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Emergy of an urban food production system: a case study of 
urban agriculture in Detroit, Michigan
JACINDA MAASSEN 

Maassen, J., 2017: Emergy of an urban food production system: a case study of urban agriculture in 
Detroit Michigan. Master thesis in Sustainable Development at Uppsala University, No. 2017/35, pp. 1-44, 30 
ECTS/hp   
Abstract:  
The ability to sustain present needs while ensuring the needs of future generations is a surmounting challenge. 
One pressing challenge is that of meeting the current and future demand for food. In addition, with higher 
environmental impacts, cities as densely inhabited regions with limited space are increasingly important centers 
of attention. Accordingly, this study analyzes the sustainability and renewability of urban agriculture and its 
ability to contribute to an urban food system using a Detroit urban farm as an example of an urban food 
production system. Using a participatory approach for data collection and emergy synthesis to evaluate the urban 
farm’s performance, the results show that food production is largely based on organic methods. When examining 
the farms potential of sustaining Detroiters’ vegetable and fruit consumption, the results suggest that the current 
vegetable demand could be met if farms similar to the one analyzed in this study are increased. However, with 
lower quantities of fruit produced, the results indicate that it is not likely to meet the current fruit demand without 
changes in production. Yet, based on the emergy synthesis, the urban farm is not sustainable due to its large 
reliance on imported resources. Therefore, three alternative scenarios are developed where the initial study is 
scenario one. Scenario two includes the resources needed to support chickens and egg production, which reveals 
it is less sustainable than the initial system or scenario one (no chicken inputs). The other additional tow 
scenarios, scenarios three and four, expand the system boundaries past that of the urban farm by including the 
renewable fraction of imported inputs and by hypothetically expanding the window of attention to the city scale, 
respectively. The third scenario slightly increases the renewability and sustainability. Yet hypothetically 
examining the system from the city scale in scenario four, the results show that a quarter of the resources inputs 
are renewable. However, for the sustainable development of future urban food systems, emergy suggests that 
more of these resources need to be local renewable resource inputs. To improve the viability of urban agriculture 
as an alternative and more sustainable food system, it is suggested that more feedbacks and storages need to be 
generated within the urban farm system as well as expanded to produce food for the city’s inhabitants.  

Keywords: urban agriculture, emergy, sustainable development, sustainability, Detroit 
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Summary: Given that we all need food to survive, it is pertinent to develop sustainable means for food 
production. With factors such a population growth, urbanization and climate change, challenges continue to 
surround the production of ample food. Urban centers have augmented challenges in this regard, particularly with 
their high resource demand and environmental impacts which include those embedded in food. Therefore, they are 
crucial centers of focus for sustainable development. Accordingly, this paper seeks to analyze the potential of 
urban agriculture as a means for an alternative food system in hopes of answering what the urban production 
practices are and the environmental supports to urban agriculture in order to evaluate whether it is sustainable. To 
answer these questions, an urban farm in Detroit is analyzed as an example of urban agriculture due to its recent 
surge in urban food production and emphasis on food sovereignty. Participatory methods are used to collect data 
on the urban farm which is then analyzed using emergy synthesis, based on emergy theory. Emergy evaluates both 
the human and environmental energy and work that go into a product or service, including historical energy, 
which is then converted into a common unit of measurement (solar emjoules). Using a common unit of 
measurement allows for the comparison of different types of environmental supports and energy inputs to urban 
food production and the urban farm. 

The Detroit urban farm analyzed is part of community-supported agriculture (CSA) and also sells a portion of the 
yield at farmers’ markets. The foremost emphasis is on organic production methods that are applied to vegetables 
mainly with some fruit production. Given the size of the farm, the farmer is able to hire a part-time employee. 
After all costs are deducted, the urban farm makes a profit of over $15,000. In addition, the vegetable yields are 
able to sustain 44 to 132 people whereas fruit yields are able to sustain five to 21 people, respectively based on the 
current and recommended vegetable and fruit intake. By taking the amount of vacant land divided by the size of 
this urban farm, the results suggest that vegetable intake could be supplied for all the cities inhabitants if all vacant 
lots held farms similar to the one in this study. However, this does not appear likely for fruit if all farms were to 
produce the same amount seen in this farm. Yet, based on the emergy synthesis, this farm is considered a 
consumer-orientated system that is not sustainable. This can be explained by how emergy evaluates 
sustainability, on the basis of its renewability which is defined as local, renewable resources (i.e. resources from 
nature and within the system boundaries). Therefore, three additional scenarios are evaluated to provide insight 
to where improvements might be made to enhance the urban farm’s sustainability. Adding chickens to the 
analysis (scenario two) only decreased the renewability with an increase of overall environmental support. 
Therefore, two additional scenarios expand the system boundaries. The expansion in scenario three includes the 
renewable fraction of imported inputs into the local renewable inputs of the system, resulting in a renewability 
rate of 8.40%. While an improvement, this indicates that the system is still heavily reliant on imported, 
nonrenewable inputs. In the hypothetical fourth scenario, the system boundary is expanded to the city scale, 
which enhances the renewability rate to 26.59% due to the generation of some inputs within the city. Still, this is 
not considered sustainable since it relies on imported inputs. Therefore, these scenarios may not be exemplary of 
a sustainable, alternative urban food system. 

To better increase the sustainable development of an urban food system and urban agriculture, the results in this 
analysis suggest that urban farms and gardens should source as many of their inputs from local, renewable 
resources. This could entail the generation of their own organic inputs such as compost and mulch, saving seeds 
from year to year as well as enhancing rainwater collection. By doing so, urban farms and agriculture can 
cultivate storages and feedbacks of local renewable resources thereby enhancing the sustainable development of 
future urban agriculture and urban centers.  

Keywords: urban agriculture, emergy, sustainable development, sustainability, Detroit 
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1. Introduction 

Food is vital for all forms of life, and with that, it has an essential function not only in the survival 
and health of our planet but also the progress of present-day humans. Accordingly, food has 
become deeply connected to our identity and cultural traditions as well as an industrialized 
commodity due to the introduction of agricultural production. Where the increase in technological 
innovation and agricultural production generated a global food system and greater food security, it 
also contributes to more starvation and substantial environmental consequences (Johansson, 2005). 
While the modern day food system produces enough food to feed the global population, issues of 
equitable access to and in the distribution of food are still concerns (Smith et al., 2000; Kearney, 
2010; Banerjee et al., 2015).  
 
Population growth and the subsequent increased demand for food as well as urbanization are main 
factors to consider in the future sustainability of (urban) food production. Global sustainability 
critically depends on cities where urban ecology may play a key role in the shift to sustainability 
(Wu, 2014). Not only is a new approach to the food system called for but also a new approach to 
planning cities on the regional and global scale (Forman & Wu, 2016). Without drastic changes, 
feeding approximately 1 billion in only 13 years could require the cultivation of a few hundred 
new agrarian hectares, about the size of Greenland or India (Tilman et al., 2011; Forman & Wu, 
2016).  
 
Food is social and political, economic and environmental (Detroit Food and Fitness Collaborative, 
2014) and hence entangled in many aspects of a sustainable future, encompassing the three pillars 
of the sustainable development paradigm (see Fig. 2, page 3). The Sustainable Development Goals 
(SDGs), recently signed by the United Nations, acknowledge the need to cultivate a sustainable 
food system that can adapt to and mitigate the challenges it faces. Therefore, it is important to 
consider food production and consumption as well as overall wellbeing for future development of 
local to global food systems. 
 
In the U.S., food is often not locally sourced though there has been a recent push for sourcing and 
growing food locally. Some of these initiatives are driven with an emphasis to create more 
sustainable food systems and/or an attempt to fulfill basic food needs. While urban environments 
face many challenges for food production, opportunities for growing food are present in vacant 
lots, rooftops, and vertical and indoor farms. Areas that have faced severe economic declines, such 
as Detroit, Michigan, have seen an increase in urban agricultural movements to supply food and 
reinvest in neighborhoods (Gray, 2007; Wells, 2008; Colasanti & Hamm, 2010). These are not the 
only benefits of urban agriculture and growing food locally. Local urban agriculture (on a larger 
scale) can improve the sustainability of urban environments and be used as a strategy for moving 
toward sustainable urbanization with social, environmental and economic benefits (Lovell, 2010; 
Pearsons et al., 2010).  
 
To better understand urban agriculture’s contribution as a potential sustainable alternative (urban) 
food system, a Detroit urban farm is analyzed, as an example of urban agriculture, using an emergy 
evaluation. This thesis seeks to answer the following research questions.  

1. What are the production practices and resources used in Detroit’s urban agriculture?  
2. What is the emergy from food production in Detroit? 
3. What is the sustainability of food production in Detroit according to emergy definitions? 

a. Could this food system contribute to future sustainable urban food systems? 
The aim is to investigate the sustainability of urban food production to investigate whether urban 
agriculture is valuable to future urban sustainable development. 
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2. Background 
Some of the foremost concerns for food production and consumption include food (in)security and 
feeding a growing population as well as climate change and environmental degradation (Godfray et 
al., 2010). Apprehension for feeding a growing population is already present in the 18th century 
when Malthus (1798) expresses concern for meeting a growing population’s food demand, 
projecting that food production and supply would fall short of the increases in demand (Johansson, 
2005). Despite optimism in technological innovations, Malthus (1798) argued that the population 
would increase were food production able to meet or surpass the demand and would result in more 
famine and additional pushes for higher yields. Accordingly, food consumption and production 
were already seen in a circular fashion and was tied to augmented food demands and populations 
(Malthus, 1798; Jiang, 2014). Hence, the idea of a carrying capacity or notion that the earth could 
only sustain a finite population for a fixed period originates with Malthus in the 18th century 
(George & Kini, 2016).  
 
Going a step further, the idea of a carrying capacity stimulated the development of the planetary 
boundaries framework by Rockström et al. (2009) as well as the notion of the solar share (share of 
a system’s use of available solar energy) by Brown (2010). The planetary boundaries (PBs) 
advanced by Rockström et al. (2009) are founded on nine earth system processes and define as well as 
measure a “safe operating space” for global sustainability, humanity and development. These PBs are 
impacted directly and indirectly by human actions including those in food production and agriculture 
(Rockström et al., 2009; Steffen et al., 2015). Particularly important for intensive agriculture are the 
biogeochemical flows of nitrogen and phosphorous, essential fertilizers (Dawson & Hilton, 2011). As 
seen in Fig. 1, biological integrity and both biogeochemical flows (seen in red) are in high risk and 
beyond the zone of uncertainty (Steffen et al., 2015). The repercussions from surpassing the PBs are still 
unclear. Nonetheless, it is possible that disruptions to the global flow of nutrients as well as the global 
food system could occur with destructive changes to the PBs, particularly important for this study.  

 

 
Fig. 1. The nine planetary boundaries and their current status. Reprinted with permission from Steffen et al. (2015). 
Planetary boundaries: guiding human development on a changing planet. Science, 347(6223), 736. Copyright © 
2015, American Association for Advancement of Science. 

 
2.1. Sustainable development 
The terms ‘sustainable’ and ‘sustainability’ are relatively new in the Oxford English Dictionary, 
emerging during the second half of the 20th century (Du Pisani, 2006; from Van Zon, 2002). Though, 
equivalent terms have been used for centuries in other languages such as French, German and Dutch 
(ibid.). To be sustainable or have sustainability refers to a state or condition that can be maintained over 
an indefinite period of time (Du Pisani, 2006). The concept of sustainability began as a way to address 
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the grave problems of rising global environmental degradation and poverty in way that could create 
greater opportunity (CISUSEPA & NRC, 2011). As awareness of an imminent ecological crisis, human 
impacts on the natural environment as well as the concerns about human development and the need for 
conservation grew, the idea of sustainability and development evolved into the conjoined concept of 
sustainable development. Similar concepts to sustainable development appeared as early as 1848 
(Robinson, 2004: Du Pisani, 2006; Quental et al., 2010), but not until the 1970s did the idea of progress, 
growth and development combine with those of conservation (Du Pisani, 2006). While there are various 
definitions of sustainable development, one of the most commonly cited is seen in the 1987 World 
Commission on Environment, Development’s (WCED) Brundtland report “Our Common Future” which 
is anthropocentric in focus (Robinson, 2004).  

 
‘Sustainable development is development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs’. 

(Brundtland Report, WCED 1987: 43) 
 

The Brundtland report also explored factors involved in the growing equity gap as well as provided 
guidance for the integration of sustainable development into countries’ policies (Quental et al., 2010).  
These extended to asking for more growth yet ensure a sustainable level of population, conservation and 
enhancement of the resource base as well as the integration of environmental concerns into decision 
making, a shift in technology, and strengthening international cooperation (WCED, 1987). While some of 
the commission’s statements were controversial, the report popularized sustainable development but also 
addressed various concerns for the future sustainability of humanity and the earth’s resources. 
 
The term sustainable development in of itself has been criticized as an oxymoron and is said to be similar 
‘squaring the circle’ as discussed by Robinson (2004). According to Owen (2003), the broad generality of 
Brundtland’s definition tries to square the circle. Holling (2001) argues that the term in not an oxymoron 
based on the concepts of resilience, connectedness, and the potential to explain cyclical patterns of 
complex systems’ evolution. Holling (2001) combines theories of ecology and sociology in addition to 
the abovementioned concepts to argue that a system can have sustainability and development. 
Sustainability because systems can enhance, test and maintain their adaptive capacity in addition to 
development since it promotes the advent of new opportunities that may prove indispensable for survival 
(Quental et al., 2010).  
 
According to Folke et al. (2002), the goal of sustainable development is to generate and maintain 
prosperous ecological, social and economic systems. These three systems are intricately linked, affecting 
one another, with humanity highly dependent on all three. For the ecological system, it is imperative to 
stay within the biophysical carrying capacity (Robinson & Tinker, 1998), or the aforementioned planetary 
boundaries. In the social system, systems of governance that support the values people want to live by are 
crucial (ibid.). Whereas, the ability to provide an adequate standard of living for everyone is key in the 
economic system (ibid.). These systems are often seen as the three pillars of sustainable development (see 
Fig. 2) and, therefore, it is important to create synergies between them since sustainable development 
may not be feasible if focus is on one pillar 
alone. Likewise, Quental et al. (2009) outline 
five goals for sustainable development which 
include (1) sustaining natural capital and life 
support systems, (2) minimizing human impacts, 
(3) developing human and social capital, (4) 
developing economy and institutions, and (5) 
integrative efforts. As one can see, there are 
differences and similarities between both 
propositions for sustainable development goals. 
Robinson (2004) argues that different 
interpretations of meaning and value of 
sustainability are partly tied to differences in 
philosophical and moral conceptions on the 
appropriate way to perceive the relationship 

Fig. 2. The three pillars of sustainable development. 
Edited from SRCblog.com.au (2017). 
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between humanity and nature, suggesting sustainable development is not necessarily a fundamental 
scientific or technical issue.  
 
