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Executive Summary 
 

This report examines and seeks to identify how the total costs of cocoa production, inclusive of 

environmental externalities, can be valued in dollars through impact quantification and 

monetization. It explores how Mondelēz’ proprietary Farm of the Future (FotF) model could 

mitigate impacts and recommends continued investment in the project given its potential to create 

significant true cost savings. 

 

There is a wealth of evidence confirming that global cocoa demand is changing and although over 4 

million tons of cocoa beans are produced every year by smallholder farmers (Hook, 2014), 

worldwide chocolate demand – bolstered by significant increases in emerging markets – is 

projected to outpace current levels of supply (Morris, 2014). Some predictions forecast global cocoa 

demand to exceed supply by 1 million tons (ICCO, 2014) in the year 2020. This is a critical challenge 

for chocolate producers, including Mondelēz International (Mondelēz), given the complexity and 

embedded risks of the cocoa supply chain as well as the inherent challenges it presents in terms of 

efficiently increasing yields and production processes. The existing fragmentation of the production 

landscape is a primary obstacle; between 5 and 6 million smallholder cocoa farmers produce 80-

90% of the dried cocoa beans that fuel the chocolate industry (World Cocoa Foundation, 2014). 

While cocoa is generally considered a relatively stable crop with fewer price fluctuations that other 

staples produced in the tropics – rubber, palm oil etc. (ICE, 2012) – many complications exist that 

are not fully understood including short and long term environmental sustainability, diseases and 

pests as well as the socio-economic welfare of the millions of shareholder farmers whose cocoa 

beans enable the success of the global chocolate industry (Ingram, 2015).  

 

Mondelēz, one of world’s largest snack companies, is a global market leader and is firmly invested 

in this industry with 31% of sales coming from the chocolate category (Mondelēz, 2015). The 

organization has invested millions of dollars towards the mitigation and resolution of the 

aforementioned challenges and notably, created the Mondelēz Cocoa Life sustainability program. 

This program strives to empower cocoa farming communities and represents a $400 million dollar, 

ten-year commitment to improve the lives of these smallholder farmers around the world. 
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However, Mondelēz recognizes the myriad of current and future challenges that will impact their 

organization and the industry as a whole, including the long term environmental and social 

ramifications of carrying out business as usual. This Masters project endeavors to more deeply 

explore some of these longer term and difficult to quantify issues in an effort to uncover ways that 

Mondelēz can not only maintain their position as market leader, but also demonstrate their thought 

leadership in the corporate social responsibility and sustainable innovation space to benefit global 

cocoa producers and production.  

 

Specifically, this project seeks to: 

 

 Identify how the total costs of cocoa production, inclusive of difficult to measure 

externalities, can be determined through impact quantification and monetization. The 

findings are presented in a true cost case study whose conclusions can inform Mondelēz’ 

future decision making and sustainability priorities.  

 Contribute to the understanding of how Mondelēz’ proprietary commercial Farm of the 

Future (FotF) concept – both on the Concept and Commercial scale – could mitigate impacts 

identified in the true cost exploration and represent significant true cost savings. 

 

This study utilizes an adapted system of true cost assessment in a true cost cocoa case study 

utilizing a model farm with specifications intended to mimic a traditional smallholder farm in West 

Africa. The method takes concepts from systems thinking, life cycle assessment (LCA) and whole life 

costing (WLC) to better measure and comprehend the impacts of cocoa production. Ideally this will 

help inform Mondelēz’ coming decisions by providing context for new investments as well as 

providing a deeper understanding on which are and will be the most pressing and costly impacts. By 

having deeper insight into the industry’s impacts, the company will be able to better position 

themselves as an innovative leader, actively pulling the industry towards ever more pioneering and 

sustainable practices. This project also offers insight into the forecasted efficacy of the commercial 

Farm of the Future (FotF) concept – environmentally, socially and economically – and using the 

conclusions of the true cost case study, demonstrates monetarily, the decreased societal cost 

burden that the FotF model facilitates. Given the current unknowns about the FotF model as well as 
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data and information constraints, all calculations included are estimates only and should be 

interpreted as such. 
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Preface 

Definitions 
 

For the purpose of this report, the following frequently used terms are defined for clarity below: 

Cocoa Life: An established Mondelēz International program that is committed to empowering 

cocoa communities and securing their future by focusing on farming success, equitable and healthy 

grower communities, appropriate livelihoods, youth support and safety, and sustainable farming 

practices.  

Concept Farm of the Future (Concept Farm): A 10-hectare farm on which Mondelēz can test 

and validate potential technologies, methodologies and continue innovation in a controlled 

environment and on a small scale. 

Commercial Farm of the Future (Commercial Farm): A 1,000-hectare farm on which Mondelēz 

can implement the validated technologies and processes from the Concept Farm to experiment 

with larger scale and combination as well as experiment with commercialization techniques.  

Smallholder: A cocoa farmer operating on less than 5 hectares of land 

Sustainability: The production of cocoa using input and farming techniques that do not harm 

human health, surrounding communities, or represent a significant threat to the natural 

environment in the short and long term 

 

Acronyms 

ABC: Activity-based costing – a branch of accounting. 

FotF: Farm of the Future – either Concept of Commercial (see explanation above in “Definitions”). 

GAP: Good Agricultural Practices 

ICCO: International Cocoa Organization 

LCA: Life Cycle Analysis – A technique to assess the material and energy inputs and outputs in 

addition to the resultant environmental impacts associated with all the life cycle stages of a product 

or service, from the initial raw materials procurement all the way to final disposal.  

LCC: Life Cycle Costing – A costing technique that includes the cost of a product or service over the 

entirety of its lifespan, inclusive of cost of disposal.  

WLC: Whole Life Costing – A version of traditional accounting that measures a wider range of 

impacts than traditional accounting techniques through the application of life cycle costing 

techniques.  
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Chapter 1 

Global Cocoa Production: Landscape and Outlook 
 

The chocolate industry is a growing global network of producers and consumers with cocoa 

currently ranking third in agricultural commodities exported around the world (after sugar and 

coffee). More than 90% of the cocoa product is consumed by the booming chocolate industry 

(Ntiamoah, 2009) and West Africa supplies the vast majority of that cocoa crop. According to the 

ICCO (International Cocoa Organization), in the 2014/2015 cocoa year, Africa produced 73% of the 

global supply of cocoa beans, the Americas 18% and Asia & Oceania the final 10% (ICCO, 2015), 

shown below in Figure 1. Within Africa, Côte d'Ivoire dominated the 2015 production quantity, with 

Ghana as the second largest contributor also seen in Figure 1. As shown in Figure 2 on the following 

page, these African nations also rank among the top 8 global cocoa producers. 

 

 

 

 

  

 

 

 

 

 

 

Figure 1. Global Production of Cocoa Beans. Source: Adapted from World Cocoa Foundation, 2014 
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Figure 2. The Top Eight Global Cocoa Producing Countries, 2015. Source: Adapted from World Cocoa 
Foundation, 2014 

 

The OECD (Organization for Economic Development) countries neither grow nor export significant 

quantities of cocoa, though they are the primary importers of cocoa for grinding and processing 

(ICE, 2012). Europe – most notably the Netherlands – commands about 40% of the global cocoa 

grindings market for processing, while the Americas, Asia and Africa each represent about 20% 

(World Cocoa Foundation, 2014). In terms of post-processed cocoa products, the United States and 

Europe are the primary importers; for example, in 2012 the US, Russia, Canada, the EU and Mexico 

accounted for more than 50% of total, global chocolate imports (USDA, 2013). As noted earlier, 

given the growth of cocoa demand by emerging economies in developing nations, there is likely to 

be significant shake up in the distribution of primary importers in the coming years. Figure 3 

outlines the primary 2011 importers for cocoa powder and cocoa butter below.  
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Figure 3. 2011 Post-Processed Cocoa Product Imports. Source: Adapted from World Cocoa Foundation, 2014 

 
The chocolate industry’s retail value is estimated at more than $100 billion a year and is projected 

to grow. One of the primary factors are the demand upsurges from the expanding middle class in 

emerging markets like China, Brazil and India (USDA, 2013). While consumption is relatively 

moderate in these emerging markets currently, forecasts indicate that future consumption per 

capita could jump 60% in Brazil, more than 200% in China and even an estimated 400% growth in 

India (Mondelēz, 2015). This projected increase is primarily attributed to the higher income levels 

resultant from a growing middle class and has the potential to vastly increase the global demand for 

chocolate; some projections estimate a 30% jump in global demand by 2020 (Goodyear, 2012).  

 

This puts significant pressure on the 5 to 6 million smallholder cocoa farmers on which the industry 

depends for cocoa cultivation. The majority of these farmers operate on less than 5 hectares of land 

in developing and sometimes tumultuous countries. Further, the production landscape spans a 

variety of climates, cropping systems and cultures (Kolavolli, 2011). This, in conjunction with the 

fragmentation of producers, creates a complex environment that will challenge the major chocolate 

manufacturing and distribution organizations, who are not only working to maintain market 

leadership positions, but also endeavoring to drive the industry towards more sustainable practices. 

Mondelēz is among the top confectionary organizations, shown below in Figure 4; specifically, the 

second global confectionary company ranked by 2015 net sales, following Mars Inc. who holds the 
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top slot (ICCO, 2016). All of these market leaders are investing significant resources in smallholder 

development in an effort to mitigate the projected impending supply deficiency with some 

estimates saying that chocolate manufacturers will invest more than $800 million over the next ten 

years (KPMG, 2014) at a minimum.  

 

Figure 4. Top Global Confectionary Companies in 2015. Source: Adapted from ICCO, 2016 

 

I. Overview of Impacts 
 

As with numerous other products and services, there has been a noteworthy increase in both 

corporate and consumer awareness of and interest in the myriad of social and environmental 

impacts resultant from cocoa production (Ntiamoah, 2009). However, the available literature 

around these impacts – and especially what their long term effects and costs might be for the 

industry as a whole – remains somewhat limited; this relative dearth of information is a 

consequence of both the fragmented landscape as well as the lack of specific corporate or academic 

exploration to quantify these the effects of these issues (Foster, 2006). As Mondelēz has 

demonstrated with their deployment of programs like Cocoa Life, there are organizations operating 

in this industry that are willing to invest in better understanding these impacts and actively working 

to alleviate them moving forward. Major players in the industry understand that doing so can 

represent a significant cost savings and risk mitigation strategy. Further, if this strategy is effectively 

implemented, it can also be the source of an important sustainable competitive advantage. 
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II. Economic Ramifications 
 

The array of economic consequences initiated by the cocoa industry are of substantial concern to 

the countries that house the millions of smallholder cocoa farmers, as well as the chocolate 

producing and distribution companies and increasingly, the consumers of those processed goods. 

The farmers depend on the crop to sustain themselves and their families financially, though the 

average, annual household income associated with cocoa farming – about $1,000-2,000 – is far 

from lucrative even by economic standards in developing countries (Mondelēz, 2015). Additionally, 

the current model of cocoa cultivation, spread between millions of smallholder farmers, does not 

effectively incentivize the most effective implementation of technology and GAP (good farming 

practices) (Hook, 2014). A 2014 study found that when cocoa farmers make decisions based on 

profit-maximization ideologies, which is the natural inclination, the result often contradicts 

sustainable cocoa farming principles. Put another way, in the manner that smallholder cocoa 

farmers assess and make business decisions about their farm, sustainable farming practices (gradual 

replanting, fertilizer application etc.) are never the option that maximizes their profit (Hook, 2014). 

This causes the observed cyclical low yields and importantly, low financial returns, which can 

degrade further given the environmental challenges that arise with suboptimal farming techniques.  

 

There are also important macro-level issues that serve as additional barriers to successful 

sustainable farming, such as lack of adequate market access for smallholder cocoa farmers or 

secure financial savings mechanisms and related infrastructure. The production model is inherently 

inefficient given the financial constraints and lack of access to credit in the face of the investment 

requirements of a consistently producing cocoa farm. Smallholder farmers do not employ the most 

modern farming practices, use updated equipment, buy the highest quality raw materials or apply 

the requisite inputs (primarily fertilizer and adequate water) to maintain a high quality product. This 

is a detriment to the countries whose economy depends on one of its largest exports: cocoa. The 

effects of these issues experienced by smallholder farmers are transmitted downstream to the 

cocoa processors and chocolate manufacturers who are continuing to invest resources in a flawed 

production model. For that reason, this study focuses on the source or the primary economic issues 

facing the cocoa farmer, assuming that progress for the industry as a whole depends on alleviating 

these challenges. The economic challenges and primary drivers are expounded upon in Table 1.  
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Table 1. Economic Issues for Smallholder Cocoa Farmers. Sources noted in table. 

 

Low 
yields

Primary drivers: 
chronic 
underinvestment 
and poor farming 
practices

The fragmentation of the cocoa industry would 
present such an obstacle to efficiency if both 
farmers invested more to modernize their 
operations and if they received more support 
from government to do so (KPMG, 2013). This 
includes modern tools and techniques, but also 
agroforestry education. For example, soil 
fertility degrades over time and if farmers 
implement basic techniques like composting 
and fertilizer use, cocoa plots can be 
rejuvenated instead of abandoned for a new 
farming plot (World Cocoa Foundation, 2014). 

Weak 
Financial 
Standing

Primary drivers: no 
access to financing 
options or savings 
mechanisms

Cocoa is a delicate crop and subject to changes 
in climate and conditions. Although cocoa 
prices are stable in comparison to other 
agriculture products, price fluctuations do 
occur. Cocoa farmers do not have sufficient 
access to working capital to weather these 
volatilities (Weihe, 2013). Outside of the 
harvest season, farmers without access to or 
understanding of both savings mechanisms 
and lines of credit do not have the funds to 
make the necessary investments in either the 
technology or resources to maximize their 
harvest. 

