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EXECUTIVE SUMMARY 
 
Regulations and pressure from society have led to new climate policies for businesses. Last years, this pressure expanded 
its range to social and governance aspects within companies. ESG (Environment, Social, and Governance) is therefore a 
trending topic for businesses but especially for banks, as they play a significant role because they are at the center of the 
economy. Banks have constructed financial ESG-linked products that stimulate companies to improve ESG-related KPIs 
within their organization. However, the range of financial ESG-linked products that are currently offered by banks is still 
limited, therefore, we researched how we can create new ESG-related products, how we can price them, and how we can 
model them. This research is commissioned by ABN AMRO but the research is general and not focused on the Dutch bank. 
The answers to the research questions were found by a combination of literature research, conversations with different 
departments of ABN AMRO, and modeling. 
 
Before the creation of new ESG-linked products, we researched the reasons were to creating and offering ESG-linked 
products. We found that there are four main reasons: customer demand, regulations, profit potential, and competition. 
Customer demand for sustainability-linked products increased rapidly in 2021, which shows the opportunities for banks and 
the interest in ESG products. It also shows that competition is already offering ESG-linked products and that this competition 
is profiting from this flourishing market. Several regulations like the Sustainable Finance Disclosure (SFDR), the Corporate 
Sustainability Reporting Directive (CSRD), and more are forcing banks to report on ESG aspects not only from the bank itself 
but also from their portfolio. The regulations are a trigger for banks to think about their ESG strategies and policies. Next to 
those reasons, we have profit potential. Banks that are offering ESG-related products focus mostly on green businesses, but 
there is a market of transition businesses that is relatively untapped. Within this transition business market, banks should 
focus on the companies that face the biggest pressure to adapt and at the same time, are the most competent to transform.  
 
ESG-linked products always have a KPI component. There are different guidelines for setting up KPIs for ESG-linked 
products, however, there are no general restrictions that hold for every company. Therefore, we wanted to create a KPI 
framework that can be used by every business. We think that focusing on material ESG KPIs would contribute to a higher 
financial performance of the organization. We found that SASB’s Materiality Map which tries to generalize material ESG 
issues is a good starting framework. We expanded the Materiality Map with a “Corporate Governance” column and their 
corresponding material issues, as we found that SASB’s Materiality Map did not incorporate the “G” of ESG accurately. With 
SASB’s Materiality Finder, we can find the material ESG issues in a certain sector for every company. The bank needs to 
inspect the “Corporate Governance” material issues at the company themselves. Together with the counterparty, they decide 
on which material ESG issues are the most important. Once this is set, the bank can look up the material ESG issues in 
World Economic Forum’s 2020 whitepaper about ESG metrics. Here, the material ESG issues can be coupled with the 
material ESG KPIs. Again, the bank and the counterparty decide together which KPIs are chosen to be tracked in the 
financial product. The tracking can be done either by the bank themselves by analyzing the ESG KPIs out of the company’s 
annual report or by an independent third party. The latter reduces the chances of issues like corruption and bribery. 
 
After analyzing the current ESG-linked products being offered, we found that these products are all constructed in the same 
way. There is a base financial product, e.g. an interest rate swap or bond with on top of it a bonus/malus KPI structure, which 
is offered to the counterparty. If the counterparty achieves a predetermined KPI goal, it will get a discount of a particular 
amount of basis points on its base product till maturity otherwise. If the counterparty does not reach this goal, the 
counterparty pays either a certain amount of basis points penalty till maturity or nothing happens. Most of the times, the KPIs 
are based on an educated guess and therefore KPI targets are often reached. This way of offering ESG-linked products is 
not viable for the bank in the long run. We tried to model the KPI structure as an option, using the binomial tree model and 
the binary model as the foundation. We created two KPI option models, which allow banks to price KPI options on top of the 
base financial product they offer. Our KPI option models are based on the company’s historical volatility of a KPI, or that of a 
company of a similar size and sector. This way of pricing the KPI gives banks a viable model. 
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1. INTRODUCTION 
 

1.1 ABN AMRO 
ABN AMRO is a Dutch bank whose head office is located in Amsterdam. The history of ABN AMRO reaches back to 1720.  
The bank originated from multiple mergers throughout history. The most important ones happened in 1991 and 2010. In 
1991 ABN merged with AMRO (a merger between the Amsterdamsche Bank and Rotterdamsche Bank) which created the 
largest bank in the Netherlands at that moment in time. In 2010 ABN AMRO Bank merged with Fortis Bank Nederland and 
became ABN AMRO Bank N.V. In 2021, the bank had nearly 20.000 employees, which serves more than 5+ million clients 
around the world with products and services like loans, mortgages, payments, financial advice and asset management (ABN 
AMRO Bank N.V., 2022). The bank serves over 365.000 commercial clients of which most are small and medium-sized 
enterprises (SMEs). ABN AMRO amounted 50.6 billion euros to their corporate and institutional clients in loans and 
advances.  
 
 

1.2 RESEARCH MOTIVATION 
ABN AMRO offers an extensive bundle of financial products for their corporate and institutional clients. The products and 
services offered to their clients worldwide, produce a turnover of more than €250 million (ABN AMRO, 2020a). However, 
after ABN AMRO’s strategy review in 2020, they decided to focus more on Northwest Europe and limit their Corporate and 
Institutional Banking (CIB) to their core sectors. To increase their market share, in Northwest Europe, they set new targets 
and ambitions up till 2024. The strategic pillars are customer experience, sustainability, and future-proof banking. In this 
research, we will especially focus on the second pillar, sustainability. When banks are talking about sustainability, they do not 
solely focus on the environmental part anymore. Nowadays, sustainability is also connected to social and governance 
aspects. Are companies sustainably managing their social capital? Is the management capable to mitigate possibilities for 
corruption in a sustainable manner? These questions are tied to the term ESG, which stands for environment, social, and 
governance. The demand from corporate and institutional clients for ESG-linked products is rapidly increasing. ABN AMRO 
offers already a variety of ESG-linked products reaching from sustainability-linked loans (SLLs) to sustainability-linked 
swaps. In 2020 ABN AMRO was an underwriter of a sustainability-linked loan to Royal Avebe, a Dutch starch manufacturer. 
The parties involved agreed on certain KPIs that would stimulate sustainability factors within Avebe’s company. If Avebe 
reached the sustainability targets, they get a discount on their interest rate (ABN AMRO, 2020b). 
Because of the rising volume of such investment, banks are in a position where they need to decide whether they want to be 
a leader in the sector, follow the competitors, or just want to comply with regulations. ABN AMRO stated in their strategy that 
“Sustainability is a differentiator. We want to be a first choice partner on it for our clients and lead by example” (ABN AMRO, 
2021a). In their 2021 annual report, they listed that for the short to medium term (0-5 years) they want to increase insight into 
the needs of their clients to be able to help them in their sustainability shift and to discover new financing opportunities to 
enable this transition (ABN AMRO Bank N.V., 2022). Therefore, ABN AMRO is seeking possibilities to expand the package 
of financial products that are ESG related. 
 
 

1.3 PROBLEM STATEMENT 
ABN AMRO wants to be the first choice partner on sustainability-linked products. Currently, the bank is already offering ESG 
products for retail investors. However, these only contain ETFs, bonds, and investment funds. ABN AMRO also wants to 
offer products that can meet the specific wishes of a company or investor. We already know that ABN AMRO offers different 
ESG-linked products, which can be structured with company-specific KPIs. Nevertheless, the bank wants to research 
whether there are more options to expand the current financial product offering that is ESG related and not limited to 
environmental issues. At the moment, knowledge of ESG products, especially on ESG-linked derivatives and ESG data are 
scarce, these are an obstacle to creating ESG products. In Figure 1 we depicted the problem in a simplified problem cluster. 
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Figure 1: Simplified problem cluster for banks 

 

1.4 RESEARCH GOAL & SCOPE 
The goal of this research is to gain knowledge on ESG products that are currently available in the market, construct an ESG 
KPI framework, create and price an ESG-linked derivative using the framework, and develop a tool that allows the bank to 
design a tailor-made derivative which is linked to ESG. The aim is that this tool can be used to create products that are 
tailored and made for specific corporate and institutional clients. We will create this tool using Python. We limit the scope of 
this research to corporate and institutional clients and focus on one specific ESG-linked derivative because of the time 
constraint of 20 weeks. However, this tool might lay the foundation for the creation of other derivatives. We chose to focus on 
ESG-linked derivatives because other ESG-linked products like sustainability-linked bonds and sustainability-linked loans are 
already getting familiar in the financial market.  
 
 

1.5 RESEARCH QUESTIONS 
The core problem is that there is a knowledge gap between what is wanted and the current situation of the bank (Heerkens & 
van Winden, 2012). The ideal situation is that ABN AMRO knows how to create, price, and model ESG-linked products. The 
main research question is therefore stated as follows: 
 
How could ABN AMRO create, price, and model financial products that promote ESG among its corporate and 
institutional clients, and third parties? 
 
To answer this research question, we need to answer some other questions first. We, therefore, created a list of sub-
research questions that need to be answered first, to answer the main one. To discover why ABN AMRO wants to create, 
price, and model ESG-related products, we need to find out the goal of offering ESG-linked products. We set up the following 
questions: 
 

1. What is the goal of creating ESG-related products? 
a. What are the reasons to offer ESG products? 

i. How do clients promote/stimulate ESG among third parties? 
b. What are relevant products to offer? 
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Once we have identified the reasons behind offering ESG-connected products, we need to know how to build these 
products. What do we need to create the products? How do we value them? How do we take into account certain risks? 
These are the questions that are going to be answered with the help of the following sub-questions: 
 

2. How do we construct ESG-linked products? 
a. Which ESG KPIs are important? How do we classify them? 

i. How do we measure those KPIs? 
ii. How do we stimulate the clients to reach the KPI goals? 

 
b. How do we price these products? 

i. What does our ESG-linked need to look like? 
ii. How sensitive are certain values in the pricing model? 

 
c. What are the risks and how do we incorporate these into the price? 

i. Which risks are related to offering our ESG-linked product? 
ii. How can we mitigate ESG risks in general? 

 
By gathering the knowledge that is found in the answers to the questions that are mentioned above, we will ultimately have 
congregated enough information to start building a model for our ESG-linked product. Afterward, we will start modeling the 
product using Python to price it. This will also help us visualize and test our model and would act as a foundation for other 
future ESG-linked derivative pricing models. 

 

1.6 APPROACH 
For every question, we will perform literature research. However, for questions 2.a. and 2.c. we will also have conversations 
with the appropriate departments within ABN AMRO to see which KPIs are currently used and if there are already 
frameworks in use for sustainability-linked products. Furthermore, we will discuss which risks are taken into account at this 
moment and if these are incorporated into the price of sustainable financial products.  
We will first explain ESG and thereafter perform literature research for every question, then we will create a KPI framework 
and construct a pricing model for our ESG-linked product and ultimately we will program this in Python.  
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2. ENVIRONMENT, SOCIAL & GOVERNANCE 
 

2.1 ESG 
Environment, social, and governance, better known as ESG, is becoming increasingly important. In 2015 two major 
agreements were adopted. The first one was the “2030 Agenda for Sustainable Development” which was adopted by all 
United Nations member states (UN, 2015). This agenda contained the 17 sustainable development goals (SDGs) which 
reach from reduced inequality to climate action. The second agreement was the Paris Agreement. The goal of the Paris 
Agreement was to limit global average temperature warming to a maximum of 2 °C above pre-industrial levels and to pursue 
efforts to limit the increase to 1.5 °C (UNFCCC, 2015). These agreements, together with the European Green Deal, form the 
basis for the European ESG targets. Lannoo & Thomadakis (2020) call the European Green Deal the cornerstone of the 
EU’s response to the Covid-19 pandemic because of the large amounts required for a sustainable and green recovery. Their 
research showed that ESG products were resilient during the market decline caused by the pandemic and will play a vital 
role in fastening the transition to a sustainable economy. We believe that also the war between Russia and Ukraine will 
accelerate the transition to a sustainable economy as fewer Western countries want to be dependent on Russian gas and oil. 
Accordingly to the agreements, companies in all sectors have adjusted their goals and missions to contribute to these 
common goals. Banks are at the centre of the economic transformation. Also, ABN AMRO implemented ESG goals in its 
three strategic pillars. ABN AMRO does not only try to include ESG in their own company but also tries to stimulate other 
companies. A few examples are:  
- To make at least €46 billion in ESG impact investments by 2024 
- To make at least 25% of the corporate loans sustainable by 2024 
- To be in the top 5% of the most sustainable banks worldwide (ABN AMRO, 2021b) 
ABN AMRO partnered up with Sustainalytics. Sustainalytics investigates and assesses ESG risk scores of companies. This 
score is an aggregated score of the amount a company is exposed to different material ESG issues and how well the 
management of a company is handling relevant ESG issues (Sustainalytics, 2022). These scores can be used by investors 
to see how well a company is scoring on ESG factors.  
 
In the next part, we will explain each letter of ESG and show some examples of focus areas of each aspect. 

2.1.1 Environment 
Environment is the most known factor in ESG. When people are talking about ESG, most of the time the emphasis lies on 
sustainability. When looking at a company’s environmental part, it may include the company’s energy use, waste, 
greenhouse gas (GHG) emissions, or circularity. Banks stimulate the “E” in various ways. The first way is by making their 
products and services more sustainable, e.g. offering financial products that have a positive impact on the environment. 
Sustainability-linked loans (SLLs) and sustainable/green bonds have rapidly grown over the years. In 2021 sustainable 
bonds reached one trillion dollars, which is 20 times as much as in 2015 (Toole, 2022). Investors seem to become more 
interested in the environmental impact they could have (EY, 2021a). The second way is by investing in companies that have 
a positive effect on the environment or in enterprises that want to transition to a more sustainable way of operating. In this 
way, the bank does not only have a direct impact with its products and services but also with its investment portfolio. 

2.1.2 Social 
Social is the part where we are talking about how companies treat stakeholders, e.g. how are the relationships with 
employees/suppliers/customers/shareholders managed? What are the gender and diversity ratios within the firm? These are 
questions that are asked when the social aspect of a business is measured. When is looked at investment decisions of fund 
managers and institutional investors, according to (EY, 2021a) the social aspects, Human rights practices, Diversity, Equity, 
and Inclusion (DEI), are the least chosen top characteristics of these investors (see Figure 2).  
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Figure 2: Investment focus of fund and institutional investors. Source: EY, 2021. 

2.1.3 Governance 
The latest aspect of ESG is governance. This deals with the company’s leadership. Here, the composition of the board, 
executive pay, audit teams, and shareholder rights are examined. Robust governance has always been at the center of 
attention for investors. Investors believe that strong shareholder rights lead to higher returns due to the increased influence 
of the shareholders at firms (EY, 2021a). 
 