While there are various interpretations and perspectives on sustainability and sustainable development, 
one conceptualization is influenced by thermodynamic concepts and the law of entropy in particular 
(Quental et al., 2010). From this perspective and according to the maximum empower principle 
(discussed in the Section 3.2), the quality and amount of available energy (exergy) constrains the level of 
complexity a system can attain as well as its interactions with systems of other scales (Odum & Odum, 
2001) and, hence, its sustainability. This is particularly relevant for urban systems as they are considered 
as self-organizing structures that depend on large volumes of high-quality energy coming from the 
exterior (Quental et al., 2010). 
 
2.2. Urban trends and urban agriculture 
Cities, according to Wu (2014), are heterogeneous, complex and adaptive, coevolving human-
environment systems that can never be fully predicted or controlled. Rees & Wackernagel (1996) 
argue that cities as areas of material and energy consumption are linked to the accelerating global 
ecological decline and are not sustainable in and of themselves. For example, cities only cover 2% of 
all land but still consume 60-80% of all global energy (FAO, 2016). Hence, cities typically have higher 
environmental impacts. Therefore, sustainable development challenges are more concentrated in cities 
which is particularly important with the projection of global urban populations set to increase to 66% of 
the population by 2050 (UN Population Fund, 2016).  
 
Intensifying the environmental impacts of cities is the transportation of food supplies into urban areas 
(Deelstra & Girardet, 2000). With minimal land available in urban areas in relation to population density, 
a main obstacle to overcome is maintaining sufficient food production to meet the food demand of urban 
populations (Angotti, 2015). Complicating issues is that urban populations are often removed from food 
production traditions and its environmental impacts (Pretty, 2002; Feagan, 2007; Turner, 2011; O’Kane, 
2012). Yet, through planning and design based on urban ecological knowledge and sustainability 
principles, cities can be influenced or guided in more desirable ways (Wu, 2014). Together, cities 
and their inhabitants can play a key role in facilitating global sustainability (Rees & Wackernagel, 
1996). One such way to decrease the impact of cities and enhance global sustainability may be 
through urban agriculture. 
 
According to Feagan (2007), the “geography of the modern food system” has shown that as food chains 
elongate in more complex ways across space we as consumers become physically and psychologically 
displaced from production as well as disconnected from environmental degradation, the resilience and 
diversity of rural agriculture, dislocation of community and losses to identity and place. Hence, protecting 
natural and agricultural land as well as water bodies and biodiversity are rarely top priorities for urban or 
municipal governments (Forman & Wu, 2016). For example, 3% of all existing cropland (roughly ~38.52 
million ha1) will be acquired by urban centers before 2030 (Schneider et al., 2011). Thus, urbanization 
affects land change elsewhere by the transformation of urban-rural relations (Lambin et al., 2001).  
 
Proponents of local food systems, which include urban agriculture, see trends of the dominant, global 
food system as colossal negative ecological, sociocultural, and economic manifestations (O’Hara & Stagl, 
2001). At the same time, critics argue that urban agriculture (garden) projects enable the reproduction of 
contemporary neoliberal policies and subjects (Allen & Gutham, 2006; Holt-Giménz & Wang, 2011; 
Classens, 2015). In other words, urban agriculture can be seen to facilitate neoliberal reordering of urban 
life by filling in gaps derived from state divestment (Classens, 2015.) However, critics tend to 
underemphasize nature and the ways human and non-human nature constrain neoliberalization processes 
as well as the biophysical characteristics of plant growth that hinder capital(ism) (ibid.). On the other 
hand, celebrators tend to emphasis the benefits (ibid.).  
 

																																																													
1 Mean of the 5 scenarios modeled by Schneider et al. (2011). 



5	
	

Nonetheless, there are a growing number of movements in cities around the world trying to reduce their 
environmental impact through sourcing more of their food locally, which reduces food miles (the distance 
food travels from farm to fork). Recent literature on urban sustainability increasingly acknowledges that 
multifunctional agriculture generates many benefits for society (Lovell, 2010; Zasada, 2011). Urban 
agriculture not only reduces food miles, it contributes to the social, economic and environmental 
sustainability of cities (Deelstra & Girardet, 2000). For a societal example, Kuo and Sullivan (2001) show 
that proximity to vegetation, in general, have lower crime rates. In addition, urban agriculture benefits 
sustainability through increased biodiversity, conservation of urban soils, microclimate improvement, 
indirect improvements in water management (i.e. less runoff), outlet for nutrient and waste recycling, 
reduces atmospheric pollution and global warming effects (e.g. reduce transportation of food, increased 
absorption of CO2) as well as the potential introduction of environmental awareness (Deelstra & Girardet, 
2000; La Rosa et al., 2014). Moreover, it is an avenue to educate urban growers on sustainability through 
training, workshops, seminars, etc. on agriculture and the environment (Deelstra & Girardet, 2000).  
 
In correlation to the multiple benefits, there are also various types of urban agriculture with varying 
management and property structures. Urban farms represent the primary form of urban multi-functional 
agriculture characterized by fresh production (La Rosa et al., 2014). Typically, urban farms are larger, 
with a minimum of 0.8 hectares (Ha), than urban gardens (ibid.). Urban gardens are smaller and can be 
operated as a community, collective and/or individual garden. These include community gardens, 
allotments, backyard and rooftop gardens. The function of urban gardens are generally to produce food 
for own or community consumption. Likewise, there are also agricultural parks. Typically, agricultural 
parks are large farmland areas (e.g. France’s sizes range from 10 to 10,000 Ha) with productive uses 
implemented along with rural landscape protection and enjoyment.  
 
Another form of (urban) agriculture is Community Supported Agriculture (CSA), with which urban farms 
are often associated (La Rosa et al., 2014). CSAs were initiated in Japan during the mid-1960s by a group 
of women who were dissatisfied with the quality of food in a push for natural, organic and local foods 
(Schnell, 2007). CSAs spread to Europe in the 1970s and were introduced in the United States (U.S.) in 
1985 (Johnson, 2016). Now there are over 12,000 CSAs in the U.S., yet they still account for less than 
1% of all U.S. farming operations (USDA, 2014). As a marketing strategy, CSAs allow consumers to buy 
“shares” in the farm before the growing season and then they receive a portion of the weekly available 
produce during the growing season (Brown & Miller, 2008). The fees for the shares help support farmers’ 
costs and risks at the beginning of each year (Johnson, 2016). Proponents argue that CSA is a 
fundamental rethinking of the relationship between food and economics as well as a shift toward 
ecological sustainability and an attempt to partially disengage from the global supermarket while 
reestablishing local agricultural economies (Schnell, 2007; from Henderson, 1999).  In addition, CSA has 
been shown to have nutritional, social and economic benefits for its customers (Brown & Miller, 2008; 
from Sabih & Baker, 2000) as well as for the farmers with 63% of farmers’ gross income greater than 
$20,000, based off a 2001 U.S. Agricultural Census (Brown & Miller, 2008). Analyzing operating 
expenses, adequate farmer salaries still seemed missing (Oberholtzer, 2004). Gillespie et al. (2007) 
concluded that the “keystones” for rebuilding local food systems is through farmers markets. By making 
local  food  more  visible in  public  spaces,  farmers markets as well as CSAs  educate  customers  on the  
potential  for  and  seasonal  limits  of  local food (ibid.). The authors found that farmers markets 
encourage the production of more diverse food commodities, which would be needed for a more localized 
(alternative) food system, thereby attracting a larger assortment of shoppers that strengthen local farm 
operations or CSA organizations (ibid.).  

 
2.3. U.S. and Detroit 
With the global food crisis of 2008 (for more information see Conceição & Mendoza, 2009; Holt-
Giménez & Wang, 2011), the U.S. food movement was pushed into a political juncture (Holt-Giménz & 
Wang, 2011). Now, food movements in the U.S. are starting to push for more local and organic food 
production whether in urban or rural areas. Since land ownership in the U.S. includes the right to develop 
(Daniels & Bowers, 1997), this enables the development of urban agriculture but not necessarily in a 
sustainable manner. In addition, the right to farm legislation gives urban farmers a defense to civil claims 
for impacts on nearby land (e.g. noise and smell) as long as good management practices are used (Daniels 
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& Daniels, 2003). This opens the door for urban populations to use their land as they please within certain 
limits. This is largely beneficial to cities that have faced severe economic declines, such as Detroit, where 
urban agricultural movements can utilize vacant lots to produce food and reinvest in neighborhoods 
(Colasanti & Hamm, 2010).  
 
The demographics of Detroit have always been quite diverse given its history in steel manufacturing that 
led to factories for ships, railcars and eventually the automobile. During World War II, many African-
Americans moved to Detroit to work in the auto industry but still faced discrimination in all aspects of 
life (Pothukuchi, 2015a; from Darden et al., 1987). For example, hundreds of thousands of African 
Americans were displaced in the 1950s due to the construction of highways and urban renewal projects 
(Pothukuchi, 2015a). Still, the past six decades in Detroit are characterized by substantial 
deindustrialization, economic disinvestment, loss of population, a dwindling tax base, and increased 
regional polarization along racial and economic lines (ibid.). As a result, the central city is predominantly 
African-American with high rates of poverty, unemployment, and increasingly without human and social 
services that meet basic needs (Sugrue, 2014). According to Gallagher (2007), food security issues are 
felt by nearly 550,000 Detroit residents living in food desserts with an unbalanced food system and easier 
access to low quality and unhealthy foods over fresh produce.  
 
The rise of urban agriculture in Detroit is intricately linked to the economic decline and depopulation that 
resulted in an abundance of vacant lots and deterioration of the city’s capacity to effectively meet the 
needs of its residents (Pothukuchi, 2015a). For examples of urban agriculture in Detroit, see Fig. 3. Urban 
agriculture in Detroit follows what research indicates—urban agricultural practices are often implemented 
from the bottom-up and spontaneously instead of the integration of urban agriculture into land-use 
planning or top-down (Lovell, 2010). Urban agriculture initiatives took off in the early and mid-2000s 
with support of the federal program Community Food Projects Competitive Grants combined with 
nonprofit and corporate funds (Pothukuchi, 2015b). As a result, complex connections were established 
between gardening organizations and the food system, linked to diverse community sectors, creating a 
citywide network (ibid.).  
 
One such citywide network in Detroit is the CSA called City Commons. City Commons is a cooperative 

(a) (b) 

(c) (d) 

Fig. 3. Examples of urban agriculture in Detroit. (a) Seven acre farm with community outreach and social justice 
goals (b) Orchard at CSA farm (c) Allotment gardens (d) Garden at CSA farm. Photos taken by author.	
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that started in 2012 and has grown to seven participating farms that serve 60-100 households in Detroit 
and the surrounding area (City Commons, 2017). The farms are spread across Detroit and range is size 
(see Fig. 4). All of the CSA City Commons’ farmers are committed to safe and sustainable practices in 
attempts to build a healthy local food economy as well as food sovereign Detroit (ibid.). While the 
majority of the farms are not organic certified, the soils are tested and they do not use any synthetic 
fertilizers, pesticides, herbicides or GMO crops (ibid.). For this thesis, one farm from the CSA group is of 
interest, which is owned and operated by same person who started the urban farm. The farm is a relatively 
small at 1,712 square meters (smaller than the aforementioned urban farm definition), straddling several 
lots in Detroit. The farm has been in production for three summers and is currently going on its fourth 
year. Not only does the farm provide income for the owner, but it also hires a part-time employee from 
the community throughout the growing season. As for the seasonal production, about 75% of the produce 
is sold through the CSA and the rest is sold at farmers markets in Detroit, namely the Eastern Market and 
Oakland Avenue Farmers Market (personal communication, 2017).  

3. Theory 
3.1. Systems approach and self-organization 
Food systems yield a variety of products and require various inputs to deliver food commodities from 
farm to fork. The term food system is often used loosely and conceptualized linearly without always 
making connections of the whole system and its processes to systems theory. For food production 
processes, large resource inputs embedded in processing, transportation, distribution and marketing are 
often overlooked if agricultural processes are considered in isolation (Johansson et al., 2000). It is 
important that the different scales and linkages of food system are considered for future sustainability 
since food systems rely on all their interconnected subsystems. When evaluating the effects of food 
production, a holistic systems approach is crucial in identifying alternative ways to produce the same 
output as well as investigate what changes that could improve a system’s efficiency, renewability and 
sustainability. Therefore, an urban food production system is assessed from a holistic and broad 
agroecological lenses that accounts for the contributions of man and nature as well as all ecological, 
economic and social dimensions that support urban food production (Francis et al., 2003; Johansson, 
2005). 
 
Given food production varies due to farming practices and climate, a pepper grown in Michigan will vary 
from a pepper grown in California. Each pepper will have different environmental impacts if it is 
consumed in a system different from where it is produced. Moreover, different impacts can be seen with 
products originating in the same state and with the same market price and consumers since these products 
could involve different production practices. Since the same as well as different types of food products 
are grown in different but interconnected systems, the problems eminent in these systems are also 
connected. A (global) food system, as any complex system, is a diverse, dynamic and complex web of 

Fig. 4. Map of the farms involved in the Detroit CSA City Commons. (City Commons, 2017) 
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interlinking and interacting subsystems (Vermeulen et al., 2012). Accordingly, opportunities and/or 
challenges for a (global) food system can occur in response to changes or perturbations to the food 
preferences, demographics, economies, natural forces, technological innovation as well as 
entrepreneurship (Fresco, 2009; Hueston & McLeod, 2012). Again, since food production systems are 
different yet interconnected, there is a connection between the problems within these systems. 
 
A fundamental concept to systems thinking is the conception that system components depend on one 
another and interact through one or several processes (Francis et al., 2003). As seen from a holistic 
systems approach, interacting system components signify that the whole is more than the sum of its parts 
(Odum, 1996; Meadows & Wright, 2008; Mele et al., 2010). Instead of looking at each process or 
component separately, systems theory views the system as a whole that is embedded in the next larger 
system and considers the interactions or processes (e.g. feedbacks) taking place within the system as well 
as the connections to other systems at various scales (Mele et al., 2010). Capra (2005) contends that 
systems theory acknowledges a system’s complexity as well as the notion of self-organization. The 
concept of self-organization originates from natural sciences, yet it possible to apply it to a system 
involving human society, not only its environment (Kay et al., 1999). Since we humans put labor or 
energy into food production and the energy from food is utilized or stored, humans cannot be considered 
separately.  
 