Low 
Prices

Primary drivers: lack 
of information and 
access

As mentioned above, smallholder cocoa 
farmers are often geographically cut off from 
reliable market information and industry 
requirements due to poor infrastructure. 
Additionally few leverage the power of the 
cooperative/group selling (World Cocoa 
Foundation, 2013) and are taken advantage of 
by midstream players, sometimes receiving 
insufficient compensation to even cover the 
costs of production (Weihe, 2013). Finally, 
corruption throughout the value chain and 
political instability in developing countries 
means that smallholder farmers are 
susceptible to unfair prices. 
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III. Social Ramifications 
 

 

The social impacts of the cocoa industry are often indirect and difficult to quantifiable, which has 

led to their continued status as all too often unmeasured externalities. Despite reform efforts, 

cocoa production remains highly correlated with poverty and financial vulnerability (ICCO, 2009), as 

well as the indirect ramifications on the various players within the industry. On the most extreme 

end of the spectrum, forced slavery or child labor is an obstinate problem in certain cocoa 

producing regions (KPMG, 2013), while the dearth of basic education resources is nearly pervasive 

throughout the industry (Morris, 2014); this lack of education creates numerous indirect effects in 

the current production model that in turn, touch the various players in the value chain. The primary 

direct and indirect social impacts are highlighted below in Table 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Child labor Primary drivers: 
inadequate labor 
availability and 
rising cost of labor

Documented child labor occurs primarily in Africa 
- most notably Cote d'Ivoire, which in 2002 had an 
estimated 625,000 children involved in at least a 
single aspect of cocoa production (IITA, 2002) -
and Indonesia (ICCO, 2009). A variety of drivers 
are attributed to its continued presence in the 
industry; some cite the influence of history and 
that forced labor has been a component of the 
cocoa industry since the 1800s, while others point 
to economic necessity as the primary catalyst 
(Sackett, 2008). Children are often utilized as 
laborers on a family farm instead of attending 
school, propogating a lack of education.

Gender 
Inequity

Primary drivers: 
restrictive 
production 
environments

Many of the primary cocoa producing regions of 
the world female cocoa producers operate in a 
restrictive environment, meaning that they do not 
automatically inherit the land on which the family 
farm operates as it is the husband's property and 
therefore customarily subject to the decision of a 
related male (ICCO, 2009). Even if a female cocoa 
laborer works for another farmer, the tasks 
commonly delegated to women are lower paying 
and absent of any management-related 
responsibilities. Finally women's production is 
often relegated to lower quality, marginal areas 
(Lann, 2008). 
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Table 2. Primary Social Issues for Smallholder Cocoa Farmers. Sources noted in table. 
 

IV. Environmental Impacts 
 

Some perspectives assert that economic imperatives relegate all others secondary and that a 

production model that creates financial vulnerability precludes the ability of that model or its 

participants to effectively mitigate social and environmental impacts and externalities (ICCO, 2009). 

This seems to be the case for the cocoa industry given the existing economic issues (detailed above 

in Table 2) as well as the consistent environmental degradation and lack of major mitigation of the 

associated social issues. The critical caveat is that while the environmental and social issues may 

seem less immediate, their cumulative and long term effects can permanently render the model 

economically unviable. The key environmental impacts are outlined below in Table 3.  

 

 

 

 

 
 
 
 
 
 

Habitat 
destruction

Primary drivers: 
deforestation for 
new farmland 
creation

Deforesting area to create new cocoa plots 
instead of revitalizing the soil in an exisiting plot is 
a disturbing development trend with smallholder 
cocoa farmers (Ruf, 2015). Instead of investing 
resources into rehabilitating the soil of their plot, 
it is cheaper to clear tree cover - this concept is 
known as"differential forest rent" (UNDP, 2010). 
As discussed previously, without the financial 
support of other industry players or access to 
credit, cocoa farmers will repeatedly make the 
decision that minimizes personal investment. In 
2006, an 8 million hectares of deforestation was 
from cocoa cultivation (Daniels, 2006)

Cyclical 
issues

Primary drivers: 
smallholder poverty 
and lack of 
educational 
resources

Many of the social impacts of the cocoa industry are 
cyclical. Generations of smallholder farmers repeat 
the stuggle with the same issues of poor yields, 
inequity and inefficient practices, all contributing to 
a vicious cycle of continued poverty. The widespread 
lack of education contributes to subpar farming 
methods that further degrade the quality of land 
over time, representing mounting barriers to 
smallholder success. Further, the lack of basic 
education throughout the producer population 
propogates a continued inadequacy of market 
knowledge, substandard practices, and inferior 
business decision making. 
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Table 3. Primary Environmental Issues Faced by Smallholder Cocoa Farmers. Sources noted in table. 

 

V. Risks and Outlook 
 

As discussed above, there is ample evidence that serious challenges and deep-seated issues exist at 

the farm and primary processing stage of the cocoa production value chain; these are concerning 

for the industry on their own. However, the ripple effect that they will have throughout the rest of 

the value chain and the risk that they present is immense – financially as well as from an efficiency 

and reputation-management perspective. The entities involved in the transportation pieces of the 

supply chain, including between the farmer and the exporter (typically two), manufacturer (at least 

one) and consumer (varied) will receive less compensation as quality degrades and demand 

decreases (Mars, 2012). The transportation costs will likely increase as traders and procurement 

specialists expand their geography and range creating additional environmental externalities in the 

form of energy use and emissions (Ingram, 2015). On a larger scale, chocolate manufacturers may 

have to settle for small amounts of cocoa imports from more locations, contributing additional 

environmental impacts to the system. 

 

If quality and/or production levels drop, manufacturers will face mounting economic pressure to 

remain efficient. In the opinion of this study, the forecasted supply deficit in conjunction with the 

projected extreme growth in demand and the constraints in efficient global cocoa production 

presents a major and immediate risk to the industry. Additionally, the growing interest amongst 

Declining 
Soil 
Fertility

Primary drivers: 
generations of 
repeated poor 
farming techniques

As most smallholder farmers do not have 
adequate credit or funds to invest in appropriate 
fertilizers to reinvigorate the soil of an existing 
plot, there is massive declines in fertility 
throughout production regions. Due to the 
differential forest rent phenomenon 
(deforestation), cocoa is produced on virgin, 
fertile soil. When the cocoa is harvested, critical 
plant nutrients - particularly potassium, zinc and 
boron - are stipped from the soil and not 
replenished (Appiah, 1997). This causes widescale 
reductions in soil fertility and subsequent 
decreases in cocoa production quantities if more 
developable land is not available.
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consumers for corporate supply chain transparency and interest in sustainable operations should be 

of paramount concern to manufacturers and retailers who depend on a strong brand image (NMI, 

2014). Increasingly, consumers are progressively willing to both support brands that engage in and 

demonstrate sustainable practices and actively avoid purchasing from brands for unethical business 

actions (Cone, 2013). A 2013 CSR (corporate social responsibility) study by Cone Communications/ 

Echo Global found that nine in ten consumers stated that they would boycott a brand if they were 

made aware of irresponsible or unethical behavior. The study also revealed that more than eight in 

ten consumers consider the corporate social responsibility of an organization when deciding which 

products to buy (87%) as well as which products to recommend to others (85%) (Cone/Echo, 2013). 

As reputation and word of mouth is a critical aspect of success in the confectionary space, this 

powerful finding communicates the business imperative of impact assessment, measurement and 

mitigation. 
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Chapter 2 

Value Chain Impact Assessment 
 

Each stage of the cocoa supply chain generates impacts and indirect effects of issues originating at 

the farming level reverberate through the value chain. These impacts, both direct and indirect, are 

challenging to track, difficult to quantify in monetary terms and thus, often set aside as unfortunate 

but unavoidable externalities. Passing the buck however, is increasingly less feasible as these 

externalities are having significant effects on other agents throughout the supply chain and 

reducing the welfare of the industry as a whole (Ingram, 2015). In fact, organizations that invest in 

impact assessment can not only prepare themselves to operate more successfully in this changing 

landscape, but enable themselves to uncover inefficiencies or savings opportunities for a project, 

product or action. However, this issue of effective impact assessment has been a strong barrier to 

its adoption and implementation throughout many industries. This chapter explores how combining 

concepts and approaches from various accounting and valuation disciplines might alleviate the 

problem. 

I. Combining Disciplines: LCA and WLC 
 

Life cycle analysis (LCA) is a valuable tool to help organizations both measure the impacts at all 

stages in a process or product to effectively quantify the ecological and human health performance 

of their own operations as well as that of competing products and services in order to create a 

differentiated offering (Golden, 2014). As mentioned above, the challenge lies in the fact that these 

impacts are not quantified in monetary terms and without dollar values associated with these 

externalities, it can be challenging for organizations to understand their impact. Further, it can 

render it nearly impossible for businesses to meaningfully incorporate them in management 

discussions and decisions or to at some point find a way to derive value from their mitigation 

(Epstein, 2011). LCA can serve to inform a dynamic WLC (Whole Life Costing) assessment, which 

would serve especially well to influence and provide data for corporate investments and forward-

looking strategy setting. However, an LCA study devoid of systematic quantification and translation 

of impact points into monetary terms does little to advance an organization’s understanding of the 

comprehensive costs of their operations – internalizing the externalities into a compatible format. 

This study strives to explore how these impacts and externalities identified by LCA might be 



Brittany B. Neale Master of Environmental Management April 2016 

17 | P a g e  
 

monetized through a WLC approach to advance the understanding of the quantifiable and 

qualitative costs of cocoa production and communicate them in a way that is more congruous with 

other costs assessed in a corporate setting. 

 

II. LCA: An Overview 
 

LCA is an important tool that operates under a methodological framework, which enables the 

assessment of impacts throughout the lifecycle of a product or process – including raw material 

acquisition, transportation, use, reuse and final disposal (Ntiamoah, 2009). These impacts are 

typically created through resource consumption and related interventions as well as energy 

consumption and related emissions (Rebitzer, 2004). The impacts are classified into numerous 

categories approved by the LCIA Committee as recommended for use, which are outlined below in 

Table 4; certain impact metrics are also often utilized, which are based on life cycle inventories and 

do not assess the actual damage of that impact (Golden, 2014).  

 

Table 4. LCA Impact Categories and Metrics. Source: Golden, 2014. 

Impact Category Unit of Measure

Global Climate Change Mass of CO2 equivalents

Ozone Depletion CFC-11 equivalents

Ionizing Radiation Mass of U-235 equivalents

Photochemical Ozone Formation
Non-methane Volatile Organic Compound (NMVOC) 

equivalents

Acidification Potential Mass of SO2 equivalents

Eutrophication 

(Metric is divided into three 

compartments)

Terrestrial- Accumulated Exceedance, AE

Freshwater- ReCiPe/EUTREND (Phosphate equivalents)

Marine- ReCiPe/EUTREND (Nitrogen equivalents)

Inventory Metrics Unit of Measure

Primary Cumulative Energy Demand Mega joules (MJ) of energy consumed 

Freshwater Depletion Total amount of water consumed 

Land Use and Transformation  Total amount of land occupied or transformed 

Impact Categories under review    

Toxicity

Resource Depletion

Water Scarcity and Stress

Biodiversity, Ecosystem Services and Land Use Change
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There are important steps of an LCA, including the establishment of system boundaries and 

weighting of indicator results based on their relative importance to the organization, that are 

inherently subjective. As the intent of this study is not to conduct an LCA of cocoa but to instead 

focus on the learnings that can be derived from such an examination, an already completed LCA 

serves as a foundation for the impacts presented and investigated in the case study, though 

multiple LCAs were referenced to minimize the influence of these subjective components on the 

larger conclusions of this project. Table 5, below, provides a brief note on each of the impact 

categories appearing in the referenced LCA and their likely drivers to provide additional context and 

depth of understanding.  

 

Table 5. Impact Category Drivers. Source: Garrett et. al, 2009; Hertwich et. al, 2001; Golden, 2014; IKP 
University of Stuttgart, 2014.  

Impact Category Description and Drivers

Acidification Potential

 - The potential to alter the pH of an ecosystem, including nutrient shifting, 

loss of biodiversity and declining agricultural yields

 - Mainly caused by emissions such as SO2 and NOx into the air

Eutrophication 
 - The presence of excess nutrients in a system (either terrestrial, freshwater 

or marine) that causes algae growth, low levels of oxygen and hypoxic 

conditions

Freshwater Aquatic 

Ecotoxicity

 - The impact of toxic substances emitted to the air, water and soil on fresh 

water ecosystems

 - Often caused by manufactured chemicals and other anthropogenic activities

Global Climate Change 

(Warming Potential)

 - The adverse effects of greenhouse gases emissions on ecosystem health and 

global human welfare

 - Mainly emitted through combustion and consumption of fossil fuels

Human Toxicity Potential 

 - The impact of toxic substances emitted to the air, water and soil on the 

human body and environment

 - Mainly caused by emissions, inhalation, ingestion or dermal contact

Ozone Depletion

 - The damage to the earth's stratospheric ozone layer caused by ozone 

depleting substances, which allowed in more UV-B radiation

 - Mainly caused by propellants and refrigerants (CFCs)

Photochemical Ozone 

Formation

 - The potential damage of tropospheric ozone buildup, a primary contributor 

to smog and creation of Nitrous oxides (NOx) and non-methane volatile 

organic compounds (NMVOC) 

 - Mainly caused by emissions of gasoline, paint, and solvents

Terrestrial Ecotoxicity

 - The impact of toxic substances emitted to the air, water and soil on 

terrestrial ecosystems

 - Often caused by manufactured chemicals and anthropogenic activities
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III. Externalities 
 

As described above, an LCA measures the ecological and human health impacts effectively. These 

impacts represent significant costs to the system or even to society as a whole, though unless 

required by regulation, they often go unpaid. These costs are commonly referenced as externalities 

and are not always negative, though in the case of the cocoa industry, they tend to be. They are 

essentially third party effects, created through the production or consumption of a good or service, 

for which compensation has not been determined or specifically assigned. The pejorative impact of 

pollution from a factory on the health of residents in a town downstream or downwind is a classic 

example of a negative externality and one that aligns well with the challenges facing the cocoa 

industry. There is some dispute among economists about the commonsense value of the concept of 

externalities and students of Nobel laureate Ronald Coase instead assert the value of identifying 

incurred transaction costs from which the involved parties can ascertain appropriate recompense 

without regulatory intervention (Caplan, 2016). However, given the ambiguity, nature (often 

cumulative) and timeframe (a combination of short, mid and long term) of the impacts present in 

the cocoa industry, it is unreasonable to assume that all impacts can be traced back to correct 

sources and without this connection, a Coase-style resolution is impossible. Thus, for this study, the 

identified impacts are viewed as economic externalities. 