 

 

  



 

11 | P a g e  
 

3. LITERATURE REVIEW 
 

3.1 THE GOAL OF OFFERING ESG PRODUCTS 

3.1.1 Reasons to offer ESG products 
When we are talking about reasons for banks to offer ESG products, we can divide the reasons into four categories, namely: 
customer demand, regulations, profit potential, and competition. In this section, we will describe the reasons to offer ESG 
products as a bank for each category.  
 
Customer demand 
When we are looking at SMEs, nearly 70% of the companies that were surveyed by Zeb expect their bank to offer ESG 
financing products (Rupp et al., 2021). This means that there is a great market to offer ESG financing products. We see that 
ESG financing products like sustainability-linked loans surged last years. These loans saw a 300% rise in 2021 to $717 
billion (Toole, 2022).  
To find out which specific wishes there are from corporate and institutional clients, the bank needs to address these clients to 
find out what ESG financing products the clients are looking for. Obviously, this can differ drastically per bank, as each bank 
focuses on various clients that work in different sectors. We do not know whether ESG-linked derivatives will see the same 
increase in demand as ESG financing products but we know from a study by Lannoo & Thomadakis (2020) that derivatives 
can play a significant role in the context of the European Green Deal and the transition towards a low-carbon economy. 
Therefore, banks should be prepared for a market that could rapidly expand. 
Investors are also asking for ESG investing products to gain exposure to ESG. Therefore, banks need to think about how 
they would facilitate this. ABN AMRO is already offering ESG funds which are a combination of portfolios of ESG equities or 
ESG bonds. Most of these portfolios exclude companies that are involved in the tobacco, alcohol, or weapon industry. 
Furthermore, these portfolios are selecting companies that score high on different ESG KPIs such as low CO2 emission or a 
high percentage of women in the top management. 

 
Regulations 
It can be difficult for banks to formulate a comprehensive ESG strategy because banks have to deal with a flood of 
information and speculations about regulatory changes (KPMG, 2021). Once banks pass this hurdle and defined a 
comprehensive ESG strategy, the next obstacle is already waiting. Banks are at the risk of facing reputational loss when the 
bank does not live up to their ESG missions and statements. There is a growing number of ESG activist which publicly 
accuse banks of greenwashing, “making people believe that their company is doing more to protect the environment than it 
really is” (Cambridge Dictionary, 2019), when they do not follow their own ESG statements. An example of this is the 
“Banking on Climate Chaos” report of Rainforest Action Network and others. This report shows that the 60 biggest banks in 
the world have financed $3.8 trillion to fossil fuel companies in the five years since the Paris Agreement (Rainforest Action 
Network et al., 2021). This financing contradicts most banks’ own ESG missions and statements and therefore led to a 
reputational loss for most of these banks. Regulators are trying to get a hold of this by forming a regulatory ESG framework. 
The first action of the European Commission is the Sustainable Finance Disclosure Regulation (SFDR). The SFDR is part of 
the Action Plan for Financing Sustainable Growth of the European Commission (AFM, 2021). The SFDR is based on the 
UN’s SDGs and aims to create transparency for sustainable financial products to investors. The SFDR imposes mandatory 
obligations to all financial market participants., which comprise banks, investment funds, pension funds, and equity funds. 
The disclosures should make the sustainable profile of financial products more comparable and easier to understand. 
The second measure taken by the European Commission is the Non-Financial Reporting Directive which aims to enable 
investors, communities, and stakeholders to evaluate a large company’s non-financial performance on environmental 
protection, social responsibility, human rights, anti-corruption, and diversity (European Commission, 2022). The Commission 
now calls the plan the Corporate Sustainability Reporting Directive (CSRD). 
The third action taken by the European Commission is the Taxonomy Regulation. This is a classification system with criteria 
that determine which economic activities are environmentally sustainable and which economic activities may harm the 
environment (S&P Global, 2021). 
The fourth is MiFID II. The goal of MiFID II is to make the European financial markets more efficient and transparent while 
increasing investor protection. The directive will require banks to consider sustainability risk in investment decisions. 
Furthermore, it expects banks to scrutinize sustainability factors throughout the organization, reaching from governance to 
product development (Patrick Schmucki, 2022). 
The fifth action taken is Capital Requirements Regulation (CRR II). CRR II necessitates large banks with public listed 
issuances to disclose ESG risk in their Pillar 3 disclosures (Patrick Schmucki, 2022). 
The last measure is a global one. At the 2021 United Nations Climate Change Conference (COP26) in Glasgow, the 
International Financial Reporting Standards (IFRS) Foundation announced that the International Standards Board (ISSB) will 
be working under the authority of the IFRS (EY, 2021c). They will develop the “IFRS Sustainability Disclosure Standards” 
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which will make the disclosures more comparable and consistent throughout different industries and jurisdictions, as 
currently there are around 600 different ESG reporting standards around the world. 
These regulations stimulate banks to increase ESG product development and create a foundation for ESG financing and 
investing. However, due to the large stream of information and speculations about future regulatory changes, it keeps 
challenging for most institutions to develop a thorough ESG strategy (KPMG, 2021). 
 
Not only the regulatory frameworks are founded but also courts are taking action against individual companies who do not 
act well enough on their responsibility to people and the climate. A revolutionary example is the case of Shell in 2021. A 
Dutch Court ordered Shell to reduce its CO2 emission to net 45% by 2030 compared to its 2019 levels (de Rechtspraak, 
2021). This is the first time that an individual company is obliged to change its current climate policy by a court (Merle et al., 
2021). The Shell case might be the first of many court cases against companies with high greenhouse gas emissions. This 
case might be another incentive for banks to contribute as much as possible in the ESG area and to keep involved in 
conversations with ESG activists. 
 

 
Profit potential 
A bank’s loan portfolio can be categorized into three segments. First, the “dark green” businesses. These are the businesses 
that are inherently contributing to ESG aspects, e.g. solar farms, wind farms, etc. Zeb found that the primary focus of banks 
is on these businesses, which leads to high competition and lower profit margins (Rupp et al., 2021). They suggest focusing 
more on the “transition” businesses, the companies that are not ESG-compliant yet but can achieve it in the future. According 
to Zeb’s assessment, the average loan portfolio consists of 90% of “transition” businesses. This market is relatively untapped 
and therefore has significant profit potential. The last segment is the “brown” businesses, the companies that are having a 
negative ESG impact and are not able to transform. The latter is obviously not a market that banks should look into when 
they are looking for ESG-linked financing. Figure 3 shows the average loan portfolio structure of a bank and the implications 
and forecasts for banks in the different segments. Furthermore, companies that score well on ESG metrics are to a greater 
extent identified as conceivably offering higher returns and showing fewer risks than companies with low ESG scores (ISDA, 
2021a). 
 

 

 
 

Figure 3: Profit potential within loan portfolios. Source: BankingHUB by zeb 

To develop a solid ESG strategy, banks should look at their current focus on sectors/segments and find out where the main 
financing needs are for “transition” companies (Dell’Aversana & Paltenghi, 2021). Furthermore, banks should be open to 
innovating their current ESG product offerings to cover the needs of their potential clients. Banks could think about offering 
loan/bond + derivative packages to become the one-shop hop. Banks might decide to expand/limit their scope after their 
findings. To prioritize the sectors/segments within the addressable market, banks should outline the niches within the 
sectors. Zeb uses two variables to prioritize the focus on specific niches (Dell’Aversana & Paltenghi, 2021). They put the 
“pressure to adapt”, which can be from the regulatory side but also from customers and competitors, on the x-axis and put 
“adaptability”, the capability to implement ESG requirements, on the y-axis. Figure 4 shows the four quadrants that arise from 
filling in the niches. The size of the blue dots represents the size of the niche market. The niches in the “transformation 
prospects” quadrant should be the initial focus of the bank, as these niches face the biggest pressure to adapt and have the 
highest adaptability scores.  
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Figure 4: Prioritization of the addressable market. Source: BankingHUB by zeb 

 
Competition 
Not only did the volume of issued sustainability-linked loans surge, but also the volume of ESG bonds which comprise green 
bonds, social bonds, and sustainability bonds grew significantly. In 2021, ESG bonds reached $1 trillion, which was mostly 
because of the green bond issuance (Toole, 2022). The increase represents a 20-fold rise compared to 2015 and accounts 
for 10% of the global debt market. This indicates that there are already players on the market that can profit from this 
flourishing market. The analysis of the cash flow channel by Mendiratta et al. (2021) showed that bond issuers with a high 
ESG score showed statistically stronger financials than issuers with a low ESG score. Eventually, this leads to a better credit 
score. When competing banks are already offering ESG products and your bank is not, it will lead to a competitive 
disadvantage. On the other hand, banks that are pioneers in the ESG field and offer ESG-linked products, have a 
competitive advantage and might profit from higher volumes, margins, and earnings. The results of Deloitte’s research (2019) 
suggest that commercial banks who score high on material ESG issues have better future performance than banks that 
score low on these issues. To be a pioneer in the field, banks should reach further than the upcoming regulations and 
consider ESG as a unique selling point through all of the bank’s facets (Rupp et al., 2021). Discovering and offering new 
ESG-linked products is a solid first step in being a pioneer in the ESG field. 
 

3.1.2 How do clients stimulate ESG among third parties? 
Banks can have a significant impact by financing “transition” businesses with ESG-linked products. However, it would be 
even better to have an impact on the whole supply chain of the financed business. This goal can be reached by 
implementing supply chain wide KPIs. For example, if a bank finances a retail shop that sells cotton clothing. The supply 
chain begins with the fields where cotton grows. These fields rely on good weather. Depending on the location of these 
fields, there might be a high climate risk. If bad weather strikes the cotton fields, it will drive up the price of cotton. This 
increase is felt through the whole supply chain. When the cotton arrives at the clothing manufacturer, there are other ESG 
risks. Clothing manufacturing is often linked to child labor and a bad labor environment. This does not have to be the case. 
Banks or an external party needs to perform a comprehensive supply chain scan to figure out where the ESG risks are and 
how the whole supply chain can be improved on ESG aspects. Banks can construct ESG-linked products which impact the 
whole supply chain with KPIs like “percentage of recycled product used”, “percentage of greenhouse gas (GHG) reduction 
through the supply chain”, and “Total overtime divided by total FTEs”. Banks can choose to reject financial products from 
retail clothing stores when child labor, unsafe working conditions, or other human rights problems are discovered in their 
supply chain. In this way, the risk of supply chain disruption is mitigated and working conditions might improve. 
Blockchain can also help to tackle these problems. Blockchain can help to improve transparency through the entire supply 
chain and can expose corruption, human rights abuses, or modern-day slavery (Accenture, 2020). Walmart is using a 
blockchain platform to reduce the time to track their mangoes across the US from a week to two seconds. It enables Walmart 
to find out where a foodborne disease might have begun within seconds, which facilitates quick communication with their 
customers about an issue with the product. 
 
 

3.2 WHAT ARE RELEVANT PRODUCTS TO OFFER? 
The first question we need to address is: how do we define relevant products? We could argue that every product that is 
linked to ESG is relevant as it has a positive effect on ESG aspects, however, this would create a limitless amount of ESG 
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products. We would define relevant products as demand fulfilling with a positive impact. We know already that last year the 
demand for sustainable bonds (green bonds, social bonds, and sustainability-linked bonds), sustainability-linked loans, and 
sustainable equity increased significantly. We want to tap into the part of the market which is still in the beginning phase, 
therefore we decided to research ESG derivatives. ESG derivatives help to increase capital towards sustainable investments, 
hedge against ESG risks, facilitate transparency, price discovery, market efficiency, and contribute to long-termism (ISDA, 
2021a).  
 
In 2021, the International Swaps and Derivatives Association (ISDA) published a list of ESG-related derivatives products and 
transactions. The list contains sustainability-linked derivatives, ESG-linked credit default swaps (CDS) indices, exchange-
traded derivatives on listed ESG-linked equity indices, emission trading derivatives, renewable energy/fuels derivatives; and 
catastrophe and weather derivatives (ISDA, 2021a). Depending on the focus of a bank, some derivatives are more traded 
than others and some derivatives are not even traded at all. For this thesis, we decide to start with one kind of derivative as a 
basis and work onwards from that basis. Therefore, we decide to go with a more general derivative. We take the 
sustainability-linked interest rate swap as our basis for this research, as this could be adjusted to other kinds of derivatives 
like FX derivatives, and CDSs. 
The interest rate swap (IRS) is mostly used to hedge against the interest rate risk. The most common IRS is a derivative 
between two parties where the floating interest rate is “swapped” for a fixed interest rate. Counterparty A pays counterparty B 
a fixed interest rate based on an agreed-upon notional principal amount. In return, counterparty B pays counterparty A the 
floating interest, which is based on a floating interest rate index like the LIBOR or EURIBOR. If the average floating interest 
rate is below the fixed rate, during the length of the contract, counterparty B makes a profit. Counterparty A makes a profit 
when the floating interest rate is on average above the fixed interest rate during the length of the contract. In a sustainability-
linked IRS, depending on the wishes of both parties, they can agree to only give a penalty on the fixed interest rate when 
sustainability-linked KPIs are not met, only give a bonus when KPIs are accomplished, or both. Both parties can agree on a 
bonus and/or penalty. For example, counterparty A pays counterparty B a fixed interest rate of 4% on the notional principal 
amount of 100 million euros and set the bonus and penalty both on 10 basis points (0.1%). Counterparty A pays 4 million 
euros every year of the contract. When company A reduces its CO2 emissions by 10% before the end of the IRS contract, 
counterparty A only needs to pay 3.9 million euros every year of the contract. On the other hand, if counterparty A does not 
reduce its CO2 emissions by 40%, then it needs to pay 4.1 million per year. Another option is to pay the bonuses and/or 
penalties to a predetermined charity or ESG-related project. To engage shareholders with the ESG business decisions, 
banks and companies can decide to let shareholders vote on which project the money should go to. 
 
We found that the published list of ISDA contained a lot of ESG products that were focused on sustainability only, which is 
also something we found through a wide span of literature. In a solid amount of literature, ESG is almost seen as a synonym 
for sustainability. When we will create the ESG-linked derivative, we will make sure that all three aspects of ESG can be 
covered in the product. Furthermore, we will also look into the possibilities of a bonus/penalty system on the floating interest 
rate side.  