With self-organization, the work of nature and society produces a hierarchy or different levels of energy, 
materials, and information (Odum, 1996). Often the notion of hierarchies is criticized by social sciences. 
However, based on the foundation of self-organization, hierarchies boost system performance through the 
production of structures and patterns that reinforce lower level processes (Odum, 1996). For example, 
energy from zooplankton feeds the fish whereas the fish’s energy feeds the bear (Maassen, 2017). As a 
predator, the bear is a controlling function that regulates the fish population such that it remains within 
the ecosystems carrying capacity (ibid.). Accordingly, the quantity, quality, and distribution of each are 
controlled by one another (ibid.). Therefore, a division of labor develops and something is done in each 
level that supports the processes of another (Odum & Odum, 2001). This explains the organization of all 
the geobiosphere’s energy transformations as an ordered series or hierarchy (see Table 1). When viewed 
wholly, these energy transformations are interconnected webs of energy flows (Brown & Ulgiati, 2004a). 
Inputs (of energy) are transformed into a new product or service and, therefore, it is better referred to as 
transformation. Still no real production or consumption occurs, according to systems theory, because 
most processes have both.  

 
3.2. Emergy and maximum (em)power  
As early as 1886, Boltzmann illustrated that evolution of the organic world fundamentally contends on 
available energy or exergy (Lotka, 1922). Accordingly, the advantage goes to the organisms that 
efficiently direct available energy into channels (for maximum power) thereby benefiting the continuation 
of the species (ibid.). The maximum power principle states that systems develop the maximum useful 
work from incoming energy through self-organization and through system organization and re-
organization reinforce productive processes and overcome limitations (Brown & Ulgiati, 1999). 
Autocatalytic feedback develops which importantly maximizes power to process additional useful energy 
(Odum, 1996). The maximum power principle and development of autocatalytic feedback are 
fundamental theoretical concepts in systems ecology and emergy. 
 
The theoretical foundations of systems ecology and emergy originate from the observation that human-
social, economic, and ecological systems contain energy as well as characteristic designs that reinforce 
energy use (Odum, 1996; Odum et al., 2001). As a premise in energy systems theory, available energy is 
defined as a system’s ability to do work (Odum, 1996). Here, the captured available energy determines 
the structure and speed at which processes can function (ibid.). In ecosystem operations, a great deal of 
available energy dissipates and the remaining available energy tends to concentrate, feedback and support 
more complex work (ibid.). With each successive energy transformation, available energy becomes more 
concentrated and therefore creates an energy hierarchy (ibid.).  
 
While considering diverse biosphere processes and tracing energy flows in ecosystems, H.T. Odum 
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founded the theories and concepts of emergy and energy quality (Brown & Ulgiati, 2004b). Over time, 
scholars assigned different meaning to the concept of energy quality. Inspired to understand the biosphere 
from multiple scales, Odum used a different approach to define energy with the goal to describe energy 
quality quantitatively as well as recognize the net yield of various sources of energy.  Energy quality 
recognizes the unique work potentials of different energies or energy sources and the differences in their 
ability to do useful work (e.g. a tree vs. oil) (Odum, 1996). A more general definition of energy quality, 
which this study aligns with, is a function of the amount of previous energy of one kind necessary to 
produce a resource (ibid.). Accordingly, measuring the energy used in the transformation of one kind of 
energy to another reveals the energy quality of an energy source (Brown & Ulgiati, 2004b), which 
includes embodied or historical energy. Thus, energy quality expresses the quantity of embodied energy 
or emergy necessary to make a product or service (Odum, 1996). 
 
Emergy, often described as energy memory, is the available energy of one kind, most often solar emergy 
(seJ), previously required directly and indirectly to produce a product or service (Odum, 1996). 
Accordingly, it traces the available energy used in the past which is a component of the lower quantity of 
available energy used in the final or transformed product (Odum, 1996). For example, a tree will have 
less emergy than a board cut from that tree since more available energy (e.g. labor, fuel, and machinery) 
is used to transform the tree into a board. From a systems approach, emergy analyzes how available 
energy (exergy) flows through a particular system (Odum, 1996) and, thereby, evaluates the efficiency of 
energy use in the production of outputs, the health of a system, and where improvements could be made 
to the system (Campbell, 2000; Campbell et al., 2004).  
 
In addition, emergy identifies that the earth is driven by three primary sources of available energy—solar, 
tidal and geothermal energy—which combine to create a diverse range of secondary flows (e.g. wind and 
rain). Accordingly, these three forms of energy generate many natural processes and ecosystem services 
which are considered byproducts of the three main forms of energy. Since global emergy flows and 
biosphere processes are so wide-ranging that heat is not the only output, Odum believed it was necessary 
to have a common unit of measurement so different forms of energy quality could be evaluated. Odum 
resolved to convert different forms of energy into their solar energy equivalent, solar emjoules (seJ), in 
order to compare energy quality because it is the earth’s largest yet most disperse energy input (Brown & 
Ulgiati, 2004a). Therefore, transformities were developed to convert global emergy flows and calculate 
the emergy of the majority of the processes and products in the biosphere (Table 1). A transformity or 
unit emergy value (UEV) is defined as the emergy of one kind needed to produce a unit of another kind 
of energy (Odum, 1996). Transformities are equated with energy quality as they account for the 
convergence of the global work processes required to produce a resource (Brown & Ulgiati, 1999). The 
three aforementioned primary forms of energy, the starting point for transformity calculations, are united 
in the global emergy baseline (GEB) which is a uniform solar equivalent exergy reference (Brown & 

Table 1. Typical transformities (Odum, 1996). 

 

Item Solar Emcalories per calorie* 

Sunlight energy 1 

Wind Energy 1,500 

Organic matter, wood, soil 4,400 

Potential of elevated rainwater 10,000 

Chemical energy of rainwater 18,000 

Mechanical energy 20,000 

Large river energy 40,000 

Fossil fuels 50,000 

Foods 100,000 

Electric Power 170,000 

Protein foods 1,000,000 

Human services 100,000,000 

Information 1 x 1011 

Species information 1 x 1015 
*Calories of solar energy previously transformed directly and indirectly to produce one calorie of energy of the 
type listed. 



10	
	

Ulgiati, 2016). The more energy transformations that contribute to a product or resource, the higher the 
transformity and position in the energy hierarchy (Odum, 1996). 
 
The fundamentals of emergy are based on the principles of systems ecology and the laws of 
thermodynamics in consideration of conversion processes and their biophysical limits. Odum (1996) 
advanced the maximum empower principle, motivated by the aforementioned maximum power principle, 
and its three main contributions to systems. The maximum empower principle asserts that first systems 
prevail through system organization to develop maximum useful work from inflowing emergy sources, 
which are reinforced by productive processes and overcoming limitations (Odum, 1996, pp. 19-21). 
Secondly, systems prevail by improving the efficiency of useful work and, thirdly, by contributing useful 
work to systems of larger scales (ibid.). Accordingly, systems that self-organize also create autocatalytic 
storages that produce the most useful transformations of power. 
 
Given that emergy is always increases and systems are recognized as networks of energy flows (Zhao, Li 
& Li, 2005), Brown et al. (2000) argue that the inefficient use of resources (i.e. energy is wasted) without 
increasing the inflow of emergy results in non-reinforcing systems that are not competitive with systems 
that use emergy inputs in self-reinforcing ways. Likewise, systems that are highly dependent on other 
systems could suggest weak competitiveness in self-sufficiency and lasting sustainability since available 
resources and maintenance is not under the system’s control (Pulselli et al., 2008). Therefore, self-
organization that promotes efficient use of resources and increases in the incoming emergy is important 
for a sustainable system.  
 
4. Methods 
The nature of complex systems, such as a food production system, calls for the application of an 
interdisciplinary approach. An integrated interdisciplinary approach is, according to Allen et al. (1991), 
crucial to sufficiently address the complexities of interactions in a food system. Interdisciplinary research 
combines different tools and approaches from differing disciplines (Aboelela et al., 2007). Thus, 
qualitative and quantitative methods are combined to assess the sustainability of food production in 
Detroit. These methods include the participatory method of a seasonal calendar done in a semi-structure 
interview as well as an emergy synthesis to evaluate the resource inputs that go into the urban CSA farm. 
While CSAs are not the most common form of urban agriculture in Detroit, which varies greatly, the 
urban farm was selected due to the willingness of the owner to participate and provide sufficient 
information necessary to conduct an emergy synthesis. It was also chosen on the basis that it did not have 
a large greenhouse, in comparison to other established farms, and it is assumed its operation is similar to 
the average garden or farm in Detroit, with the exception of an employee.  

 
4.1. Participatory approach  
Participatory approaches and methods developed from the experiences and methods of qualitative 
research (Catley et al., 2002). For participatory learning and action research (PLA), participation does not 
imply the mechanistic application of the method but is part of a process that involves dialogue, action, 
analysis and change (Pretty et al., 1995). Diversity is part of its strength (ibid.). A myth of PLA asserts 
that it does not have a theoretical base; however, it is based on an action-research approach where theory 
and practices are constantly challenged through experience, reflection and learning (ibid.). The benefit of 
participatory learning and action is its diverse, broad use has resulted in common principles. These 
include a defined methodology and systemic learning process, inclusion of multiple perspectives, it is 
context specific, facilitating experts and stakeholders, group learning processes, and its capability to lead 
to change (Pretty et al., 1995). However, everyone’s views are heavy with interpretation, bias and 
prejudices which suggests that any real world situation could have multiple possible descriptions (ibid.). 
Yet, the aim is often to describe and understand problems, or a particular system in this case, within a 
specific context instead of the production of results that can be extrapolated (Catley et al., 2002).  
 
Pretty et al. (2005) show that various studies indicate that participation is a critical element of success in 
many fields such as health, water sanitation, irrigation, livestock, and agriculture projects. In fact, 
seasonal calendars, a method and tool of PLA, have been widely used by veterinarians and other livestock 
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works, including the harvesting of livestock products (e.g. Mearns et al., 1994; from Catley et al., 2002). 
With its applicability to agriculture, seasonal calendars were conducted in a semi-structured format due to 
its flexible structure (Louise Barriball & While, 1994). Typically, seasonal calendars are conducted once 
though it is possible to do it with other informants (Catley et al., 2002). PLA methods such as seasonal 
calendars are beneficial for creating an open and dynamic interaction between researchers and local 
people as well as enthusiasm and a sense of problem solving, which differs from other more 
straightforward data collection methods (ibid.). Many times limited information is provided which 
enables researchers to crosscheck results against other data. In this case, more detailed data was obtain 
yet allowed the author to research other details about the resource inputs to the Detroit urban farm.  
 
To conduct the seasonal calendar, the author started the interview by asking the owner/interviewee if it 
was acceptable to record the interview. Going month by month beginning with the start of season from 
the previous year, February 2016 until present (April 30, 2017), the owner was asked about what type and 
how much work is being done for each month, details and inputs regarding the seeds and transplants, 
farming methods, origin of inputs as well as details regarding harvest and payment for yields. During the 
seasonal calendar interview, the researcher noted the main details for each month to cross reference for 
the overlapping portion of the seasonal calendar as well as recorded the conversation for future reference. 
In addition to the semi-structured interview, the researcher toured the farm as well as participated in farm 
labor. It is believed the interviewee’s response were reliable as the interviewee was referring to Excel 
files with the farm plan, seed and harvest amounts. Where information was missing from the seasonal 
calendar, additional research was done and assumptions were made to fill in the data gaps for the emergy 
synthesis.  
 
4.2. Emergy synthesis 
Though it is possible to consider the environmental impact of food production from different analytical 
perspectives, it is important to account for the all the processes of food production (Garnett, 2014). As 
viewed from an emergy perspective, agricultural systems do not exist in isolation. The reasoning is that 
they exchange matter and energy, of different kinds, with their surrounding environment. Therefore, 
agricultural systems are open systems by definition (Rydberg & Haden, 2006). Accordingly, agricultural 
systems are defined as open and contextually embedded into the system(s) enveloping it. Since emergy 
syntheses may provide a more universal assessment of the total work required in agricultural production 
where other methods may omit the energy obtained from environmental and societal labor, emergy 
synthesis was chosen to evaluate the environmental support and subsequently the sustainability and 
renewability of urban agriculture and food production in Detroit.  
 
Emergy synthesis is vital in the understanding of the environmental support to urban agriculture in 
Detroit. Given its systems approach, holistic measures and comprehensive frame, emergy syntheses 
account for and measure the work and processes in nature and society that are used to provide a product 
or service. Alternatively, an ecological footprint does not account for these human processes. Where other 
analytical methods reduce system complexity by excluding energy flows that are classified as 
unimportant, emergy evaluations include all energy flows and elect to simplify a system’s complex by 
aggregating resource flows of similar quality or transformity (Odum, 1996; Rydberg & Haden, 2006). 
Moreover, geophysics is applied to value the energy coupled in the production and use of human and 
natural resources (Siche et al., 2008). Thus, emergy syntheses may offer a more comprehensive picture of 
the role agriculture plays in the biosphere and human economies through calculating the extent to which 
natural and human-economic systems contribute to the total work of generating agricultural product 
(Odum, 1996).  Therefore, emergy, as a universal measure of the work of society and nature (Brown & 
Ulgiati, 2004a), is applied to account for and define the flows of available energy supporting a system 
(Odum, 1996).  
 
Originating in ecosystem sciences, emergy synthesis has developed into an environmental assessment 
tool based on the laws of thermodynamics and offers a biophysical alternative to economic analysis 
(Odum, 1996). By using a thermodynamic base for the different types of energy, resources as well as 
human services and the work of nature are converted into solar emergy units (seJ) (Odum, 1996). With 
the conversion, this accounts for all the energy needed to make a product or service including degraded 
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energy that results from the transformation processes as based on the laws of thermodynamics. Therefore, 
emergy is a donor-based measure of both the past and present as well as direct and indirect resource 
inputs, including environmental work and global processes (e.g. wind), that create or maintain a product 
or service (Odum, 1996).  
 
Therefore, emergy or “energy memory” is the available energy used directly and indirectly in the 
transformation of one energy source to another (Odum, 1996). Available energy includes “free” 
environmental inputs (e.g. rain) and the indirect environmental inputs embodied in agriculture and fossil 
fuel inputs, for example, as well as the services and labor tied to monetary transactions (ibid.). Here, 
services account for the indirect labor disbursed from the economy or a larger system or process whereas 
labor refers to the direct human labor applied to a system (Ulgiati & Brown, 2014). Accordingly, emergy 
syntheses involve the systematic recordation and calculation of all energy, mass and macroeconomic 
monetary flows supporting a process or economy. 
 