 

The primary knowledge gap lies not in the identification of these externalities as LCA and other 

environmental assessment techniques accomplish this quite well, but instead exists in how the 

impacts can be included in traditional management systems to better inform decision-makers. An 

antiquated view of environmental or social impacts was driven by their direct impact on profits. 

Fortunately, this short-term perspective is becoming increasingly less common as more 

organizations acknowledge the difficulties of operating in a landscape with limited resources and 

the commercial sense of more sustainable operations from both a brand value and efficiency point 

of view. However, how to systematically quantify non-monetary impacts is still a critical unknown. 

This study offers a combining of LCA and environmental WLC as a potential solution. 

 

IV. WLC: An Overview 
 

Whole Life Costing (WLC) is a version of traditional accounting that endeavors to cast a wider net 

inclusive of more influences and impacts through the application of life cycle costing techniques 
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(Labro, 2016). Life cycle costing (LCC) attempts to cost out a product or service over the entirety of 

its lifespan, inclusive of cost of disposal. Especially when applied as part of WLC, LCC has particular 

emphasis on the environmental costs, which typically form a significant portion of the end of life 

costs. WLC is one of many Environmental Management Accounting (EMA) tools (Jasch, 2009), which 

also include various forms of triple bottom line assessment, material flows examinations, 

sustainability scorecards, and costing based on life cycle assessments (Jasinski, 2016). Similar to 

traditional accounting techniques, its purpose is to aggregate information and data to facilitate 

more effective decision making within an organization as well as to track growth and liquidity. 

There are however, important discrepancies that distinguish WLC from traditionally used 

accounting techniques. 

 

Traditional cost accounting and activity-based costing (ABC) focus primarily on monetary 

information and enables a business to better determine the production costs associated with 

revenue creation (Johnson, 2015). Traditional accounting incorporates both direct economic costs 

(such as the cost of material inputs, production and distribution) in addition to some indirect costs 

primarily overhead costs, which are often allocated to the finished units themselves. With 

traditional accounting, overhead is treated as a catch-all category for essentially any indirect costs 

that are incurred in the process of operating the business, meaning that only direct costs such as 

direct labor, expenses and materials, are excluded from it (Schmidt, 2004). With WLC however, 

organizations can specifically allocate environmental, social or health costs to one activity or 

product, as opposed to lumping them into the ‘overhead’ term (Horney, 2000). This process enables 

an organization more control over their own data points as they can not only better uncover 

inefficiencies or savings opportunities for a project, product or decision, but also more effectively 

measure and consider related social, health and environmental impacts.  

 

Applying WLC techniques requires physical information about a range of environmental 

components such as energy and water consumption, waste generation, and historical regulatory 

compliance (Jasinski, 2016) and potentially also some metrics measuring human health and social 

factors. The metrics most often employed to gauge social and health considerations include 

indicators relating to labor conditions and socio-economic measurements (Dillard, 2009). As noted 

earlier, the difficulty lies in effectively translating these non-monetary data points into economic 
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terms to enable smooth integration with the traditional financial accounting systems and priorities. 

If these environmental, health and social data points are not successfully converted and integrated 

into congruous economic terms, it is difficult for organizations to include them within their 

established management practices. For this reason, this project presents a cocoa case study to 

explore how physical data points and impacts resulting from cocoa production activities might be 

monetized and combined with cost assessment methods to reveal a total or true cost. Learnings 

from this true cost calculation can help clarify the importance of addressing the externalities 

created for each player in the cocoa industry as well as highlight those areas of impact that will 

create the highest collective costs.  
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Chapter 3 

Concept Application: Cocoa Case Study 
 

As noted above, this case study attempts to explore how a true cost quantification might be 

obtained through the conversion of impacts to monetary terms where possible as well as 

considering impacts from a qualitative perspective. Table 6 below shows the basic specifications of 

this case study’s model cocoa farm, which was outlined in a previous dissertation, whose 

parameters are based on the average smallholder farm in West Africa. The model farm as specified 

by Benjamin Hook in his dissertation for the MSc of Agricultural Economics degree is as follows. This 

study notes additional assumptions as it progresses, but this represents the foundation. 

 

 

 

 

 

 

 

*A 6-day working week and 2 non-working weeks per year due are assumed 
 

Table 6. Model Farm Specifications. Source: Hook, 2014  

 

I. Traditional Approach 
 

In order to demonstrate the contrast between a traditional cost assessment approach and a 

combined LCA and WLC tactic, this case study first employs a more traditional method of cost 

calculation for the above model farm. Additional assumptions from recent research are stated 

below to further detail the model and capture the impact of average farming practices, including 

execution of modern or antiquated farming practices, fertilizer or pesticide application and 

willingness to invest in farming technologies etc. These assumptions are outlined below in the 

following Figures 9 and 10, along with their primary rationalizations. 

 

West African Model Farm 
Specifications

Land area under cocoa (hectares) 2

Cocoa tree stock (trees per hectare) 1,000

Size of family (persons) 7

Number of working adults in the family 2

Labour-days per working adult per year* 300

Total stock of time (labour-days per year) 600
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Pesticides: 240 Liters 

• A 2013 study identified over 100 chemical products used across West African smallholder cocoa 
farmers (Crozier, 2013). The same study observed that only 57% of the surveyed farmers (over 
3,000 total) used the products as recommended and that only 55% used recommended protected 
clothing and equipment (Crozier, 2013).

• It was also observed that around 85 percent of smallholder farmers apply pesticides, 50% of 
which were not approved for use in teh EU at the time of study (Crozier, 2013).

• The 240 Liters per hectare per year is a quantity presented in Hook's work and is representative of 
a likely application quantity of an average West African smallholder farmer given financial 
contraints.

• The total annual cost was assumed to be the equivalent of $50 USD given market prices in Ghana 
of an average mix of insecticides and fungicides (ICCO, 2014).

Labor: 600 hours

• Hour estimate derived from model assumptions in Hook's dissertation

• Wage rate set at GH¢ 6.0 based on a 6-hour person-day structure (TUC, 2016; Leissle, 2013) with 
asumption that one third of the workers would be part of the owner's family and not take wages. 

Fertilizer: None applied

• While smallholder farmers are increasingly aware of the benefits of regular application of 
fertilizers and other methods by which to increase soil fertility, the upfront nature of the 
investment is a roadblock.

• As Hook's dissertation demonstrates, it is difficult for a smallholder farmer to make the decision 
to invest in new technologies or methodologies, which will require significant expenditures in 
both inputs and labor, even though inevitable yield declines resultant from degradation farm 
conditions, pests, disease etc. will ensue; according to Hook's estimates, yield will decline to near 
zero in as few as 20 years (Hook, 2014).

• The high cost of fertilizer in relation to the revenue derived from cocoa sales is a major deterrent 
(World Cocoa Foundation, 2013)

Water: 500 cubic meters

• The tropical climate in most cocoa producing regions impacts the water footprint of cocoa as a 
crop - the soil water balance is affected as is the rate of evaporation, meaning that more water 
application is often required to maintain quality (Mekonnen, 2011).

• Smallholder cocoa farmers will utilize whatever water is available to them, including surface 
water, collected rain water and even reused laundry or dish water (Tcheunou, 2014).

• A water footprint is made of up green, blue and grey categories and measures the volume of 
water that is consumed, evaporated or polluted by the crop. This estimate includes emphasis on 
the blue and green categories, representing surface & groundwater application and rainwater, 
respectively as well as findings from relevant published studies on the topic (Lerner, 2015; 
Mekonnen, 2011; Ortiz-Rodriguez, 2015).



Brittany B. Neale Master of Environmental Management April 2016 

24 | P a g e  
 

 

 

 

 

 

 

Table 7. Direct Input Assumptions and Rationale. Sourced noted in table. 

Water continued

• The cost estimate for water assumed a mix of water sources and applied a standard Ghana 
water tariff rate (GH ¢ 380 per 1,000 L) (Ghana Water Company Limited, 2014).

Tree Replacement: 50 Trees

• Given increasing cocoa demand, cocoa intensification efforts are being implemented more 
frequently in primary growing regions - this concept refers to increasing yields without having 
a detrimental impact on the growers and the environment

• A barrier to increased production quantities are degrading farm conditions, including age of 
cocoa trees, poor farm management and/or pests and diseases.

• A simple method to improve yields and productivity is the management of unproductive trees 
- identified by the presence of disease or the output of less than 14 healthy pods. The 
management strategie available include purposeful underplanting in an existing plot, gradual 
replanting, complete replanting or new planting (on a new plot)  (Asare, 2010). 

• This estimate assumes that a modicum of replanting is carried out as well as new planting; it 
assumes that replanting is carried out in the block style where the farm is divided into sections 
or blocks and that these blocks are gradually replanted (Asare, 2010).

• Tree replacement monetary equivalent was priced out at the cost of labor.

Cocoa Seeds: 50

• Using the block replanting methodology, this estimate assumes production of a reduced 
quantity of cocoa seeds in bags in preparation for eventual tree replacement (Asare, 2010).

• The cost of cocoa seeds was adopted from a industry study (Medeiros, 2010).

Cocoa Bags: <20

• This estimate utilized the cocoa bag weight traditionally traded on the Ghana cocoa market of 
64 kilograms or ~141 pounds. Given the production output estimation of 950 kilograms of 
cocoa beans, this equates to less than 20 cocoa bags required as resource inputs (Laary, 2015).

• The cost of cocoa bags was adopted from a industry study (Abenyega, 2001).

Equipment Replacement: 3 minor pieces

• This moderate system input is based off of a conservative estimate that 3 minor pieces of 
harvesting equipment - generally 2lbs or 3lbs hoes or an 18” or 19” machete - will need 
replacement (Okali, 1993).

• This also assumes that on an average year, larger equipment purchases, such as dryers or 
shellers (cocoa processing tools) will not be required. 

• The replacement cost of small pieces of equipment was current market prices.
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Table 8. Direct Output Assumptions and Rationale 
 

Given the above assumptions, Table 9 below, displays the physical quantities and monetary 

equivalents of the direct inputs and outputs, representing that traditional cost assessment method 

for an average smallholder farm for one year of operation, excluding initial establishment costs. 

 

Input for 1 year  Output for 1 year  

Item Quantity 
Monetary 
Equivalent 

Item Quantity 
Monetary 
Equivalent 

Pesticides (L/Yr) 240 $50 Cocoa Beans (Kgs) 950 $1,010 

Labor (Days per Adult/Yr) 600 $600 Cocoa By-Product (Kgs) 9,000 $0 

Water (m3) 500 $55 
Unusable Beans (Kgs): 
Poor Quality or Disease 

175 $0 Cocoa Trees 

(Replacement)* 
50 $20 

Cocoa Seeds* 50 $15    

Cocoa Bags <20 $5    

Equipment 

(Replacement) 
3 $16 

 
  

Fuel for Knapsack 

Sprayer (Pesticides 

application) 

Varied 
Amount 

$8 

 

  

General Operation Costs Annual $150    

General Production Costs Annual $515    

Totals Input $1,434  Output $1,010 
 

 

Table 9. Direct Physical input/output table: Quantity & Costs (simplified). Sources referenced in Table 7 & 8 

Cocoa beans: 950 kg

• Yield of cocoa beans was estimated from a compilation of reports to arrive at an average and 
representative figure (Gockowski, 2011; Cocoa Initiative, 2011; Rainforest Alliance, 2014).

Cocoa Byproduct: 9,000 kg

• The primary byproduct considered is the cocoa husk that is eventually discarded. Although some 
portion of the byproduct is utilized as soil cover beneath the cocoa trees, the at least 10x 
production ensures that significant quantities always remain (Yapo, 2013).

Unusable Cocoa Beans: 175 kg

• The proportion of cocoa beans produced that are not able to be put on the market - due to pests, 
diseases, insuffient size or quality - was estimated based on the evidence presented in various 
studies (Asare, 2010; Yapo, 2013; Cocoa Initiative, 2011).
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Taking the above information into account, the below table identifies an opportunity for efficiency 

gains given the above information; specifically, waste generated from production activities on the 

farm being repurposed. The abundance of cocoa husk generated can be used onsite as a fertilizer 

substitute, thereby providing some of the myriad of benefits of commercially sold fertilizer without 

significant additional cost besides perhaps a few additional man hours of labor to create and apply 

it. Given the market prices of commercial fertilizers and the portion of benefits that a homemade, 

cocoa husk fertilizer in comparison to the commercial brand, this study estimates a value creation 

of $200 shown below in Table 10.  

 

Current Scenario Potential 

System Waste Generated 
Physical Amount 

(kgs) 

Monetary 

Equivalent 
Opportunity 

Monetary 

Equivalent 

Cocoa Husks 9,000 $0 Fertilizer $200 

Poor Quality Cocoa Beans 175 $0   

Totals $0  $200 

 
Table 10. Direct Physical input/output table for 1 year: Waste Assessment (simplified). Sources referenced in 
Table 9. 

 
The above traditional cost assessment method takes essentially only direct inputs and outputs into 

consideration and incorporates purely financial information that demonstrates well the financial 

burden of being a smallholder cocoa farmer in West Africa. It also aligns closely with the figure for 

the cost of production that Mondelēz estimated for a 2 hectare, smallholder farm in West Africa. 