 

3.3 HOW TO CONSTRUCT ESG-LINKED DERIVATIVES? 
In the previous section, we decided to take the sustainability-linked IRS as our basic derivative. This product is commonly 
offered by a bank to a company that wants to hedge interest rate risk. Generally, the company is the counterparty that pays 
the fixed rate, and therefore the bank pays the floating rate. To construct an ESG-linked IRS we need the regular pricing 
model of an IRS plus a discount/penalty model. To create the bonus/malus system on top of the IRS, we need to define KPIs 
that can be used. Banks have already set up different sustainability-linked KPIs. In the ISDA list, we have seen multiple 
examples. KPIs in this list are linked to ESG ratings, sustainability certificates, increasing renewable energy power 
generation, UNSDGs, and sales of projects that aim to reduce GHG emissions, safe and healthy working environment, 
reducing energy consumption (ISDA, 2021a). Most of these KPIs are linked only to the environmental impact, we will also 
explore KPIs for the social and governance part of ESG. The ISDA guidelines are a good start in steering ESG-linked 
products in the right way. However, ESG-linked products are still tailor-made regarding the wishes and the scope of the 
client. In this section, we will create a basic framework of ESG KPIs, research how those KPIs can be measured, and look 
into the possibilities of how clients can be stimulated to reach the KPI goals. 

3.3.1 Classification of ESG KPIs 
Before we can set up a basic framework of ESG KPIs, we first define guidelines for these KPIs. In 2021, ISDA published a 
document that proposed KPI guidelines for sustainability-linked derivatives. The guidelines proposed have five principles 
(ISDA, 2021b). The first principle is “specific”. The specific principle states that KPIs and their calculation methodology 
should be clearly defined. Furthermore, it is important to include fallbacks into the documentation to cover situations where 
KPIs cannot be calculated. Drafting KPIs as precisely as possible decreases the chance of being ambiguous. The second 
principle is “measurable”. This principle describes that KPIs should be quantifiable, objective, and possible to reach. The third 
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principle is “verifiable”. The verifiable principle explains that KPIs should be verifiable by either one of the counterparties or a 
third party. Choosing an independent third party decreases the risk of disputes and potential reputational damage. The fourth 
principle is “transparent”. This principle clarifies that counterparties should think about which information should be disclosed, 
to whom, and at which frequency. The last principle is “suitable”. In this section is pointed out that KPIs should be relevant to 
the counterparties of their ESG strategy to avoid greenwashing accusations. The KPIs should be material, strategically 
significant, and ambitious enough. Making information publicly available improves verifiability and transparency but also 
reduces the chance of greenwashing allegations. 
Furthermore, the document also provides a classification of KPIs. This classification has four main categories: 

• Reducing negative impacts on the environment,  

• Encouraging positive impact on the environment  

• Linking counterparty performance to requirements under international agreements (e.g. Paris Agreement)  

• Tracking ESG scores by independent third parties  
 
When we analyze the ESG-linked derivatives that are already issued in the market, we see that a solid amount of KPIs is 
linked to ESG scores. We found rating providers are mostly involved when ESG-linked derivatives are linked to ESG scores. 
Sustainalytics is one of the rating agencies that is involved in multiple ESG-linked derivative contracts that are based on their 
ESG score. Other rating agencies are MSCI, S&P, and Refinitiv. Zeb Research and Morningstar analysed 36 funds and their 
ratings by different rating agencies (see Figure 5) (Zeb & Morningstar, 2021).  
 

 
Figure 5: ESG ratings of funds by different rating providers. Source: ESG rating agencies, Zeb research. 

 
They analysed 12 conventional funds, 12 funds that promote ESG (Article 8 funds), and 12 funds with a concrete sustainable 
investment objective (Article 9 funds). We see that the ratings for a fund can differ significantly between the rating agencies, 
especially at the conventional and Article 8 funds. We assume that we will see the same pattern for other companies 
because rating agencies use different methodologies and focus on different points. Standardization of methodological 
frameworks for rating providers would provide an ESG score that could better be compared between different companies and 
industries. Before this happens, we do not recommend banks to use ESG scores as a KPI for ESG-linked derivatives.  
For this research, we will still include “tracking ESG scores” in our classification but we would recommend waiting for using 
this as a KPI till there are more transparent and standardized methodological frameworks for ESG rating providers. 
 
The first three mentioned classification categories by ISDA (2021) can easily be translated to all ESG aspects. If we 
generalize the first three categories, we get the following result:  

• Reducing negative impacts on the ESG aspects 

• Encouraging positive impact on the ESG aspects 

• Linking counterparty performance to requirements under international agreements (e.g. UNSDGs) 

• Tracking ESG scores by independent third parties  
 
The three generalized categories can focus on individual parts of ESG, two parts, or all of them. Based on the business of 
the counterparty, it can be decided together with the bank on which part(s) of ESG the derivative will focus.  
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3.3.2 Which ESG KPIs are important in general? 
Once the focus and scopes are determined by the counterparties, they need to decide which ESG KPIs are relevant for the 
ESG-linked derivative. The German Association of Investment Professionals (DVFA) was the first to publish a list of KPIs for 
ESG and gained the status of an official EFFAS (European Federation of Financial Analysts Societies) standard (DVFA & 
EFFAS, 2009). Their paper defined nine topical ESG areas and their corresponding KPIs (see Figure 6) which apply to all 
sectors and industries.  
 

 
Figure 6: Overview of the topical ESG areas and their KPIs. Source: DVFA (2009). 

A year later, DVFA & EFFAS also published a list of KPIs which are sector-specific (DVFA & EFFAS, 2010). They provided a 
comprehensive list of sectors with their corresponding KPIs. These KPIs are a solid basis for ESG KPIs per sector but are 
lacking an amount of KPIs which are trending nowadays (e.g. human rights, diversity, and inclusion). The challenge here is 
to determine which KPIs are most relevant for a company/sector because it is not possible to tackle all ESG problems. PwC 
(2021) argues that materiality is the key to success in this case. Materiality is the relevance of a factor that could have an 
impact on a company’s financial performance (Robeco, 2020), immaterial factors are the ones that do (almost) have no 
impact on a company’s financial performance. Understanding the ESG risks of a company and its sector is essential for 
getting insight into which issues are important for the business and its stakeholders. Industry and geography are the two 
leading criteria for understanding the ESG risks and could generate a long list of potential material issues. (PwC, 2021). The 
list can be reduced to the most material issues of the business. From practical experience with their current ESG-linked 
products, ABN AMRO finds three KPIs as the golden standard, where there is a maximum of five (Tieleman, 2022). These 
numbers seem reasonable as three KPIs are not difficult to track, and five KPIs seem to be possible but not desired. 

A study by Khan, Serafim, and Yoon in 2016 found that firms with high ratings on material sustainability issues 
significantly outperform firms with a low score, in terms of investment returns, on these issues (Khan et al., 2016). Another 
important finding is that firms with a good rating on immaterial sustainability issues do not outperform firms with bad ratings 
and that investments in high material and low immaterial gave the highest annualized alpha (the return compared to the 
benchmark), (see Figure 7).  
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Figure 7: Annualized alphas on the four investment categories. Source: Khan, Serafeim, and Yoon (2016) and Russell 

Investments. Alphas refer to portfolio returns regressed on four-factor models including Mkt-Rf, SMB, HML, and UMD.      
*** Refers to significance at the 1% level. 

These results were later verified in another study by Steinbarth & Bennett in 2018. They used the materiality map of the 
Sustainability Accounting Standards Board (SASB) to determine which of the 145 ESG issues from Sustainalytics were 
material. With their findings, they created a “material ESG score” which they benchmarked against the immaterial ESG 
issues and the traditional ESG score (Steinbarth & Bennett, 2018). They found that low performance on material issues is 
especially costly, even if the firm scores high on other ESG issues. 
 
We learn from these studies that investing in immaterial ESG issues does not contribute to the performance of an 
investment. However, investing in material ESG issues does. We therefore decide to make a difference between material 
ESG issues and immaterial ESG issues. We would like to argue that when selecting KPIs for a derivative, the bank should 
focus on material ESG KPIs (which obviously differ per industry and sector). We think that the focus on material ESG KPIs 
would contribute to a higher potential financial performance of a company when it is compared to randomly selecting 
industry-specific material or immaterial ESG KPIs. Selecting material ESG KPIs will eventually lead to lower credit risk 
(Deloitte, 2019). A growing body of research also suggests that companies with high ESG ratings exhibit lower credit risk 
(Mendiratta et al., 2021). Furthermore, we believe that the chance of being accused of greenwashing also decreases 
because the bank focuses only on ESG issues that can financially impact a business. It is the responsibility of the business 
itself to address immaterial issues when needed.  
We will use SASB’s 26 general material ESG issues that apply to every industry as our general ESG KPI framework. 
However, we will expand this framework as Steinbarth & Bennett (2018) found that SASB’s framework did not accurately 
incorporate the “G” of ESG. They added a “Corporate Governance” column to the framework which was based on the 
corporate governance assessment of Sustainalytics (see Table 1). We divided the framework into the three parts of ESG. 
The environment part is green, the social part is yellow and the governance part is blue. Obviously, these are general issues, 
and specific KPIs can be made up from these general issues. We recommend banks to use SASB’s “Materiality Finder” to 
find out which of these issues are material for a specific industry or company, but they must also assess the relevant issues 
of the company on corporate governance, as these are not included in SASB’s framework. SASB’s Materiality Finder 
contains all publicly-listed companies. Material ESG issues for private companies can be found by identifying their industry 
on SASB’s online tool.   
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Table 1: Extended version of SASB's general material ESG issues 

Once the general material ESG issues for a company are determined, the bank can dive together with the counterparty into 
possible KPIs within the company-specific material ESG factors. As mentioned before, these KPIs must be strategically 
significant and ambitious enough (relative to the scope of the company) to prevent greenwashing allegations.  
 
World Economic Forum’s International Business Council (IBC) worked together with Deloitte, EY, KPMG, and PwC to identify 
a set of universal, material ESG metrics (World Economic Forum, 2020). The survey of their study showed that 88% of the 
respondents found that a universal set of ESG metrics and disclosures would be helpful for their business. An even higher 
percentage, 91%, saw the importance of such metrics for financial markets and the economy. Eventually, they identified 21 
core metrics and 34 expanded indicators to help companies consistently measure and report progress towards ESG goals. 
One of the criteria for these metrics was: “Materiality to long-term value creation”. We believe that their metrics can be used 
by banks to establish company-specific material ESG KPIs. We recommend using SASB’s Materiality Finder to pinpoint the 
relevant ESG issues and to use the core metrics and expanded indicators of the World Economic Forum’s research 
consequently to choose material ESG KPIs. 
 
Suppose that a private company, Company ABC wants to enter an ESG-linked interest rate swap with the bank for 5 years. 
Company ABC is active in air cargo transportation. At SABS’s Materiality Finder we can categorize the business in the 
industry “Air Freight & Logistics”. We find that there are six relevant general material ESG factors for Company ABC (see 
Figure 8). The bank and Company ABC can look into these issues and check how Company ABC is currently performing on 
these six factors. The counterparties could agree to specify KPIs on the environment, social, and governance aspects, which 
are especially related to the company’s business strategy, missions, and values but should also be connected to the bank’s 
own strategy. Company ABC and the bank could decide to specify KPIs for “GHG Emissions”, “Employee Health & Safety” 
and “Critical Incident Risk Management” because these are the most relevant issues for the business. 
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Figure 8: Air Freight & Logistics industry on SASB's Materiality Finder 

When we look up these issues in World Economic Forum’s paper we find the following metrics and disclosure 
recommendations:  
 
GHG emissions 
Greenhouse gases are the main reason for the rising temperatures worldwide. The paper recommends companies to report 
all relevant greenhouse gases in metric tonnes of the carbon dioxide equivalent (tCO2). Counterparties can look at the 
current GHG emissions and set ambitious goals each year to reduce the total emissions, e.g. reducing total GHG emissions 
by 50%. We can cut this end goal into smaller and more manageable targets, for example by agreeing on a 10% reduction of 
total greenhouse gasses per year during the length of the derivative contract. 
 
Health & Safety (%)  
Mitigating health and safety risks in the working environment can contribute to higher employee morale and productivity. The 
paper advises reporting on the following matters: 

• The number and rate of fatalities as a result of work-related injury;  

• The number and rate of high-consequence work-related injuries (excluding fatalities);  

• The number and rate of recordable work-related injuries  

• The main types of work-related injury;  

• The number of hours worked 
 
Furthermore, the advocate for an explanation of how the organization facilitates workers’ access to non-occupational medical 
and healthcare services, and the scope of access provided for employees and workers.  
The counterparties can agree to attach KPIs to the matters that score the lowest, In Company ABC, employees work on 
average 30 hours per month of overtime. The banks and the company could agree to reduce the over hours worked per full-
time employee by 10% each year during the length of the contract. 
 
Integrating risk and opportunity into the business process:  
Companies should be aware of their risks, not only from the sector risks but also the risks that are tied to the company-
specific. It is therefore important that these risks are identified as soon as possible to measure how these risks change over 
time and how to react to these risks and potential changes. The paper mentions incorporating material economic, 
environmental, and social issues, and data stewardship in their risk assessment. When such assessments and 
corresponding policies are not in place or not complete, counterparties can agree to have such assessments and or policies 
finished before the end of the interest rate swap. It is hard to make this quantifiable or to break it down into smaller pieces. 
Therefore, counterparties can choose to define beforehand which parts a risk assessment and its corresponding policies 
must consist of before the end of the contract. Making the goal quantifiable can be troublesome but it should be clear, 
verifiable, suitable, and transparent (ISDA, 2021b). In this case, the goal can be verified by a third independent party at the 
end of the interest rate swap. 
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As can be seen from the example above, most KPI end goals can be cut down to yearly KPI goals to build a feedback loop 
for both counterparties. However, making governance goals quantifiable can be a challenge. We encourage counterparties 
to make the goals quantifiable where possible. Otherwise, goals should still be drafted according to the rest of ISDA’s KPI 
guidelines. The reason that ISDA did not provide specific KPIs but only guidelines are because goals can be really specific 
and differ through industries and sectors. Another reason is that trends can change quickly and specific KPIs could get 
outdated quickly. The counterparties could agree on a bonus per KPI that is reached and a penalty for when a KPI is not 
achieved. The bonuses and/or penalties do not have to be equally weighted. 

3.3.3 How do we measure those KPIs? 
There are two options for measuring KPIs. Either it is measured by one of the counterparties by publishing the specific KPIs 
in public reports or it is done by an independent third party. Both are reasonable options to choose from and both options 
have their advantages and disadvantages. When the KPIs are measured by one of the counterparties, the KPI calculation 
methodology must be well documented. This can be done by a specific equation or formula so that in case of a disagreement 
between the two counterparties, the KPI can still be measured by an independent third party. Another way to track and 
measure a KPI is to couple one to an operation that has been documented and published throughout the (last) years already. 
This can be an operation mentioned in an annual, quarterly, or ESG report. When the measurement is done by one of the 
counterparties, it saves costs for both parties. However, in practice, banks prefer the measurement being executed by an 
independent third party like a classification/audit bureau or technical expert. The con is that it brings extra costs to the 
transaction. On the other side, it decreases the chance of disputes and therefore also mitigates the risk of reputational 
damage significantly.  

