.3.2 Determine risk-free rate and risk premium of each fund 

Introducing Tobin's contribution to the process, to calculate the risk premium it is 
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necessary to determine the risk-free rate. Although the risk-free rate is not rele-

vant to portfolio construction itself, it is the one that will determine the Sharpe 

ratio and, therefore, the slope of the CAL. Therefore, it is necessary to give im-

portance to it. Government bonds are used as a risk-free asset. The sample of 

funds comprise all funds with euro currency, therefore the risk-free asset used 

must be located in a country with Euro currency. There are government bonds in 

the Euro area issued by the European Central Bank, which refer to sovereign 

bonds issued by countries within the Eurozone with the highest credit rating of 

"AAA" from credit rating organizations. These bonds are considered to be among 

the safest investments in the Euro area. Credit ratings, however, can change over 

time due to economic and political factors. Events occurring in one member state 

can impact the performance of these bonds. For this reason, the German gov-

ernment bond is often considered a benchmark precisely because Germany's 

economic and political stability is relatively higher compared to some other Euro 

area countries. ✄✎ ✎✌✗✌✞✕ ★✍ ✌✓✞ ✂☛☎� ✝✢✣✟✫✂� �[✁] the German economy has 

proved remarkably resilient, outperforming other large, high-income European 

economies. The German government's consistent commitment to fiscal respon-

sibility and financial prudence has earned it a strong reputation, minimizing the 

risk of default on its bonds. This solid credit profile, in addition to the long-term 

investment approach of sustainability, makes the 10-year German Government 

Bond a good indicator for a risk-free rate. ✂✓✗✔✧✎ ✌✑ �✞✝✘✗✔✍✖✎ ✞✦✑✔✑✘✄✦ ✎✌✗★✄✏✄

ity, creditworthiness, market acceptance, liquidity, historical stability and its rep-

resentation of the euro area economy, the 10-year German government bond is 

taken as the risk-free rate in this case.  

 

A representative risk-free rate for this case would be then the projection of the 

10-year German government bond. In the current worldwide scenario, many con-

ditions have affected the bond market and, as it may seem, many other events 

may arise that will keep the German bond at its actual yield, experiencing some 

fluctuations. Therefore, an average of the past and projected yield of the 10-year 

German government bond has been calculated. The projection has been made 

by Bankinter (2023).  
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Table 5: 10-year German Government Bond past and projection 
 

 

Source: own illustration with data from Bankinter and Trading Economics. 

 

The average of these rates is 2,05%, which was used for the risk-free rate. For 

the calculation of the risk premium, the risk-free rate was subtracted from the 

annual return of each fund. As far as the risk premium of each fund was found, 5 

funds in the sample were identified as having a negative risk premium. This indi-

cates that the return of those funds is lower than the risk-free rate. No investor 

would want to obtain a return lower than the risk-free rate when taking a very high 

risk. Therefore, these funds were not taken into account in the following steps. 

 

3.3.3 Build the covariance matrix � correlation between funds 

As detailed in section 2.1.2, a covariance matrix reveals the covariance of each 

pair of assets. For building the matrix, the 60 monthly returns of the funds are 

needed, which are selected using the "Data Analysis" tool in Excel. Data Analysis 

is an add-in software in Excel, which helps to calculate specific parameters in 

less time, avoiding errors and repetitious work. Using the Covariance function 

from this tool, the covariance matrix is easily built. Once it is built, adding the 

asset weights on the borders of the matrix will lead to the bordered covariance 

matrix. When assets weights are known, the matrix will calculate as shown in 

table 2 the variance of the portfolio, which will lead to the calculation of the mean 

(risk premium) and standard deviation through the specific formulas. The risk pre-

mium calculation involves the return formula, but instead of using the returns, the 

risk premium calculated in the previous step is used. The weight of each asset is 

then multiplied by its risk premium, summing to arrive at the risk premium of the 

portfolio. The standard deviation is calculated using the variance obtained from 

the covariance matrix. The variance is the total sum of the weights of the assets 

multiplied by their covariances. The square root of the variance is the standard 

deviation, as shown in formula 2. To obtain the annualised volatility, the standard 

deviation must be multiplied by the root of 12. Lastly, the portfolio✖✎ Sharpe ratio 

is calculated by dividing the risk premium and the standard deviation, as shown 
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in formula 3. This ratio is the slope of the CAL and the optimal portfolio is the one 

that maximizes the Sharpe ratio. All these calculations are automated. Therefore, 

when the weights of the assets are changed, the risk premium, volatility and 

Sharpe ratio are automatically calculated. For the calculation of the weights the 

Solver tool is used, which will be explained in more detail in the next step.  

 

In addition to these calculations the correlation coefficients between the funds 

have been computed, which helps to further identify the relationship of the funds 

and how they can influence each other. The coefficients are easily calculated 

using the Data Analysis tool, under the concept "correlation coefficient". Taking 

the 60 returns as the input, the result is a matrix with the correlations between 

funds. 

 

3.3.4 The efficient frontier 

The idea behind the efficient frontier is to find the ideal combination of assets that 

either provide the maximum expected return for a specific risk level or the lowest 

risk level for a specific expected return. As shown in Figure 3, it is represented 

by a graph where the x-axis is the standard deviation and the y-axis is the ex-

pected return. By including the CAL in the graph, the tangent point between the 

efficient frontier and the CAL refers to the optimal portfolio. Therefore, the efficient 

frontier will be formed to find this point. Thanks to Solver, another Excel add-in, it 

is possible to find optimal values (maximum or minimum) for certain already pro-

grammed formulas. According to Microsoft (2023), Solver works with a group of 

cells, called decision variables, that are used in computing the formulas in the 

objective and constraint cells. Solver adjusts the values in the decision variable 

cells to satisfy the limits on constraint cells and produce the result for the objective 

cell (Microsoft, 2023). This tool has many utilities and, in this thesis, it is used for 

portfolio optimization. Figure 19 shows the Solver tab, where the parameters 

must be adjusted according to what is to be optimized. 
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Figure 19: Solver Excel 
 

 

 

In order to obtain the efficient frontier, it is necessary to understand the risk pre-

mium and risk of the portfolios that lie on it. These are the two variables that need 

to be optimized depending on the point one aims to achieve on the frontier: risk 

premium and standard deviation. The variables that are always in play are the 

portfolio weights, which will have values that meet the optimization objective. An 

important detail to emphasize is that each optimization must be subject to a con-

straint, in essence, the sum of the portfolio weights must equal 1. First and fore-

most, the desired risk premiums must be determined in order to graph the frontier. 