Their exact estimate was $1,600 per metric ton produced, while the above exercise calculates 

$1,434 as the cost of producing 1.05 metric tons of cocoa. From these similar results, it is likely that 

Mondelēz employed a similar costing approach and probable that many of the other large players in 

the industry apply the same technique. It is not a surprise given, as mentioned previously, the lack 

of systematic inclusion of other impact metrics, which are more difficult to monetize, in addition to 

the direct inputs and outputs. 
 

II. LCA: Cocoa Application 
 

The conclusions derived from the above traditional costing approach are inherently limited as the 

perspective it employs excludes a myriad of indirect costs and direct impacts that will have large 
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ramifications on those direct costs. It is similarly limited in its ability to identify opportunities for 

efficiency gains or revealing areas of potential risk to mitigate preemptively. For example, cyclical 

environmental impacts that degrade the soil fertility for generations on smallholder plots doom 

future yield targets, undermine the economic stability of the cocoa producing regions and create a 

riskier supply chain as players try to pivot to maintain profit generation from a subpar product. This 

will negatively affect every player in the value chain and tack on additional costs, which may 

unfortunately come as a surprise.  In short, if the detrimental impact drivers of the system are not 

identified and included on the agenda of decision makers, damaging environmental and health 

impacts will continue to be generated, creating more costs and problems for industry participants. 

This case study explores how an alternate route might disrupt this limited assessment practice; 

specifically, applying a systems perspective to identify the most pressing impacts in hope that 

future efforts made towards their strategic mitigation could eventually bolster the health and 

productivity of the industry. 

 

To best employ a systems-level perspective, the scope of the model must be expanded to include 

transportation to the processing facility as well as the processing activities themselves, which were 

all incorporated in the previously mentioned cocoa LCA. It is safe to assume that this scope 

expansion would also serve to increase the costs identified by the traditional method above, though 

for the sake of comparing the two methods as they are currently employed, the value calculated 

above in the traditional cost assessment will continue to be relied upon. The selected LCA examines 

the production of 1kg of chocolate in Ghana. West Africa represents 70% of the global cocoa supply 

and as noted in Chapter 1, Ghana is one of its primary producers.  

 

The selected study is published with a compilation of other selected papers in a book whose focus 

lies on examining the environmental, socio-economic and health- related management challenges 

in the developing world. Edited by Ernest K. Yanful, “Appropriate Technologies for Environmental 

Protection in the Developing World” argues that environmental sustainability gains and protection 

is possible for the developing world analogous to those achieved in the developed world. This effort 

not only aligns with the intentions of organizations like Mondelēz, but also provides relevant 

research to best direct responsible, effective corporate decision-making. The LCA included in 

Yanful’s work was completed by Ntiamoah and Afrane, out of the Kwame Nkrumah University of 
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Science & Technology, Kumasi, Ghana and Koforidua Polytechnic Koforidua, Ghana, respectively 

and has been both well received and cited by the scientific community.  

 

As noted above, in order to maintain the validity of the conclusions derived from this LCA, 

additional cocoa LCAs were referenced against Ntiamoah and Afrane’s work to minimize any unique 

findings, outliers or inferences. For these LCAs, the functional unit was also 1 kg of chocolate. A 

functional unit is a measurement of the function of a system and serves as a reference unit against 

which to compare the inputs, outputs and results (European Commission, 2004); thus, it was critical 

that all of the studies relied upon the same functional unit. Ntiamoah and Afrane’s LCA examined 

the cocoa production life cycle stage, the bean transportation stage, the cocoa processing stage as 

well as the chocolate manufacturing stage though this stage of impacts was limited to those 

resulting from cocoa butter and cocoa liquor production (Ntiamoah, 2008).  

 

The study excluded the chocolate product distribution (from chocolate manufacturer to retailers 

and consumers), the consumption stage (after chocolate is purchased) as well as the end of life 

disposal phase (post-consumption); the authors referenced a general lack of data available for 

these phases as well as too much discrepancy amongst various organizations and regions. These 

boundary decisions align with the scope of this case study and although there was some divergence 

in the individual impact categories, the conclusions from the collective group of referenced LCAs 

aligned. Table 11, below, outlines the primary results of the Ntiamoah and Afrane LCA. 

 

Table 11. Cocoa LCA Impact Category Results. Source: Ntiamoah, 2008 

Impact Category Result Unit of Measure

Acidification Potential 0.00974 kg SO2 equivalents

Eutrophication 0.00092 kg Phosphate equivalents

Freshwater Aquatic Ecotoxicity 5.07970 kg  1, 4 dichlorobenzene equivalents

Global Climate Change 0.35602 kg CO2 equivalents

Human Toxicity Potential 4.44260 kg  1, 4 dichlorobenzene equivalents

Ozone Depletion 0.00000 kg trichlorofluoromethane equivalents

Photochemical Ozone Formation 0.00093 kg Ethene equivalents

Terrestric Ecotoxicity 0.00638 kg  1, 4 dichlorobenzene equivalents
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Below, in Figure 5, these results are compared visually and while the units of measure are distinct 

for each and noted as such above, this graphical, side by side presentation is useful. It 

communicates the relative scale of impact as well as presents the categories of highest priority. 

 

Figure 5. Cocoa LCA Impact Category Results Comparison. Source: Ntiamoah, 2008 

 

III. LCA Analysis  
 

As evidenced by the above results, the most significant impacts overall are freshwater aquatic 

ecotoxicity, global climate change and human toxicity; these impacts were also principal in the 

Columbian and Swiss studies. However, when the data is grouped by life cycle stage as opposed to a 

cumulative assessment, the impact of Eutrophication, Ozone Layer Depletion and Terrestrial 

Ecotoxicity are also made apparent in the cocoa production phase (Ntiamoah, 2008). During the 

cocoa processing and chocolate manufacturing stages, Acidification, Global Warming Potential and 
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Photochemical Ozone creation potential are also significant. These categories and results are 

examined further in the discussion that follows. 

 

The first critical point is that although additional life cycle stages were included in the scope of all of 

the examined LCA studies, in each case the majority of the impacts occurred in the cocoa 

production stage, including non-renewable cumulative energy demand (CED) (Büsser, 2009). As this 

result was congruent with the Swiss and Columbian studies, it can be concluded that it is not a 

regional issue (Ortiz, et. al, 2014; Jungbluth et. al, 2014, Büsser, 2009); further it provides additional 

confirmation regarding the value of examining and attacking issues at the farm level; Mondelēz 

shares this approach and this should serve as a point of validation for the organization (Mondelēz, 

2015). The second most impactful life cycle stage was cocoa processing (though there was a large 

gap between this stage and cocoa cultivation in terms of impact), indicating that the manner in 

which cocoa is processed can also be impactful. 

 

The impact category results themselves will have some regional variation, but the primary 

implications of the studies are homogeneous. As higher yield targets are set around the globe, the 

resultant increases – in chemical application to deter pests and diseases as well as increasing rates 

of deforestation to create additional, more fertile cocoa plots – cause significant environmental 

impacts. The results from all of the LCAs highlight this fact. The consistently present Ecotoxicity 

impacts (most notably Terrestrial and Freshwater Ecotoxicity), Human Toxicity and Global Warming 

impacts stem from pest and disease management programs as well as farmer response to declining 

land productivity (Ntiamoah, 2008; Büsser, 2009; Ortiz, et. al, 2014). In the Columbian study, 90-

96% of the production life cycle stage’s Global Warming impacts were the result of chemical (likely 

pesticide and fertilizer) use (Ortiz, et. al, 2014). The study delved more deeply into a secondary 

study of 30 farms in Columbia to assess the implications of using organic versus synthetic chemical 

applications and found that the use of organic fertilizer conclusively contributed to significant 

reductions in carbon dioxide emissions and the Global Warming Potential impact category. 

However, other authors have questioned the degree of disease resistance facilitated by organic 

fertilizers as well as voiced concerns regarding decreased yields and subsequent falling profit 

margins (Amusan, 2005). 
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Given these concerns, a widespread shift to organic fertilizer and pest deterrents is unlikely. 

Furthermore, there has been limited government intervention in an effort to regulate chemical 

application in cocoa-producing countries; that, in conjunction with the slash-and-burn industry 

trends, indicate that high levels of Human Toxicity impacts will likely continue on cocoa farms in the 

current model as exposure intensity and duration increase. Given these metrics, continued 

Ecotoxicity, Human Toxicity and Global Warming impacts are projected for the cocoa industry. 

 

IV. Impact Quantification 
 

As the cocoa industry and the global economy do not operate in a Coase-designed world and it is 

extremely difficult to trace individual impacts back to their true sources, these impacts are assessed 

as externalities whose cost is not systematically internalized. This section of the report endeavors to 

explore how these externalities might be internalized by deriving monetary values through the use 

of conversion factors to better define the severity of the impacts identified by the above LCA study. 

There is uncertainty around these quantifications as they are estimates, so the below Table 12 

displays the impacts along with a lower and a higher approximation of these conversion factors. 

 

Table 12. Impact Categories and Estimates for Conversion Factors. Source: Thi et. al, 2016; Sutton et. al, 
2011; Vogtländer, 2015; National Research Council, 2010 

Impact Category Unit of Measure Effects Lower Upper

Acidification 

Potential

kg SO2 equivalents Human Health, Crops
 $       5.50  $   12.00 

Eutrophication kg Phosphate equivalentsHuman Health, Crops  $       4.00  $     8.00 

Freshwater Aquatic 

Ecotoxicity

kg  1, 4 dichlorobenzene 

equivalents

Human Health, Crops, 

Ecosystems
 $     11.00  $   18.00 

Global Climate 

Change (Warming 

Potential)

kg CO2 equivalents Human Health, Crops, 

Energy Demand, 

Ecosystems

 $     20.00  $   65.00 

Human Toxicity 

Potential 

kg  1, 4 dichlorobenzene 

equivalents

Human Health
 $     20.00  $   45.00 

Ozone Depletion kg 

trichlorofluoromethane 

equivalents

Human Health, Crops, 

Ecosystems

 $       8.50  $   56.00 

Photochemical 

Ozone Formation

kg Ethene equivalents Human Health
 $     14.00  $   30.00 

Terrestric 

Ecotoxicity

kg  1, 4 dichlorobenzene 

equivalents

Crops, Ecosystems
 $     22.00  $   34.00 

Conversion Factors
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The above conversion factors were the result of a literature review and below, more detailed 

explanations follow regarding how each was derived. In general, this study pooled the findings for 

each specific impact category from the referenced reports, translated them to 2015 dollars by 

adjusting for exchange rates and inflation and took averages to determine high and low estimates 

for impact monetization. 

 

i. Monetization: Climate Change  
 

Global warming potential was perhaps the most difficult impact to quantify, especially given its 

inherently global context. Many studies have endeavored to monetize global climate change 

impacts as it is such a poignant issue and in so doing, a wide range of methodologies have been 

utilized. In the surveyed valuation studies and according to the Committee on Health, 

Environmental, and Other External Costs and Benefits of Energy Production and Consumption of the 

National Research Council, much more research on climate change impact valuation is needed. This 

Committee asserts that the majority of literature uses old data (from the year 2000 and earlier) and 

that the studies do not adequately account for the bloated costs associated with future climate 

change-fueled catastrophic events and damages (National Research Council, 2010). Further, they 

assert that monetary estimates for the marginal damage of a ton of CO2e are determined for each 

country using national GDP, thereby under-valuing the extent of the damages in countries with 

lower GDPs; this has significance for this study as the majority of primary cocoa producing regions 

have lower GDP relative to the United States.  

 

The National Research Council’s Committee detailed the process by which they worked to more 

accurately quantify the aggregating effects of climate change over time; at a high level, they 

conducted a literature review to determine the future monetary value of climate change effects 

and discount it back to estimate a range of marginal damage values. They reviewed valuation 

studies that utilized both descriptive and prescriptive methodologies to determine the appropriate 

discount rate, which is a critical piece that heavily influences the final marginal damage value. For 

example, a 2006 valuation study utilized a 4.5% discount rate (Hope, 2006) and calculated a 

marginal damage estimate of $6/ton. A 2007 study on the other hand, employed a much lower 

discount rate of 1.5% and ended up with a $102 marginal damage estimate per ton (Stern, 2007). 

Overall, the committee found that the range of estimates for global marginal damage varied by two 
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orders of magnitude difference and provided low, middle and high estimates of $10, $30 and $100 

in an attempt to minimize the impact of methodology inaccuracies. This study adopts the averages 

of these estimates for lower and higher estimates of $20 and $65 cost per ton of CO2e. 

 

ii. Monetization: Other Impact Categories  
 

The remaining impact categories had less extreme discrepancy throughout the literature in terms of 

the appropriate cost range per kilogram monetization values. They all are however, only estimates 

and should be interpreted as such. With guidance from the National Research Council, three studies 

served as the primary references for these valuation estimates, the oldest of which was The 

European Nitrogen Assessment text from 2011. This report endeavored to rely only on the most 

recent available data points given the Committee’s concern with pre-2000 data being too prevalent 

in existing literature. The other two studies were from 2015 and 2016, by Dr. Ir. Joost G. Vogtländer 

of The Netherlands and Thu Lan Nguyen Thi of Ton Duc Thang University in Vietnam (and team), 

respectively. The 2011 European Nitrogen Assessment text, as the title implies, specifically 

addresses reactive nitrogen in the environment and provided an in depth cost-benefit analysis for 

various impacts created by reactive nitrogen forms. This work proved especially useful as it 

incorporated the social costs from the adverse effects of reactive nitrogen in the environment into 

its calculation and monetization conversion factors. It provided a range of monetized impacts 

associated with the role of reactive nitrogen in various impact categories – most notably, 

acidification (NOx), aquatic ecosystems (N2), ozone depletion (N2O) and human health (NH3), which 

was incorporated into this study’s above quantification. 