3.3.4 How do we stimulate the clients to achieve the KPI goals? 
Banks can play an important role in stimulating clients to reach KPI goals that are coupled with an ESG-linked loan or 
derivative. The penalty and bonus system is one of the potential motivations for clients. When the counterparties are 
constructing an ESG-linked product, they should aim for certain ambitions as targets. When the targets are set, it can be a 
stimulus to break down the targets into smaller ones. Instead of agreeing on reducing CO2 emission by 40% in 5 years, the 
counterparties can set smaller goals for each year, e.g. reduction of CO2 by 8% each year and couple smaller bonuses and 
penalties to them. Through this way of working, the client is stimulated to take direct action. However, banks do not want 
bonuses to be the main reason to apply for an ESG-linked product. Therefore, the bonuses are relatively small (a few basis 
points) and only represent a “symbolic” value.  
Another motivation for the client to achieve the KPI goals is the reputational image of the company. Most of the ESG-linked 
loans and derivatives are published by both counterparties in an article. By doing this, the counterparties are publicly 
committed to the settled goals. Therefore, the client might face a loss of image and reliability when it does not meet the set 
KPI goals.  
The last stimulant for clients can be by benchmarking KPIs against the market in which they are operating. By generating 
ambitious KPIs to improve the market’s standards, clients can be pioneers in their industry. This position might create a 
competitive advantage and it would therefore be an encouragement to achieve the defined KPI goals. 
 

3.4 HOW DO WE PRICE THE ESG-LINKED DERIVATIVE? 

3.4.1 What does our ESG-linked derivative look like?  
In order to price the ESG-linked derivative, we need to think about how we can value an interest rate swap through the 
length of the contract where there is a possibility on predetermined timepoints that a bonus or a penalty needs to be 
distracted/added from the floating or fixed rate, depending on whether a KPI target is reached or not. Banks are currently 
using a method with a step-up and step-down structure to add the bonus or penalty to the leg of the counterparty (or where 
the penalty is paid to a charity). The bonus/penalty for next year is based on how many KPI targets are reached in the 
current year. Let’s assume that a company buys an interest rate swap with an ESG component and pays the fixed leg. If we 
look at the table below, this means that when the counterparty reaches two KPI targets this year (2022), it will get a discount 
of 1 bp on its fixed leg in 2023. We see that the figures with minus signs are penalties and with plus signs are bonuses and 
therefore decrease the fixed rate leg.  
 

AMOUNT OF KPI TARGETS REACHED PENALTY/BONUS (BPS) 

0 -3 
1 -1 
2 +1 
3 +3 

 

Table 2: Example of the bonus/penalty structure of banks 
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If we take a look at the process, we see that nothing changes for the calculation of the IRS. There is only a kind of ESG 
structure on top of the IRS. We can therefore also alter this process to an interest rate swap plus a European option. The 
price of the product is the value of an interest rate swap plus the present value of the expected payoff of the option, which 
means that both products can be added up to get the total price. We see that by looking at the ESG derivative in this way, 
enables more financial products besides the IRS to be the base product. There may be multiple KPIs, we will take this into 
account by calculating the prices of multiple options. By looking at the valuation of the derivative as an IRS plus an option, it 
is not possible to take a potential penalty into account. However, this penalty is substituted by the payment of the option. This 
means that the costs of the option will be paid at the start of the option the counterparty that wants to achieve certain ESG 
KPI targets. In the next section, we will shortly outline the pricing of the KPI option and the potential option pricing model 
candidates that can act as a KPI option model. 
 
Option on KPI 
To model the price of an option on a KPI, we had to discover which already existing option pricing models would be able to 
fit. For every KPI goal that is achieved, we want to offer a discount of x basis points times the principal amount. However, if a 
KPI goal is not reached, we want to penalize the counterparty. When a counterparty enters a KPI option contract, it has to 
pay the price of the option This price can be seen as the penalty the counterparty has to pay for not reaching the KPI goal. 
We looked at the potential option pricing models and concluded that there are only a few candidates that can in theory 
incorporate our requirements. The candidates are; the binomial tree and the binary option because we can adjust the 
maximum payoff in both models. 
 
Binomial tree 
Binomial trees are used to price European options or American options. It visualizes the possible prices of an asset and the 
corresponding payoffs. Binomial trees are valued using the risk-neutral valuation, meaning that we assume that the world is 
risk-neutral (Hull, 2015). This suggests that the expected return from a traded asset is the risk-free interest rate. Payoffs from 
the option are priced by calculating their expected values and discounting them at a risk-free rate. 
The advantage of using a binomial tree to value the options is that you can determine with which steps the asset price 
increases and decrease. As we cannot use the binomial tree in its original form, we can alternate the model to fit our 
situation. The payoff of a plain vanilla call option is normally the maximum of the asset price at maturity minus the strike price 
or zero (max(S-K,0)). The payoff can therefore not be zero at a plain vanilla call option. However, we want to limit the payoff 
to the number of basis points that are agreed between the bank and the counterparty. The next issue is that we have no 
asset like a stock value as an underlying asset. We will explain the requirements and the characteristics of the model in 
Chapter 4. 
 
Binary option 
When we look at the cash-or-nothing call options, it means that the payoff of those binary options will pay off nothing if the 
asset price ends up below the strike price at maturity (Hull, 2015). However, if the asset price ends up above the strike price, 
it will pay off a predetermined amount Q at the time of maturity. The price is just like with the binomial option, the expected 
payoff is discounted at the risk-free rate. In Chapter 4 we explain how we altered the original model to comply with our 
requirements for a binary KPI option model. 
 

3.5 WHAT ARE THE POSSIBLE RISKS AND HOW DO WE INCORPORATE 

THESE INTO THE PRICE?  

3.5.1 Which risks are related to offering our ESG-linked product? 
The bank has four kinds of risks for which capital is required: market risk, credit risk, operational risk, and liquidity risk (Hull, 
2018). Market risk is the risk that emerges from trading activities. It is the risk of losing value on the bank’s trading book. 
Credit risk is the risk that a counterparty cannot pay back its loan or derivative transaction due to a default. The third risk is 
the operational risk and is seen as the bank’s biggest risk. Operational risk is often divided into internal and external risk. 
Internal risk is the risk a bank has control over, such as the people it hires, the IT systems in place, and the controls. External 
risks are the external activities that have an impact on the bank’s operations, like natural disasters, changing regulatory 
frameworks, or security breaches. The last risk is the liquidity risk. Liquidity risk is the ability of a company to make cash 
payments as they become due. If a bank for example mostly has illiquid assets, like long-term fixed mortgages, the bank can 
run into trouble when it has to pay short-term liabilities like interest on saving accounts. These are the standard risks for a 
bank. We already know that not offering ESG-linked products can cause a competitor disadvantage. Banks that do not adapt 
now to the upcoming ESG regulations will barely have enough time to implement them and will have even more problems 
keeping up with the changing market demand (KPMG, 2021). However, this is a risk of not following the ESG trend but which 
risks are related to our ESG-linked product?  
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A thorough assessment of the main risks and vulnerabilities faced by the significant institutions under the European Central 
Bank’s (ECB’s) direct supervision, conducted by ECB Banking Supervision and national competent authorities, concluded 
that risks originating from climate change and environmental degradation will be the main challenge for banks and 
supervisors in the coming years (European Central Bank, 2021). This underlines the importance and the gratitude of the 
tasks that the banks are awaiting. The ECB defines two main risks that are linked to climate-related risks and environmental 
risks, namely physical risk and transition risk (European Central Bank, 2020). Physical risks are the negative impacts of a 
changing climate on the bank’s assets, financial and earnings situation, or reputation. Physical risks are categorized as 
“acute” or “chronic. Examples of acute physical risks are storms, floods, or wildfires and examples of chronic physical risks 
are rising temperatures, increasing sea levels, and loss of biodiversity. These risks can lead to damaged properties, reduced 
productivity, and indirectly even to supply chain disruptions. Transition risks are the (in)direct negative consequences on a 
bank’s financial situation towards a more ESG-friendly economy. Transition risks can come from (sudden) changing 
regulations, market changes, or technological developments. The physical and transition risks will have an impact on the four 
risks we mentioned at the start of this paragraph. Figure 9 (ING Group, 2021) gives a clear overview of how the physical and 
transition risks are related to credit risk, market risk, operational risk, and liquidity risk. For example, when a flood hits a 
certain part of the Netherlands because of the rising sea levels, it will most likely lead to damage to certain properties. This 
will consequently affect the collateral of banks and their mortgages. Property damage will decrease the value of the collateral 
and would therefore lead to a higher loss given default (LGD), the loss when a counterparty cannot pay back its loan. This 
would increase the credit risk of a bank. One of our KPI option models could also easily be applied to mortgages. The bank 
and the client could have agreed that the client would have energy label A after 5 years to receive the discount of, for 
example, 0.5 basis points on the mortgage interest rate. Making such deals is positive for the client (who saves energy 
costs), the bank (because the probability of the client defaulting on the loan decreases and it increases the value of the 
property) and for the environment as less grey energy is used. However, when a flood hits this particular home, what is the 
effect on the product and the bank? The client still has to pay the mortgage and the price of the KPI option is already paid. 
There are 4 scenarios before the flood: 
 

1. The client did not (yet) increase his/her home in a way that it has energy label A now. The period of 5 years is not 
over yet. The house is now hit by a flood and loses 40% of its value because of the water damage. 

2. The client made sufficient changes to his/her home to increase the house's energy label to A. The period of 5 years 
is not over yet. The house is now hit by a flood and loses 40% of its value because of the water damage. 

3. The client did not (yet) increase his/her home in a way that it has energy label A now. At the end of the 5 years, the 
house’s energy label was not A. The house is now hit by a flood and loses 40% of its value because of the water 
damage. 

4. The client made sufficient changes to his/her home to increase the house's energy label to A. At the end of the 5 
years, the house’s energy label was A. The house is now hit by a flood and loses 40% of its value because of the 
water damage. 

 
In scenario 1, the bank does not have to pay a discount on the mortgage of the client and it received the price of the option 
before the contract started. The bank does therefore not have more risk than normal. However, the client does not have a 
fair chance of getting energy label A within the 5 years. The bank could consider building a clausula into the contract where it 
would pay the full costs of the option or a percentage back to the client.  
Scenario 2 would result most likely in the same outcome as scenario 1, as the client is most likely not able to bring back the 
energy label till A within the 5 years. Also in this scenario, the client did not get a fair chance of achieving energy label A. It 
would be fair to compensate the client in a way for this. 
Scenario 3 is a different situation. Here the 5-year term is already over and the client did not meet the KPI goal. Therefore, it 
still has to pay the full mortgage interest rate. This situation compensates a little for the depreciation of the collateral.  
Scenario 4 is the worst outcome for the bank. It would have to pay a discount of 0.5 basis points on the mortgage interest 
rate to the client and the value of the home has decreased.  
When we analyze the scenarios above, we can see that the implementation of one of our KPI option models does only in 
scenario 4 leads to an extra risk for the bank because a discount has to be paid on the mortgage interest rate. However, this 
would have been the outcome no matter if the house flooded or not. Therefore, we want to incorporate the probability of a 
KPI being reached in our KPI option models. This probability can be set so that the bank breaks even, or it can choose the 
probabilities in a way that it makes a profit on average. However, finding the right probabilities might be complicated at this 
point in time, and historical data on these matters is scarce. We expect that the availability of such data will grow significantly 
in the coming years as an increasing amount of banks are going to offer financial ESG products. Therefore, it might be smart 
for banks to test the KPI option model for different KPIs on select groups of both corporate and retail clients. These groups 
can be used to test probabilities on the KPI option model before such a model is widely implemented. 
From this situation, we can conclude that our KPI option models do not create extra risks, except for the underwriting risk 
(inaccurate assessments of certain parameters) that is created by taking probabilities that are too low. 
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Figure 9: Climate risks to financial risks. Source: ING Group 2021 Climate Report (Adapted from NGFS Climate Scenarios for 

central banks and supervisors, June 2020) 

In the situation described above, only the “E” of ESG was covered. However, also social risks and governance risks can also 
impact our KPI option models. Social risks include noncompliance with labor standards, inadequate payment of labor, lack of 
assurance of industrial safety standards, health protection for employees, and lack of assurance of product safety (KPMG, 
2021). A social risk that can arise from offering the KPI option models is indirectly excluding certain people from our product. 
This can happen when KPIs are chosen that can only reasonably be achieved by a select group of people. Therefore, it is 
important to look at the different groups of people in our society and think about how every group can be stimulated with our 
KPI option model to contribute to an ESG-friendly environment. This might be an interesting topic for further research. 
The last risk is the governance risk. Governance risks can exist of compliance with tax law, corruption or attempted bribery, 
inappropriate senior management compensation, and lack of proper assurance of data protection. Offering our KPI option 
model can cause corruption and bribery attempts. A company that has a contract for a KPI option to reduce work incidents, 
might bribe employees in exchange for not reporting work incidents. The company can also try to bribe people from the bank 
to change certain KPI values or parameters which calculate the option’s price. When such events happen and are 
discovered, it will lead to a reputational loss for both the company and the bank. 
 

3.5.2 How can we mitigate those risks? 
It is not possible to completely eliminate the ESG risks that are related to our ESG-linked product. However, we can take 
some measures to mitigate those risks. The possible measures that we will describe in this section will not specifically tackle  
the ESG risks are related to our KPI option model but are more general measures, which help the bank to be prepared for 
ESG risks and their possible consequences of them.  
 
The first step a bank can take is identifying, measuring, and evaluating its current ESG exposure. This step includes the 
consideration of ESG risks while evaluating capital adequacy and while regulatory and economic capital are calculated 
(KPMG, 2021). The bank has to analyze its current portfolio and see whether it has too much exposure to particular ESG 
risks. It can divide the risks of retail and corporate clients into short-term risks (<3 years), medium-term risks (3-7 years), and 
long-term risks (>7 years). Figure 10 is an example of how NIBC Bank (2022) modeled its climate-related risk which was 
related to its current portfolio. To indicate the size of the exposure, the circles can be made bigger or smaller. The bank can 
decide to reduce the investments that are overexposed to certain ESG risks. 
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Figure 10: An example of how NIBC modeled the climate-related risk of its portfolio. Source: Annual Report NIBC Bank N.V. 

2021. 