The extremes of the efficient frontier are the minimum-variance portfolio and the 

highest point is the highest risk premium from the funds. Table 6 helps in visual-

izing this concept. In the case of the minimum-variance portfolio, the goal is to 

find the point where risk is minimized and, therefore, the aim is to minimize the 

standard deviation. For the highest risk premium point, a constraint must be 

added, where the risk premium must equal the highest risk premium from the 

funds. Once both extremes are known, values of risk premium must be assigned 

between these points to form the frontier. Thus, the constraint now becomes that 
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the risk premium must equal the desired values on the efficient frontier. 

 

Table 6: Solver Parameters for the efficient frontier construction 
 

 

 

The values obtained at each point, by automation of formulas, are then the stand-

ard deviation and the Sharpe ratio, since the input or set objective will be the risk 

premium. The portfolio weights in the bordered covariance matrix are also ob-

tained. Each time Solver gives a solution to each of the required points, these 

must be copied to form a table that will be the input for the graph. Subsequently, 

the portfolio weights of each point and the total number of points along the effi-

cient frontier are tabulated in the table. The following table provides an illustrative 

example. 

 
 

Table 7� �✠✁☞✂ ✂☎✆✟�✄☎✂�✂✝ ✁✄ ☎☎☞✂✂✄✞✟ ☎☎�☛☎�✟ 
 

 

 

3.3.5 Identify the optimal portfolio 

In this step the portfolio, located between the minimum-variance and the highest 

risk premium points, which has the highest Sharpe ratio, is searched for. To find 

it, two modifications have to be made to the Solver parameters. The target will 

now be the Sharpe ratio of the portfolio and it must be maximized. Besides, the 

constraint must only be that the sum of portfolio weights must be equal to 1. Table 

8 shows these parameters. 
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Table 8: Solver parameters for optimal portfolio 
 

 

 

The optimal portfolio is tangent to the CAL. Hence, in order to graph all the points 

and create the CAL, the optimal portfolio has to be placed between the minimum-

variance and the highest risk premium. The final table with Solver Parameters 

should look like the following table.  

 

Table 9: Solver Parameters for all important points along the efficient frontier 
 

 

 

In order to plot the CAL on the same graph as the efficient frontier, the Sharpe 

ratio of the optimal portfolio must be used, since the slope of the CAL equals its 

Sharpe ratio. Therefore, it must be added to table 7 a last row with entries ob-

tained by multiplying the standard deviation ✑✒ ✞✗✦✓ ✦✑✏✆✘✔✖✎ ✙✑✝✌✒✑✏✄✑ ★✍ the 

slope of the optimal portfolio (Bodie et al., 2012). The following table is the con-

junction of all the previous steps, which is used to construct the Modern Portfolio 

Theory✖✎ graph. 

 
Table 10: Data to build the graph according to the Modern Portfolio Theory 

 

 

 

The following chapter analyses the resulting optimal portfolio.  
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4 �✝✄✝ ✝☛✝�✁✂✁✂ ✝☛✁ ✟✠✂✁�✄✂ 

After carrying out the MVO, the most efficient allocation of European sustainable 

funds has been found. Through the quantitative approach, the selection of the 

optimal portfolio that balances risk and return takes into account historical returns, 

volatility and correlations of the funds, which are interpreted in this chapter. Since 

the portfolio is of a risky nature because it considers funds that invest mainly in 

equity, the investor's risk tolerance will dictate the selection of proportions be-

tween the risky portfolio and risk-free asset. Many final portfolio options can be 

constructed according to the risk tolerance, as illustrated at the end of this chap-

ter.  

 

4.1 Interpretation of the optimal portfolio 

The optimal portfolio that aims to achieve a balance between financial perfor-

mance and ESG considerations is integrated by three European sustainable 

funds, whose composition leads to the best possible risk-adjusted return. This 

indicates that among 103 funds, the combination of 3 of them3 leads to the best 

balance between return and risk. The fact that the portfolio is composed of three 

✒✆✔✕✎ ✗✏✝✞✗✕✍ ✦✑✘✙✏✄✞✎ ✤✄✌✓ ✄✑☎✏✞✖✎ ✝✢✣✟✣✂ ✎✌✗✌✞✘✞✔✌ ✄✔ ✎✞✦✌✄✑✔ ✢✄✪✄✟� ✌✓✗✌ ✗ ✙✑✝✌✄

folio of investment funds should not be composed of more than four or five funds 

in order not to result in overdiversification.  

 

The main characteristic to highlight� ✑✒ ✌✓✞ ✙✑✝✌✒✑✏✄✑✖✎ ✒✆✔✕✎� is the inception date. 

Far from being funds that have been on the market for a long time, they are funds 

that have been created relatively recently, in 2016, 2017 and 2018. Possibly they 

have been created as a result of the high demand for sustainable products. More-

over, it can be interpreted as creating more diverse sustainable fund options that 

follow ESG regulations, despite targeting different objectives. This leads to the 

possibility of combining funds to seek better returns, due to low correlations. Be-

yond that, it is striking that no fund that has been on the market for a long time is 

making up the portfolio. This suggests that recently incorporated funds have a 

better capacity to adapt to market changes. In addition, it could be said that funds 

 

3 Appendix 4 describes the main characteristics of the funds composing the portfolio. 
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that were created close to the launch date of the APSF have a better risk-return 

performance than funds that have been on the market for many years. The three 

funds4 that make up the portfolio are framed as Article 8 of the SFDR and domi-

ciled in Luxembourg. Each fund has a corresponding weight in the portfolio, as 

determined by the MVO. Figure 20 shows the weight of the funds composing the 

optimal portfolio. 