Before an emergy synthesis is conducted, it is important to develop a systems diagram that describes the 
system and its internal organization as well as its inputs and outputs. This diagram is also needed to 
clarify and define the system boundaries. Likewise, the empirical data from the semi-structured interview, 
seasonal calendar and additional research were compiled before the emergy synthesis was done. Where 
data was missing, assumptions were made based off of the interview, other farms in Detroit, literature, 
and own knowledge of the (system) materials. The materials used in the emergy synthesis include the 
interview notes and recording, literature research, search engines as well as Excel to compile the data and 
complete the emergy calculations. Canvas and PowerPoint were used to draw the systems diagram.  
 
The systems diagram serves the purpose of cultivating a critical inventory of the flows, processes and 
storages that are significant for the system in question. The system boundaries, or window of attention, 
limits and defines what is evaluated, the inputs in the system under consideration. Fig. 5 outlines the 
emergy systems diagram language used in Fig. 6. Hence, it is highly important the window of attention is 
defined since it delimits the inclusion or exclusion of different system components. For example, if the 
systems diagram represented a large, rural farm then different inputs would be accounted for. In the 
systems diagram, the components and subsystems are connected with arrows that indicate the system’s 
material, energy and information flows (Odum, 1996). Moving left to right, the components on the left 
have more available energy which decreases to right due to each successive energy transformation 
(Ascione et al., 2009). In other words, components on the right side of the diagram have higher emergy 
and indicate increasingly higher transformities, or unit emergy values (UEVs), which shows their place in 
the global energy hierarchy. This explains the importance of evaluating systems diagrams prior to emergy 
syntheses. 
 
Upon completion of the systems diagram, emergy calculations were applied to the defined resource 
inputs. In other words, the emergy values supporting the energy, material and monetary flows were 

Fig. 5. The systems diagram language and symbols used in emergy (Edited from Odum, 
1996; Ascione et al., 2009). 

Generic resource flow (money flow when dotted) 

Source: outside source, flow-limited energy or resource input 

Interaction: interaction among flows with different quality 

Storage: storage of resources or assets  

Consumer: transforms energy quality 

Transaction: economic, resources vs. money 

Window of attention: system boundaries 
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obtained through multiplying the empirical data by transformities (or unit emergy values, UEVs) 
according to mass (seJ/kg or g), energy content (seJ/J) or a currency specific emergy to money ratio 
(seJ/$). Appropriate transformities were found on the National Environmental Accounting Database 
(NEAD) and through literature then updated to the new global baseline proposed by Brown et al. (2016). 
The updated transformities were then applied to the resource inputs converting them to solar emergy. The 
data in the emergy table (Table 5), which shows the contribution of each resource input to the total 
emergy support, is represented in its equivalent solar emjoules per year. After determining the total 
emergy (Y) of the urban farm, transformities were calculated by dividing the total emergy put into the 
system with the emergy remaining in a product or service. Subsequently, indices and ratios were 
developed to help generate perspectives, identify key points for improvement and facilitate comparison. 
The indices and ratios are beneficial to emergy synthesis because some indices and ratios consider the 
balance between economic inputs to environmental inputs as well as highlight the importance of 
renewable resource use and sustainability (Brown & Ulgiati, 1997; Giannetti et al., 2010).  
 
After the results were generated for the initial emergy synthesis, three additional scenarios were 
developed with the initial results represented as scenario one. The environmental supports for chickens 
and egg production were added to the system in scenario two to investigate any potential changes in the 
results. This was done on the basis that the chickens are not technically on the farm under evaluation, but 
are part of the owner’s contribution to food production and farm expense, labor and income. Likewise, 
the window of attention was expanded in scenario three to include the percent renewable embedded in 
each system input whereas scenario four expands the system to the Detroit-metro scale. Accordingly, four 
total scenarios were developed to shed light on areas where improvements could be made. In addition, the 
harvest yields for vegetables and fruits were evaluated to determine how many people the farm could feed 
based on current demand and USDA recommended servings. Subsequently, the number of farms and 
acres needed to fulfill Detroit’s current and recommended fruit and vegetable intake were assessed.  
 
Several previous emergy evaluations have shown that the majority of contemporary food production 
systems are highly dependent on imported and nonrenewable resources (e.g. Beck et al., 2001; Martin et 
al., 2006; Rydberg & Haden, 2006). While there is a range of imported and nonrenewable resource 
inputs, many of these imports include the use of fossil fuels either directly as fuels (e.g. machinery, 
transport, etc.) or indirectly in derivate forms such as pesticides and fertilizers. Another highly significant 
imported input is the additional services required to transform raw materials into a variety of products. 
When considering agricultural production systems with animals, one input that can carry high emergy 
values is that of animal feed. Zhang et al. (2011) show this in an evaluation of a duck rearing system 
where feed contributes the second highest amount of emergy following services. The significance of 
imported resources and services contribution to overall emergy is not exempt in urban food landscapes as 
shown by Beck et al. (2001). While more conventional forms of agriculture utilize a fair amount of fossil 
fuels, many have a moderate rate of renewability (seen in Ulgiati et al., 1994; Bastianoni et al., 2001; 
Martin et al., 2006). Yet, there are other renewable options for fertilizer, for example, such as animal 
manure shown by Comer (2000). Bergquist (2010) also exemplifies another option for a local renewable 
source of fertilizer and that is the local generation of compost. Seen here and in other emergy evaluations 
of various types, for food production to become more sustainable reducing the use of imported and 
nonrenewable forms of energy is crucial. 
 
4.2.1. Emergy indices and ratios  
Emergy indices and ratios are beneficial in that they generate perspectives and facilitate comparison. In 
addition, indices and ratios help detect critical points for improvement as well as explore alternative 
routes for development that could more efficiently and sustainably deliver the same function. The 
following indices are used to better understand the emergy supporting the urban farm and food production 
in Detroit: emergy investment ratio (EIR), emergy yield ratio (EYR), percent locally renewable (%Ren), 
environmental loading ratio (ELR), emergy sustainability index (ESI), emergy exchange ratio (EER), and 
solar cost index (SCI). Together, these indices and ratios are used to analyze the overall resource support 
to the food produced on an urban farm in Detroit. 
 
The emergy investment ratio, EIR, is not an independent index because it is linked to the emergy yield 
ratio, EYR. The EYR evaluates a system’s potential contribution to the main economy from exploiting 
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local resources. It is the ratio of total emergy input (Y) driving a process divided by the imported emergy 
inputs (F). EYR, as an indicator of Y compared to F, provides a measurement of a system’s ability to 
exploit local resources and net emergy to society (Brown & Ulgiati, 1997; Brown & Ulgiati, 2004a). As 
for EIR, it evaluates whether a system is an efficient user of the invested emergy (F) in comparison with 
the alternative, local resources (R and N). Accordingly, EIR is the ratio of F inputs that are fed back from 
outside the system to the local or indigenous inputs (ibid.). 
 
The percent locally renewable ratio is one that may or may not be used in emergy syntheses, depending 
on the size and scale of the system. Given the type of system in this analysis, it is used to find the percent 
of the total emergy derived renewable sources driving the system. It is the ratio of renewable emergy (R) 
to total emergy (Y). Only systems with a high percent renewable are understood as sustainable (ibid.) in 
the long run. Since pulsing seems to be a contribution to maximum empower, a high degree of 
renewability is not needed all the time but benefits the overall sustainability of a system. Thus, this index 
is used to answer one of the research questions in this study. 
 
The next index, the environmental loading ratio (ELR) complements the information seen in the 
transformities and provides a clear differentiation between renewable and nonrenewable resources 
(Brown & Ulgiati, 1997). ELR assesses the emergy loaded into a system (i.e. the urban farm) and is an 
indicator of the pressure the system places on the local ecosystem. In other words, ELR can be considered 
as a measure of the possible ecosystem stress that is the outcome of a transformation process (Brown & 
Ulgiati, 1997; Brown & Ulgiati, 2004a). It measures this through the ratio of imported (F) and 
nonrenewable (N) emergy to the local, renewable emergy (R). Whereas, the emery sustainability index 
(ESI) is tied to the ELR and EYR indices. It shows the potential contribution a process, system or 
resource has to the economy per unit of environmental loading. Simply put, ESI is the ratio of EYR to 
ELR (ibid.). 
 
The final index, the solar cost index (SCI), is evaluated based on the total incoming solar emergy 
available to the earth or the global (renewable) emergy baseline. The SCI utilizes the idea of solar share, 
total available solar emergy divided by the population or landmass, which is similar to carrying capacity 
as discussed in the Background section. The SCI measures the magnitude of emergy’s solar share used in 
a product or service and highlights the emergy intensity of a product or service in relation to its share of 
the world’s total available emergy (Brown, 2010). SCI is the ratio of a good or service, in this case food 
production on an urban farm, to the share of global renewable emergy. Typically, the global renewable 
emergy constant (1.52E+25 seJ/yr) is divided by the population to find the emergy share per person. 
Since this study is of an urban farm, the global emergy constant is instead divided by the hectares of 
biological productive land (12 billion hectares) which is then used to determine the farm’s solar share 
consumption in relation to the solar share of emergy per hectare. If the SCI is three, for example, then the 
total emergy of a product or service is three times the solar share per hectare.  
 
5. Results 
The yearly resource basis and production practices of a Detroit urban farm are evaluated by applying 
emergy as a measure of the direct and indirect resources that support the farm and food production. The 
production practices of the urban farm investigated in this study follow organic methods, though it is not 
certified organic due to certification costs (personal communication, 2017). All plants are grown from 
seed starting either under grow lights to a small greenhouse then the farm or are planted directly into the 
ground. The transplant process begins in February and field planting begins in April. Before planting in 
the ground, weeds are removed from the field rows and compost is applied before transplants and/or 
seeds are sown. While the owner practices composting of plant material and food scraps, the majority of 
the compost comes from Detroit Farm and Garden. With organic methods at the basis of food production, 
the farmer does not use any synthetic fertilizer and only uses an organic pesticide, neem oil, on 
transplants prior to planting as well as on three additional plant varieties one to two times a year (i.e. 
winter squash, melons and cucumbers). To supplement rain, two water catchment systems with two tanks 
each are used to save water throughout the growing season. In addition, farm inputs, such as leaf and tree 
branch mulch as well as some straw are collected from the neighborhood and extra water is gifted from a 
fire hydrant. Since the farm is relatively large, a part-time employee works throughout the growing 
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season. Once it comes to harvest, approximately one fourth of the harvest is sold at local farmers’ markets 
and the remaining three fourths in sold through the community supported agricultural group City 
Commons. 
 
Prior to the emergy synthesis, the empirical data is compiled. Where there are gaps in the empirical data, 
estimations are made using best available resources in combination with the empirical data. The data 
includes information regarding the variety and number of plants, resources and inputs into the farm, 
estimations on greenhouse and grown station sizes and materials as well as some of equipment used and 
the resources and services for the farm. The product varieties and harvest amounts as well as profits for 
the urban farm are detailed in Table 2. As seen in the table, the highest gross profit (sales minus seed 
costs) is from the production of chard followed closely by collard greens. The lowest profit, or loss, is 
seen in the production of garlic that results in more cost than profit. This result could be due to 
estimations based on the specific seed company where the farmer purchases the majority of seeds. It is 
also possible the owner saves seeds from year to year, but given this information was not provided the 

Note: a. Tomato seed costs for harvested tomatoes are included in tomato plants sold. b. Egg production, costs, sales 
and gross profit are not included in the totals or net profit. c. Total gross profit is the sales minus the seed costs. d. 
Net profit is the sales minus the seed costs and services and taxes seen in Table 5.  

Table 2. Plant types and harvest amounts as well as costs and profits of the Detroit urban farm.	

Products Unit Quantity Seed costs Sales Gross profit
Collard greens kg 4.67E+02 $1.75 $3,090.00 $3,088.25
Chard kg 4.74E+03 $1.15 $3,135.00 $3,133.85
Lettuce kg 1.36E+02 $3.60 $1,200.00 $1,196.40
Peppers kg 2.27E+01 $2.25 $250.00 $247.75
Tomatoes plants sold pl. 1.65E+02 $8.58 $660.00 $651.42
Total tomatoes harvesteda

kg 4.54E+01 $156.00 $156.00
Eggplant kg 1.50E+02 $2.23 $734.25 $732.02
Beans kg 9.53E+01 $157.14 $630.00 $472.86
Radishes kg 2.90E+02 $54.63 $1,840.00 $1,785.38
Potatoes kg 1.59E+02 $16.30 $831.25 $814.95
Carrots kg 2.72E+02 $50.34 $1,485.00 $1,434.66
Beets kg 5.44E+02 $16.25 $2,970.00 $2,953.75
Cabbage kg 9.07E+01 $1.39 $445.00 $443.61
Summer squash kg 5.44E+01 $1.08 $237.00 $235.92
Winter squash kg 1.36E+02 $1.80 $281.25 $279.45
Melons kg 9.07E+01 $1.87 $400.00 $398.13
Cucumber kg 1.36E+02 $1.68 $450.00 $448.32
Kohlrabi kg 1.81E+02 $1.14 $890.00 $888.86
Parsnip kg 1.05E+02 $8.50 $157.50 $149.00
Broccoli kg 9.07E+01 $14.95 $445.00 $430.05
Rutabaga kg 9.07E+01 $2.80 $450.00 $447.20
Snow peas kg 1.13E+02 $31.20 $975.00 $943.80
Spinach kg 2.27E+01 $11.25 $500.00 $488.75
Endives kg 4.54E+01 $0.59 $193.75 $193.16
Garlic kg 4.54E+01 $265.50 $247.50 -$18.00
Strawberries kg 2.04E+00 $0.00 $0.00
Rhubarb kg 4.54E-01 $4.00 $4.00
Cilantro kg 3.18E-01 $4.00 $4.00
Eggsb

# 2.55E+03 $708.50 $955.50 $247.00
Totalc 

kg 8.13E+03 $657.96 $22,661.50 $22,003.54
Net profitd

$15,879.68
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Table 4. Number of fruit servings and farms needed to meet the 
current and recommended servings. 
Item Unit Amount
Harvest, fruit: g 9.32E+04
Fruit serving (g) g 4.00E+01
Number of servings: 2.33E+03
Annual servings consumed: 7.89E+07

Number of people: 2.11E+01
Recommended servings: 3.51E+08

Number of people: 4.74E+00
Farms to meet demand: 3.39E+04

Acres needed: 1.43E+04
Farms to meet recommended servings: 1.51E+05

Acres needed: 6.37E+04

seed company’s information is used. Overall, the profits outweigh the cost. After deductions of seed costs 
as well as the additional service costs for purchased inputs and income taxes (seen in Table 5), the yearly 
net profit for the urban farm is $15,879.68. This puts the yearly operating costs at $6,781.82.  
 