The second step is to prepare for the climate-risk stress tests. The ECB’s climate stress test examined the resilience of 
banks to a range of climate scenarios, which were plausible representations of future climatic conditions (ECB, 2021). The 
stress test makes it possible to see the impact on the costs and the probability of defaults of companies. In January 2022, 
the ECB started its first climate risk stress test which will run through the first half of 2022 (KPMG, 2022). Preliminary results 
of the test show that the costs for companies that arise from extreme climate events will rise considerably when no further 
climate policies are implemented. The preliminary results of the ECB show again that taking action early is the wise choice 
because the short-term costs of adapting green policies are extensively lower than the potentially much higher costs that 
arise from medium to long-term climate disasters. From the 2021 EY Global Climate Risk Disclosure Barometer we can see 
that organizations are improving the quality and coverage of climate risk disclosure reporting (EY, 2021b). The coverage of 
reporting on climate-related financial disclosures was on average 70% but the average quality of the maximum quality score 
was only 42%. This demonstrates that there is still a notable gap in the integration of climate risk and associated impacts into 
the overall risk management process. 
 
The third step is to add an ESG risk inspection method to the KYC (know your customer) processes. As mentioned earlier, 
using the information of ESG data providers is not always comparable or complete. Therefore, ESG risk inspection should 
assess which ESG factors can significantly impact the credit worthiness of the corporate customer and debilitate loan 
repayments (Deloitte, 2019). Integrating ESG risk inspection into the KYC processes would not only provide optimal data 
collection for a new corporate customer but it would also remove the need to design and implement new channels and 
systems for client outreach (PwC, 2021). This integration would avoid reporting fatigue on the client’s side. However, 
reassessment of ESG risks should become the norm after certain periods of time because the ESG risks of a corporate 
customer can change over the years. 
 
The European Banking Authority (EBA) also provides guidelines on the incorporation of ESG risks in for example a loan 
origination, which can be seen in Figure 11 (European Banking Authority, 2021). We see in the first box that the EBA also 
advises including ESG factors/risks in their credit risk procedures. In the “Loan origination” box, we see a piece of advice that 
we did not see before, namely collecting information on the borrower’s ESG risk mitigation strategies. This might also help 
our KPI option model to create a better idea of the probability that a client will reach a certain KPI. Furthermore, these 
strategies can be analyzed to see whether they actually reduce the ESG risks and therefore decrease the probability of 
default. The third box is important for our KPI option model and cannot be skipped. The borrower should be able and willing 
to monitor and report certain ESG KPIs. These must otherwise be assessed by a third independent party. The last box, 
“Monitoring”, is important to see if the loan is used for ESG practices and whether it had an effect on certain ESG KPIs. The 
latter is also important for the possible granting of a discount on the loan. 
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Figure 11: EBA's advice on incorporating ESG risks at loan origination. Source: REPORT ON MANAGEMENT AND 

SUPERVISION OF ESG RISKS FOR CREDIT INSTITUTIONS AND INVESTMENT FIRMS. 

When the steps described above are followed, it would mitigate the consequences of ESG risks for a bank. Furthermore, it 
would probably lead to the reevaluation of the bank’s financial products. For example, it might be the case in the future that 
an extra safety margin needs to be paid for ESG risks on mortgages. If you live in an area where there is a higher chance of 
a flood, the bank needs to think about how it can absorb this risk. The question can be asked if covering the costs of certain 
climate risks is the responsibility of the bank at all. The risk can be compensated by increasing the mortgage interest rate in 
ESG risky areas. The latter can have a decreasing effect on house prices in environment risky areas. Another solution is that 
this kind of environmental risk will be covered by insurers and/or governments. 
 

4. MODELS 
 

In this chapter, we will describe in which way the original binomial tree model and the binary options model are modified to 
comply with our requirements. We will build our models in Jupyter Notebook (Python) because in that way we can directly 
test our models using different parameters. First, we list the requirements for the models: 
 

• The model should be able to calculate the potential discount 
o The model should take basis points as a parameter 
o The model should take the principal amount as a parameter 

• The payoff of the model should not exceed the number of basis points that are given as parameter 

• The payoff should be zero if the KPI target is not reached 

• The model should be able to calculate the price of the option 
o This should be done by taking the KPI goal into account or by taking the historical volatility of the KPI 

 
 

4.1 BINOMIAL KPI TREE 
In a regular binomial tree option model, we have the asset as the underlying asset. In our case, for pricing a European 
option, we obviously have no asset but we can use the value of a KPI as the underlying asset. We call the parameter of the 
KPI value at the start of the contract KPI_0. We use the following formulas from Cox, Ross & Rubinstein (CRR) to calculate 
the KPI target and the probability of an up move (p): 
 

𝑢 = 𝑒𝜎√∆𝑡                                                       (1) 
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𝑑 = 𝑒−𝜎√∆𝑡 =  
1

𝑢
                                            (2) 

  

𝑝 =
𝑒𝑟∆𝑡−𝑑

𝑢−𝑑
                                                       (3) 

 
It is hard to determine the probability of a company reaching a KPI goal. We therefore want to estimate this probability as 
accurately as possible. The probability obviously differs per KPI per company. To estimate probabilities, we need historical 
volatilities of ESG KPIs. Such volatilities can be extracted from a company’s annual report or paid databases like the 
Bloomberg Terminal, NASDAQ’s database, or the ESG database of Refinitiv. To get accurate historical volatilities of a certain 
company that does not have annual reports or ESG data in a database, it can be helpful to classify companies based on 
industry, location, and size and take averages of this pool of similar companies. In the Bloomberg Terminal (see Figure 12) 
(Bloomberg, 2020), KPIs can be benchmarked against their competition in the industry and the historical performance of 
ESG metrics can be checked. Based on this data, it can be estimated what an “average volatility” of a KPI can be. Then a bit 
more ambitious target can be determined and probabilities of a company reaching a KPI target can be estimated. The only 
restriction in this case is that the metric should also be available in the chosen ESG database. 
 

 
Figure 12: Bloomberg Terminal ESG data. Source: Bloomberg 2020. 

The KPI target, which is called KPI_goal in our code, is calculated by multiplying KPI_0 by u (u is calculated with the given 
historical volatility, i.e. the sigma). If the KPI goal is reached after a predetermined contract length (T), the counterparty 
receives a predetermined amount of basis points as discount on their leg payments. We have to calculate the expected 
payoff to calculate the price of our binomial KPI option. To do that, we will use backward induction. We first calculate the KPI 
values at the end of the binomial tree and we calculate their corresponding payoff. The payoff at the end of a regular 
binomial call option tree is the maximum of zero and the strike price minus the asset price at maturity (K-ST). This gives 
max(0, K-ST). However, a requirement in our model is that the discount to a counterparty never exceeds the predetermined 
amount of basis points. Furthermore, the payoff should be zero if the KPI goal is not reached. Therefore, we limit the payoff 
to the principal amount (P) times the predetermined amount of basis points (bps), which is therefore the potential discount. 
This will give us: max(0, P*bps). For a call option, the payoff is P*bps when the KPI value at maturity exceeds the KPI_goal, 
otherwise, the payoff is zero. We multiply the payoff by (maturity of the underlying – T)*(observations). So, we multiply the 
payoff by the number of periods that a discount can still be given (the remaining periods of the underlying contract). Call 
options can be used if a bank wants to stimulate the counterparty to increase a certain KPI value, for example, the number of 
sustainable machines with respect to the total machines. However, in some situations, the bank wants to stimulate a 
company to bring a KPI value down. This can be the case with CO2 emissions. For a put option, the payoff is P*bps when 
the KPI value at maturity is below the KPI_goal. When the payoffs at the end of the tree are calculated, we can work 
backward. To work backward, we first have to calculate the continuous discount factor. The discount factor is given by: 
 



 

27 | P a g e  
 

𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 = 𝑒−𝑟∆𝑡                                                       (4) 
 
 

Let’s assume that we have a two-step binomial KPI tree. If we take one step (∆𝑡) back in the tree we can calculate the 
payoff by: 
 

𝑓𝑢 = 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 ∗ (𝑝 ∗ 𝑓𝑢𝑢 + (1 − 𝑝) ∗ 𝑓𝑢𝑑)                                   (5)                  
 

𝑓𝑑 = 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 ∗ (𝑝 ∗ 𝑓𝑢𝑑 + (1 − 𝑝) ∗ 𝑓𝑑𝑑)                                   (6) 
 

𝑓 = 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 ∗ (𝑝 ∗ 𝑓𝑢 + (1 − 𝑝) ∗ 𝑓𝑑)                                         (7) 
 
In the latter formulas 𝑓𝑢𝑢 is the expected payoff at the most upper node after two time steps, 𝑓𝑢𝑑 is the expected payoff at 

the node in the middle and 𝑓𝑑𝑑 is the expected payoff at the lowest node. Those three expected payoffs are at maturity in 

this case, from there we can work backward to calculate 𝑓𝑢 and 𝑓𝑑. Once these are known, we can determine 𝑓, the 

expected payoff of the binomial, which is the same as the price of the option.  
 
Our function has the following parameters: KPI_0 (the KPI value at the start of the contract), KPI_goal (the strike price), 
KPI_u (the value of the KPI at the upper node after one timestep), r (the risk-free rate), T (time to maturity of the option in 
years), N (number of observations of the option), observations (the number of payment moments of the underlying contract 
per year), maturity_underlying (the time to maturity of the underlying contract in years), bps (basis points), P (the principal 
amount of the underlying contract). In the original binomial option tree, the parameters are S0, K, sigma, r, T, and N. Here it 
can easily be seen that we added four parameters, namely observations, maturity_underlying, bps, and P and that we 
replaced KPI_0 for S0 and KPI_goal for K, and KPI_u for sigma. At first sight, it might seem redundant to also have KPI_u 
when we have a KPI_goal which must be reached in order to receive a discount. However, KPI_u is the value of the KPI of 
the first upper node after one timestep, which depends on the historical volatility. The counterparties can agree to set the 
KPI_goal price lower than KPI_u.  
 

4.2 BINARY KPI OPTIONS 
We can use different methods to find the call price of an all-or-nothing European call option. The first method is using Monte 
Carlo simulations to simulate possible price/KPI paths using the Geometric Brownian Motion. The second option is using the 
Black-Scholes formula. We will use the latter as this is computationally more efficient and also more accurate.  
We can use this binary option with a quantifiable KPI as the “asset price” (𝑆0). When a KPI goal is reached at the time of 
maturity (T), it will pay off Q, which will be equal to a predetermined amount of basis points (bps) times the principal amount 
(P). The probability of this happening is N(d2), where N(x) is the cumulative probability distribution for a variable with a 
standard normal distribution. If a KPI goal is not achieved, then there is no payout. The only money exchanged in this case is 
the price of the binary option at the start of the contract. According to (Hull, 2015), the pricing formulas of the binary options 
are: 
 

𝑃𝑟𝑖𝑐𝑒 𝑏𝑖𝑛𝑎𝑟𝑦 𝑐𝑎𝑙𝑙 = 𝑄𝑒−𝑟𝑇𝑁(𝑑2)                                    (8) 
 
 

𝑃𝑟𝑖𝑐𝑒 𝑏𝑖𝑛𝑎𝑟𝑦 𝑝𝑢𝑡 = 𝑄𝑒−𝑟𝑇𝑁(−𝑑2)                                 (9) 
 
Where, 

     𝑄 =  𝑏𝑝𝑠 ∗ 𝑃                                              (10) 
 
 

𝑁(𝑦) =  ∫
1

√2𝜋
 

𝑦

− ∞
𝑒−

𝑥2

2 𝑑𝑥 = 𝐶𝑢𝑚𝑎𝑙𝑖𝑡𝑖𝑣𝑒 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑁𝑜𝑟𝑚𝑎𝑙                 (11) 

 
 

𝑑2 =  
ln(

𝑆0
𝐾

)+(𝑟−𝜎2

2
)𝑇

𝜎√𝑇
                                  (12) 
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We replace 𝑆0 with KPI_0 (the value of the chosen KPI at the start of the contract) and K with KPI_goal (the target of the KPI 
at maturity). Furthermore, we add some parameters:  observations (the number of payment moments of the underlying 
contract per year), maturity_underlying (the time to maturity of the underlying contract in years). The risk-free rate (r) can be 
set equal to the overnight interest rate ESTR of the corresponding maturity. The only factor that is still unknown is the 
volatility (𝜎). The volatility can be estimated using the data of an ESG database or a company’s annual report. The price of 
the binary option will be paid at the start of the option’s contract. 
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5. ANALYSES & RESULTS 
5.1 BINOMIAL KPI TREE 
We created a few Python scripts to calculate the price of a European binomial KPI option. To run the code, we first need to 
fill in the parameters of the functions that we programmed in Python. The first function that we created, calculates a KPI 
target based on the historical volatility of a KPI. The input parameters are KPI_0, sigma, T, and N. The function uses 
Equation 1 to calculate the KPI target.  
 

 
Figure 13: Historical volatility to KPI goal calculator function 

The output of this function can be used as input for the function that calculates the price of the KPI option. The input 
parameters are described in Chapter 4.1. Once these input parameters are filled in and the code is executed, it will generate 
the following output:  
 

• The potential discount 

• The value of u (calculated with Equation 1) 

• The volatility of the KPI 

• The probability of an up move of the KPI value 

• The discount factor 

• The KPI values at each node at maturity 

• The payoff at each node 

• The KPI option price 
 
A more detailed overview of the code and the results can be found in the Appendix. We wrote two different functions for the 
binomial KPI options, namely a call and a put variant. We will describe the outputs of these functions in the section below. 

5.1.1 Binomial KPI Call 
As mentioned above, we wrote two different functions to calculate the KPI option price, a call and a put function. However, to 
see the complete price path of the KPI options in a plot, we wrote separate scripts for the call and the put function to see how 
the option price develops as the KPI value increases. The result can be seen in Figure 14. 
 

 
Figure 14: The binomial KPI call option price path, with KPI goal & KPI_u = 100, r = 0.004, T = 1, N = 1, observations = 12, 

maturity_underlying = 5, bps = 5 and P = 100 

 
We see that the plot differs from the regular plain vanilla call option price plot. The first point is that the left side of the 
function increases already from the start as it usually is flat at the start. Another difference is the rapid increase in price 
around the strike price. The last difference is that the option price is flat once it hits the KPI goal. The option price is equal to 
the principal amount times the predetermined amount of basis points, which makes sense because the discount can never 
be more than this amount. This flat option price is programmed in on purpose because we want to stimulate banks and their 
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counterparties to choose KPI goals that are a little ambitious with respect to the current KPI value. We therefore maximize 
the option price as the KPI goal is smaller or equal to the starting KPI value. 
 