 

Figure 20� �☎✆✝✞✟ ✁✂✂✄✁�✟ ☎✆ �✁✂ ☎☛�✂✡✠☞ ☛☎✄�✄☎☞✂☎ 

 

 

It is noticeable that there is a large dominance of the fund DPAM L Equities US 

SRI MSCI Index F (DPAM), which is an index fund that replicates the MSCI USA 

SRI Index. This index provides exposure to companies with outstanding ESG 

ratings in the US market. El DPAM is passively managed. The other two funds 

composing the portfolio are Protea Nao Responsible Europe Sd Cl (Protea) and 

AAF-P✗✝✔✗✎✎✆✎ �✁ ☛✁� ☛☞✎ ☎☎ (AAF), which are actively managed. Their char-

acteristics are radically distinct to each other, being AAF a large-cap fund, DPAM 

a mid-cap fund and Protea a small-cap if compared each other.  

 

Because funds that do not have a high management fee were taken into account 

when constructing the portfolio, this resulted in a fund that is not actively managed 

and has a very good performance dominating the portfolio. Although actively 

managed funds in general have a higher management fee for seeking higher re-

turns, in this case, this passively managed fund has outperformed actively 

 

4 Funds✄ information is provided as of 31.10.2023. 
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managed funds that seek to outperform a benchmark. This may also be due to 

leaving out funds that have an above average, i.e. high, management fee. By 

leaving them out, passively managed funds that have a higher management fee 

for replicating indices that have very good returns, "compete" with actively man-

aged funds that have a lower-than-average management fee. The result in this 

case is a portfolio dominated by an index fund consisting of 64% of the total allo-

cation.  

 

DPAM has a large-growth approach, where it allocates its assets to replicate the 

performance of the index it follows. It focuses on long-established companies with 

a long track record in the US (United States) market, as its name suggests. While 

the other two funds, which are actively managed, have a large-blend approach 

(see figure 21). While they look for companies that focus on long-term growth, 

they also look for stocks that are cheap and can yield good returns. AAF focused 

on the US and Protea focused on European companies. 

 

Figure 21� �☎✄�✄☎☞✂☎✞✟ ✟�✄☞✂ ✟�☎✂✁ ✁☎✂ 

 
 

The investment emphasis of the sample funds on large-growth companies, men-

tioned in the previous chapter, shows that they perform better than value-growth, 

because the portfolio is mainly created by large-growth companies. Through this 
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approach, the aim is not only to maximize returns, but also to align them with the 

ESG objective that meets the long-term investment time horizon. The long-term 

view of the portfolio seeks, at the same time, to offset market volatility. The fol-

lowing section seeks to elucidate the return and risk of the optimal portfolio. 

 

4.1.1 Risk and return 

The allocation shown in figure 20 leads to certain annual risk and return of the 

portfolio. Table 11 shows the return and risk of the portfolio, 15,19% and 16%, 

respectively, and those of the component funds, while comparing with the annu-

alized maximum and minimum of the sample funds.  

 
Table 11� �✆✆☎✠☞✂✁✂✝ ☛☎✄�✄☎☞✂☎✞✟ ✄✂✟✁ ✠✆✝ ✄✂�☎✄✆ 

 

 

 

� AAF (15% portfolio weight) has a return (14.46%) relatively close to the 

maximum and a risk (16%) lower than average. 

� Protea (21% portfolio weight) has an annual return of 11.76% and a risk 

of 15.04%. It offers the lowest return at the lowest risk. 

� DPAM (64% portfolio weight) has the highest return (16.53%), which is the 

maximum return in the sample, but also has the highest risk (18.01%). This 

means that it offers a potentially higher return, but at the cost of higher 

volatility. 

 

Figure 22 illustrates these metrics in a graph. Allocating 100% of capital to DPAM 

means being prepared for greater fluctuations in value. For this reason, the port-

folio is made up of two other funds that help to offset the risk significantly, keeping 

the return above that of these two funds and much better than the average. 

Through this diversification a balance is found between risk and return. In other 

words, this combination suggests that there is some level of diversification 
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benefit. Section 4.2. will go into detail regarding why the risk cannot be signifi-

cantly reduced. 

Figure 22: Annual risk and return comparison graphic 
 

 

The portfolio thus has a return of 15,19%, which lies between the returns of the 

individual funds. The portfolio's risk at 16% is considered a moderate risk com-

pared to the average and maximum of the sample. This suggests that the alloca-

tion has been balanced, whereby a return very close to the maximum return of 

the sample is achieved, decreasing the risk towards moderate. The volatility of 

the portfolio is reduced through diversification in the different sectors and coun-

tries in which it invests and, in addition, through a correct allocation in funds that 

maximize returns. At the same time, selecting funds that do not have such a high 

correlation and maximize returns.  

 

The maximization of the return and, thus, minimization of the risk can be well 

appreciated through the risk-adjusted return. The table 12 gives an overview 

about this measure, the Sharpe ratio.   

 

Table 12: Risk-adjusted returns 
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dividual funds of the sample, indicating that the diversification and allocation strat-

egy applied in the optimization process enhanced the risk-adjusted return of the 

overall portfolio. A Sharpe ratio of 0,82 suggests that, for each unit of risk, the 

portfolio is generating a return of 0,82 units above the risk-free rate. In addition, 

the optimal portfolio has the highest Sharpe ratio compared to the three funds 

composing it, which complies with what was described in the theoretical part. The 

portfolio provides a better return for the level of risk taken, optimising the trade-

off between risk and return. 

 

The process effectively balances the desired return against the associated risk, 

leading to a portfolio that offers superior risk-adjusted returns compared to the 

individual funds. 