Based on the food produced in the farm, seen in Table 2, how much the harvest contributes to vegetable 
and fruit servings remains a question. Based on a 2000 calorie diet, this Detroit urban farm provides 
45,184 servings of vegetables at a half cup or 85 grams per serving per year (Bhpfoundation.org, 2010). If 
the average Detroiter eats 341.54 servings of vegetables a year (Colasanti & Hamm, 2010), the farm 
could potentially feed 132 people (Table 3). Based on the population of Detroit (713,777) from the 2010 
U.S. Census Bureau, this equates to 244 million (243,785,151) servings of vegetables a year (Colasanti & 
Hamm, 2010), which would take 
approximately 5,395 farms equivalent to 
the one in this study to meet the 
Detroiters’ current demand for 
vegetables. However, were Detroiters to 
follow the USDA recommended dietary 
guidelines of 1,023.45 servings per year, 
the farm could only feed 44 people. To 
meet the USDA recommended servings 
of vegetables, the number of farms 
would need to increase to approximately 
16,167.6 farms. With the farm size at 
1,712 square meters or 0.42 acres, this 
means that a total number of 2,282 and 
6,839 acres would be needed to meet 
Detroit’s demand and the USDA recommended vegetable servings, respectively.  
 
On the other hand, the number of fruit servings provided by this farm is 2,330 servings at one half cup or 
40 grams (Bhpfoundation.org, 2010). If the average Detroiter eats 110.5 servings of fruit per year 
(Colasanti & Hamm, 2010), the farm could potentially feed 21 people (Table 4). Based on the 2010 
population, this equates to 78 million (78,884,317) servings of fruit per year (Colasanti & Hamm, 2010), 
which would take approximately 33,851 farms equivalent to the one in this study to meet the current fruit 
demand in Detroit. Although, if 
Detroiters were to follow the USDA 
recommend dietary guidelines of 492 
servings per year, the farm could only 
feed four to five people. To meet USDA 
recommended servings, the number of 
farms would need to increase to 150,688. 
With limited fruit production seen in the 
farm studied at 0.42 acres, this means 
that the total number of acres would need 
to increase to 14,319 and 63,741 acres to 
meet the current demand and USDA 
recommended fruit servings, 
respectively. Alternatively, greater focus 
could be placed on fruit production in 
order to get fruit servings around the same number of vegetable servings. 
 
After the empirical data was compiled, the next step before conducting an emergy synthesis is to draw the 
systems diagram. The systems diagram depicts the farm and resulting processes of food production. In 
addition, the systems diagram defines the window of attention or systems boundary for food production 
in Detroit, the central forces driving the system as well as the outputs generated and the main interactions 
between the system components and larger system of Detroit. Going left to right in the systems diagram 
(Fig. 6), values of the transformities and emergy increase. Since money flows out as payments for the 
human services necessary to produce and distribute goods and materials to the urban farm, they are 

Table 3. Number of vegetable servings and farms needed to 
meet the current and recommended servings. 
Item Unit Amount
Harvest, vegetable: g 3.84E+06
Vegetable serving (g): g 8.50E+01
Number of servings: 4.52E+04
Annual servings consumed: 2.44E+08

Number of people: 1.32E+02
Recommended servings: 7.31E+08

Number of people: 4.41E+01
Farms to meet demand: 5.40E+03

Acres needed: 2.28E+03
Farms to meet recommended servings: 1.62E+04

Acres needed: 6.84E+03
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symbolized on the right side of the diagram. The systems diagram combines all the resources and 
components of the system as well as illustrates the inputs, outputs and interactions that support food 
production in the urban farm, drawn according to standardized energy systems language (Odum, 1996, p. 
5), see Fig. 5 (p. 12).  
 
The larger frame in Fig. 6 contains metro Detroit and the inner frame represents food production at urban 
farm. Based on systems theory and emergy diagramming conventions, this inner frame represents the 
main system boundary for this study and is conveyed as a subsystem embedded in the next larger scale of 
Detroit. Resource inputs (R, N, F) external to the studied system are reported as seJ per year and within 
the window as percentages of the resources applied in the urban food production system. Local renewable 
(R) inputs as well as imported inputs (F) support the farm and food production in a several ways, shown 
on the top and left of the diagram as well as in the (inner) window of attention. Since nutrients or compost 
is added to the soil every year, it is assumed that no net soil loss or degradation occurs and accordingly 
there are no local, nonrenewable inputs (N). Likewise, Bergquist (2010) does not account for soil loss due 
to the yearly application of compost. However, it is possible to measure soil degradation if a researcher 
has the right tools as seen in Haden (2002).  
 
Local renewable inputs, R, refer to the resources that are regenerative within the system boundaries. Here, 
R inputs are defined as solar insolation and the direct and collected rain water entering the system. 
According to emergy algebra accounting, solar insolation is removed from the calculations to avoid 
double counting because it drives the other processes generating R (i.e. rain). Whereas the imported 
inputs, F, are defined as the resources that are imported into the system which includes building materials, 
seeds and services as well as the remaining resources used in the system. Fig. 7 shows that feedbacks 
from the economy and imported inputs are treated as the same type of flow. The inputs in gray (inputs 
required to support chickens and egg production) are excluded from the initial emergy synthesis, but are 
shown in Fig. 6 since a further scenario of the farm includes these inputs. The degradation over an 
assumed lifetime, depending on the type of input, is accounted for and can be seen in the emergy 
calculations (see Appendix A). From the inputs, outputs are generated and represented on the right side of 
the diagram as outflows of the system.  
 
As mentioned above, emergy accounts for the labor and services that are embedded in a final product. 
Again, labor and services are considered as the added work applied, through human activity, to the 
biosphere’s raw resources. Therefore, labor and services add to its energy quality and economic cost 
(Ulgiati & Brown, 2014). Services refer to all the indirect environmental and economic support and labor 

Fig. 6. Systems diagram of the food production at the urban farm in Detroit.	
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applied to a system or process from a larger scale or the economy, in this case to the farming and food 
production system at all levels including historic emergy. Additional emergy embedded in purchased 
inputs includes the distribution, processing and packing as well as human resources and knowledge 
(Brown & Ulgiati, 2004a). Whereas, labor refers to the direct human labor applied to a system (Brown & 
Ulgiati, 2004a). Labor and services should not be disregarded when examining human managed activities 
and socio-ecological systems since they are key resources for many production processes and both have a 
cost that can be accounted for (Ulgiati & Brown, 2014). In emergy theory, the human and environmental 
work embedded in a refined resource make a product valuable.  
 
Considering labor and services, it is essential to avoid double counting. If the labor and services are 
included in a solar transformity, the quantity of a given input should not be multiplied by its economic 
cost. Accordingly, only services in the monetary flows of purchased resources as well as the services 
embedded in the gifted inputs (i.e. mulch, bricks, cardboard, and two-thirds of the straw) are accounted 
for in this study. Since the majority of the inputs do not account for services, the services calculations 
include the economic costs for the inputs that were purchased by the owner as well as the gifted inputs 
divided by their assumed lifespan when necessary.  
 
After the system’s diagram and boundaries are defined, an emergy table and synthesis can be conducted 
by importing the empirical data and converted to the equivalent emergy used per year (see Table 5). The 
results show that the total emergy of 2.13E+16 solar emjoules support food production on the Detroit 
urban farm. From the total emergy, as much as 99.52% of all emergy is from imported resources (F). On 
the other hand, local, renewable resources only contribute 0.48% of the system’s emergy flows. This 
implies that there is heavy reliance on imported and minimal reliance on local renewable resource inputs.  
 
While the imported inputs have the greatest contribution to the system overall, services have the highest 
emergy out of all resources at 73.19% of the total emergy. Out of services, labor is the highest contributor 
at 69.02% followed by organic materials at 25.55% (Fig. 8). The next highest input of the total emergy 
(Y) is compost at 15.86% followed by labor which contributes 7.86% of Y. The next largest contributor 
to total emergy is electricity at 1.09% of the total emergy. The remaining 18 inputs contribute relatively 
low amounts with a cumulative of 2% the total emergy. The lowest contributors to the system include the 
sparse amounts of fuel and pesticide (i.e. neem oil) that enter the system. In addition, the local renewable 
input of rain only contributes 0.48% of the total emergy to the system. With low levels of local renewable 
and no local renewable inputs, imported inputs dominate the resource inputs seen as the top contributors 
as well as having the highest quantity of inputs to the system. 
 
 
 

Fig. 7. Systems diagram of food production at the urban farm in Detroit.	
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On the basis of the system’s outputs in correlation to the total emergy, new transformities or unit emergy 
values (UEVs) are calculated for the coproducts of the system. The coproducts include organic material, 
compost, pollination, honey, total harvest as well as harvest separated by vegetables and fruits, income 
(before tax and services), income taxes, income (after tax and services) and labor. All outputs are 
calculated with and without services. The coproducts compost, pollination, labor and income after taxes 
and services are considered feedbacks internal to the system as well as an output of the system. Hence, 
the fed back labor is subtracted from the total labor to get the amount of labor output. 

Table 5. Emergy flows supporting food production in the Detroit urban farm.	

Item Unit Data (units/yr)

Unit Emergy 
Value 

(seJ/unit) References
Solar Emergy 

(seJ) %

Local renewable inputs (R) 
1 Sun J 7.04E+12 1 a, b, c, d, ll, ss 7.04E+12 0.03%
2 Rain J 7.18E+09 1.42E+04 a, e, d, ll 1.02E+14 0.48%

Imported inputs (F)
3 Mulch J 2.16E+08 2.76E+04 a, s, f, t 5.96E+12 0.03%
4 Fuel g 4.95E+03 5.21E+04 a, u, b 2.58E+08 0.000001%
5 Organic matter J 3.51E+08 5.85E+04 a, v, f, d 2.05E+13 0.10%
6 Straw J 1.35E+09 6.92E+04 a, v, f, w 9.31E+13 0.44%
7 Cardboard J 2.60E+08 1.12E+05 a, x, f, g, rr 2.92E+13 0.14%
8 Electricity J 1.40E+09 1.66E+05 a, y, z, aa, bb, cc 2.32E+14 1.09%
9 Seeds J 2.87E+08 2.88E+05 a, dd, ee 8.27E+13 0.39%

10 Municipal water J 2.51E+07 4.31E+05 a, ff 1.08E+13 0.05%
11 Compost g 1.39E+07 2.42E+08 a, gg, qq 3.37E+15 15.86%
12 Plastic g 3.42E+03 3.00E+08 a, i, j, k, l, m, n, o, g, rr 1.03E+12 0.005%
13 Wood g 2.68E+04 6.95E+08 a, f, g 1.86E+13 0.09%
14 Brick g 1.59E+02 1.83E+09 a, rr, i 2.91E+11 0.0014%
15 Aluminum g 4.54E+03 2.24E+09 a, k, g 1.01E+13 0.05%
16 Steel g 1.15E+01 2.80E+09 a, k, j, p, q 3.22E+10 0.0002%
17 Rubber g 2.57E+03 3.40E+09 a, kk, rr 8.75E+12 0.04%
18 Perlite kg 7.60E+03 3.56E+09 a, v, d 2.70E+13 0.13%
19 Labor hrs 1.89E+03 8.85E+11 a, d 1.67E+15 7.86%
20 Pesticide, neem oil kg 1.02E-01 1.26E+12 a, d 1.29E+11 0.0006%
21 Equipment (mower) kg 7.38E+00 1.84E+12 a, u, hh, ee 1.36E+13 0.06%
22 Services, total $ 6.23E+03 2.50E+12 1.56E+16 73.19%

Services, infrastructure $ 1.05E+02 2.50E+12 2.62E+14 1.69%
Services, organic materials $ 1.59E+03 2.50E+12 3.98E+15 25.55%
Services, equipment $ 9.78E+01 2.50E+12 2.45E+14 1.57%
Services, labor $ 4.30E+03 2.50E+12 1.07E+16 69.02%
Services, packaging $ 1.19E+02 2.50E+12 2.98E+14 1.91%

Total emergy input seJ 2.13E+16 100%
Outputs

23 Organic material kg 2.33E+03 9.12E+12 seJ/kg 2.45E+12 seJ/kg
J 5.27E+10 4.04E+05 seJ/J 1.08E+05 seJ/J

24 Compost kg 4.65E+02 4.57E+13 seJ/kg 1.23E+13 seJ/kg
J 1.05E+10 2.02E+06 seJ/J 5.43E+05 seJ/J

25 Pollination J 3.92E+14 5.42E+01 seJ/J 5.35E+01 seJ/J
26 Honey kg 2.88E+01 7.38E+14 seJ/kg 1.98E+14 seJ/kg
27 Yield, total kg 3.79E+03 5.62E+12 seJ/kg 1.51E+12 seJ/kg
28 Vegetables kg 3.84E+03 5.54E+12 seJ/kg 5.47E+12 seJ/kg
29 Fruit kg 9.32E+01 2.28E+14 seJ/kg 2.26E+14 seJ/kg
30 Income (before tax & services) $ $22,661.50 9.39E+11 seJ/$ 2.52E+11 seJ/$
31 Income taxes $ $555.21 3.83E+13 seJ/$ 1.03E+13 seJ/$
32 Income (after tax & services) $ $15,879.68 1.34E+12 seJ/$ 3.59E+11 seJ/$
33 Labor (urban life for two) hrs 1.56E+04 1.36E+12 seJ/hr 3.65E+11 seJ/hr

a, ii, jj, v, y, kk, hh, k, ll, 
mm, nn, i, j, l, m, oo, rr

Unit emergy values (UEVs), calculated Including services Excluding services



20	
	

Fig. 9. Emergy contributions of the different service inputs. 

 
Since the chickens are not actually on the same farm as the vegetable and fruit production, another 
emergy synthesis is done to evaluate how the additional resource inputs for chickens and egg production 
affect the results (scenario two). In this analysis, the addition of chicken feed and building alter the 
contribution of the resource supports for the urban farm. As a result, the total emergy increases slightly to 
2.45E+16 and the percent renewable decreases to 0.42%. Still, services have the highest contribution to 
total emergy again followed by compost and labor even though their contribution decreases slightly, seen 
in Fig. 9. However, the emergy for the chicken feed is now the fourth highest in contribution to total 
emergy. Other inputs that are impacted include a marginal increase in wood, cardboard (packaging), 
municipal water, plastic, and steel. The changes in the resource contributions can be explained by the 
additional resource inputs as well as high amount of chicken feed that is required year round, which also  

Fig. 8. Emergy flows for urban food production including the resources supporting chickens and egg production. 
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Table 7. Emergy inputs with the renewability fraction of 
imported inputs included in scenario three. 