After analyzing the model, we found that the model has an inverse relationship with volatility because of the following. At a 
regular plain vanilla call option where the volatility would rise and the other parameters stay constant, the price of this option 
will increase, as the chance that the option will end up in the money also increases. However, in our model, the payoff is 
limited to the number of basis points that are predetermined. Therefore, when the volatility increases, there is a higher 
chance of ending up in the money but the payoff would stay constant at a maximum of the number of basis points times the 
principal amount. In other words, the expected payoff usually increases as volatility increases, but in our model, the 
maximum payoff is never more than the predetermined amount of basis points, which let the price of the option decrease as 
the volatility increases. 

5.1.2 Binomial KPI Put 
When we run the script which generates KPI put option prices corresponding to their KPI values and then plot the results, we 
get the plot in Figure 15.  

 
Figure 15: The binomial KPI put option price path, with KPI goal & KPI_u = 100, r = 0.004, T = 1, N = 1, observations = 12, 

maturity_underlying = 5, bps = 5 and P = 100 

We see that this plot is the opposite of the KPI call option price plot. This makes sense as this is the KPI put option. The 
option is in the money when it is lower or equal to the KPI goal. This plot has the same deviations as the KPI call option: the 
option price maximizes from the moment it is at the money, just before the KPI goal, the option price increases exponentially 
and the option price is not flat when it is deeply out of the money. 

 

5.2 BINARY KPI OPTIONS 
For the binary KPI options, we wrote two different scripts, one for the call option and one for the put option. Before the 
function is executed, the right parameters need to be filled in. Once this is done, it will generate the following outputs: 
 

• The potential discount at maturity 

• The price of the binary option 

5.2.1 Binary KPI Call 
For calculating the binary KPI call option price we followed Equation 8, where Q is the principal amount times the 
predetermined amount of basis points. To get an insight into the option price path, we used scripts that are looking like the 
ones that we used for the binomial KPI tree. This generated Figure 16.  
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Figure 16: The binary KPI call option price path, with KPI goal  = 100, r = 0.004, T = 1, N = 1, observations = 12, 

maturity_underlying = 5, bps = 5 and P = 100 

We can see from this plot that the price starts increasing more and more once the KPI values move to around the at the 
money levels. Once the KPI value is getting more and more in the money, the increase in the option price flattens around the 
level of the principal amount times the predetermined amount of basis points.  
 

5.2.2 Binary KPI Put 
For calculating the binary KPI put option price we followed Equation 9, where just like with the call option, Q is the principal 
amount times the number of basis points. Once we calculated the option price path, it resulted in Figure 17. 
 

 
Figure 67: The binary KPI put option price path, with KPI goal = 100, r = 0.004, T = 1, N = 1, observations = 12, 

maturity_underlying = 5, bps = 5 and P = 100 

The plot is the opposite of the binary KPI call option plot. We see that the option price decreases more as the KPI value 
moves to around the at the money level for the put option. Once it gets to the deep out of the money levels, the price 
decrease flattens. 
 

5.3 ESG GREEKS 
In this section, we look at the ESG Greeks. We look at how sensitive the option price is when underlying parameters change. 
When we calculated the Greeks using the static formulas that are used for plain vanilla options, we doubted if the results 
would give correct Greeks for the binomial KPI options. After we generated the results, our hypotheses were confirmed. The 
Greeks from the results did not make sense for the binomial KPI option model. Therefore, we looked at the dynamic formulas 
to calculate the ESG Greeks, which gave different results. These Greeks seem to be more logical, therefore we will analyze 
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these in the section below. For the binary KPI options, we only used the static formulas as these seem to be correct. We first 
defined functions for every Greek per model and then we wrote complementary scripts to see how the Greeks develop 
through different parameters. In this section, we will analyze the Greeks for both models by focusing on one Greek at a time. 
However, we will only analyze the Greeks of the call options as it is redundant to analyze the Greeks of the put options as 
well. For comparing, we used the same parameters for both models: KPI_0 = 90, KPI_goal = 100, KPI_u = 100 (only for the 
binomial KPI model as it is no parameter in the binary KPI model), r = 0.004, T = 1, N = 1, observations = 12, 
maturity_underlying = 5, bps = 5, P = 100. However, for calculating theta, we used different KPI_0 values for creating an in-
the-money (ITM), an out-the-money (OTM), and an at-the-money (ATM) option. 

5.3.1 Delta 
We start the analyses with one of the most popular Greeks, the delta. Delta is the price of the option with respect to the 
underlying asset. The delta is often used for hedging purposes. 
 
Binomial KPI 
The delta of a plain vanilla call option can be calculated using the following formulas (Hull, 2015). 
 

Δ𝑐𝑎𝑙𝑙 =  Φ(𝑑1)                                  (13) 
 

Δ𝑝𝑢𝑡 =  −Φ(−𝑑1)                                   (14) 
 

Where Φ is the cumulative distribution function (CDF) of a standard normal distribution. We tried to calculate the delta using 

the formulas above, but it gave not a logical result, so we concluded that this is not a suitable solution to calculate the delta 
for our binomial KPI model. Therefore, we had to use a different method to calculate the delta. We used Equation 15 to 
calculate the delta. In Equation 15, the V is the option price and S is the price of the underlying asset, which we replaced for 
the KPI value. 
 

       Δ =
𝛿𝑉

𝛿𝑆
                              (15) 

 
We programmed a script that used Equation 15 as the basis of the code and plotted Figure 18. 
 

 
Figure 78: The delta of a binomial KPI call option, with KPI goal = 100, bps = 5, and P = 100 

We see that the delta of the call option starts a little higher than zero and has the most activity around the strike price (and 
KPI goal). Once the option is in the money, its delta goes to zero and stays at this level as the KPI value increases. If we 
think about why this is happening, we look again at Equation 15. The steps of the KPI value stay the same, so what we see 
in the plot are only the changes in the option price with respect to the KPI value changes. If the steps of the option price 
changes increase, the delta becomes bigger. Obviously, when the option price changes decrease, the delta decreases. We 
see that the delta slightly decreases from deep out of the money till a little bit before it becomes at the money, which means 
that the option price steps slightly decrease. The delta quickly rises just before the strike price, which means that the option 
price steps become bigger. Once the KPI value reaches the strike price, the delta drops to zero. When we look at the plot of 
the KPI call option price path in Figure 14, the movement of the delta makes sense. We see in this figure that the price of the 
option indeed rapidly increases before the strike price and that the price stays constant after the strike price is hit. If the 
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option price stays constant, the delta indeed drops to zero and stays on this level. Usually, we can talk about how the delta 
movements affect hedging procedures. However, it is not possible to take a position in our underlying asset, the KPI. 
Therefore we will not further discuss hedging implications. 
 
Binary KPI 
The delta of a cash or nothing call option can be calculated with Equation 16 (Quantpie, 2018). When we expect the formula, 
we see no Q, which was the only thing we adjusted to fit our model. Therefore, Equation 16 is suitable for calculating the 

delta of our binary KPI option pricing model. In this formula, we see a new function, 𝑛(𝑑2), which is nothing else than the 

probability density function (PDF) of 𝑑2. As can be seen in Equation 17, the PDF of the standard normal distribution can be 
derived by taking the derivative of the CDF of the standard normal distribution. 

 

Δ =  
𝑒−𝑟∗𝑑𝑡

𝑆𝜎√𝑇
𝑛(𝑑2)                         (16) 

Where, 
 

𝑛(𝑦) =  
𝑑𝑁(𝑦)

𝑑𝑦
=  

1

√2𝜋
𝑒−

𝑦2

2 = 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑁𝑜𝑟𝑚𝑎𝑙 𝐷𝑒𝑛𝑠𝑖𝑡𝑦          (17) 

 
We programmed Equation 16 to calculate the delta. After that, we wrote another script to see how the delta develops through 
different starting KPI values. The result is given in Figure 19.  
 

 
Figure 198: The delta of a binary KPI call option, with KPI goal = 100, bps = 5, and P = 100 

Figure 19 shows that the delta of a binary option starts at the left side around zero and starts to gradually increase once the 
KPI value is around 50% of the KPI goal. At 70% the increase starts to reach its maximum, which continues till 80% of the 
KPI goal. The parabola reaches its top just at the left side of the KPI goal. This shows that the delta of this binary option is 
positively skewed. The tail on the right side is also somewhat fatter than the left side. When we compare this curve with the 
curve of the delta of the binomial KPI call option, we see that the delta of the binary option has a wider parabola whereas the 
curve of the binomial option increases sharply around the at the money levels. This means that the changes between the 
option price steps of the binary KPI option increase faster than the option price steps from the binomial KPI option. Another 
thing that stands out is that the delta at the top is at least twice as high for the binary option in comparison with the binomial 
option.  

5.3.2 Gamma 
Gamma is the rate of change of the option’s delta with respect to the price of the underlying’s asset price (in our case the KPI 
value). Gamma has the highest value around the at the money levels, so gamma is relatively small when it is deeply out of 
the money or deeply in the money. 
 
Binomial KPI 
The gamma of a binomial option can be calculated using Equation 18 (Hull, 2015). 
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Γ =  
𝛿Δ

𝛿𝑆
=  

𝛿2𝑉

𝛿𝑆2
                      (18) 

 
For the calculation of gamma, we needed to calculate the delta of the binomial KPI option first. In Figure 20 we see the 
gamma of the binomial KPI call option with respect to the KPI value. 
 

 
Figure 20: The gamma of a binomial KPI call option, with KPI goal = 100, bps = 5, and P = 100 

What is striking about Figure 20 is that the gamma movement is only just before the KPI goal, at the KPI goal, and shortly 
after it. What is hard to see is that the left side (before the spikes) lies around the plus side of zero and the right side (after 
the spikes) lies just below zero and has therefore a negative gamma. When we compare this with the delta plot (Figure 18), it 
makes sense that the gamma plot looks this. The delta plot starts a little above zero and strongly increases before the KPI 
goal and declines sharply to zero once the KPI goal is reached. When the differences between the delta points increase, 
gamma increases. When the differences between the delta points decrease, we see gamma also decreasing. After the delta 
reaches its top, gamma becomes instantly negative (which is the spike to the bottom), as the difference between the delta 
points becomes negative. Gamma quickly moves back to the (negative) levels around zero as delta stays constant around 
this level.  
 
Binary KPI 
For the calculations of gamma of the binary call option, we used Equation 19 (Quantpie, 2018). This formula introduces 𝑑1, 

which has a few parameters that are replaced with parameters from our model. Namely, 𝑆0 = 𝐾𝑃𝐼_0 and 𝐾 =
𝐾𝑃𝐼_𝑔𝑜𝑎𝑙. 

Γ =  
𝑒−𝑟∗𝑑𝑡

𝑆2𝜎2𝑇
𝑛(𝑑2)𝑑1                           (19) 

Where, 
 

𝑑1 =  
ln(

𝑆0
𝐾

)+(𝑟+𝜎2

2
)𝑇

𝜎√𝑇
                                  (20) 

 
Once these formulas were coded and the path of gamma was programmed, we got Figure 21, as a result. 
 



 

35 | P a g e  
 

 
Figure 21: The gamma of a binary KPI call option, with KPI goal = 100, bps = 5, and P = 100 

In this graph we see movements happening already far before the KPI goal. We know that the gamma ratio is the change in 
delta with respect to the underlying’s asset price, which is the KPI value in our case. When we look at the delta of the binary 
call option (Figure 19), we can explain what is happening in this plot. The delta starts moving upwards after the KPI value 
passes 40. We see that the delta accelerates (the changes between the delta points become bigger) and maximizes around 
a KPI value of 80, this gives the upper peak in the gamma graph. Then the acceleration of the delta slows down and the 
delta reaches its top just before the KPI value is 100. From the top, the delta starts accelerating downwards and reaches its 
maximum decline speed between a KPI value of 110-120, which gives a bottom at the gamma chart. Then the delta starts 
decreasing more slowly and therefore the gamma increases again. 
 
When we look at the differences between the gamma of the binomial and the binary option, the first thing we noticed were 
the different values of gamma. The maximum movements (top and bottom of the plot) of gamma for the binary option were at 
least 10 times lower than the movements of the binomial option. As we saw with the delta of both models, the parabolas of 
the binary option are wider and the movements there do not only happen close to the KPI goal.  

5.3.3 Vega 
Vega measures the sensitivity of the option price if the implied volatility of the underlying asset changes.  
 
Binomial KPI 
The vega of a binomial option can be calculated with Equation 21 (Hull, 2015).  
 

𝜐 =
𝛿𝑉

𝛿𝜎
                                  (21) 

 
In our model, we do not have sigma as a parameter. The parameter that sets the implied volatility is KPI_u. KPI_u is the 
value of the first upper node after one timestep. When we have the value of KPI_u, we can calculate the implied volatility 
using Equation 1. We wrote another script to calculate the implied volatility for different KPI_u values and plotted this against 
the option price. The result can be seen in Figure 22. 
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Figure 22: The vega of a binomial KPI option, with KPI goal = 100, bps = 5, and P = 100 

The first thing that strikes us is that the graph looks exactly like the delta chart. However, the values of the vega are 1000 
times higher than the delta. Vega changes if there are large moves in the underlying asset, we see this happening around 
the KPI goal. Furthermore, the vega declines as maturity comes closer. We can see this if we plot different times to maturity.      
 
Binary KPI 
The vega of a binary call option can be calculated with Equation 22 (Quantpie, 2018). Usually, the vega is the same for both 
the call and the put option, but this is not the case for the vega of binary options. 
 

𝜐 = −
𝑒−𝑟∗𝑑𝑡

𝜎
𝑑1 𝑛(𝑑2)                                 (22) 

 
After programming this formula and defining a list of implied volatilities, we were able to calculate the vega for different 
implied volatilities. The result is visible in Figure 23. 

 
Figure 23: The vega of a binary KPI call option, with KPI goal = 100, bps = 5, and P = 100 

The first thing we see is that the binary vega takes both positive and negative values, as the conventional vega is always 
positive. Around the at the money levels, vega is close to zero, while at the conventional vega, this is the highest point of 
vega. This can also be seen in the vega of the binomial KPI option. We can also see that this figure follows the same pattern 
as the gamma plot of the binary call. However, the graph seemed to have slightly moved to the right and the values of vega 
are different from the gamma values. We see that the values of vega are more than 10 times higher. Another difference is 
that the positive parabola is smaller than the negative parabola, which is the other way around in the gamma graph. We 
know that vega shows the sensitivity of the option price as the implied volatility of the underlying asset changes.  
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At the lower KPI values, an increase in the implied volatility does not make the difference to end up in the money. However, 
as the KPI value increases, the impact of an increasing implied volatility becomes bigger. Therefore, vega rises. When the 
binary call option is in the money, there is no upside anymore if the implied volatility increases. On the contrary, if the implied 
volatility increases, there is a higher chance now to get out the money again. Therefore, vega moves down. As the KPI value 
increases, the chance of getting out the money again decreases, and therefore the vega moves back to the zero levels.  