 

4.1.2 Asset allocation 

Due to the fact that the sample funds used for the MVO process are equity funds, 

the optimal portfolio is mostly composed of stocks, which makes it risky. Figure 

23 shows the asset allocation of each fund composing the portfolio and the opti-

mal portfolio. The following are the key points: 

� AAF has a high allocation to stocks, indicating a relatively aggressive in-

vestment approach. Since it has an active management, the fund manag-

ers are actively making decisions to outperform the market. For this rea-

son, the cash may provide some liquidity to take advantage of investment 

opportunities that may arise unexpectedly or act as a defensive position 

when market volatility lights up.   

� The index fund, DPAM, is heavily weighted in stocks, which is typical for a 

fund that aims to replicate the performance of a specific market index. With 

only 0,09% in cash, the fund is fully invested in stocks, mirroring the com-

position of the MSCI USA SRI Index.  

� Protea has a lower allocation to stocks compared to the other actively 

managed fund. This suggests that the fund manager is more defensive 

believing that there are currently limited attractive investment opportunities 

in the market. It may also mean that he has a more uncertain view of what 

may happen in the market and prefers to hold liquid capital. 
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Figure 23� �☎✆✝✟✞ ✠✆✝ ☛☎✄�✄☎☞✂☎✞✟ ✟✂✂�☎✄ ✠☞☞☎✂✠�✂☎✆ 
 

 

 

According to the weight of each fund in the portfolio, it is composed of 97,16% in 

stocks and 2,84% in cash. As the main fund is the DPAM with 64% of the weight, 

it is expected that the portfolio will not face abrupt asset allocation variations, 

since the main objective is to track the index by holding a portfolio of securities 

that mirrors the index's composition. It may need to rebalance the composition to 

maintain the alignment with the index. However, while the index fund can experi-

ence some turnover, it is typically much lower than that of the two others actively 

managed funds. It is a kind of safeguard that the portfolio has, although it is risky. 

 

4.1.3 Country allocation 

Before diving into the allocation of the three funds in particular, it is significant to 

retain that the sample funds have varied country allocation strategies. Most have 

three investment strategies: they invest globally, without maintaining a focus on 

a single market, or they concentrate on the US or European regions. 

 

In the optimal portfolio, diversification through country allocation is divided into 

three locations: US, Europe and UK (United Kingdom). Figure 24 provides the 

information. Each fund's focus on specific markets is related to its investment 

objective. This may be one of the reasons why they can achieve better perfor-

mance levels by focusing on only one or a few markets. Therefore, each 
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allocation is congruent with the investment objective of each fund, with two funds 

being US-dominated and one being European-dominated. 

 

Figure 24� �☎✆✝✞✟ ✠✆✝ ☛☎✄�✄☎☞✂☎✞✟ ✂☎☎✆�✄✄ ✠☞☞☎✂✠�✂☎✆ 

  

 

The predominance of US and Europe in this portfolio has to do with several rea-

sons. In principle, these funds were selected because of their high potential to 

achieve good returns and, thanks to their correlations, the optimal proportion of 

them can lead to better returns if they are combined. In addition, the fact that 

these funds invest mainly in Europe and the US is no coincidence. The US and 

Europe are home to some of the world's largest and most liquid financial markets. 

Moreover, these regions have well-established regulatory frameworks that sup-

port sustainable investing, as described in section 2.2. This transparency is cru-

cial for sustainable funds that prioritise ESG criteria in their investment decisions. 
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Moreover, the adaptability of companies in these regions towards being up-to-

date on ESG is predominant. In order to assess the ESG performance of potential 

investments it is essential to have reliable and robust information, which is more 

readily available in the US and Europe. On the other hand, these markets are the 

most familiar, which is a way of mitigating certain risks associated with investing 

in unfamiliar or emerging markets. Fund managers may be comfortable focusing 

their approach to these regions. Nevertheless, it is not excluded that some other 

markets may be found to be worth investing in, as sustainable investing is gaining 

importance globally. 

 

The US and Europe are different regions in which the funds invest. The countries 

in which the Protea fund invests also have different characteristics. The fact that 

the portfolio is diversified across the US, Europe and the UK helps to diversify 

risk across countries experiencing different economic cycles. While one country 

may be experiencing growth, another may be in a downturn. In addition, different 

countries may have varying degrees of exposure to different industries and sec-

tors. By diversifying across these different countries, the portfolio is gaining ex-

posure to a broader range of industries, what is explained in the next section.  

 

The portfolio is heavily weighted towards the US market with 78,68%. Although 

64% of the weight is from an index fund, which may provide more stability, having 

a large weight in a single country leads to greater exposure to risk. However, 

splitting the capital between these three funds reduces the risk of investing only 

in the one with the best return. 

 

4.1.4 Industry sector 

In the diversification across countries or regions there is a clear trend towards the 

US and Europe, which was explained in the previous section. This diversification 

brings with it the risk of significantly exposing the portfolio to the US with 78.68%. 

However, by diversifying across countries the portfolio is also spreading across 

sectors, which reduces the impact of a poor performance in a specific sector. It 

can be appreciated in Figure 25 that all three funds are broadly diversified, alt-

hough greater exposure to certain sectors can be observed. 
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Figure 25: �☎✆✝✞✟ ✠✆✝ ☛☎✄�✄☎☞✂☎✞✟ industry sector allocation 
 

 

 

The technology sector is predominant in AAF and DPAM, which may be due to 

the fact that these types of companies are mostly located in the country of primary 

focus of these funds, the US. Companies in this sector are the ones that are 

always up to date with new technologies, which can lead to significant growth 

opportunities. Moreover, "technological innovations and transformations in the in-

dustry are also deeply affecting the financial sector. These challenges require 

large investments, redefinitions of the business models of every institution, and 

new ways of engaging with customers, suppliers and all stakeholders. [...] finan-

cial institutions have the capabilities to manage these changes" (European Bank-

ing Authority, 2022, p. 6). This key role that financial institutions are playing, also 

by helping with the expansion to a sustainable focus, is reflected in the sector 

allocation of these funds, being the second sector in which they invest the most. 