 

The 2016 Thi et al. paper presented a range of valuations derived from an extensive literature 

reviews. Thi and team collected findings from different monetization models and checked them for 

consistency, eventually moving onto comparing two approaches for how environmental 

externalities could be internalized into the price of products. Their two primary findings regarding 

this “internalization” process were first, to levy a corrective tax that would equate the cost of the 

externalities and second, apply a reduced tax to products that are environmentally friendly and 

have fewer externalities associated with them. While this second component of their work was 

interesting, the primary application of their work in this study revolved around the varying 

approaches to monetizing impacts.  Finally, the 2015 Vogtländer approach was academic in style 
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and approach and mathematically stepped through "The Model of the Eco-costs / Value Ratio" 

(EVR). The EVR is an eco-efficiency indicator and is essentially a calculation model that derives eco-

costs for LCA findings, which represent the cost of the “environmental burden” of a product or 

service. His approach assumes the basis of burden prevention or essentially the quantification of 

society’s willingness to pay (WTP) to avoid the consequences of that impact.  

 

iii. Monetization: Results  
 

The next step in the methodology is to finally calculate the monetized value of these identified 

impacts using the above derived conversion factors to translate the collection of category impact 

measurement terms into more relatable monetary terms. Below, the results of these calculations 

are displayed, representing the monetary cost of the externality. The conversion factors represent 

the most common findings of various valuation studies; though distinct, in aggregate, these factors 

create more a balanced approach to monetization. The value of each impact category (measured in 

it’s own unit, shown in column 2 of Table 12) was multiplied by the upper and lower conversion 

factors to result in high and low monetization values. These estimates were summed to create an 

upper and lower monetary range valuing the impacts associated with producing 1 kg of chocolate. 

Table 13. Monetization results per 1kg of chocolate 

Impact Category

Unit of 

Measure Lower Upper Low High

Acidification Potential 9.7351E-03  $         5.50  $       12.00  $         0.05  $         0.12 

Eutrophication 9.1568E-04  $         4.00  $         8.00  $         0.00  $         0.01 

Freshwater Aquatic 

Ecotoxicity

5.0797E+00  $       11.00  $       18.00  $       55.88  $       91.43 

Global Climate Change 

(Warming Potential)

3.5602E-01  $       20.00  $       65.00  $         7.12  $       23.14 

Human Toxicity Potential 4.4426E+00  $       20.00  $       45.00  $       88.85  $    199.92 

Ozone Depletion 4.9805E-09  $         8.50  $       56.00  $         0.00  $         0.00 

Photochemical Ozone 

Formation

9.3002E-04  $       14.00  $       30.00  $         0.01  $         0.03 

Terrestric Ecotoxicity 6.3796E-03  $       22.00  $       34.00  $         0.14  $         0.22 

 $    152.06  $    314.86 

Low End High End

Conversion factors Monetization results
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These upper and lower monetization estimates can be averaged to result in the average cost of 

$233.46 per 1 kg of chocolate produced as measured in the total cost or monetized value of the 

societal burden caused by this production.  

 

When we revisit the direct outputs outlined in I. The Traditional Approach and include this newly 

calculated true cost of the externalities created by the production process though not monetized, 

the total cost per kilogram of cocoa rockets, displayed below in Table 14. The critical caveat to keep 

in mind is that value represents the true cost that is inclusive of the monetized externalities. It is the 

cost to society, not to be borne by either the farmer or the producer alone. This is not a cost that 

this report infers Mondelēz should bear, but simply be one that the organization understands. This 

cost is a monetary quantification of the holistic impacts of a traditional smallholder cocoa farm in 

the industry as it currently stands; and one that traditionally goes unseen. 

 

The purpose of calculating this value is to enable the major players who control the majority of the 

decisions within the industry, to approach these discussions with a deeper understanding and more 

rich context. By providing monetized values, it may be make the process of weighting and 

incorporating the considerable societal costs created by these impacts into decision-making more 

logical and less convoluted. Further, from these findings, forward-looking organizations can infer 

that in the future, either due to regulations or necessity, externalities whose costs are at this point 

societal (and not quantified), may eventually be more regulated and shift to producers, forcing 

them to bear real costs that might have been mitigated with earlier intervention.  

 

 True Cost 

 Direct Externalities 

Direct Inputs $1,434  

Monetized Impacts ($233.46/kg)  $233,460 

Total Societal Cost $235,370 
 

Table 14. Total Societal Costs of Model Farm with Monetized Impacts 
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Chapter 4 

Farm of the Future (FotF): Impact Mitigation and Benefit Creation 
 

The Mondelēz FotF Commercial Farm model is an ambitious and exciting concept with numerous 

testing phases yet to be completed at the smaller scale Concept Farm. However, given the variety of 

technology and techniques being validated, it is safe to assume that significant gains in resource 

consumption – specifically more efficient input application – will be achieved, as well as substantial 

mitigated environmental and socio-economic impacts resultant of better farming practices and 

more strategic combination of methods and resources. The following chapter explores these 

potential benefits and offers forward-looking recommendations as Mondelēz enters into the 

subsequent stages of Concept Farm validation, Commercial Farm implementation and eventual 

scaling and duplication. 

 

I. Social Impact: Changes through the value chain 
 

The potential for the FotF concept to vastly improve the livelihoods of industry players in the 

primary cocoa production areas of the world is vast. A commercial level FotF would drastically 

change the production landscape of not only the growing activities and impacts of the farm area 

itself, but also the surrounding extended region; assuming that one commercial sized (1,000 ha) 

could supplant the production of ~3,333 smallholder cocoa farms. A Commercial FotF would also 

represent a corporate vertical integration in which Mondelēz would now have much stronger 

control over more pieces of the supply chain. This single point might be the catalyst that could 

change the lives of thousands of smallholder farmers for the better; more specifics on the potential 

benefits that the model could deliver for cocoa farmers is detailed later in this section.  

 

i. Transportation Layers 
 

The below Figure 6 examines the current supply chain model as it stands for Mondelēz without the 

implementation of the FotF model. If the commercial scale FotF concept was implemented, the 

players who operate in some of the transportation functions of the existing landscape would be 

eliminated from the new system, effectively removing three layers over which the company 

previously exerted little to no control in terms of quality or price of service. The implementation of 

a commercial scale FotF would impact their role as cocoa transporters; however, there are other 
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products to which they can shift their focus and more importantly, there is a history of corrupt 

practices within these legs of the supply chain (Broomhall, 2003; UNDP, 2011). Arguably removing 

these transportation layers will be a catalyst for more positive social impacts overall and the 

employment value of the transporter actors moving cocoa is worth less than the collective value of 

the myriad benefits facilitated by a commercial scale FotF.  

 

Figure 6. Mondelēz Current Cocoa Production Model. Source: Mondelēz, 2015 

 

ii. Forced Labor 
 

The most abhorrent social issues still too prevalent along the cocoa value chain are arguably forced 

labor, socio-economic deficiency and a pervasive lack of education; the Commercial FotF concept 
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could attack all of these. No chocolate manufacturer or cocoa processor wants to purchase from a 

farm that condones forced labor – children or adults being forced to work. The critical obstacle is 

that there any many layers in the supply chain and accordingly too little transparency or verification 

along the way. A conservative estimate of the number of children involved in growing cocoa in West 

Africa alone is nearly 2 million children (Tulane, 2014). The International Labor Organization’s 

definition for child labor includes work that is performed for more hours than is healthy and 

reasonable, that threatens the child’s ability to attend school or dedicate sufficient time to succeed 

at school, or that is hazardous in any fashion (ILO, 2004). Forced labor is not limited to children and 

includes any trafficking of people to work within an industry; human trafficking across borders in 

West Africa is still a present issue and the production of cocoa by trafficked people is ranked in the 

“Categorical Worst Forms” category by the United States Department of Labor (USDL, 2014). 

 

The Mondelēz FotF commercial model would lend a much firmer control over this evasive issue as 

the model as currently planned, would employ a Hub Plantation & Outgrower (HPO) model. Under 

this promising HPO structure Mondelēz would employ potentially thousands of smallholder farmers 

around a central facility, which mitigates the majority of the risk regarding lost employment for the 

farmers that previously owned and/or worked smallholder operations. In fact, it would mean that 

the famers who chose to enter into this working arrangement with Mondelēz would have 

consistent work, alleviating an existing issue in the current system of inconsistent buyers and 

revenue gaps (Asare, 2010). Furthermore, Mondelēz would, in accord with their Cocoa Life Program 

guidelines, provide a wealth of resources (including planning and implementation assistance, 

microcredit programs, cocoa apprenticeship programs and community action plans), valuable 

inputs that smallholder farmers lack the credit to invest in (such as fertilizer, expert advisors, more 

modern farming equipment etc.) as well as technical assistance (Mondelēz Cocoa Life, 2015). The 

company would not only hire and work with its farmers directly – eliminating concern of corruption 

transpiring in the separating layers of the system – but ensure that they are treated well, with 

access to potable drinking water, education and clean accommodations for them and their families. 

 

Recommendation 
 

Given the skepticism of the general public and the inflammatory impact of the media on sensitive 

issues like forced and child labor, this study recommends that Mondelēz take an active role in 



Brittany B. Neale Master of Environmental Management April 2016 

39 | P a g e  
 

communicating the degree to which their FotF model prevents these problems from occurring. 

Specifically, the study recommends forming strong relationships with powerful third party 

organizations in this space such as the Fair Labor Association, the World Cocoa Foundation, US 

Department of Labor, the local national labor association, the International Labor Organization etc. 

Ideally these parties could conduct site audits and potentially even unannounced inspections. 

Further, interacting proactively with the media could be a valuable way to demonstrate the 

legitimacy of the FotF model; strategic interaction with a range of bright to dark green media 

outlets and publications could be the channel to establish a foundation of important brand building 

interactions and activities with a wide consumer base. 

 

iii. Socio-Economic Deficiency 
 

The difficult socio-economic conditions of most smallholder cocoa farmers are widely known and 

the previous case study validates the challenging economics of an increasingly ill-fated situation. 

Especially smallholder farmers operating on their own and not participating members of 

cooperatives or another group organization, routinely lose significant income by attempting to sell 

their product to a private buyer. These smallholder farmers often come away from the exchange 

with an unfair price due to a variety of reasons, including the buyer claiming low product quality 

and paying only a portion of the warranted price, the buyer falsifying their measurement systems or 

scales and underpaying, or simply because the buyer aggressively bartered, recognizing that they 

held the bargaining power (Diegert, 2014). As Mondelēz’ vertically integrated approach would 

ensure that these farmers would receive fair compensation for their work hours and output, this 

risk is exponentially reduced. Another key reason for socio-economic difficulties amongst 

smallholder farmers is the continued decline of their yields. As has been discussed in previous 

sections, poor farming practices lead to declining yields, including failing to maintain soil fertility, 

lack of proper inputs and insufficient protection measures against pests and disease. The inherent 

oversight of and intentional involvement by Mondelēz with their contracted farmers in the FotF 

commercial model would assuage many of these detrimental effects and ideally facilitate a 

consistently much healthier yield. 
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Recommendation  
 

This study recommends Mondelēz goes beyond providing fair wages and support, by also providing 

the access for contracted smallholder farmers to some type of savings mechanism. In the primary 

cocoa growing regions, it is common for citizens to not have a bank account or any other type of 

organized savings device. In Latin America, informal savings institutions (susas, tandas etc.) have 

made some headway (Fay, 2005), but largely throughout the major cocoa producing areas – 

especially Africa – rural citizens (cocoa producers generally fall in this category) are routinely the 

victims of financial exclusion and are profoundly underserved from a financial perspective (Dupas, 

2012). This is an important opportunity for Mondelēz to both contribute to the socio-economic 

improvement of its contracted farmers as well as attain their Cocoa Life program’s stated aim of 

empowering farmers and creating vibrant, financially healthy communities throughout the 

production supply chain (Mondelēz International, 2016). 

 

iv. Lack of Education Resources 
 

The deficiency of critical education resources is noted throughout the primary cocoa producing 

regions (WCF, 2015). The FotF commercial model has the potential to contribute significantly on 

this front as well; the only caveat being that it must be implemented well and consistently 

monitored for quality in order for it to succeed. A well-executed HPO structure with a wealth of 

resources and avenues for education available to the contracted farmers can prove a solid 

foundation with potential for powerful social change. That foundation, under the management of a 

socially responsible organization with a strong corporate ethic and long term perspective, will 

capitalize on the abundant potential amongst its farmers and the extended community. Such a 

company can create a network not only of contracted farmers, but of valuable partners whose 

education will only yield reciprocal benefits. 

 

Recommendation 
 

This study recommends a particular emphasis on education for Mondelēz’ FotF commercial model 

and specifically notes the paramount importance of having strong processes in place to gauge the 

continued efficacy of the mechanism and to ensure its accurate execution. As mentioned 

previously, if implemented well, this FotF model has the potential to contribute significantly to the 

positive brand image of Mondelēz. However, mismanagement or poor application of the model also 
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has the ability to do severe brand damage. For example, in 2006, Bridgestone/Firestone’s brand 

was blemished when more than 6,000 workers at one of the company’s rubber plantations in 

Liberia banded together in protest against poor treatment and human rights violations. The specific 

objections included consistent dispensation of unattainable production targets, lack of timely and 

fair compensation as well as a variety of issues around how the families and children of the workers 

were being treated Ackerman, 2008). A United Nations report conveyed that during Liberia’s civil 

war, Firestone’s hospital did not issue birth certificates but then later claimed that in order to 

receive the promised free education and healthcare, farmers had to present a birth certificate for 

themselves or their family members (UNMIL, 2006). The media blasted the story globally and 

eventually, after countless public and private sector petitions, campaigns and protests against 

Firestone’s actions, the rubber workers eventually won representation via a union vote, dismissing 

the company-controlled officials previously in power (Minter, 2008). Firestone not only failed to 

deliver on its promises to workers, but the company took advantage of them and mistreated them 

egregiously. Firestone was not able to chalk it up to embedded sources of supply chain corruption 

or influences beyond their control and the organization felt the full weight of that culpability. 