5.3.4 Theta 
Theta measures the sensitivity of the value of the derivative to the passage of time, which is also called time decay. At plain 
vanilla options, we can see that if every other parameter stays constant, the option will lose value. 
 
Binomial KPI 
To calculate the theta of the binomial KPI, we used the formula given by Equation 23 (Hull, 2015). 
 
 

Θ = −
𝛿𝑉

𝛿𝑇
                                  (23) 

 
We chose to plot an ITM, OTM, and an ATM binomial call option because this would show the differences in theta between 
those options. Plotting these options gave us the following output: 
 

 
Figure 24: The theta of an OTM binomial KPI call option, with KPI_0 = 90, KPI goal = 100, bps = 5 and P = 100 

 

Figure 25: The theta of an ATM and ITM binomial KPI call option, with KPI_0 = 100 & 110, KPI goal = 100, bps = 5 and P = 100 
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We plotted the ITM in a different graph than the OTM and the ATM plots, because otherwise the movement of the ITM theta 
was not visible. There are a few remarkable things about the plots in Figure 24 & Figure 25. The first remarkable thing is that 
both the ITM and ATM plots are all exactly on the same line, namely on the x-axis. We expected the plots to differ because 
an ATM option has a lower chance to end up in the money at maturity than an ITM option. The second remarkable thing is 
that the OTM plot is linear. We expected the ITM theta to grow exponentially as maturity comes close and the OTM theta to 
decrease exponentially as maturity approaches. However, the OTM theta does the opposite and the ITM theta is zero at all 
times. 
 
Binary KPI 
The theta of a binary call option can be calculated using Equation 24 (Quantpie, 2018). 
 

Θ = 𝑒−𝑟∗𝑑𝑡(𝑛(𝑑2)
1

2𝑇

1

𝜎√𝑇
(ln (

𝑆0

𝐾
) − (𝑟 −

𝜎2

2
) 𝑇) + 𝑁(𝑑2))            (24) 

 
After implementing the formula, we created three different theta plots. One for an in-the-money binary option, one for an out-
the-money binary option, and one binary option which was at the money. The result can be found in Figure 26. 
 

 
Figure 26: The time decay (theta decay) of an OTM, ATM and ITM binary KPI call option, with KPI_0 = 90, 100, 110,             

KPI goal = 100, bps = 5 and P = 100 

Theta expresses how much the option’s value will decline or rise to maturity. We can see in the graph that this differs per 
plot. The theta of the ITM binary call increases the closer it comes to maturity as the chance that it will end up above the KPI 
goal grows. For the theta of the OTM binary call, it is the other way around. The chance that it will end up above the KPI goal 
decreases as maturity approaches, therefore theta decreases as it comes closer to maturity. For the ATM binary call it can 
still go two sides as maturity nears, consequently, theta stays constant around zero.  

5.3.5 Rho 
Rho measures the sensitivity of the interest rate change on the option’s price. It is the derivative of the option value with 
respect to the risk-free rate. 
 
Binomial KPI 
To calculate the rho of the binomial KPI call option, we used Equation 25 (Hull, 2015). 
 

ρ =
𝛿𝑉

𝛿𝑟
                                  (25) 

 
 
We plotted the rho of a binomial KPI call in Figure 27. 
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Figure 27: The rho of a binomial KPI call option, with KPI goal = 100, bps = 5, and P = 100 

We can interpret the rho value as follows: if the interest rate increases by 1% (e.g. from 1% to 2%) and rho is 0.00212, then 
the price of the call option rises by 0.00212 (e.g. from 0.002 to 0.00412). One noticeable thing is that the rho decreases for 
the call option. Usually, rho increases for call options. However, the effect of rho on the binomial KPI call option is relatively 
low compared to other parameters. 
 
Binary KPI 
The rho of a binary call option can be calculated using Equation 26 (Quantpie, 2018). 
 

𝜌 =  𝑒−𝑟∗𝑑𝑡(
√𝑇

𝜎
 𝑛(𝑑2) − 𝑇 𝑁(𝑑2))                                 (26) 

 
We implemented Equation 26 in our script and it generated the following graph: 
 

 
Figure 28: The rho of a binary KPI call option, with KPI goal = 100, bps = 5, and P = 100 

The rho of a binary option moves differently than regular plain vanilla call options because at binary options, once the strike 
price is reached, the payoff does not increase if the asset price keeps rising. Therefore, we see in Figure 28, that once the 
KPI goal is passed, the value of rho decreases and at a certain point even becomes negative, which means that the call 
option price decreases as the interest rate goes up. 
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5.4 WHAT DOES THE TOTAL FINANCIAL PRODUCT LOOK LIKE? 
Our ESG-linked financial product consists of two components, the base product, and the KPI option. The base product can 
be any financial product with an interest rate or spread that the bank offers, e.g. bonds, loans, mortgages, interest rate 
swaps, credit rate swaps, etc. On top of the base product, we can use either the binomial KPI option or the binary KPI option. 
After analyzing the price paths and the Greeks of the models, we see that the binomial KPI option model has sharp 
movements around the KPI goal value. This is because we programmed our model in a way that the price of the option is 
directly equal to the potential payoff once the KPI value reaches the KPI goal value. We decided to program it this way to 
stimulate banks to set ambitious KPI targets. In the case of a binomial call option, the price of the option is maximum when 
the starting KPI value is at or above the KPI goal.  
 
To sketch an image of what the complete product looks like, we will describe an interest rate swap + binary KPI option. 
Suppose Company XYZ wants to protect itself against the interest rate risk and therefore goes to the bank to get into an 
interest rate swap with a principal amount of 3 million euros for a duration of 5 years. The banks offer the company to pay the 
variable rate and would in return receive a fixed rate of 5% from the company every month. On top of that, the bank gives the 
company the option to enter an ESG-focused binary KPI option which would give the company x basis points discount on the 
fixed rate if a certain ESG-related KPI target is reached. Company XYZ is an IT business that uses a lot of energy to run its 
servers and cooling systems. They have already quite some solar panels on their roof to use a little bit of sustainable energy 
for their energy usage. The sustainable energy/total energy ratio is 25%. Furthermore, the company has 20 employees of 
which 90% are men. Company XYZ wants to improve on its environmental and social responsibility, so the company tells the 
bank that it wants to enter two binary KPI options. The bank sees that the social situation of the company is more important 
to improve than the environmental one as the company already uses quite some solar energy. Therefore, the bank and 
Company XYZ come to an agreement that the business would receive a discount of 2 basis points if it decreases the men 
employees/total employees ratio to 70% percent in 3 years. The company will receive a 1 basis point discount on the monthly 
paid fixed rate if the company increases its sustainable energy/total energy ratio to 35% in 2 years. 
 
We can now get into the calculations of the price of the binary KPI options. To calculate prices that are fair for both parties, 
we want to find the historical volatilities for the “E” binary KPI option and the “S” binary KPI option to calculate the 
probabilities that those KPIs will be achieved. From Company XYZ’s annual reports, we can calculate that the historical 
volatility of sustainable energy/total energy is 31.4%. Unluckily, the men employees/total employees ratio is not a ratio which 
is stated in the business’s annual report. Company XYZ is also not a publicly traded company, so those ratios can also not 
be found in ESG databases. Therefore, we search for publicly traded companies of around the same size out of the same 
sector. We found a publicly traded company of around the same size as Company XYZ which’s men employee/total 
employee ratio historical volatility was 24.9%. Now that all the parameters are known, we can calculate the prices of the 
binary KPI options. In Figures 29 & 30 we can see the results of our binary KPI call and put option. With the call option, we 
calculated the price for the “E” binary KPI option, and for the “S” we used the put option.  
 

 
Figure 29: Binary call environmental KPI example 

 

 
Figure 30: Binary put social KPI example 

As can be seen in the figures above, the binary option price for the environmental KPI is €2739.65 and has a potential payoff 
of in total €14,400.-. The latter amount is calculated by computing how many periods the amount of bps times the principal 
amount is paid out. This is done by subtracting the T (the time to maturity of the option) from the time to maturity of the 
underlying contract and multiplying this amount by the number of times the fixed leg is paid per year (12, because there are 
monthly payments in this case) by Company XYZ. So, in our example, it is (5-3)*12 = 24. This amount is multiplied by 
bps*principal amount, which gives 24*(0.0002*3,000,000) = €14,400.-. In other words, if Company XYZ increased its 
sustainable energy/total energy ratio to at least 35% at the end of the 3 years, it will receive €600.- discount every month till 
the end of the IRS contract (starting logically after the KPI option period, 3 years). The calculations of the binary put option 
follow the same principles. Instead of the binary KPI options, we could also have used the binomial KPI options. The 
calculations differentiate a little bit and also provide a different price path. Depending on the ambitions of a company and the 
risk preferences of the bank, the right KPI option model can be chosen. 
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6. CONCLUSIONS AND RECOMMENDATIONS 
6.1 CONCLUSIONS 
ESG is a trending topic for companies and especially for financial institutions. Banks are at the center of the transition of the 
business landscape towards a more ESG-embraced field. The main research question therefore was: 
 
How could ABN AMRO create, price, and model financial products that promote ESG among its corporate and 
institutional clients, and third parties? 
 
Reasons to offer ESG products 
We created a theoretical framework and built our own ESG-linked derivatives to get an answer to this research question. We 
started by investigating the goal of offering ESG-related financial products. We concluded that there are four main reasons 
for creating such products. The four main reasons were: customer demand, regulations, profit potential, and competition. We 
will summarize the reasons per point. 
 

• Customer’s demand 
More than 2/3 of the surveyed SMEs were expecting their banks to offer ESG-financing products. The 
sustainability-linked loan market increased more than 300% in 2021 and therefore underlines the opportunities that 
arise from anticipating the customer’s demand. Also, ESG investment products are getting more interest, because 
they offer easy exposure to highly rated ESG companies. Banks are already offering the latter. 

 

• Regulations 
To protect banks against greenwashing, regulators are trying to form a comprehensive ESG regulatory framework. 
Six measures will contribute to this framework. The first is the Sustainable Finance Disclosure (SFDR) from the 
European Commission. This disclosure imposes mandatory disclosures to all financial market participants and 
aims to make the sustainable profile of a financial product more comparable and easier to understand (AFM, 
2021). 
The second point is the Corporate Sustainability Reporting Directive (CSRD) the European Commission which 
intends to make ESG aspects evaluable for investors (European Commission, 2022). 
The third measure is the Taxonomy Regulation. This classification system’s purpose is to set up criteria that 
determine whether an economic activity is good for the environment or not (S&P Global, 2021). 
The fourth is MiFID II, this directive aims to make European financial markets more efficient and transparent while 
investor’s protection increases (Patrick Schmucki, 2022). 
The fifth one is the Capital Requirements Regulation (CRR II), which requires large banks to disclose ESG risks 
(Patrick Schmucki, 2022). 
The last measure is a worldwide action. The International Standards Board (ISSB) will create the Sustainability 
Disclosure Standards. These standards should also contribute to making disclosures more comparable and 
consistent throughout different industries and jurisdictions (EY, 2021c). 
The regulations that are developed will trigger banks to take action. A regulatory ground is being formed and will 
stimulate banks to create or expand their current ESG-linked financial product offerings. Despite this regulatory 
ESG foundation, due to the large stream of speculations on future regulatory changes, it keeps a challenge for 
banks to develop a solid ESG strategy (KPMG, 2021). 

 

• Profit potential 
The loan portfolio of banks can be divided into three different business segments: dark green, transition, and 
brown. The dark green businesses are the once that are intrinsically having a positive impact on ESG aspects, like 
wind and solar farms. The part that consists of 90% of the bank’s loan portfolio is the transition businesses. These 
are the once that are not yet ESG compliant but may be able to reach this state in the future. Zeb’s research 
forecasts that the highest volumes, margins, and earnings are in this group (Rupp et al., 2021). This market is 
relatively untapped and has significant profit potential. To target this group, banks should research where the main 
financing needs are for businesses that lie in the bank’s current focus sectors or segments (Dell’Aversana & 
Paltenghi, 2021). Furthermore, the initial focus should be on the companies that face the biggest pressure to adapt 
from regulators, competition, or customers and are the most capable to implement ESG requirements 
(Dell’Aversana & Paltenghi, 2021). The brown businesses on the other side, the businesses that can never 
become ESG compliant, are obviously not a market where banks should look for ESG-linked financing. 

 

• Competition 
The volume of ESG-linked products is increasing significantly every year. This means that there are companies 
that are already benefiting from this flourishing market. For the bond market, bond issuers with a higher ESG score 
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had statistically stronger financials than their competitors with an average or low ESG score, which eventually led 
to a higher credit score (Mendiratta et al., 2021). 
Banks who are pioneers in the field of ESG will create a competitive advantage and will profit from higher volumes, 
margins, and earnings. Commercial banks that score high on material ESG issues will perform better in the future 
than banks with low material ESG scores (Deloitte, 2019). 

 
Customer demand, regulations, profit potential, and competition all play a part in the reasons to offer ESG-linked financial 
products. When banks are considering offering such products, they will have to focus on every single of the points that are 
mentioned above. 
 
Stimulating ESG among third parties 
The next thing we researched was how clients could stimulate ESG among third parties. The conclusion of this question was 
to implement supply chain wide ESG-related KPIs when a company comes to the bank for financing products. KPIs that are 
meaningful throughout the whole supply chain can improve multiple ESG aspects while decreasing the credit risks of the 
party that requests financing. Supply chain wide KPIs can be the percentage of recycled products used, the percentage of 
GHG reduction throughout the whole supply chain, or the total overtime/total FTEs. A problem that banks are likely to face is 
conducting a supply chain wide ESG risk scan. Some companies especially in certain jurisdictions won’t have to disclose 
ESG risks. In this situation, blockchain can help to create transparency. 
 
ESG-derivatives 
Now that we know that there are multiple reasons to offer ESG products and how ESG could also be stimulated among third 
parties, we wanted to know which products were relevant to offer. We found that ISDA (2021a) provided a long list of ESG-
related derivatives. We initially decided to focus on ESG-linked interest rate swaps because otherwise, the focus on all the 
different derivatives would have been very broad. However, later on, when we found out that we could use KPI option models 
to add to a base product, we stopped focusing on interest rate swaps alone and looked at where these KPI option models 
could further be used. 
 