Another cyclical sector in which principally DPAM and Protea have a large weight 

is consumer cyclical. Being a sector that often profits from period of economic 

growth and expansion, it provides great diversification to the portfolio. On the 

defensive industry side, healthcare has the largest capital allocation, as it is a 

sector that is generally not influenced by economic conditions. It is important to 

note that only DPAM invests in the energy sector a small fraction. This may be 
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because commodity prices are influenced by global economic conditions, which 

makes it a very volatile sector. But it may also be that, by prioritising ESG factors, 

companies in this sector are not at the moment mostly associated with sustaina-

bility, even though Europe and the US are continuously launching regulations 

regarding this issue. 

 

Based on the weighting of AAF, DPAM and Protea in the portfolio, the portfolio is 

diversified in industry sectors. It has a large weighting in the aforementioned sec-

tors, as well as in industrials, a sector that is very similar to technology in terms 

of its behaviour when facing economic phenomena. The portfolio is heavily 

weighted in the sensitive and cyclical industries, which means that the defensive 

industry counterweight is not sufficient to counteract sudden changes in the mar-

ket. During economic expansions, cyclical and sensitive industries are likely to 

experience a large fluctuation towards a profit, while they would experience 

losses in the face of recessions. The defensive sector will have almost no fluctu-

ations in these events. This is also why the portfolio will be more focused on 

growth potential and this is what makes it risky. However, it also seeks to create 

a balance between this expansion capacity and stability. 

 

Although the portfolio overall shows a fairly diversification, the MVO does not take 

into account diversification by asset, country or industry sector allocation, be-

cause it is based solely on historical returns. As a fully quantitative method, 

thanks to the optimal combination of AAF, DPAM and Protea, the best trade-off 

between return and risk can be achieved. The latter being reduced due to diver-

sification in terms of market capitalization, type of funds and country and sector 

allocation. This way of allocating is not only determined by the returns, but also 

by the correlations of the returns, which is discussed in the next section. 

 

4.2 Correlation analysis results and implications 

As mentioned in the theoretical framework and according to Bogle (2012), �the 

variance of a portfolio is reduced if the covariance is negative. However, being 

the covariance positive, the portfolio standard deviation still is less than the 

weighted average of the individual security standard deviations✁✄ This is only 
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invalid when the securities are perfectly positively correlated. Table 13 shows the 

standard deviation results. In this case the average standard deviation of the 

funds is slightly higher than that of the portfolio, which indicates that the funds are 

not perfectly positively correlated. However, it does indicate that they are posi-

tively correlated due to the closeness of these two values ✝✟✚�✢✚� ✒✆✔✕✎✖ ✗✜✞✝✗☎✞

✗✔✕ ✟✚� ✙✑✝✌✒✑✏✄✑✖✎ ✝✄✎✧✂✄ 

 

Table 13�✁✂✂✄✁�✂✝ ✠✂✂✄✠✄✂ ✠✆✝ ☛☎✄�✄☎☞✂☎✞✟ standard deviation 

 

 

The positive correlations shown in table 14 lead to positive covariances. The im-

plication is that even if the latter are positive and very close to 1, there are still 

benefits to be gained from diversification. The correlations of the funds are indi-

cating a relatively strong positive relationship between their returns. 

 

Table 14: �☎✆✝✟✂ correlations 

 
 

These non-low correlations suggest some level of commonality between funds 

that can lead to risk if the allocation between them is not adequate. Therefore, 

risk is mitigated when the perfect balance is found between these correlations to 

form the optimal portfolio, which provides some level of stability through their cor-

related behaviour. 

 

Of particular importance to analyse are the correlations of all the funds taken into 

account for the construction of this portfolio, which make this result optimal. For 

this purpose, the heat map in figure 26 shows the correlations of the European 

sustainable funds in colour. Correlations that are perfectly positive or close to 1 

are green, those close to -1 or negative are red, and those close to 0, indicating 
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that there is no linear relationship, are marked in yellow. 

 

Figure 26: Heat map of correlations 
 

 

 

Given a predominantly green map with only a few yellows, it can be noted that 

the correlations between European sustainable funds (equity) are very positive. 

This is the reason why the optimal portfolio cannot achieve a considerable diver-

sification benefit. The high correlation of funds can be caused by several factors 

or a combination of them: 

� Investment strategies: The investment strategy of each fund and its focus 

on specific sustainability sectors or factors may cause the funds to expe-

rience joint movements. If, for example, all funds focus on a specific area 

of sustainability or funds focus on specific market sectors. Further re-

search is needed to find out if this is the case for all funds. However, for 

the three funds in the portfolio, there is a great deal of diversification by 

sector, although there is arguably a greater weighting in the technology 

sector. In terms of geographic areas, it was observed in figure 16 that the 

sample's funds were diversified across several of them.  

� Homogeneity of portfolios: it is possible that funds are investing in similar 

companies with similar risk profiles and returns. In figure 15, it is notable 

that most funds choose a large-growth or large-blend approach. In this 

sense, it can be asserted that there is a tendency to invest in well-estab-

lished and financially stable companies, which are considered less risky 

and reinvest the capital. 

� Maturity of the sustainable market: the sustainable market could be con-

sidered relatively young, despite sustainability being discussed for a long 

time. The sustainability boom has occurred in recent years, giving rise to 

a large number of European sustainable funds. Therefore, it may be 
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primarily composed of a limited set of assets considered highly sustaina-

ble, making a high correlation of funds more likely. 

� Non-consideration of funds with higher expenses: only considering funds 

with a relatively low management fee may limit the spectrum of European 

sustainable funds. Therefore, it is important to consider whether funds with 

higher management fees are also aligned with this correlation. 

� Impact of regulations: regulatory decisions made within the framework of 

the EU Taxonomy have a significant influence on the construction of sus-

tainable funds because fund managers seek to comply with these stand-

ards. Changes in sustainability regulations affect all sustainable funds sim-

ilarly, contributing to higher correlations. 