Inputs Value %
R local renewable 1.79E+15 8.40%
N local nonrenewable 0.00E+00 0.00%
F imported inputs 1.95E+16 91.60%
Y total emergy 2.13E+16 100.00%

impacts the transformities as seen in Table 6. 

 
Based on the system’s low fraction of local renewable resources, the window of attention is expanded in 
two additional syntheses (scenarios three and four). The first expansion, scenario three, includes the 
fraction of local renewable resources embedded in the imported resources and scenario four is a 
hypothetical expansion with the window of attention extended to the city scale. Since the overall emergy 
does not change for these two scenarios and therefore the outputs and transformities do not change, they 
are not included for either scenario. The effects on the local renewable and imported resources of the first 
expansion are seen in Table 7. By including the renewability fraction of the imported inputs with the local 
renewable resources in scenario three, the percent renewable increases to 8.40%. 

 
The latter scenario (four) is hypothetical since it shows the same inputs with the redefinition of local 
renewable and imported inputs as well as the inclusion of two local nonrenewable inputs, seen in Table 8. 
Since recycled urban waste is imported into the initial window of attention, these imported resources are 
redefined as recycled inputs within the local renewable resources. Therefore, the resources that are both 
recycled (i.e. mulch, straw and cardboard) as well as the resources that are generated within Detroit and 
the surrounding area (i.e. compost, labor, and 2.63% of the services) are considered as local renewable 
inputs in this hypothetical scenario. With the expansion, the local nonrenewable inputs of municipal 
water, bricks and 18.18% of the services are considered local nonrenewable resources with the 
remaindered of the inputs considered as imported from outside of Detroit. The percent of services that are 
renewable, nonrenewable and imported is derived form an emergy synthesis on the state of Minnesota by 
Campbell and Ohrt (2009), chosen for its proximity to Michigan. These results will also be correlated to 
the initial emergy synthesis of the Detroit urban farming by using emergy indices and ratios. 
 
As mentioned in the Methods section, emergy indices and ratios are beneficial to facilitate comparison 
and generate perspectives. The indices used to facilitate comparison and a deeper understanding of the 
emergy supporting the urban farm and food production in Detroit are as follows: emergy investment ratio 
(EIR), emergy yield ratio (EYR), percent locally renewable (%Ren), environmental loading ratio (ELR), 
emergy sustainability index (ESI), emergy exchange ratio (EER), and solar cost index (SCI). Together,  

Table 6. Outputs and transformities with the resources included for the chickens and egg production. 
Outputs

25 Organic material kg 2.33E+03 1.05E+13 seJ/kg 2.90E+12 seJ/kg
J 5.27E+10 4.66E+05 seJ/J 1.28E+05 seJ/J

26 Compost kg 4.65E+02 5.28E+13 seJ/kg 1.45E+13 seJ/kg
J 1.05E+10 2.34E+06 seJ/J 6.43E+05 seJ/J

27 Pollination J 4.97E+14 4.94E+01 seJ/J 1.36E+01 seJ/J
28 Honey kg 2.88E+01 8.52E+14 seJ/kg 2.34E+14 seJ/kg
29 Yield, total kg 3.79E+03 6.48E+12 seJ/kg 1.78E+12 seJ/kg
30 Vegetables kg 3.84E+03 6.39E+12 seJ/kg 1.76E+12 seJ/kg
31 Fruit kg 9.32E+01 2.63E+14 seJ/kg 7.25E+13 seJ/kg
32 Eggs # 2.55E+03 9.63E+12 seJ/egg 2.65E+12 seJ/egg
33 Income (before tax & services) $ $23,617.00 1.04E+12 seJ/$ 2.86E+11 seJ/$
34 Income taxes $ $578.62 4.24E+13 seJ/$ 1.17E+13 seJ/$
35 Income (after tax & services) $ $15,923.80 1.54E+12 seJ/$ 4.24E+11 seJ/$
36 Labor (urban life for two) hrs 1.56E+04 1.57E+12 seJ/hr 4.33E+11 seJ/hr

Including services Excluding servicesUnit emergy values (UEVs), calculated
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these indices and ratios are used to analyze the overall resource support to the food produced on an urban 
farm in Detroit seen in Table 9. 
 
Table 9 outlines the indices for the scenarios described above. The scenarios are defined as follows. 
Scenario one is the initial analysis of the urban farm in Detroit according to emergy conventions. 
Scenario two includes the addition of the resource inputs required for the chickens and egg production to 

Table 8. Emergy of the hypothetical scenario four with the window of attention expanded to the city scale. 

Item Unit Data (units/yr)

Unit Emergy 
Value 

(seJ/unit) References

Solar 
Emergy 

(seJ) %

Local renewable and recycled inputs (R) 
1 Sun J 7.04E+12 1 a, b, c, d, ll 7.04E+12 0.03%
2 Rain J 7.18E+09 1.42E+04 a, e, d, ll 1.02E+14 0.48%
3 Mulch J 2.16E+08 2.76E+04 a, s, f, t 5.96E+12 0.03%
4 Straw J 8.97E+08 6.92E+04 a, v, f, w 6.20E+13 0.29%
5 Cardboard J 2.60E+08 1.12E+05 a, x, f, g, rr 2.92E+13 0.14%
6 Compost g 1.39E+07 2.42E+08 a, gg, qq 3.37E+15 15.86%
7 Labor hrs 1.89E+03 8.85E+11 a, d 1.67E+15 7.86%

8 Services $ 1.64E+02 2.50E+12
a, ii, jj, v, y, kk, hh, k, 
ll, mm, nn, i, j, l, m, oo, 

rr, tt
4.09E+14 1.92%

Local nonrenewable inputs (N)
9 Municipal water J 2.51E+07 4.31E+05 a, ff 1.08E+13 0.05%

10 Brick g 1.59E+02 1.83E+09 a, rr, i 2.91E+11 0.0014%

11 Services $ 1.13E+03 2.50E+12
a, ii, jj, v, y, kk, hh, k, 
ll, mm, nn, i, j, l, m, oo, 

rr, tt
2.83E+15 13.31%

Imported inputs (F)
12 Fuel g 4.95E+03 5.21E+04 a, u, b 2.58E+08 0.000001%
13 Organic matter J 3.51E+08 5.85E+04 a, v, f, d 2.05E+13 0.10%
14 Straw J 4.48E+08 6.92E+04 a, v, f, w 3.10E+13 0.15%
15 Electricity J 1.40E+09 1.66E+05 a, y, z, aa, bb, cc 2.32E+14 1.09%
16 Seeds J 2.87E+08 2.88E+05 a, dd, ee 8.27E+13 0.39%
17 Plastic g 3.42E+03 3.00E+08 a, i, j, k, l, m, n, o, g, rr 1.03E+12 0.005%
18 Wood g 2.68E+04 6.95E+08 a, f, g 1.86E+13 0.09%
19 Aluminum g 4.54E+03 2.24E+09 a, k, g 1.01E+13 0.05%
20 Steel g 1.15E+01 2.80E+09 a, k, j, p, q 3.22E+10 0.00%
21 Rubber g 2.57E+03 3.40E+09 a, kk, rr 8.75E+12 0.04%
22 Perlite kg 7.60E+03 3.56E+09 a, v, d 2.70E+13 0.13%
23 Pesticide, neem oil kg 1.02E-01 1.26E+12 a, d 1.29E+11 0.0006%
24 Equipment (mower) kg 7.38E+00 1.84E+12 a, u, hh, ee 1.36E+13 0.06%

25 Services $ 4.93E+03 2.50E+12
a, ii, jj, v, y, kk, hh, k, 
ll, mm, nn, i, j, l, m, oo, 

rr, tt
1.23E+16 57.96%

Total emergy input seJ 2.13E+16 100%

Table 9. Emergy-based indices for food production in the Detroit urban farm.	
Emergy-based indices Expression Scenario 1 Scenario 2 Scenario 3 Scenario 4
Emergy Investment Ratio (EIR) F/(R+N) 207.24 228.87 10.90 1.50
Emergy Yield Ratio (EYR) Y/F 1.00 1.00 1.09 1.67
% Locally renewable R/total emergy 0.48% 0.44% 8.40% 26.59%
Environmental Loading Ratio (ELR) (F+N)/R 207.24 228.87 10.90 2.76
Emergy Sustainability Index (ESI) EYR/ELR 0.005 0.004 0.10 0.60

Emergy exchange ratio (EER) Y / ($Income * seJ/$) 0.38 0.42 0.38 0.38
Solar Cost Index (SCI) Y/Solar Share 39.98 46.13 39.98 39.98
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scenario one. Scenario three has the window of attention expanded to include the renewability fraction of 
the imported resources from scenario one whereas scenario four expands the window of attention to the 
city scale. 
 
As mentioned early, a significant factor for a system’s overall renewability and sustainability is connected 
to the percent locally renewable. The importance of the percent renewable is so great that systems with 
high renewability percentages can be considered as sustainable systems (Brown & Ulgiati, 2004a). 
Therefore, the percent local renewable in all four scenarios indicates that food production in the urban 
farm is not considered sustainable. These renewability rates are also important since they influence the 
rest of the emergy indices and ratios as seen in the table. 
 
If the system does not efficiently use its local resources, such as recycle as many resources as possible, it 
indicates that many imported inputs or investments are needed to drive the system. The amount of 
imported resources thus explains the extremely high EIR values of 207.24 and 228.87 for scenarios one 
and two. Since the F emergy is substantially higher than R inputs for these two scenarios, this means 
considerable investments are needed to indefinitely maintain food production in the Detroit urban farm. 
This is sometimes called a high throughput system. This can also be said for scenario three since it is 
higher than 10. However, when more resources are considered as R then the investments needed decrease 
as seen in scenario four.  
 
The EYR of the farm system in scenario one and two are at one, the lowest possible value, which 
indicates low use of available local resources and a system that is not fully efficient (i.e. good). Values 
≃1 reveal that a system is incapable of efficiently using available local resources and delivers the same 
amount of emergy that maintains it (Brown & Ulgiati, 2004a). This is also evident in scenario three, 
which only increases by 0.09. Accordingly, food production on the Detroit urban farm, as seen in these 
three scenarios, does not provide significant net emergy to the economy, indicated by high emergy inputs 
with little increase in emergy outputs. Rather, the more resources that are available from previous 
processes or systems are transformed by the system and the system is consequently seen as a consumer 
system (ibid.). However, scenario four is in between one and two which suggest that it is nearly a 
moderate contributor to the economy, but still does not operate efficiently and could argued as a 
consumer system.  
 
As for the ELR, anything above ten is considered high and inefficient (i.e. bad) whereas anything around 
and below two indicates relatively low environmental impacts (Brown & Ulgiati, 2004a). Since the ELR 
for this system is the same as the EYR values, which is significantly higher than 10 for scenarios one and 
two, this indicates that the food production system has considerably high environmental impacts and does 
not use large areas of the local environment to dilute its impacts (ibid.). While not as high as scenarios 
one and two, this can also be said for scenario three. These ELR values show the importance of the 
renewability and use of local resources within the system in correlation to imported inputs as seen in 
scenario four’s value of 2.76. This suggest moderate to relatively low environmental impacts due to the 
higher contribution of local renewable resources. In addition, the higher ELR values seen for the first 
three scenarios indicate that a large gap is present in the system’s ability to develop and use local natural 
processes. Moreover, the impacts are higher due to large flows of concentrated nonrenewable emergy in a 
rather small local environment (ibid.).  
 
When EYR and ELR are combined, the ESI index is generated. An ESI less than one, similar to EYR, 
indicates a highly developed consumer-system when it relates to economies (Brown & Ulgiati, 2004a). 
Whereas ESI values above one indicate net contribution to society without heavily affecting the 
environmental equilibrium (ibid.). Here, the ESIs below one again indicate a highly consumer-orientated 
system, far from being a net contributor to society as in scenarios one and two. However, for scenarios 
three and four, the system is closer to being sustainable and less consumer-oriented .Yet, these two 
systems are still considered as such but to a lesser degree. Accordingly, these systems do not give back to 
society without sizably importing or loading large resources inputs. 
 
Based on the solar share, the SCI is similar to the notions of a global carrying capacity and the planetary 
boundaries by relating the total emergy to the flux in renewable emergy. The use of SCI benefits peoples’ 
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understanding of the magnitude involved in the use of energy and resources, showing whether a system 
uses more than its fair share (Brown, 2010). By dividing the total emergy of food production and 
packaging by the solar share per hectare, the SCI shows that the scenarios one, three and four overshoot 
their solar share 39.98 times its fair share whereas scenario two overshoots the solar share per hectare by 
46.13 times. The higher value for scenario two can be explained by the higher total emergy seen in this 
system due to the added inputs for chickens and egg production and packaging. While the indices and 
ratios reveal that the system is not sustainable and is consume-oriented, the harvest output still has the 
potential to sustain the lives of people living in Detroit 
 
In order to place the number of people able to be sustained by the food production in perspective with the 
solar cost index, the servings for current demand and recommended servings are taken in correlation to 
the SCI values for each system. Based on the number of people who are able to sustain themselves 
given Detroiters’ current and recommended intake of vegetables, the solar share is reduced to 0.3 
and 0.91 per person when excluding the chicken inputs. Using the same scenarios, the solar share 
for fruit consumption based on current and recommended intake is 1.90 and 8.44, respectively. On 
the other hand, if the average of 77 people (132 [veg.] + 21 [fruit] / 2) get there vegetable and fruit 
servings from this farm then the solar share would be 0.51 and 0.6 for the scenarios excluding and 
including the inputs for chickens and egg production, respectively. For the recommended servings, 
if 24 people (44 [veg.] + 4.7 [fruit] / 2) could get their fruit and vegetable servings from the farm 
then their solar share for eating the produce would be 1.67 and 1.92, respectively.  
 
6. Discussion 

Based on the analysis of a Detroit urban farm involved in community-supported agriculture, the 
results show that the production practices are organically motivated with various (external) 
resource inputs even though the farmer receives gifted resources within Detroit. The harvest 
produced on the farm is able to sustain between 44 and 132 peoples’ yearly vegetable intake and 
approximately five to 21 peoples’ yearly fruit intake. Given the urban farm’s production, it would 
take nearly 2,282 acres to 6,839 acres to supply the city’s vegetable and 14,319 and 63,741 acres to 
supply the fruit demand and recommended servings, respectively. Based on the amount of 
available land given by Colasanti and Hamm (2010), it is suggestive that Detroit could potentially 
become food sovereign in vegetables though fruit production it is not likely with the fruit yield 
from the farm under analysis. The farm also seems financial on par if not slightly below the 
income, when the costs are deducted, from other CSA urban farm seen throughout the U.S. While 
urban centers are known to have higher environmental impacts and resource demands, including 
food, this example of an urban center shows the potential to reduce its environmental impact and 
resource demand if food production is expanded to the available vacant land. 
 