Constructing ESG-linked derivatives 
At the next sub-research question we looked at how ESG-related derivatives could be set up. For the bonus/malus system 
on top of a derivative, we need to choose an ESG KPI. To find out which ESG KPIs are relevant, we did some literature 
research and found that we could better focus on material ESG issues as investments in companies who score high on 
material issues, outperform those who score low on material issues (Khan et al., 2016). Selecting material ESG KPIs will also 
lead to lower credit risk (Deloitte, 2019). We use SASB’s Materiality Finder to find which material ESG issues are relevant to 
a company in a specific sector. We extended SABS’s material ESG framework and incorporated the “Corporate Governance” 
column because the “G” of ESG was not accurately covered in the original framework (Steinbarth & Bennett, 2018). With 
SASB’s Materiality Finder, we can search for corresponding ESG metrics in World Economic Forum’s 2020 whitepaper, 
which can be used as KPIs for our option model. We found that the KPIs can be measured by analyzing annual public 
reports or by an independent third party. Next to that, the clients can be stimulated to achieve the KPI goals by financial 
motivation, reputational motivation, or competition.  
  
Pricing ESG-linked derivatives 
In this section, we questioned ourselves what the ESG-linked derivative should look like and how it could be priced. Current 
ESG derivatives are based on a step-down and/or step-up structure which adds a penalty or a discount to the counterparty’s 
payments, depending on whether a KPI target was achieved or not. At the moment, banks are setting KPI targets that are 
feasible to achieve, which results in many companies reaching the KPIs and that the bank has to pay them a discount of a 
certain amount of basis points. These targets are currently not based on historical numbers from the company or similar 
companies because of data scarcity. When we analyzed the structure, we found that the base financial product in ESG 
derivatives did not change and that we could also view ESG derivatives as a base product plus an option depending on a 
KPI on top of it. We determined to research how we could create and price a KPI option. Therefore, we decided to look at 
which existing option pricing models were suitable to fit the requirements of a KPI option model, offering a discount of x basis 
points when a KPI target is achieved. We concluded that we could alternate a binomial tree model and a binary option model 
to price a KPI option.  
 
Risks and their mitigation 
We analyzed multiple scenarios to see whether offering a KPI option model would create extra risks for a bank. We saw that 
our model would create no direct environmental-related risks. However, we want to incorporate the probability that a 
company will reach a certain KPI in our model. The scarce data at the starting phase might lead to inaccurate estimations of 
probabilities and can lead to underwriting risks. We want to mitigate this risk by testing our KPI option model on small groups 
of corporate and retail clients while testing a variety of KPIs. Next to the environmental risks, also social and governance 
risks can arise. A social risk that our model can bring is the indirect exclusion of certain clients. KPIs should be formulated in 
a way that each client of the target client group should be reasonably able to achieve an ESG KPI goal. A governance risk 
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that can occur is attempted bribery or corruption. Working together with an independent third party that measures KPIs can 
reduce this risk. 
 
Furthermore, we looked at how general ESG risks can be assuaged. The findings consist of three steps. The first step is to 
identify, measure and evaluate the bank’s current ESG exposure. This can help to pinpoint which assets in the portfolio 
create too much exposure to ESG risks. The second step is to prepare for a climate stress test, this can help to create more 
resilience for plausible future climatic conditions. The last step is to add ESG risk inspection to the KYC methods. This can 
help collect more comparable ESG data of clients, more accurate credit worthiness assessments, and would avoid reporting 
fatigue on the client’s side (PwC, 2021) because it does not have to enter two different procedures.   
 
KPI option models 
After we programmed the binary and binomial models, we adjusted them in a way so that they would meet the requirements 
of the KPI option model. We analyzed not only the price paths of both models but also the Greeks, to see how sensitive the 
option prices are with respect to certain changing parameters. There are two important differences between the models. The 
first one is that the option price of the binomial model starts at a significantly higher point. This might be positive if the bank 
wants to take less risk on such options, however, it might also be that the counterparty would not want to enter such an 
option when they know that it is more expensive than the binary variant. The other important difference is that the option 
price of the binomial option model hits the maximum price once the KPI starting value reaches the KPI goal. This was a 
decision made before programming the model because it would stimulate banks to choose ambitious KPI targets for the 
counterparty. The binary options on the other hand show a more gradual price movement, even after the KPI starting values 
cross the KPI target values. From the Greeks, we can also see that changing parameters has the most effect on the binomial 
model close to the KPI goal. At other levels, however, these changing parameters have a relatively low impact on the 
option’s price. For the binary model, we see that the effects are more spread around the KPI goal. Hedging these options 
seem no possibility as no positions can be taken in the underlying asset, the KPI. 
 
Now that we found the answers to our sub-research questions and we created the model, we are able to answer the main 
research question. For the creation of financial ESG products, one needs to think about the reasons to offer such products. 
These reasons can be categorized into four categories: customer demand, regulations, profit potential, and competition. To 
build a financial ESG product, it is optimal to use a KPI framework that can internationally be used across different sectors 
and segments. With SASB’s Materiality Finder we check which general material ESG issues are relevant for a company in 
that specific industry. We look at the strategy and ESG ambitions of the company and select the most important issues for 
the company out of the expanded SASB framework. After this step, we look up the chosen ESG issues in the World 
Economic Forum’s 2020 paper and find the corresponding ESG metrics. In collaboration with the company, the bank sets up 
material ESG KPIs. We think that focusing on material ESG KPIs would contribute to a higher financial performance of 
businesses. Preferably, banks also take into account ESG KPIs that can be used supply chain wide but this may be a step 
too far yet. We found that current ESG derivatives are just a base financial product (e.g. bond, IRS, or with a bonus/malus 
system on top of it. We transformed the bonus/malus system into a KPI option, which gives x basis points discount on the 
underlying base product till maturity of this base product if a KPI target is achieved. If the KPI goal is not reached, the 
counterparty did already pay for the KPI option at the start of the contract, and therefore only paid a “penalty”. We set up a 
list of requirements for our KPI option model. Then we analyzed different existing models and concluded that a binomial tree 
model and a binary model were good candidates for our  KPI option model. We adjusted a binomial tree model and a binary 
model as KPI option models. This made it possible for us to price every quantifiable KPI. The binary KPI model seems to be 
the more “fair” model for both parties because its option price starts at zero and has gradual price movements, also for 
starting KPI values that are bigger than the KPI goal (for call options). 
 

6.2 RECOMMENDATIONS 
From the conclusions we made, we can derive a list of recommendations for ABN AMRO, but also for banks in general. 
 

1. Analyze the needs for ESG-linked derivatives from transition businesses within the bank’s own customers list. This 
will give insights into what most customers want and helps to understand where the demand is for ESG-linked 
derivatives. This might also help to better focus on targeting new customers that are transition businesses. 
 

2. Explore which transition businesses outside the bank’s customer list could potentially be new customers. Growing 
the number of customers within the focus sector and segments of the bank increases the insight into ESG product 
needs, but also delivers data on KPIs, which is essential for banks to accurately estimate volatilities and calculate 
the probabilities that a company will achieve a KPI goal. This would contribute to more “fair” pricing of the KPI 
option models. We recommend that the bank should initially focus on the companies that face the biggest pressure 
to adapt from regulators, competition, or customers and are the most capable to implement ESG requirements. 
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3. Create an ESG hub that enables the innovation of financial ESG products. This ESG hub should in the end 
facilitate the bank to be a one-hop stop for all ESG-linked financial products a customer may need. Creating new 
ESG products might also create a competitor advantage. Besides that, the ESG hub should also stay on top of the 
newest regulatory developments, so that they could immediately get an idea of how new regulations would affect 
the current processes. 
 

4. Try to get or maintain a high ESG score from ESG rating providers. It is shown that this will lead to stronger 
financials and eventually to a better credit risk score for a bank (Mendiratta et al., 2021). ESG rating providers do 
not only look at the products a bank offers but also at its investments, its clients, the board, the work environment, 
etc. Therefore, ESG strategies and policies should be implemented throughout the whole organization to show that 
it intrinsically emphasizes ESG. 
 

5. We recommend using the binary KPI model over the binomial KPI model because of the “fair” pricing issue. Using 
one of our KPI option models decreases the underwriting risks compared to original ESG derivatives because our 
models are based on historical data. The KPI option models also have a different cash flow structure. At the 
original ESG derivatives, both penalties and bonuses were paid out from the end of a predetermined period till the 
maturity of the base product. With the KPI option models, bonuses still work the same but the “penalty” is the price 
of the option, which is paid at once at the start of the option’s contract. So, in cases of defaults, the bank still 
receives the “penalty” with the KPI option models. 
 

6. Use SASB’s Materiality Finder to pinpoint the material ESG issues of the counterparty. Thereafter, discuss with the 
client which of these material ESG issues deserve the most attention. When the priorities are given to certain 
material ESG issues, corresponding material ESG KPIs can be found in World Economic Forum’s 2020 
whitepaper. Again, together with the client, material ESG metrics can be chosen for the KPI options. We 
recommend to not use ESG scores as KPIs as rating agencies are not transparent about their methodologies yet. 
When ESG rating providers will have standardized/universal methodological frameworks, banks can use ESG 
scores as KPIs. 
 

7. Both of our KPI option models use historical volatility as a parameter. We recommend fetching these values from 
annual reports or ESG databases. If a company is underperforming on a KPI with respect to its competitors, we 
recommend taking the average historical volatility of the sector where the company operates. If a company 
performs better than the average of a sector, we recommend using the company’s own historical volatility of the 
KPI. 
 

8. For big potential payoffs, so a high principal amount and/or high amount of basis points, we recommend involving 
an independent third party in the KPI measuring process. The involvement of a third independent party also 
decreases the risk of bribery and corruption. 
  

9. We recommend identifying, measuring, and evaluating the bank’s current exposure to ESG risks. This will help to 
understand to which risks the bank may be overexposed and allows reconsidering certain positions. 
 

10. Banks should prepare for climate stress tests, or better said, improve their resilience to different climate scenarios. 
Herefore, it is also important to know the current exposure to ESG risks. If the bank's current exposure is known, 
various climate scenarios can be simulated to see how it will impact the ESG risks and what the effect on the 
bank’s portfolio will be. It may be the case in the future that extra capital is required for an increase in the ESG 
risks of a bank’s portfolio. 
  

11. The last recommendation is to implement ESG risk inspections to the bank’s current KYC procedures. Banks 
should also retrieve information on the borrower’s ESG risk mitigation strategies. This will help to obtain more 
comparable ESG data and will lead to a more accurate assessment of the company’s credit worthiness. 
Furthermore, it will also help to avoid reporting fatigue of the client (PwC, 2021). 
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7. DISCUSSION 
7.1 GENERALIZATION 
This research, with its recommendations and the models it provides, is not only applicable to ABN AMRO but could be used 
by every bank around the world. This research forms a theoretical foundation for banks to implement new financial ESG-
linked products. SASB’s Materiality Finder and World Economic Forum’s whitepaper are publicly accessible and the code of 
our KPI models can be shared on request. The KPI options can not only be used on top of interest rate swaps, but also on 
FX swaps, credit default swaps, loans, bonds, mortgages, etc. This means that our research is not limited to a bank’s 
corporate and institutional clients but that it can also be used for retail clients. Next to that, certain products, like mortgages 
are also offered by insurers and pension funds. Therefore, these parties may also have an interest in the KPI option models. 
 
Furthermore, transition businesses can use this research as well to focus on the relevant material ESG issues from the 
sector where they operate. They can also check which material ESG metrics are important for the corresponding ESG 
issues. They can consider using these KPIs in their annual report to improve their ESG strategies and policies. 

 

7.2 SCIENTIFIC RELEVANCE 
This research is the first to combine SASBs Materiality Finder with World Economic Forum’s ESG metrics. This gives banks 
a good insight into which material ESG KPIs can be used for each sector. It creates the foundation for our KPI option 
models. 
 
Furthermore, we are the first in the literature that created KPI options. The KPI options we created enable pricing for different 
potential payoffs, i.e. different values for the basis points and principal amount. KPI options might enable a new stream of 
other financial products. Our KPI options are an update of the ESG derivatives that are currently used because ours are 
based on historical data and verified existing financial models. We are willing to share our codes to let other researchers 
improve our KPI option models.  
 
Our research also has some limitations. The first one is that our binomial KPI model is not proven to be fairly priced. 
Especially when it is compared to the binary KPI model, the price movements look heavier. We programmed the binomial 
KPI model on purpose to give back the maximum price if the starting KPI value (KPI zero) is equal to or higher than the KPI 
goal, to stimulate ambitious KPI targets. However, we also see that the starting values of the binomial KPI option are higher 
than that of the binary KPI option. Therefore, further research for especially the binomial KPI model is recommended. 

 
ESG is a trending topic in the financial sector. More and more research around this topic is being conducted, this might lead 
to new insights around ESG KPI standards and frameworks. This might outdate the research we have done on this matter. 
However, we do think that the KPI option models will stay relevant for a longer period, as those are a new concept in 
literature. 

 

7.3 FURTHER RESEARCH 
We recommend to further researching the validity of our KPI option models and exploring whether other models might serve 
as a foundation of KPI option models. We would recommend starting dummy testing our KPI models with real-world data. We 
would recommend taking a look into Monte Carlo simulations, as it depends on the path that is followed by the underlying 
(the KPI) as well as it depends only on the final KPI value. In our case, we use a KPI option for every single KPI. However, 
Monte Carlo simulations might allow the payoff to be dependent on multiple KPIs and their paths (Hull, 2015). 
 
A social risk that can arise from offering the KPI option models is indirectly excluding certain people from our product. This 
can happen when KPIs are chosen that can only reasonably be achieved by a select group of clients. Therefore, it is 
important to look at the different groups of clients and think about how every kind of client can be stimulated with our KPI 
option model to contribute to an ESG-friendly environment. This might be further researched. 
 
Another interesting further research can be the exploration of a negative payoff for counterparties. We have not tested the 
willingness of clients to buy certain KPI options but it might be that paying in advance is a small boundary for some parties. A 
negative payoff can decrease the price of the option and can maybe even make it free at the start. We recommend further 
looking into the literature for shifting the binomial tree. 
 
We already mentioned it in our research but the most effect of improving ESG KPIs can be reached by implementing them 
throughout the whole supply chain. Further research is suggested into how this can be made possible. 
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Empirical research on SASB’s Materiality Finder and WEF’s material ESG metrics might lead to improvements. Such 
research can test what kind of impact material ESG KPIs make and if the material ESG issues related to certain sectors are 
accurate enough.  
The last recommendation for further research is on the possibilities of KPI options in the retail side of banks. We already 
mentioned how KPI options might be combined with mortgages but there are most probably more possibilities. 
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9. APPENDIX 
9.1 JUPYTER NOTEBOOK SCRIPTS 

9.1.1 Binomial KPI options 
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9.1.2 Binary KPI Options 
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9.1.3 ESG Greeks 
We commented out the call plots in the code, as those are already shown in Chapter 5.3. 
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