� Impact of market events: in response to macroeconomic or specific events, 

there is one global crisis during the sample years due to the pandemic. It 

could be argued that high correlations are due to this. However, a trend of 

higher correlations is observed in the pandemic year, but prior to the pan-

demic, there is also a predominantly green scenario5. The same is ob-

served in the following years. Therefore, it can be affirmed that positive 

correlations go beyond specific events in time. 

 

In terms of the previous, a specific or non-systematic risk identified is the large-

growth/large-blend approach of funds. This is aligned with the long-term perspec-

tive of sustainable investment, involving reinvestment of capital, which implies a 

lack of diversification into companies with different management styles also fu-

ture-oriented. Moreover, this is aligned with the strong dominance of technology 

in the funds. Many tech companies are considered growth oriented (Kunthara, 

2022). In the framework of EU Taxonomy regulations, funds will align with them 

whenever necessary to remain sustainable. While the APSF is designed to pro-

mote sustainability and reduce risks, the potential for systematic risk in the Euro-

pean sustainable equity funds field exists and requires ongoing monitoring and 

adjustments to regulatory measures to address any emerging challenges. These 

are topics to be corroborated in future research. 

 

 

5 Appendix 5 shows the heat maps of correlations by year. 
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It is important for fund managers to explore alternative areas of sustainable di-

versification, seeking investments in industries, countries or stocks that exhibit 

negative or lower correlation with the typical ESG-driven trends. Even incorporat-

ing different investment strategies that are less influenced by similar ESG factors 

can help create more resilient funds. For instance, create funds that are focused 

on a single ESG factor. However, it is important to note that if there are more and 

more regulations regarding sustainable funds, this will create a stronger risk from 

which it will be difficult to escape, because it will lead to the continuous similarity 

of fund fluctuations over time. The US and Europe are at the forefront of these 

regulations, so it is primarily important that they take into account the potential 

risks of sustainable investment when implementing policies or rules, or further 

refining those already in place. 

 

Relating the region allocation of the sample funds and the specific country allo-

cation of the portfolio to the US and Europe, with the correlations between the 

three funds composing the portfolio, it can be affirmed that the specific strategies 

of allocation to specific regions have better returns. The portfolio is made up of 

these funds due to the strong positive correlations between all the funds in the 

sample. Because of these correlations, through the MVO, the funds with the best 

returns will always be chosen to form the portfolio. Due to the high correlations, 

it might be thought that it is convenient to invest in only one fund, but this thesis 

shows that the combination of the funds can reduce the risk by achieving better 

returns. This shows that negative correlations are not necessary for diversifica-

tion to be beneficial. However, correlations must be monitored in order to maintain 

portfolio diversification and thereby manage portfolio risk. This is mainly because 

funds, while each having their own investment objective, can change their assets 

to redirect their strategy, which can be either positive or negative. 

 

In this case there is no diversification by assets, because the sample funds are 

mostly composed of equity. But there is diversification by industries and sectors 

and geographic locations. It is important that countries or companies are explored 

to gain more diversification in that direction.  

 

In order to reduce any systematic risks brought on by their shared positive 
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correlation, investors in the sustainable fund industry should exercise caution re-

garding potential vulnerabilities resulting from a lack of diversification in invest-

ment strategies. 

 

4.3 Comparison with other allocation strategies on the efficient 

frontier ✝☛✁ ��✁✂✂ ✟☎�✠ ✁☛ the selection of the optimal sus-

tainable portfolio 

Thanks to the process followed in the methodology, the graph shown in figure 27 

can be obtained. Appendix 6 is the completed table 10, whose data make up the 

graph. As addressed in the theoretical framework, the main idea of the efficient 

frontier is to know the portfolios that maximize the return for a certain level of risk. 

These portfolios are located above the orange curve line in the graph.  

 
 

Figure 27: Portfolios on the efficient frontier 
 

 

 

The blue line is the CAL, which has the slope of the Sharpe ratio of the optimal 

portfolio (0,8213). It starts with the risk-free rate and ends at the point with the 

highest risk premium fund. The points inside the border of the frontier are the 

individual funds (in colour those that are part of the portfolio) that, optimally 
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grouped together, make up the portfolios on the efficient frontier. On the far left 

is the MVP, which, with a 1,49% risk premium and 6,52% standard deviation, 

minimizes the overall volatility of returns among all possible portfolios of funds. In 

other words, the standard deviation of the MVP is considerably lower than even 

the lowest standard deviation of the individual funds. However, the expected re-

turn is not high and it can even be seen from the graph that there are other port-

folios with a slightly higher level of risk that offer the possibility of achieving a 

more desirable return. 

 

At the rightmost end of the efficient frontier is the fund with the highest risk pre-

mium, which is DPAM, the fund with the highest weight in the optimal portfolio. 

This is mainly due to the very positive correlations among the funds, leading the 

portfolio to be much closer to the point with the highest risk premium. On the other 

hand, the range of risk is quite large, with a span of 10 points, and the portfolio 

being within the highest range of risk indicates that high correlations do not allow 

for a significant reduction in risk. If the correlations had been much closer to 1, 

there would have been no benefit from diversification and, therefore, the result 

would have been to allocate 100% to the fund with the highest risk premium 

(DPAM). In this case, however, diversification brings benefits. Thus, the portfolio 

tangent to the CAL is the optimal one, through which it is possible to achieve the 

best risk-return trade-off. In other words, it is the portfolio with the best risk-ad-

justed return, maximizing return for a given level of risk or minimizing risk for a 

given level of return. 