 

This example is not intended to deter Mondelēz from moving forward with its FotF commercial 

model, but instead represents an effort to communicate the historical context of similar corporate-

run plantations across agriculture sectors and the resultant high level of scrutiny that will attend its 

launch. In reality, the fact that a Mondelēz FotF will be under a human rights microscope during its 

unveiling and operation presents an important opportunity for the company. The successful and 

ethical management of a project of this scale can cement the company’s position as an industry 

leader that bucks historical trends of exploitation and instead demonstrates by action the right way 

to invest in farmers as partners to create ethical profits with mutual benefits. The media can help to 

amplify a positive message about the company’s ethical standards as opposed to tearing down the 

corporation’s brand image. 

 

II. Environmental Impact: A Top Down Assessment 
 

The Mondelēz FotF commercial scale model has the potential to lower the customary 

environmental impacts imposed by cocoa produced in the traditional manner. However, without 

sector-level context, it is difficult to gauge the systemic significance of any impact mitigation. Thus, 
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thus study now employs a sector-oriented approach to establish and understand the relative 

context of chocolate and cocoa product impacts.  

 

i. Impacts: Industry Assessment 
 

The below assessment endeavors to provide a data-driven evaluation utilizing industry information, 

Economy Mapping 2.0 technology as well as the principles of economic life cycle systems in order to 

isolate the most pressing impacts of the chocolate and cocoa products sector. The impact 

categories referenced in the case study LCA are distributed over three phases – direct, intermediate 

and final – to provide context of the sector’s environmental impacts; these phases are described in 

Table 15 below. The Economy Mapping 2.0 technology that was utilized for this piece of the study is 

a tool that was designed to help decision-makers identify the sectors and supply chains that 

generate the most impacts across these three phases. It pulls data published by the US EPA 2009 

Sustainable Materials Management: The Road Ahead report, CEDA 3.0 software, US Department of 

Commerce Bureau of Economic Analysis (BEA) economic data as well as other environmental 

datasets from the US EPA and others; the program then uses Economic Input Ouput Life Cycle 

Analysis (EIO LCA) to integrate these sources into sector-level assessments (Pearson, 2011). 

 

Table 15. Impact Phase Descriptions. Source: Pearson, 2011 

Direct impacts are 
classified as those 

generated directly by the 
activities of the sector. 

If the examined sector 
has very high direct 

impacts, direct 
government regulation is 

suitable.

Intermediate impacts 
combine both direct 

impacts with the impacts 
generated upstream. 

If the examined sector 
has high intermediate 

impacts, the ideal impact 
management approach 
would be examination 
and streamlining of the 

supply chain.

Final consumption 
impacts are the total 

impacts resulting from 
selling goods or services 

to consumers - be it a 
business, consumer, 

government etc.

If the examined sector 
has high final 

consumption impacts, it 
would be a good 

candidate for sustainable 
sourcing and purchasing.
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The results of the cocoa and chocolate sector impacts categorized into these phases are displayed 

in Table 16 on the following page. The direct, intermediate and final impact scores indicate a 

relative rank in terms of environmental impacts amongst all industrial sectors included in the 

Economy Mapping program. As the program utilized Life Cycle Impact Assessment (LCIA) 

methodologies to evaluate the environmental impacts of the cocoa and chocolate sector’s supply 

chain and industrial activity, a different methodology of measurement was applied to each impact 

category (e.g., global warming, water toxicity, eutrophication). However, the program does not 

create a combined, single impact score, so this study applied weighting and normalization to 

achieve an aggregated score, which is displayed below as well. This calculation process is captured 

in the qualitative impact weight and end-point weight score columns in the table. The qualitative 

impact weight is based on value judgments asserted and could be both argued and altered. 

 

The ranks of the impact categories across the three phases (direct, intermediate and final) are 

included in the Mid-point category and a mean rank score of the mid-point impacts total is 

provided. As noted earlier, these ranks are taken across an array of industries, so the lower the mid-

point rank and final end-point weight value, the higher the relative environmental impact. The 

lowest ranks are highlighted above in red indicating the severity of the impact and the priority of its 

management. Comparing the cumulative mid-point mean ranks to the corresponding end-point 

weight category, the impact of the qualitative weighting component becomes evident. Again, this 

piece is by far the most judgement-oriented and could be altered based on an individual 

organization’s business needs, risk tolerance or regional concerns etc. 

 

This study placed human toxicity potential as the paramount concern given the public facing nature 

of Mondelēz’ brand family as well as the degree of media scrutiny it faces and will continue to 

operate under. There are massive brand risks associated with the uncovering of detrimental human 

health impacts in the supply chain and production sites. Freshwater aquatic ecotoxicity potential 

was given the second most critical area of concern given its close relationship to human health and 

the noted dearth of clean drinking water in the majority of the primary cocoa producing regions of 

the world (Gockowski, 2011). Terrestrial ecotoxicity and land use change were prioritized because 

of the documented cocoa industry trends of declining soil fertility and the proven detrimental 

impact on cocoa yields. Similarly, the link between global climate change and declining seedling 
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success and crop vulnerability has been established; the most critical climactic factors are affected 

temperature levels and patterns as well as changing sunshine and rainfall levels (Oyekale, 2009).  

The remaining qualitative impact weights were distributed based on relevance or lack thereof. 

 

Cocoa and Chocolate Sector Impacts 

By Rank, in kg CO2 equivalent 

Impact Category 

Mid-Point End-Point 

Direct 
Impacts 

Intermediate 
Impacts 

Final 
Impacts 

Cumulative 
Mid-Point 

Mean Rank 

Primary 
Impact 
Phase 

Qualitative 
Impact 
Weight 

End-
Point 

Weight 

Global Warming 
Potential 

363 340 286 329.67 D 5 1,648.33 

Ozone Depletion 
Potential 

N/A 405 330 245.00 I 7 1,715.00 

Human Toxicity 
Potential 

333 N/A 310 214.33 D 1 214.33 

Freshwater 
Aquatic Ecotoxicity 
Potential 

289 91 91 157.00 D 2 314.00 

Marine Aquatic 
Ecotoxicity 
Potential 

313 415 331 353.00 I 8 2,824.00 

Terrestrial 
Ecotoxicity 
Potential 

302 116 115 177.67 D 3 533.00 

Freshwater 
Sediment 
Ecotoxicity 
Potential 

309 417 330 352.00 I 7 2,464.00 

Marine Sediment 
Ecotoxicity 
Potential 

260 353 298 303.67 I 11 3,340.33 

Photochemical 
Oxidation Potential 

362 354 292 336.00 D 12 4,032.00 

Acidification 
Potential 

320 375 295 330.00 I 9 2,970.00 

Eutrophication 
Potential 

319 161 153 211.00 D 6 1,266.00 

Abiotic Depletion 
Potential 

N/A 387 314 233.67 I 10 2,336.67 

Land Use Change N/A 100 105 68.33 F 4 273.33 
 

Table 16. Cocoa and Chocolate Sector Impacts. Source: Adapted from Pearson, 2011 
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Diving a little deeper into the cocoa and chocolate industry’s results reveals the following impact 

categories as of primary importance in the cocoa and chocolate sector, as the lowest scores 

indicating the severity of environmental impact: human toxicity potential, land use change and 

freshwater aquatic as well as terrestrial ecotoxicity potential, displayed below in Figure 7. These 

align with the primary concerns discussed in Chapter 1, part IV, Environmental Impacts. 

Figure 7. Impact Category End-Point Weights. Source: Adapted from Pearson, 2011  

 

The high degree of human toxicity potential stems primarily from the improper application of 

pesticides and their ingestion either directly through contact or inhalation or indirectly through 

integration into local surface water or groundwater utilized for drinking water (Crozier, 2016). This 

is of critical concern and a wicked challenge for primary production regions; the extent to which 

Mondelēz has the opportunity to minimize this dangerous impact through the execution of their 

FotF commercial model is vital for their farmers and the impacts of the industry as a whole. Land 

use change is a major issue within the current cocoa production landscape; as discussed previously, 

smallholder farmers typically do not have access to credit or legitimate savings mechanisms and 
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therefore will make the decision that requires the smallest capital expenditure. This typically means 

that they will opt to deforest an area creating a new cocoa plot as opposed to purchasing the 

requisite fertilizers or other applications to revitalize an already established cocoa plot. Mondelēz’ 

FotF commercial concept employs a more strategic and efficient production model that would use 

land more efficiently and minimize, if not completely prevent, this dangerous deforestation trend.  

 

Terrestrial as well as freshwater aquatic ecotoxicity potential are closely aligned with human health 

as well as the general condition and functioning of the ecosystem. Improper pesticide application 

does simultaneous damage to both categories through recurring soil fertility losses and degrading 

aquatic environmental health resultant from chemical-heavy runoff. The existing water scarcity and 

stress of primary cocoa production regions only serves to exacerbated this issue and impacts both 

the resident farmers as well as their future yields (Ortiz-Rodriguez, 2015). Terrestrial ecotoxicity 

corresponds to resource depletion and loss of soil fertility (Appiah, 1997) and, as discussed in 

Chapter 1, part III, Social Ramifications, leads to production losses and the continued cycle of socio-

economic strain. The primary impact phase of each impact category was also examined, the results 

of which are displayed below aggregated in Figure 8; specifically, the totals of the three phases 

across all of the environmental impact categories. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Impacts 
Arranged by Phase. 
Source: Adapted 
from Pearson, 2011 
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The fact that both direct and final impacts are of nearly equal importance for the cocoa and 

chocolate products sector is an interesting finding. According to the creator of the Economy map 

program, sectors with high direct impacts would be most effectively managed by a regulatory body 

– typically a national government or international governing body.  However, as previously 

discussed in this study, in primary cocoa producing regions the sheer number of layers and actors 

overwhelm the insufficient resources and oversight capabilities of governments to crack down on 

existing corruption or tighten up resource inefficiencies etc. This creates an important opening for 

Mondelēz’ FotF commercial model to demonstrate the benefits of a much higher degree of 

upstream control. By establishing that upstream influence, Mondelēz will gain additional 

supervision capabilities more importantly, will be able to better manipulate the direct impacts at 

the farm level. This study asserts that the Commercial FotF model will enable Mondelēz to more 

effectively manage the direct environmental impacts of their activities than what they would be 

able to achieve working within the confines of the cocoa production model as it currently exists. 

 

On the other end of the phase range, the results also indicate a substantial final consumption 

impact. The creators of the program affirm that an industry with high final consumption impacts 

will be most effectively managed by largely market-based and consumption-oriented approaches. 

As these impacts are affected by those in the previous two phases, mitigating effects enabled by 

Mondelēz in both the direct and intermediate phases would logically reduce final consumption 

impacts. However, there is additional opportunity here for Mondelēz to leverage their work 

upstream to influence and lower final consumption impacts; this opportunity in explored further 

later in section III. Economic Impact: Mondelēz Brand. 

 

ii. Impacts: Smallholder Model Alignment 
 

When the primary areas of environmental impact from an industry perspective are compared with 

those highlighted from our case study representative of an average smallholder cocoa farm (see 

figures below), the results are quite similar. In fact, the distinctions can likely be attributed to 

differences in selected metrics and impact categories. As noted above, global warming potential has 

direct impacts on terrestrial ecosystem health and land use change, particularly deforestation, and 

contributes significantly to additional emissions of global greenhouse-gas emissions (Johnson, 

2009). The alignment between the industry level assessment (Figure 9) and the model smallholder 
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cocoa farm (Figure 10) confirms consistency in the modeling completed thus far and indicates 

founded conclusions. 

 

Figure 9. Cocoa and Chocolate Industry Primary Impacts 

 

 

Figure 10. Model West Africa Smallholder Farm Primary Impacts 

 

iii. FotF Model: Impact Summary 
 

The FotF commercial model, according to its current plans, will enable massive gains in production 

efficiency. On its most basic level, a significantly smaller amount of land will be cultivated for cocoa 

crops and the land that is cultivated will be have immensely higher yields per capita. As seen in 

Figure 11, Mondelēz’ current projections represent a 50% decrease in total land under cultivation, 

but also a 400% increase in metric tons of cocoa produced per hectare farmed. 

 

Cocoa and 
Chocolate 
Industry

Freshwater 
Aquatic 

Ecotoxicity 
Potential

Terrestrial 
Ecotoxicity 
Potential

Land Use Change

Human Toxicity 
Potential
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Freshwater Aquatic 
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Potential
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Figure 11. Smallholder vs. FotF High Level Comparison. Source: Adapted from Mondelēz documents 

 

As noted in the Chapter 4 Case Application section, there is a large degree of uncertainty around 

which components in the FotF model will be successful on the Concept Farm and further, which will 

be economically viable to scale at the level of the Commercial Farm. For that reason, there is a wide 

range of potential mitigation values in terms of the environmental impact of the Commercial FotF. 

This piece of the study explores three estimates of efficacy to explore the most likely impact 

mitigation scenarios given varying degrees of success at the Concept and Commercial farms. Table 

17 on the following page details these three scenarios including success levels that are below 

expectation, at the estimated expected success levels and above success above expectations.  

 

As with the qualitative weights assigned and utilized in the industry assessment section, these 

estimated impact savings or percent decreases in the specific impact category unit of measure are 

based on judgement. As new information from validation testing at the Concept farm is completed, 

these estimates can and should be updated to more closely reflect the most accurate information 

and provide a more accurate projection. The results displayed in the second column are the same as 

those originally found in the Ntiahmoah and Afrane LCA. They represent the environmental impacts 

from producing 1 kg of chocolate in the traditional smallholder model and the estimated decreases 

Smallholder Model

• 1,000,000 ha under cultivation

• 400,000 MT of cocoa produced

Commercial FotF Model

• 500,000 ha under cultivation

• 2,000,000 MT of cocoa produced
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are an attempt to capture and communicate potential outcomes and savings facilitated by the 

efficiency gains of the Commercial FotF model.  