Yet, based on the analysis at the farm scale, many of these resources are imported and purchased 
from a larger scale which is more akin to conventional production. While two of the resource 
inputs, solar insolation and rain, are considered local, renewable resources, the remaining 22 
resource inputs are defined as imported resources in the initial analysis. The imported resources 
range from infrastructure related inputs such as wood and plastic to equipment based inputs such 
as tools and fuel to organic materials as well as the service associated inputs such as labor or 
human work and the monetary flows tied to delivery of products to the farm. In order to interpret 
the environmental support or resources needed to support urban food production, emergy synthesis 
is used. The analysis shows that the environmental resources supporting food production on the 
Detroit urban farm in one year is 2.13E+16 solar emjoules. If the environmental resources 
supporting the chickens and the resulting egg production are included, the solar emjoules increase 
to 2.45E+16. This is not a significant increase in overall emergy, though it does slightly impact 
some of the indices and ratios as will be discussed. As for the scenarios with an expanded window 
of attention, the yearly consumption of solar emjoules remains the same since the resources need 
for the chickens and egg production are not included.  
 
Based on the transformity values used in the empirical data’s conversion to solar emjoules, 
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(imported) services have the highest energy quality as well as the highest contribution to total 
emergy in all four systems. In fact, services are typically the highest contributor to imported inputs 
as well as the highest input to the system. For example, Beck et al. (2001) show that the economic 
inputs, with services as highest contributor of all imported or purchased inputs, outweigh all other 
inputs in four urban garden and landscape emergy syntheses. Compost, as the next highest 
contributor in all scenarios analyzed, illustrates the importance of this input to the system. Ample 
application of compost helps maintain the soil quality as well as provide nutrients for the crops. 
Similarly, Bergquist (2010) shows an urban community farm that uses compost to add nutrients to 
the soil. Likewise, cow dung represents an important contribution in an organic production system 
analyzed by Comer (2000). These alternative forms of fertilizers become increasingly important as 
a way to deal with nutrient recycling that might decrease the threat of overshooting the resource 
limits of phosphorus and nitrogen, thereby reducing the likelihood of passing these planetary 
boundaries.  
 
The third highest contributor to the four systems is the labor and direct human work applied to the 
farm system. However, in hypothetical scenario four it is considered a renewable resources since 
the window of attention is expanded to the city scale. As seen in other organically managed plots, 
the use of manual labor and sources of organic matter (e.g. compost, mulch) typically have higher 
emery values than items that are conventionally high contributors in industrial agriculture (e.g. 
pesticide, fertilizer, fuel), which were less significant in this study. This shows greater dependence 
on human resources which could be important in the case of future resource scarcity. In regards to 
sustainable development and climate change, a striking aspect of the studied system is that it does 
not depend on fossil fuels nearly as much as conventional agriculture. This is also seen in the 
studies by Beck et al. (2001) and Comer (2000) whose results show less use of the customarily 
high contributors and instead have higher contributions from organic matter. While labor proved 
highly important for Beck et al. (2001), it is moderately important in this study as it ranks the third 
highest contributor at 7.86% of the total emergy in all scenarios except scenario two (chickens). 
However, labor contributes 60.02% of services in the initial scenario (one). In combination with 
the services (i.e. payment) for labor, labor then contributes 58.37% of the total emergy. Therefore, 
labor could be argued as the highest contributor to total emergy when its direct and indirect 
emergy are considered together. 
 
When taking into account the resources supporting egg production in scenario two, chicken feed is 
the fourth highest contributor to the system. Since the energy quality or transformity is only 
slightly higher than organic materials (i.e. straw), this might be explained by the year round input 
of feed and thus results in higher emergy. Zhang et al. (2011) also show that feed is a high contributor 
to a duck rearing system, second highest behind services. However, if egg production is excluded from 
the analysis then electricity is the fourth highest input for the remaining three scenarios (1.09% of the 
total emergy). Again, the synchronicities between scenario one, three and four can be explained by the 
same total emergy for all three scenarios but their differently defined resources inputs are evident in the 
indices and ratios. These discrepancies result from the variations in the percent renewable between these 
scenarios.  
 
The indices and ratios reveal that the urban farm is a consumer system with limited local 
renewable inputs. This is seen in all four scenarios but to varying degrees. Even so systems theory, 
as mentioned in Section 3.1, states that no real consumption occurs as most processes such as food 
production have both consumption and production. This means that the system is both a consumer 
and producer because of emergy transformations. Yet, this study shows that most of the emergy 
that feeds the transformation processes (planting, growing, harvesting, etc.) is derived from 
emergy derived from outside of the system to a much greater extent than the local emergy flows 
supporting the food production system. From these results, it reveals that the system is not 
considered sustainable even when evaluated under different windows of attention. This is 
conveyed by the magnitude of imported inputs in comparison to the small fraction of inputs 
defined as local, renewable, or the renewability rates, especially for scenarios one through three. 
 
While the difference in renewability impacts the other indices and ratios, the initial study is 
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marginally better than scenario two in the EIR and ELR. Since scenario one is marginally better 
than scenario two, further scenarios including the resource supports needed for the chickens and 
egg production were not developed. While all scenarios require and load the system with external 
inputs, scenario three does so to a lesser degree whereas scenario four does so to a moderate 
degree. For scenarios one through three, the high EIR can be explained by the substantial amount 
of imported and purchased inputs the system needs in a year. Namely, the highest contributor is 
compost, when excluding services, followed by other inputs such as labor and chicken feed when it 
comes to scenario two. If the system continues as is, these resources will continue to be imported 
since these inputs are use in one year’s time, unlike those that have a longer lifetime (e.g. 
equipment). While labor does generate some feedback, the imported chicken feed and compost are 
not creating feedbacks or contributing to the renewability of the systems apart from the compost 
generated within the system as well as in the expanded window of attention for scenario four.  
 
As for the EYR, there is a lesser degree of variance between all four scenarios which indicates that 
all systems produce minimal emergy beyond what it receives. Likewise, the low ESIs and EERs 
signify that the yield and emergy per dollar ratio are marginally higher than the emergy coming in 
from another system. The low ESIs indicate that the farm is consuming large amounts of economic 
and nonrenewable resources in comparison to the extent it harnesses renewable energy, thus 
resulting in high emergy products (Beck et al., 2001). This is exemplary in the transformities 
generated in this systems analysis. In addition, ESIs lower than one are indicative of a system that 
is not yielding up to its potential or benefiting from economies of scale (ibid.). It could be possible 
that the urban farm system is restrained by the system it is embedded in and from which it 
purchases a large portion of its resources. To benefit from the economies of scale with the type of 
farm under analysis, a change in the larger system may be require. On the other hand, the low EER 
ratios might be explained by the high emergy embedded in the economic system in relation to the 
emergy yield of this system.  
 
While the emergy exchange ratio is low, the solar share indices show that the farm consumes 39.98 
times and 46.13 times its solar share excluding and including the chicken inputs, respectively. 
Clearly, this is substantially higher than the fair solar share per hectare. To put the solar share into 
perspective of the amount of people who could sustain themselves off of the vegetables produced 
in the three systems excluding the chickens, the solar share become 0.3 and 0.91 per person based 
on the vegetable demand and recommended servings, respectively. Based on the same scenarios, 
the solar share is 1.90 and 8.44 for the fruit demand and recommended servings, respectively. 
While this is significantly lower than the solar share per hectare, it is still a significant amount 
since this only includes the emergy embedded in the production and packaging of food and not the 
cooking processes or additional materials consumed each year.  
 
There are several steps that might benefit the reduction in emergy and solar share necessary to 
meet the fruit demand. One step could be to develop a better ratio of fruit to vegetable production 
as well as adding fruit trees in the neighborhood and city to supplement fruit consumption. 
Likewise, some farms could focus more heavily on fruit to supplement the limited amount of fruit 
produced in this farm. With the limited available acreage, another option could be to use vertical 
farming if the goal is meeting the fruit demand and recommend vegetable servings. However, this 
would also require more high quality emergy inputs due to the emergy embedded in knowledge and 
technology. On the other hand, if more sustainable farms and food production is the goal then 
farms could further diversify their crop production, recycle inputs as well as create feedbacks by 
sourcing as many of their farm inputs from local renewable resources as possible. 
 
While there are many inputs into the system, outputs flow from the system as seen in the emergy 
diagram. The outputs in this system are organic matter, compost which is derived from a portion of 
the organic matter, pollination, honey, harvest yields including the separate vegetable and fruit 
yields, eggs as in scenario two, income before tax and service, income taxes, income after taxes 
and services as well as additional labor. From the system’s outputs, which are viewed as co-
products, tranformities are generated. The high transformities generated for organic material, 
9.12E+12 seJ/kg (with services), and compost, 4.57+13 seJ/kg (with services) show the importance 
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and quality of these outputs to the system. These are also high in value since they are considered as 
outputs and feedbacks of the system which facilitate the system’s ability to maintain itself. That is 
because the land and vegetation (i.e. grass and other plant material) generate life support for and 
contribute to the biodiversity in the system. Moreover, the high transformity could be explained by 
the high overall emergy that goes into the system with lower amounts of organic material produced 
in correlation to total emergy. The bees are also beneficial to the biodiversity and quality of the 
system seen in the high emery of the pollination output. The lower transformity for pollination, 
5.42+01 seJ/J (with services), can then be explained by the high emergy of both the system and the 
emergy output of bee pollination. In fact, the emergy of pollination is nearly as high as human 
labor. When it comes to honey, the transformity could be a high estimation since the emergy 
included in this system is smaller than system or total area where bees distribute their services. In 
comparison to other transformities for vegetable and fruit production, the tranformities generated 
by this analysis are approximately an order of magnitude higher when evaluated based on the 
entire size of the farm (0.42 acres or 1,712 square meters). The transformity for eggs in scenario 
two could also be an order or two higher in magnitude than other transformities. The emergy for 
both income before and after taxes and services are lower than the national average.  
 
The high transformities seen in this analysis come as a result of and reflect a high resource 
throughput system. Moreover, the significance of the results should be used with thorough 
consideration in the application to comparable systems as this analysis accounts for the production 
and packaging inputs but not distribution. However, the aim of the participatory approach is to 
describe and understand (problems of) a system within a specific context instead of producing 
results that can be extrapolated. Still, this study and the results bring light into the complexities of 
method application as well as the complexities within different food production systems. Further 
studies could benefit from a wider window of attention as well as an analysis of the social benefits 
that coincide with urban food production.  
 
In comparison to other studies, this system generally under performs other food production 
systems in correlation to their rate of renewability and consequently other indices and ratios. For 
example, an analysis of Italian crop production by Ulgiati et al. (1994) has a renewability rate of 
31.18%. This rate might be explained by a larger, national window of attention not solely focused on 
vegetable and fruit production and, therefore, could include more local renewable resources as seen by 
the higher renewability rate of scenario four. Comer (2000) shows the renewability rate for a 
biodynamic farm and conventional farm in Brazil at 36.85% and 53.17%, respectively. On the 
other hand, Bastianoni et al. (2001) analyze a farm in Italy that shows a renewability rate of 
40.24%. Still the farms evaluated in these three studies are much larger in size and not in urban 
environments. In an emergy synthesis of urban U.S. gardens and landscapes, Beck et al. (2001) 
show renewability rates for an edible garden at 1.81% and intensive organic garden at 0.86%. This 
is comparable to the rates seen in the first two scenarios, both of which could be due to narrow 
windows of attention. Although, on the basis of their results, Beck et al. (2001) argue that 
localizing food production in or near cities may not reduce the need for nonrenewable and 
imported resources without changing the input supply networks. This could be explained by a high 
dependence on the larger scale system within which the subsystem is embedded. Arguably, this 
applies to the urban farm in Detroit where many of the inputs are sourced from a conventional 
supply chain.  
 
On the other hand, Bergquist (2010) shows, in an analysis of community garden in Brazil, a 
renewability rate of up to 80% which is based on the amount of local renewable and recycled 
inputs entering the system. However, when the initial analysis is evaluated based both the local 
renewable and recycled inputs, as in scenario four, the renewability rate is 26.59%. These 
variances could be explained by the different types of systems that these two subsystems are 
embedded in where the Brazilian system is less reliant on the more conventional and industrial 
system than the urban farm in Detroit. Although when comparing production, the Detroit farm 
produces a higher yield at a ratio of 90.80 kilograms to one. The yield discrepancies follow trends 
between more indigenous farming systems in comparison to more conventional or production-
oriented systems. For example, Martin et al. (2006) illustrate that as the quantity of lower quality, 
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local renewable inputs increases more energy is lost as these low quality energies are concentrated 
into higher quality outputs, which can translate into reduced yields with higher transformities and 
less or no income. 
 
Whereas the income generated as an output in this system is similar as what is seen by other 
(urban) food production farmers. While the gross income seen in this CSA farm is on par with 
other studies (e.g. Brown & Miller, 2008), the net profit is nearly $5,000 lower than the cited gross 
profits seen in other CSA farms. Even though the farmers involved in the CSA City Commons are 
committed to safe and sustainable practices, the results from this farm reveal that it is not in terms 
of an emergy synthesis. It is not regarded as sustainable since it does not efficiently direct 
available energy into channels that develop the most useful work from the incoming energy. In 
other words, it is not efficient in the use of incoming emergy for the production of its outputs. 
Therefore, in emergy terms, reorganization is key. Accordingly, it can be argued that the system 
evaluated here does not achieve the maximum empower principle or self-organization since it does 
not generate autocatalytic feedbacks and storages to maximize useful transformations of power.  
 
The results seen in this study could be symptomatic of how the system is defined and how emergy 
defines renewability, as resources that are internal to the system or locally renewed. As mentioned 
in the Methods chapter, the system boundaries or window of attention not only define but also 
limit what is evaluated and the inputs that are under consideration (i.e. affects what is included and 
excluded in the system). If the window of attention is expanded and the system is enlarged to 
include the neighborhood and its contributions, the renewability of the system improves with the 
inclusion of more (local) renewable inputs. This would then result in more (autocatalytic) 
feedbacks, discussed in Chapter 3.  
 