 

Through the MVO it has been possible to create a portfolio with the best risk-

adjusted return, however it is necessary to note that this is done in a completely 

quantitative way. The method is based on the analysis of historical returns, which 

limits a meticulous consideration of each individual fund. Because of this, it is 

particularly sensitive to input data, in conjunction with the assumption that returns 

are normally distributed. When assessing individual funds, more characteristics 

of the funds are taken into account, as explained in section 2.3.1. In that case, 

the following points would be taken into account, selecting the appropriate ac-

cording to the characteristics of the investor: 

- Whether a fund has higher transaction costs and taxes than other funds 
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- Whether the fund has underperformed or overperformed the benchmark 

in the past 

- Whether it has an entry fee, exit fee or minimum initial investment and how 

this affects the fund's final capital 

- Experience of the fund managers 

- The fund's specific objectives and limitations 

- Different investment strategies or philosophies, for example, sector and 

country allocation. 

 

Market conditions can also change, leading to variations in the optimal portfolio 

over time. Knowing this and taking into account the very positive correlations of 

European sustainable funds, regular monitoring of the portfolio is necessary. The 

MVO also fails to take into account that the positive correlations may be due to 

the specific risk mentioned in the previous section, which would be aggravated 

by the continuous adaptation of the funds to European regulations. This could 

lead to a vicious circle from which it would be difficult to escape if the EU itself 

does not restrict it. Thus, the MVO is a good method to build portfolios with the 

best risk-adjusted return, but it is necessary to bear in mind that, in the context of 

European sustainable funds, it is likely that risky portfolios with significant risk 

reduction, due to positive correlations, will not be created. It may even be worth-

while to evaluate funds separately, find several funds with different strategies and 

then follow the MVO process with the selected funds to evaluate correlations. 

Also, the possibility of investing in a single fund is always there. On the other 

hand, it is always better to invest in diversification than to allocate all the capital 

to a single investment fund. Even if being invested in the same fund, the strate-

gies of the funds are different and the fund managers are different. Investing in a 

single investment fund also limits returns and increases risk, where the MVO can 

help significantly. 

 

4.4 Tailored portfolios aligned with risk profiles 

As outlined in the theoretical framework, the optimal portfolio obtained from the 

MVO is suitable for any type of investor risk. Any investor, regardless of their level 

of risk aversion, can invest in this portfolio. However, being an equity-dominated 
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portfolio, not all investors would be willing to invest 100% of their capital in it. 

Therefore, once the optimal portfolio is known, it is necessary to include the in-

vestor profile to form optimal complete final portfolios. Based on figure 5, which 

details the different types of risk profiles and, according to this, their recom-

mended capital allocation, portfolios have been built. Each of them has different 

levels of return for a given risk. Figure 28 illustrates the risk and return that would 

be obtained depending on the type of investor who chooses to invest in the port-

folio. This shows that the lower the risk aversion, the higher the return that can 

be achieved.  

The optimal complete portfolios consist of different weights between the optimal 

portfolio and risk-free asset. Those investors with a higher risk tolerance are in-

clined to allocate a larger proportion of their portfolio to the portfolio of European 

sustainable funds, seeking higher returns despite increased volatility. On the 

other hand, investors with lower risk tolerance allocate more to the risk-free asset, 

aiming for capital preservation and a more stable and lower return. 

 

Figure 28: Portfolios based on risk profiles 

 

 

 

As already seen, the investor's profile changes over the course of a lifetime. The 

advantage of these optimal complete portfolios is that they can be easily adjusted 

as needed. It should be noted that this portfolio is recommended for the long-

term. This means that people with a long investment time horizon could invest 
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100% of their capital in the optimal portfolio, which in theory would imply a very 

aggressive investor profile. However, the very aggressive profile is determined 

by the tolerance to return fluctuations, which implies tolerating the maximum risk 

that the portfolio brings. On the other hand, it must be taken into account that the 

financial markets tend to show a long-term upward trend, even if the fluctuations 

in the meantime are high. By investing in the long-term, investors can have more 

time to overcome short-term fluctuations and take advantage of the long-term 

growth potential of assets. As Siegel (1994) states in his book �Stocks for the 

Long Run✁, "[...] the ability to create value springs from skillful management, a 

stable political system that respects property rights, and the capacity to provide 

value to consumers in a competitive environment. Swings in investor sentiment 

resulting from political or economic crises can throw stocks off their long-term 

path, but the fundamental forces producing economic growth have always ena-

bled equities to regain their long-term trend" (p. 91). 
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5 �☎☛✂�✁✂✁☎☛ 

Through the application of the MVO method, this thesis has delved into the intri-

cacies of constructing an optimal risky portfolio of European sustainable funds. 

The findings of this study have not only revealed a portfolio with the best risk-

adjusted return that can be employed as a reference for further portfolio construc-

tion, but also unveiled a complex environment in the field of sustainable invest-

ment funds, shedding light on some key aspects that demand careful considera-

tion. 

 

The process has been conducted with the 5-year monthly returns of 103 Euro-

pean sustainable funds, which invest mostly in equity and have a management 

fee of less than 1%. There are several reasons for this selection. On one hand, 

the idea behind the objective of the thesis was to create a portfolio that minimizes 

risk in order to still obtain a considerable return and is suitable for any type of 

investor. In order to combine it with a risk-free asset, the portfolio should be risky. 

That is the reason why funds that invest mainly in equity have been selected, 

which is also in line with the selection of European sustainable funds when con-

ducting research. On the other hand, the recommendation of an expert in invest-

ment funds, John Bogle, has been taken into account when considering low-cost 

funds for portfolio construction. 