Table 17. Success Scenarios Defined. Source: Adapted from Ntiamoah, 2009  

 

The range of estimates included in the three right-most columns represents estimates of the impact 

mitigating effect of the FotF model. The estimated impact range for acidification percent decrease 

is large as there is uncertainty around how the drivers of this impact category will be affected by 

validated Concept farm technology. The drivers – sulfur oxides, nitrous oxides and ammonia – often 

enter the soil and atmosphere through acid rain, agricultural runoff from ammonia heavy additives 

or NOx or SOx emissions (Simonen, 2014). Given the standardized pest and disease control 

mechanisms, the controlled growing environment (physical protection measures) as well as the 

components directed towards precision agriculture, this study assumes that the impact of 

traditional acidification drivers will be largely mitigated. However, the move towards higher 

implementation of mechanization – from pruning and harvesting activities to more industrial-level 

post-harvest processing – is also a future potential source of especially NOx and SOx emissions 

(Mondelēz, 2015). Depending on how the final design includes measures to minimize emissions, the 

percent decrease in acidification will potentially decrease significantly or to a smaller degree.  

Below Expected Above

Acidification Potential 9.735E-03 kg SO2 equivalents 30% 55% 80%

Eutrophication 9.157E-04 kg Phosphate equivalents 40% 80% 85%

Freshwater Aquatic 

Ecotoxicity
5.080E+00

kg  1, 4 dichlorobenzene 

equivalents
60% 85% 90%

Global Climate Change 3.560E-01 kg CO2 equivalents 30% 40% 55%

Human Toxicity 

Potential 
4.443E+00

kg  1, 4 dichlorobenzene 

equivalents
60% 70% 80%

Ozone Depletion 4.981E-09
kg trichlorofluoromethane 

equivalents
20% 30% 55%

Photochemical Ozone 

Formation
9.300E-04 kg Ethene equivalents 20% 30% 60%

Terrestrial Ecotoxicity 6.380E-03
kg  1, 4 dichlorobenzene 

equivalents
50% 75% 85%

Impact Category
Result (per 

1 kg cocoa )
Unit of Measure

Estimated % Decreases
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The estimated mitigation range for eutrophication is higher overall as many of the technologies and 

techniques that will be validated at the Concept farm actively target these drivers – primarily nitrate 

and phosphate-heavy pesticide application. Especially given the controlled growing environment 

with much tighter controls on nutrient and fertilizer application, closely monitored semi-hydroponic 

growing systems, and utilization of technology such as nutrient sensors, the likelihood is that the 

Commercial FotF will enable weighty decreases in eutrophication effects (Mondelēz, 2015). A 

similar estimation process follows for freshwater aquatic ecotoxicity; in the sphere of cocoa farming 

freshwater ecotoxicity is largely resultant from chemical runoff into surface and groundwater and 

the tight controls over the both the selection and application of these component in the FotF 

system would greatly minimize their detrimental impact.  

 

Human toxicity potential is estimated to be a strong exemplification of the impact moderating 

capabilities of the FotF system. The causes of human harm due to ingestion, inhalation, or contact 

in the traditional smallholder model are firmly controlled in the FotF; strong Mondelēz oversight 

will ensure proper protective gear is worn and correct application procedures followed and most 

importantly, that farmers are correctly trained. Further, the utilization of clones will ideally 

decrease the overall need for the application of fertilizers or other chemical applicants in general 

and thereby represent large risk minimization values. The additional mechanization processes 

standardized processes will successfully allay this dangerous impact. This mitigation is presented 

visually below in Figure 12 on the following page along with global climate change and freshwater 

aquatic ecotoxicity potential.  

 

Global climate change, ozone depletion and photochemical ozone formation will also be minimized 

by the FotF system, primarily from the well-planned and constructed physical structures, effective 

management of any production by-products and development of a more renewable, less grid-

dependent commercial model. The extent to which this energy component is successfully 

developed and implemented will have a strong influence over the decreases in global climate 

change impacts as well as photochemical ozone formation (caused by the emissions of gasoline). 

Finally, this study estimates that terrestrial ecotoxicity will likely have significant declines given that 
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its primary drivers are anthropocentric activities and manufactured chemical application; the 

controlled conditions, processes and inputs of the FotF will minimize these drivers well.   

 

Figure 12. FotF Impacts Mitigation Estimates. Source: Adapted from Ntiamoah, 2009 
 

Figure 13 on the following page visually depicts the estimated range of decreases for the remaining 

impact categories, including terrestric or terrestrial ecotoxicity, photochemical ozone formation, 

ozone depletion, eutrophication, and acidification. These estimates, as is also the case with the 

previous set, present a significant range in terms of the projected impact mitigation results and will 

heavily depend on which technologies are validated at the Concept farm and which of those 

emerge as appropriate to scale commercially. However, given even the most conservative estimates 
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of the “below expectation” range, it is evident that the FotF system will facilitate major decreases 

across the environmental impact categories. 

 

Figure 13. FotF Impact Mitigation Continued. Source: Adapted from Ntiamoah, 2009 
 

III. Economic Impact: Mondelēz Brand  
 

Mondelēz has the opportunity to leverage their Commercial FotF work to create significant brand 

value growth. Critically, this brand value creation does not have to come at the expense of the 

company’s competitive advantage as it can be achieved without revealing proprietary details about 

the actual FotF methodology or technology. By design, the Commercial FotF minimizes social, 

environmental and human health related risks throughout the supply chain and has to potential to 

represent massive reductions in issues that inherently threaten brand image. It is more than that 
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however and is in fact, ideal fodder for confirmation of the company’s strong corporate ethic and 

commitment to sustainable innovation. Finally, the Commercial FotF is an important opportunity for 

Mondelēz to create a competitive advantage through both product and process differentiation. The 

section explores strategies for how Mondelēz can develop a differentiated brand utilizing the FotF. 

 

i. Ethics in Action: Competitor Analysis 

 

The major players in the food and beverage industry understand the importance of communicating 

their sustainability commitments and initiatives to their consumers. In the confectionary space, all 

of the major players have sustainability programs and corresponding websites. The below Table 18 

provides a quick competitor landscape assessment. 

 

Table 18. Major Confectionary Players Competitive Analysis. Sources: Mars, 2016; Mondelēz, 2015; Nestle, 
2016; Ferrero, 2015; Meiji Co Ltd, 2016; Hershey Co, 2016 

 

The purpose of this high level analysis is confirmation that the major brands in the chocolate space 

have covered the expected sustainability bases. Most have well-designed sustainability webpages, 

informative and engaging CSR (Corporate Social Responsibility) reports and well-documented 

internal training programs or resources geared towards educating their employees about 

sustainable operations etc. In each of the examined organizations above, the cocoa sustainability 

webpage is a portal for well-executed citations and proof of the company’s sustainability work 

being executed in the field. There is a consistent trend of notably more visual presentations of 

sustainability data points – be it case study, video or infographic. About half of the surveyed 

organizations had dedicated sustainability blogs that provided effectively communicated, real time 

updates and stories that provide insight into on the ground progress and implementation. Overall 

Company
Cocoa 

Sustainability 

Webpage

CSR 

Report

Cocoa 

Sustainability 

Blog

Cocoa 

Sustainability 

YouTube Channel

Employee 

Sustainability 

Program

Sustainable 

Advocate 

Program

Mars Inc (USA) x x x x x

Mondelēz International (USA) x x x x x

Nestlé SA (Switzerland) x x x x

Ferrero Group (Italy) x x x x

Meiji Co Ltd (Japan) x x x

Hershey Co (USA) x x x x
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the presentation of sustainability information was logical and effective. There is however, still room 

for improvement and differentiation.  

 

ii. Consumer Resources: Brand Advocates Value Add 
 

As noted in the final column of the above Table 18, no confectionary company has yet tapped into 

the full potential of their consumer resources – i.e. taking a customer and molding them into a full-

fledged advocate. Brand advocates are empowered by the brand and develop a strong loyalty to it; 

it extends further though in that a true brand advocate will multiply brand awareness through 

positive word of mouth and actually guide other customers towards the brand with whom they 

themselves strongly connect (Clancy, 2012). However, there is no one formula to achieve this level 

of brand allegiance and in general a maximum of 10 percent of all of an organization’s customers 

will ever advance to become brand advocates (Clancy, 2012). Nevertheless, the value creation 

enabled by this 10 percent is worth the time and resources that are poured into advocate creation.  

 

Many organizations across different industries attempt to create brand advocacy by connecting on 

a deeper level with their customers and they do so in a variety of ways. Apple relies on the quality 

of their product as well as their strong suite of brand associations. Coca Cola has created an 

exceptionally strong brand that has fueled Coke’s continued dominance in the carbonated soft drink 

market, despite losses in blind taste competitions against Pepsi. Consumers consider a multitude of 

factors when purchasing luxury goods like chocolate, including but not limited to, price, 

convenience, brand associations and product quality and typically, brands will focus on leveraging 

one of these aspects to build advocacy. The ultimate goal is to create a distinction or differentiation 

that is valuable enough, in the eyes of the consumer, to actively seek out that brand over others. 

The FotF model can be the foundation to create that point or suite of points of differentiation. 

 

The structure and orientation of the Commercial FotF will enable Mondelēz to offer product at 

competitive prices as, according to the concept as it stands, an estimated $500 savings per metric 

ton of chocolate produced under the FotF system is achievable – as compared to costs associated 

with generating the same quantity under the current smallholder production model. The FotF 

system will also yield significantly more control to the company over the quality of inputs, processes 

and final product, ensuring the Mondelēz will continue to compete on quality. The concept of brand 
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associations or what it “means” to the customer, is an area in which Mondelēz – as is true for 

almost all brands – can further differentiate itself and form brand advocates.   

Recommendation 
 

The first step is to identify supporters who already speak highly about the brand’s sustainability 

efforts. They can be identified as users who actively and positively post or comment in either a 

Mondelēz-created community or across the social media platforms. An example of a Mondelēz-

created community is the company’s LinkedIn page; potential supporters are those who 

consistently respond to sustainability posts. An example from the Mondelēz LinkedIn page 

discussing women’s empowerment from The Cocoa Life is below in Figure 14.  

Figure 14. Mondelēz LinkedIn Advocate Example. Source: Mondelēz LinkedIn page, 2016 
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This post generated over 300 likes and 7 comments; from this comment pool on this post alone, 

both Muhammad and Eric could be identified as potential sustainability brand advocates. As 

mentioned above, potential advocates can also be discovered through social media; a common 

avenue organization’s utilize to do so is through a tool like Hootsuite. Hootsuite searches various 

social media platforms to find brand mentions, recommendations etc. and users that frequently 

mention your brand in a positive manner are great potential sustainability brand advocates 

(Singleton, 2013). The voices of customers identified as potential advocates can be leveraged as 

powerful tools and due to the amplifying effect of social media, they can have a commanding 

impact on even large brands and their bottom lines.  

 

The specific goal for Mondelēz is to create and nurture a network of these customers/advocates 

who are passionate about the issues that FotF is mitigating and who enjoy sharing their knowledge, 

thoughts and expertise with the company and other consumers. Cisco Systems, Inc. has an 

advocacy program that spans various business units, whose descriptor is “Passionate Experts, 

Global Champions for Change” (Cisco, 2015); a similar direction would be appropriate for a 

Mondelēz advocacy program. The Commercial FotF will be a catalyst for progressive work that is 

ground-breaking enough to potentially attract an entirely new customer segment who is dedicated 

to and passionate about sustainability – a customer that a large-scale confectionary organization 

might not have been able to attract previously. This expansion and diversifying of the Mondelēz 

customer base grows its brand value exponentially and contributes to the maintenance of its 

market leading position and sustained profitability.  

 

iii. Consumer Resources: Co-creation Value Add 
 

Another avenue through which to develop stronger customer loyalty and build authentic brand 

resonance (and value) is a concept called co-creation, which is customarily utilized by technology 

firms. In the case of Mondelēz, this would likely denote marketing content co-creation, as opposed 

actual product co-creation. The objective is to facilitate more dynamic interaction with customers 

that will provide valuable information and content for the participating organization as well as a 

richer user experience. The ability of a brand to transform a previously one-way marketing channel 

into a dynamic and evolving conversation between the business and its consumer (B2C) as well as 
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its customers to other customers (C2C), will increase brand value significantly and further amplify 

its existing messaging. A good example of this concept emerged during the assessment completed 

in the above competitor analysis. One of the major confectionary market players, Nestlé, produced 

a co-created YouTube marketing campaign, described below in Figure 15. This campaign facilitated 

both creative and strategic brand building; the subject matter was the company’s cocoa 

sustainability program focusing specifically on the KITKAT brand. 

 

The series of videos was an excellent example of co-creation as the final content was delivered to 

the public through both Cole’s YouTube channel as well as Nestlé’s website and social media 

channels. Drogba and Cole’s involvement with Nestlé extends their social and environmental 

credentials to the Nestlé brand to some degree. Whether in an official capacity or not, both Drogba 

and Cole are now brand advocates who are helping to shape that brand. This kind of brand building 

validation is crucial for Nestlé in particular, given the brand’s continuing struggles with the negative 

ramifications of the Fair Labor Association (FLA) report revealing child labor and forced labor on 

Nestlé farms in Côte d’Ivoire (Clarke, 2015).   

 

 

Figure 15. Example of Co-creation from Nestlé Social Media Marketing. 

Nestlé's Cocoa Plan Promotional Video

• Nestlé collaborated with Louis Cole, a British film-maker and popular YouTube personality to 
create a series (four) of videos in Côte d’Ivoire.