 

The portfolio, based on the past returns of its component funds, is assumed to 

generate an annual return of 15,19%, undertaking a risk of 16%. This implies a 

moderate risk compared to the sample average and a return very close to the 

maximum return of the sample. The selection, which leads to the best risk-ad-

justed return, is composed of three funds with different investment objectives and 

very diverse characteristics, whose portfolios are accordingly diversified. The one 

with the largest weight in the portfolio, DPAM (64%), is a passively managed in-

dex fund focused on US companies. The second, Protea with 21% of the weight, 

is actively managed and is concentrated on European investments, although it 

has a small fraction in the US and UK. The third is AAF, with 15% weight, which 

is also actively managed, investing mainly in the US. Compared to each other, 

AAF is a large-cap fund, DPAM a mid-cap and Protea a small-cap. As can be 
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witnessed, the funds maintain their focus on either the US or Europe, which may 

be one of the reasons why they are able to achieve better risk-return levels by 

focusing on one or a few markets. It should also be noted that these regions have 

well-established regulatory frameworks that support sustainable investment. Re-

markably, no fund that invests globally is part of the portfolio, whereas it would 

be better diversified in region allocation. Such a diversification would help to min-

imize underperformance due to the effect of significant events in Europe or the 

US. As the main weight of the portfolio is the index fund, it is expected that the 

portfolio will not suffer from abrupt changes in allocation, which is a kind of "safe-

guard". The optimal mix suggests that the recently added funds, i.e., incepted 

close to the launch of the APSF, have a better risk-return performance than funds 

that have been in the market for many years; being that the funds in the portfolio 

were added to the market in 2016, 2017 and 2018. The portfolio is heavily 

weighted in sensitive and cyclical industries, which means that the defensive in-

dustry counterweight is not sufficient to counteract sharp changes in the market. 

For this reason, the portfolio will be more focused on growth potential. It also tries 

to create a balance between this expansion capacity and stability through the 

defensive industry. 

 

Concerning the sample funds, there is a clear trend to invest in large-growth and 

large-blend companies, which not only seeks to maximize returns through rein-

vestment of capital, but also to align them with ESG objectives that focus on the 

long-term investment horizon. In context with sector allocation, this is the reason 

for the high predominance of technology in the funds, as many tech companies 

are considered growth oriented. Due to the reasons mentioned above, the port-

folio carries a long-term investment horizon.  

 

Beyond this, large-growth and large-blend investment strategies can be attributed 

to the high correlations between not only the funds in the portfolio, but also the 

funds in the sample. This indicates a very strong degree of interrelation between 

them. This means that the focus on large-growth/blend would be a specific risk.  

It can be minimized by finding other ESG-aligned companies to invest in, which 

exhibit lower correlations with the typical ESG-driven trend. For which fund man-

agers should take action and explore other countries and/or companies to gain 
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more diversification in that direction. Nevertheless, it is understood that this in-

vestment strategy is aggravated by the SFDR regulations in the European Union. 

As long as they exist and are amended, sustainable funds will continue to adapt 

to the changes in regulations in order to continue to be categorized as sustainable 

funds. This is a risk that leads to inefficient portfolio diversification due to the need 

to comply with certain standards. Further research is needed in this area to avoid 

potential unwanted systematic risk. The US and Europe are at the forefront of 

these regulations, thus they should take into account these risks and potential 

risks when implementing or refining certain standards. 

 

Even if correlations are very high, there is still some level of diversification benefit 

that allows for an optimized portfolio. Through the MVO, when correlations are 

very positive, the funds with the highest returns will always be chosen to form the 

portfolio, because none counteracts the risk. This highlights that this method is 

very sensitive to correlations between assets. Nevertheless, the MVO is a good 

method to build portfolios with the best risk-adjusted return, but it is necessary to 

bear in mind that, in the context of European sustainable funds, it is likely that 

risky portfolios with significant risk reduction, due to positive correlations, will not 

be created. While the possibility of choosing a single investment always exists, 

investing in just one also limits returns while increasing risk, where the MVO sig-

nificantly helps. 

 

This thesis demonstrates that the ✒✆✔✕✖✎ ✑✙✌✄✘✗✏ ✙✑✝✌✒✑✏✄✑ can reduce the risk by 

achieving a high return, all aligned with sustainability. The consideration of a 

broad range of funds, left aside the observation of their respective costs, entry or 

✞✩✄✌ ✒✞✞✎� ✆✔✕✞✝ ✑✝ ✑✜✞✝✙✞✝✒✑✝✘✗✔✦✞ ✑✒ ✌✓✞ ★✞✔✦✓✘✗✝✧� ✒✆✔✕✖✎ ✘✗✔✗☎✞✝✎✖ ✞✩✙✞✝✄✄

✞✔✦✞ ✗✔✕ ✒✆✔✕✖✎ ✎✙✞✦✄✒✄✦ ✑★�✞✦✌✄✜✞✎✄ However, this had a motive, which was to 

interpret the portfolio from a systemic perspective in order to find the return and 

risk that best represent the European sustainable fund category. The customiza-

tion comes into play when adapting the fund to different types of risk tolerance. 

In this sense, more proportion will be invested in the portfolio when being a more 

aggressive investor. A more conservative investor will invest a higher proportion 

in the risk-free asset.  
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The outcome of future research, apart from the above mentioned, could be 

whether it is possible to lower the risk to obtain the return found in this thesis or 

a higher one through fixed income funds or other types of assets. In addition to 

further research on the interrelationship of funds with European standards and 

whether the strategies remain as correlated in the years to come. Moreover, the 

consideration of funds with low management fees in this research may be viewed 

as a limitation, in which further research can introduce funds with higher manage-

ment fees into the analysis to corroborate the alignment to high correlations. 

 

This thesis has found the portfolio that balances risk and return in the context of 

sustainable investment, affirming that long-term investment in the field European 

sustainable funds is the focal aspect, not only due to the implication of sustaina-

bility, but also to the large-growth/blend approach of the funds. The portfolio and 

its characteristics, as well as the process of developing the thesis, can be used 

by individual investors, either to invest in it or to create new portfolios that improve 

the risk-adjusted return. It is clear that fund managers must work to find assets 

that primarily contribute to differentiate themselves from other funds, as well as 

policymakers must be vigilant and work together to ensure that regulations do not 

obstruct the diversification of funds. 
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Appendix 1: Risk profile questionnaire 
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Appendix 2: Categories Morningstar 
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Source: Morningstar.  
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Appendix 3: Sector classification Morningstar 

 

Source: Morningstar (2011). 
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Appendix 5: Correlations by year 
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Appendix 6: Table containing all points in the final graph (related to Table 10) 

 