• Cole has established himself as a socially conscious, environmentalist and his YouTube 
channel featuring video blogs of his travels throughout Africa, Australasia, North and South 
America, has more than 1.7 million subscribers.

• The first three videos of the series cover the three pillars of Nestlé's sustainable cocoa 
program: better farming, better cocoa and better lives.

• The fourth video of the series features world-famous soccer star Didier Drogba when he and 
Cole visit one of the schools constructed as part of the Nestlé sustainability program. 
Drogba is a UNDP Ambassador and also the founder of the Didier Drogba Foundation, which 
is entering into a partnership with Nestlé.

• In the final video, Cole and Drogba surprise the children at the Nestlé-built school with a 
visit and soccer game, complete with KITKAT branded soccer balls. Cole then interviews 
Drogba as well as the Head of the Nestlé Cocoa Plan (sustainability program) where both 
discuss the partnership and emphasize the fact that Nestlé's KITKAT is the first global 
confectionary brand to be sourced from 100% sustainable cocoa.
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Recommendation 
 

Fortunately, Mondelēz is not fighting the same uphill battle as Nestlé to earn back lost brand value 

as a result of negative press, but this strategy still represents a solid opportunity for increasing the 

organization’s brand loyalty and value. The FotF is directly attacking some of the most challenging 

and detrimental industry issues – many of which are also media-darlings and close to the heart of 

consumers – child labor, fair wages, gender equality, environmental impact and transparent supply 

chains. Mondelēz can leverage this fact to increase further brand value by tapping into its customer 

base and co-creating with them to create authentic and unscripted B2C and C2C conversations 

about the industry’s most pressing challenges and critically, Mondelēz’ work to resolve them. 
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Chapter 5 

Farm of the Future (FotF): Case Learnings Applied 
 

The FotF equates to a myriad of benefits including social and environmental impact mitigations as 

well as important brand building potential for Mondelēz as outlined in the preceding chapters. 

These gains are valuable on their own, but become increasingly compelling when learnings from the 

true cost of cocoa case study are applied as well. Taking the environmental impact LCA results in 

conjunction with the estimated FotF impact reductions outlined in II. Environmental Impact: A Top 

Down Assessment, it is possible to calculate the value of the expected reductions in environmental 

impacts across the identified impact categories that the FotF model facilitates. The fourth column in 

the below Table 19 quantifies the mitigated impacts of the FotF using the expected reduction 

estimates from Chapter 4. The third column displays the recalculated impact result reflecting that 

decrease across each category. 

  

Table 19. Expected reduction of environmental impacts facilitated by the FotF. 
 

 

Table 20 below displays the value creation facilitated by this impact reduction. The new reduced 

values were multiplied by the previously determined upper and lower conversion values to 

Acidification 

Potential
9.74E-03 55% 4.381E-03 kg SO2 equivalents

Eutrophication 9.16E-04 70% 2.747E-04
kg Phosphate 

equivalents

Freshwater Aquatic 

Ecotoxicity
5.08E+00 85% 7.620E-01

kg  1, 4 dichlorobenzene 

equivalents

Global Climate 

Change
3.56E-01 40% 2.136E-01 kg CO2 equivalents

Human Toxicity 

Potential 
4.44E+00 70% 1.333E+00

kg  1, 4 dichlorobenzene 

equivalents

Ozone Depletion 4.98E-09 30% 3.486E-09
kg trichlorofluoro-

methane equivalents

Photochemical 

Ozone Formation
9.30E-04 30% 6.510E-04 kg Ethene equivalents

Terrestrial 

Ecotoxicity
6.38E-03 75% 1.595E-03

kg  1, 4 dichlorobenzene 

equivalents

Previous Result 

(per 1 kg cocoa )

Result (per 1 

kg cocoa )

Expected 

Decrease
Unit of MeasureImpact Category
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determine amended high and low monetization estimates. As done with the previous case, these 

high and low monetization estimates were averaged to determine a cost per impact category 

associated with the production of 1 kg of chocolate – this time on the FotF. Table 20 below displays 

the results and extrapolates out for the production of 1 metric ton of chocolate.  

Table 20. Expected true cost savings facilitated by the FotF. 

 

At this point, we have all of the calculations that we need to compare, dollars to dollars, the 

monetary value of the impact mitigation facilitated by the FotF model as expressed in true cost 

dollars.  

 

The calculations completed earlier in regard to the business as usual scenario – cocoa production on 

a small holder farm and according to the modeling, in West Africa – can be utilized to create this 

comparison. Mondelēz-provided data points and projections are also utilized in this final 

comparison. Mondelēz’ estimate for the direct costs of producing 1 metric ton of cocoa in the 

business as usual smallholder model (Mondelēz, 2015) is $1,600. Mondelēz also provided a 

projection for the Commercial FotF direct costs of producing 1 metric ton of cocoa, which was 

$1,100, indicating the expected cost savings due to efficient inputs, application of technology and 

greater control.  

Acidification 

Potential
4.381E-03  $        5.50  $     12.00  $       0.02  $        0.05  $                 0.04  $             38.33 

Eutrophication 2.747E-04  $        4.00  $        8.00  $       0.00  $        0.00  $                 0.00  $               1.65 

Freshwater Aquatic 

Ecotoxicity
7.620E-01  $     11.00  $     18.00  $       8.38  $      13.72  $              11.05  $    11,048.35 

Global Climate 

Change
2.136E-01  $     20.00  $     65.00  $       4.27  $      13.88  $                 9.08  $       9,078.51 

Human Toxicity 

Potential 
1.333E+00  $     20.00  $     45.00  $     26.66  $      59.98  $              43.32  $    43,315.35 

Ozone Depletion 3.486E-09  $        8.50  $     56.00  $       0.00  $        0.00  $                 0.00  $               0.00 

Photochemical 

Ozone Formation
6.510E-04  $     14.00  $     30.00  $       0.01  $        0.02  $                 0.01  $             14.32 

Terrestrial 

Ecotoxicity
1.595E-03  $     22.00  $     34.00  $       0.04  $        0.05  $                 0.04  $             44.66 

 $     39.38  $      87.70  $              63.54  $    63,541.17 

Low End High End

Total Cost (per 

1 kg cocoa)

Total Cost (per 

1 MT cocoa)
Impact Category

Result (per 

1 kg cocoa )

Conversion factors Monetization results

Lower Upper Low High
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These direct costs can be combined with the calculated true cost monetary values of impacts for 

both the smallholder scenario as well as the reduced environmental impacts of the FotF. This true 

cost comparison will more comprehensively relate the potential of the Commercial FotF and the 

traditional production model. The below Figure 16 depicts the results of this comparison visually, 

demonstrating the significant bearing that the impact savings facilitated by the Commercial FotF 

have on the true cost final value for the production of 1 metric ton of chocolate.  

 

Figure 16. True Cost of Traditional vs. FotF Cocoa Production 

 

It is evident that the primary value creation comes in the reduction of the environmental impact 

and their monetized values; nearly $170,000 in true cost value. Given the hundreds of thousands of 

metric tons of cocoa that are sourced by Mondelēz alone, this potential is incredibly powerful. If 

Mondelēz is able to profitably produce cocoa on the Commercial FotF according to their initial 

plans, they will create a massive reduction in the cost of the externalities that society is bearing and 

that the company may one day, at least in part, shoulder.  

 

Again, this value represents the full scale of the impact that these externalities are having and what 

can be effectively avoided through the innovative FotF model. Ideally this value will serve to help 

the organization better understand the full value of their investments in this project and the 

Commercial 
FotF Cost of 
Production:

$1,100

FotF LCA 
Impacts 

Monetized:

63,514.17

True Cost of 
Producing 1 
MT of cocoa:

$64,541.17

Business as 
Usual Cost of 
Production:

$1,600

LCA Impacts 
Monetized:

$233,460.77

True Cost of 
Producing 1 
MT of cocoa:

$235,060.77
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potential that they have to redirect an entire industry in a new, positive direction. This strategy 

demonstrates strong foresight and will not only help to cement them as an industry leader in terms 

of sustainability and innovation, but it will amplify their brand building potential and further 

differentiate them from competitors. Further, this model is risk-reducing both in terms of brand 

value creation as well as from the perspective of future regulations – the Commercial FotF will 

make supply chains more transparent, weed out corruption and more tightly control the conditions 

under which the cocoa is produced.  

 

Total quality management and continuous improvement theories refer to a “double objective” as 

the foundation for a sustained competitive advantage, which is a modern management philosophy 

that focuses on improving the quality of products or services in the eyes of customers by 

eradicating materials, processes etc. that do not add value (Vogtländer, 2015). Costs and waste and 

minimized while simultaneously increasing consumers’ willingness to pay by more firmly 

establishing the product or service as differentiated and superior. The Commercial FotF concept fits 

this definition well as it improves the quality of the product offering with tighter oversight, 

maximized inputs and a more strategic growing strategy, as well as increases the transparent 

sustainability of the associated supply chain. The Commercial FotF model creates efficiencies by 

applying modern and innovative techniques and eliminating components that represent a risk to 

the brand – essentially removing non-value adding parts and reducing the overall total or societal 

cost in the process.   
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Chapter 6 

Conclusion 
 

In this study, the myriad of challenges facing the dynamic cocoa production landscape were 

reviewed with particular emphasis on the additional pressure caused by changing global demand 

patterns and projected significant demand increases. The economic, social and environmental 

ramifications on the farmer were detailed and the ripple effects that would be felt by the various 

players in the cocoa value chain was discussed. The first piece of the study attempted to utilize a 

combination of concepts from various disciplines – systems thinking, life cycle analysis (LCA) and 

whole life costing (WLC) – to, in a true cost case study, quantify the impacts that are traditionally 

excluded as externalities. The second piece focused on the Mondelēz Commercial FotF model and 

examined how its scaled implementation could mitigate the impacts identified earlier and even 

create a competitive advantage for the organization. 

 

The learnings regarding monetized impacts from the true cost case study were then applied to the 

FotF Commercial model to create a total (societal) cost comparison between the traditional 

production of cocoa and the Mondelēz Commercial FotF. The monetization of impacts as well as the 

assessments for impact mitigation by the Commercial FotF model were estimated and may change 

drastically based on concept testing and validation at the Mondelēz Concept farm level. However, 

the intention of this study was to be creatively forward-looking and endeavored to use the best 

information available at this time to project how future events may unfold in an effort to derive key 

learnings now. These key learnings are reviewed below. 

 

I. True Cost of Cocoa 
 

 Cocoa production, especially in the traditional smallholder model, has significant 

environmental impacts that are not only detrimental to cocoa yields and the potential of 

future cocoa yields, but also create and contribute to larger social and economic impacts 

that serve as major, sometimes cyclical, detrimental issues to the cocoa community and 

beyond. These include: 

o Global climate change  

o Human health damages 
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o Regional acidification and eutrophication 

o Regional soil infertility 

o Regional water pollution and scarcity of potable water 

o Gender discrimination 

o Generations of socio-economic deficiency 

o Forced labor and labor rights issues 

o Lack of education 

o Financial exclusion 

 When a systems perspective is employed, the worth of quantifying these externalities is 

apparent because in aggregate, they represent the true cost that will affect all of the players 

in the industry and that for now, society must bear. If these impacts are not mitigated, the 

damage that they cause cocoa producers, processors, manufacturers and distributors will 

not only continue to increase, but as time passes, the financial repercussions of mounting 

damages will become more and more difficult for these actors to bear. 

 There are a number of valuation techniques that are employed to monetize externalities 

and while there is still significant discrepancy between their results, estimates are possible 

and useful even if not precisely accurate. Additionally, future research efforts will continue 

to refine them, which will eventually produce more exact and consistently agreed upon 

quantifications. However, at this time, even the estimates are compelling and effectively 

demonstrate the massive costs of these various impacts.  

 

II. Farm of the Future (FotF) 
 
 

 The examined impacts are externalities whose cost society is forced to bear, but forward 

looking organizations understand that as the production and regulatory landscape continue 

to change and evolve, either due to necessity or directive, there is potential for a significant 

portion of these costs to shift from society to the organizations that operate in the industry. 

The market leaders will be the groups that were able to identify and understand this 

potential cost transference early and proactively oriented themselves and their procedures 

to minimize their production of these impacts and thereby effectively minimize the financial 

burden that they will someday likely represent.   
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 The commercial scale FotF, even with a number of unknown factors, presents an important 

opportunity for Mondelēz to cement themselves as a future market leader. This ambitious 

plan demonstrates the organization’s thought leadership in terms of environmental 

sustainability, socio-economic conscientiousness and crucially, the recognition that these 

are not only central to the company’s corporate ethics, but are also crucial business 

opportunities from which additional profit can be created. 

 The Commercial FotF can save money now and even more money in the future through 

more efficient resource use, avoided future regulatory penalties and minimized additional 

cost of scarce or subpar quality resources. It aligns with the Mondelēz Cocoa Life goals and 

with the general corporate ethic of the organization. Finally, it has the powerful potential to 

improve the lives of thousands of cocoa farmers around the world while providing a higher 

quality chocolate product. It will decrease the total cost burden borne by society – 

especially the environmental impacts – and will therefore, make the company’s operations 

more efficient, but also help to sustain the health and profitability of the industry as a 

whole. All of these components aggregated create an immense brand building opportunity 

for the company to differentiate itself from competitors, expand its customer base and 

ensure that it thought leadership will translate into sustained market leadership from this 

point forward.  

 

Mondelēz’ creative FotF model has the capacity to reduce detrimental impacts while helping the 

bottom line, effectively providing a paradigm of how sustainability can be efficaciously applied in 

the private sector. The company’s innovation in this space is inspiring and wWhile the severity of 

the impacts have been laid bare, the stunning potential of the FotF model has left this researcher 

incredibly energized, motivated and excited to watch its progress and success.  
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