Feedbacks and renewability, as discussed in Chapter 3, support the development of the maximum 
useful work from (renewable) resources that flow into the system by reinforcing productive 
processes, overcoming limitations, and maximizing efficiency. Accordingly, the farm system 
should be expanded to include more local, renewable and nonrenewable resources when discussing 
sustainable development. The renewability rate also ties in closely with the idea of sustainable 
development and sustainability, which refers to the ability of a state or condition that can be 
maintained over an indefinite period of time. While imported resources may always be required, 
the greater ability to incorporate local renewable resources can greatly benefit the ability of a 
system to be maintained for a greater length of time. Keeping resources within the window of 
attention, particularly if the window of attention is a city, then it could be suggested that the 
environment as well as society and the economy within that system might improve to become more 
renewable as well as sustainable, thus creating a more viable capacity to meet present needs 
without jeopardizing those of future generations. Doing so, it might be possible to accomplish 
many of the goals outline by Quental et al. (2009) in Section 2.1. Hence, the results show the 
importance of obtaining resources from local, renewable sources. Without including more local, 
renewable resources this analysis as an example of a food production system in Detroit may not be 
exemplary of future alternative, sustainable food systems.  
 
As mentioned above, there are various types of urban agriculture in Detroit so if a broader range of 
farms and gardens were analyzed then the results could look different. Accordingly, a more 
thorough study could bring in more aspects of amplifying feedbacks as well as reliance and 
interdependence on systems of other scales, such as the impacts it might have on the neighborhood 
and societal relations. This leads to one of the weaknesses but also strengths of this study. As a 
weakness of an emergy assessment this leads to the interpretation that the system is not 
sustainable, which is highly dependent on how the window of attention and inputs are defined. 
With a small window of attention, as in this initial study, it becomes difficult to see how it is 
embedded within the next larger system scale of the neighborhood or within an area of distribution. 
However, the holistic nature and comprehensive nature of emergy syntheses permit the inclusion of 
such resources that can be overlooked in other types of syntheses and analyses. The strength in this 
regard is that this system’s high degree of interdependence on a larger scale for its imported inputs 
forces attention onto the larger scale. 
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Yet for sustainable development, a larger and richer picture is needed. At the landscape level, we 
can find other processes that occur. For example, trees provide a habitat for birds, and potentially 
bats, which in turn influence the insect population of a given area and in turn the crop production. 
Likewise, the farm may encourage passersby to stop and ask questions about food production, 
spreading knowledge about food cultivation. However, it is difficult to evaluate whether or not and 
how the role of urban agriculture in the form of a CSA increases consumer awareness of seasonal 
limits as well as environmental impacts of food or even reshape the relationship between food and 
economies or a shift toward ecological sustainability and local agriculture. Likewise, it is possible 
that the urban farm could lead to lower rates of crime as indicated by Kuo and Sullivan (2001) in 
Section 2.3. Therefore, the qualities that the farm system has to offer would benefit from further 
analysis in order to understand its impact on society.  
 
Still, emergy syntheses have their benefits. Using emergy, it permits the evaluation of a system and 
promotes a systematic view of the processes underlining different products and services. When 
applied to agriculture, emergy can also identify farming systems that more efficiently capture and 
utilize the energy in sunlight as well as its derivatives versus those that rely on fossil fuels, 
fertilizers and machinery. In addition, it gives the ability to evaluate different forms of energy, or 
inputs into a system, in a common unit while taking into account the historical and embedded 
energy within each form of energy. This allows for the identification of problems within a system 
as well on different system scales in addition to potential alternatives to improve a system’s 
performance. Namely, the relationships between scales become more evident and without a change 
in the larger scale systems then the emergy of subsystems, such as the urban farm, will be a 
product of its larger system. 
 
When it comes to the empirical data, it is possible that some inputs are overvalued or undervalued 
due to some of the assumptions that were made based on the interview with the farmer, other 
Detroit farm practices as well as additional references. For example, it is possible that equipment is 
undervalued given its low contribution, which is estimated based on a previous study. In addition, 
it is possible the amount of municipal water is under estimated since it is assumed the water 
catchment is only filled once by the fire department. As for the seeds, the discount or bulk price is 
frequently used based on the farmer’s comments during the interview (i.e. buys collectively with 
other CSA members). When it comes to the chicken inputs, it is assumed that the farmer does not 
pay for any of the services apart from chicken feed yet these are included in the analysis to account 
for the services that go into these inputs. This is done elsewhere when resources are gifted to the 
system (e.g. mulch, straw, cardboard). In addition, the dimensions, which are the basis for the 
material and service inputs, for green house as well as the chicken building and pen are estimated 
based on the farm visit. Likewise, the assumed product lifetimes are based off of research where 
possible as well as approximations due to the material type. Furthermore, distribution is not 
included in this analysis because it is uncertain whether the owner uses a bicycle and trailer to 
dispense the produce, as seen on the City Commons webpage. Despite the assumptions made in 
this study, it is believed the analysis represents a sound depiction and model of the yearly 
environmental supports to this urban farm.  
 
From the depiction of urban agriculture in Detroit and extrapolation to potential food production, it 
suggests that it might be possible for a city like Detroit to become nearly food sovereign when it 
comes to vegetable consumption. Based on the prospects for food production on vacant parcels of 
land this appears nearly attainable based on the current population and demand in correlation to 
Colasanti & Hamm (2010). As food sovereignty is an aspect to the urban agriculture movement 
and CSA group in Detroit, the type of urban agriculture seen here could greatly impact the 
sustainable development of the city if it were to generate more of its resources within the farms 
and/or city alongside the expansion of urban farms. While the start of this movement was initiated 
by an economic collapse and a decrease in car manufacturing, cities particularly with vacant lots, 
food deserts, etc. could benefit from producing food as well as develop more sustainably if steps 
are taken to increase the local renewable resources used in urban food production. Moving 
forward, it is suggested that cities could learn from the potential of applying urban farming and 
gardening in their cities through implementing urban agriculture in urban planning and city policy. 
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Furthermore, bringing agriculture back into the cities may enhance urban populations’ connection 
to food and improve cities’ sustainability (see Section 2.1). However, most often there is minimal 
land available in urban areas in relation to population, which increases the challenge of sustaining 
food production that fulfills the demand. This ties back into the motives and goals of city 
management. Should they be redirected to becoming more sustainable in their food production and 
supply, the allocation of more land to urban agriculture could be possible in the future.  
 
While city management plays a big role in the sustainable development of urban centers, there are 
also various ways in which urban food production systems such as seen in this study could 
improve their renewability and sustainability. For example, rainwater collection methods as well as 
storage could be improved so that the municipal water does not have to extracted. In addition, 
more resources could be harvested and/or generated within the farm’s window of attention, such as 
the use of additional organic waste from humans in the area (e.g. excrements). Likewise, 
collaborations could be developed among the group of CSA farmer as well as other local farmers 
and gardeners to create storages and feedbacks in attempts to reach maximum empower. These 
could include inputs such as compost, mulch, tree production and harvesting for building materials 
and the production of wheat, oat or barely crops for the coproduct of straw. A suggestion for future 
research would be to evaluate a CSA group as a whole to determine its total emergy, renewability 
and sustainability as well as the potential for generating their own local renewable resource inputs. 
 
7. Conclusion 
Based on the results of this study, the urban farm in Detroit uses organic production practices but 
imports many of the resources used for food production. As seen here, services and human related 
inputs dominate the amount of total inputs measured in emergy. Therefore, the urban farm is not 
sustainable in that it does not make efficient use of the incoming resources nor do the resources 
originate within the system (i.e. local renewable inputs). As long as the primary inputs are supplied 
through the emergy intensive economic system, the indices such as the EYR and ESI are likely to 
be low. While excluding the chickens from the system analysis slightly increases the renewability 
rate, this could be a result of a reduction in the overall emergy as well as reduced imported inputs. 
On the other hand scenarios three and four improve the renewability of the urban farm by 
expanding the window of attention, there are still improvements that could be made to further 
increase its sustainability. For example, more resource inputs could be generated within the system 
and seeds could be saved. Likewise, more storages and feedbacks could be developed to decrease 
reliance on more conventional means of food production.  
 
Yet, the amount of food produced on the farm could potentially sustain the recommended 
vegetable intake of 44 people and up to 132 Detroiters based on their current consumption. On the 
other hand, fruit production is only able to sustain five to 21 Detroiters. If farms with the same 
yields were to expand to the amount of available or vacant acres in Detroit, it could be possible for 
the yield to meet the current vegetable demand. However, this does not seem likely if Detroiters 
were to increase their vegetable consumption to the USDA recommended servings. It is also not 
likely that the current or recommended fruit consumption could be met based on the fruit 
production amounts seen at the urban farm under evaluation. Therefore, there is a need for the 
system to reorganize.  
 
While the results are promising for meeting current vegetable demands, there are options that 
could increase the sustainability of the farm as well as urban food production. Perhaps a solution 
for system reorganization could be that the CSA farmers collaborate in order to generate as many 
renewable resources as possible to create storages and feedbacks in attempts to reach maximum 
empower. This could include compost, collection of mulch off of the trees on their farms, tree 
production and harvesting for building materials and the production of barley, oat or wheat for the 
coproduct of straw as well as recycling other organic waste (e.g. urine). In conclusion, should 
farms improve the sustainability and efficiency in urban food production in cities similar to 
Detroit, it could be a viable option for the development of more sustainable urban food systems.  
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Appendix A 
 

Emergy Table Calculations 

All UEVs are updated to the new global baseline proposed by Brown et al. (2016).  Transformities 
(UEVs) were found using NEAD database and reviewing the original papers when needed. 

Local renewable inputs(R) 

1. Sun received on the farm per year. (avg. total annual insolation J/yr)(area)(1 - albedo)(UEV) 
(Brandt-Williams, 2002) = 4.84E+09 [J/m2/yr] (NASAeosweb, 2017) * 1.71E+03 [m2] (this 
study) * (1 -  0.15 (NASAeoseb, 2017)) * 1 [seJ/J] (Odum, 1996). 

2. Rain received directly and collected on the farm area per year. (area - area, water 
catchment)(m3/yr)(1E6g/m3)(4.94J/g)  + (volume, water catchment)(1E6g/m3)(4.94J/g) (UEV) = 
(((1.71E+03 [m2] – 3.86 [m2] (this study)) * 8.50E-01 [m3/yr] (Weather.gov, 2017) * 1E6 [g/m3] * 
4.94 [J/g])) + (1.9E+00 [m3/yr] (Weather.gov, 2017) * 1E6 [g/m3] * 4.94 [J/g])) * 1.42E+04 
[seJ/J] (Odum, 1996). 

Imported inputs (F) 

3. Mulch used per year. (quantity)(energy content of organic matter)(J/kcal)(UEV) = (9.57E+00 
[kg/m3] (DWSD, 2006) * 5.40E+03 [kcal/kg] (Lefroy & Rydberg, 2003) * 4186 [J/kcal]) * 
2.76E+04 [seJ/J] (Ulgiati et al., 1994). 

4. Fuel used for mowing the lawn per year. (quantity)(UEV) = 4.95E+03 [g] (American Honda 
Motor Co., Inc., 2001) * 5.21E+04 [seJ/g] (Brandt-Williams, 2002). 

5. Organic matter used per year. (quantity, potting soil + quantity, peat moss)(energy content of 
organic matter)(J/kcal)(UEV) = ((7.94E+00 [kg] (DF&G Rep., 2017) + 7.60E+00 [kg] (DF&G 
Rep., 2017)) * 5.40E+03 [kcal/kg] (Lefroy & Rydberg, 2003) * 4186 [J/kcal]) * 5.85E+04 [seJ/J] 
(Odum, 1996). 

6. Straw used per year. (quantity)(energy content of organic matter)(J/kcal)(UEV) = 5.95E+01 
[kg/m3] (DF&G Rep., 2017) * 5.40E+03 [kcal/kg] (Lefroy & Rydberg, 2003) * 4186 [J/kcal] * 
6.92E+04 [seJ/J] (Coppola et al., 2009). 

7. Cardboard used per year. (quantity)(energy content of organic matter)(J/kcal)(UEV) = 1.24E+01 
[kg] (Continentalcarton.com, 2017) * 5.00E+03 [kcal/kg] (Lefroy & Rydberg, 2003) * 4186 
[J/kcal] * 1.12E+05 [seJ/J] (Buranakarn, 1998). 

8. Electricity used for grow lights per year. (quantity)(J/kwh)((UEV, coal * 36%) + (UEV, nuclear * 
28%) + (UEV, biomass * 34%) + (UEV, hydro * 2%)) = (3.89E+02 [kwh] (Hgtsupply.com, 2017) 
* 3.60E+06 [J/kwh]) * ((1.23E+05 [seJ/J] (Brown & Ulgiati, 2002) * 36% (Eia.gov, 2017)) + 
(2.55E+05 [seJ/J] (Häyhä, Franzese, & Ulgiati, 2011) * 28% (Eia.gov, 2017)) + (1.44E+05 [seJ/J] 
(Zhang & Long, 2010) * 34% (Eia.gov, 2017)) + 4.46E+04 [seJ/J] (Brown & Ulgiati, 2002) * 2% 
(Eia.gov, 2017)). 

9. Seeds used per year. (quantity)(energy content per organic matter)(UEV) = 1.44E+04 [g] (this 
study) * 2.00E+04 [J/g] (Beck et al., 2001) * 2.88E+08 (Martin et al., 2006). 

10. Municipal water used per year. (volume)(density)(4990 J//kg)(UEV) = 5.03E+00 [m3/yr.] (this 
study) * 1.00E+03 [kg/m3] * 4990 [J/kg] * 4.31E+05 [seJ/J] (Buenfil, 2001). 

11. Compost bought and used per year. (quantity)(UEV) = 1.39E+07 [g] (this study) * 2.42E+08 
[seJ/g] (Marchettini et al., 2007). 

12. Plastic used per year. ((quantity, greenhouse / assumed 10 yr. lifetime)+(quantity, water 
catchment / assumed 10 and 20 lifetime for tarp and tub, respectively)+(quantity, cell packs / 
assumed 3 yr. lifetime)+(quantity, landscape fabric / assumed 10 yr. lifetime)+(quantity, 
packaging))(UEV) = ((1.92E+02 [g] (GreenhouseMegastore.com, 2017) / 10 [yr]) + (2.92E+02 
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[g] (Homedepot.com, 2017; Plastic-mart.com, 2017) / 10/20 [yr]) + (7.93E+02 [g] 
(Johnnyseed.com, 2017) / 3 [yr]) + (1.42E+02 [g] (Glemplers.com, 2017) / 10 [yr]) + (2.00E+03 
[g/yr] (Uline.com, 2017; Amazon.com, 2017))) * 3.00E+08 [seJ/g] (Buranakarn, 1998).  

13. Wood used at the farm per year. (quantity / assumed 20 yr. lifetime)(UEV) = (5.36E+05 [g/yr]
(this study) / 20 [yr])* 6.95E+08 [seJ/g] (Buranakarn, 1998).

14. Brick used per year. ((Quantity)(Number of bricks) / Assumed lifetime)(UEV) = ((5 [lb.] * 453.6
[g/lb.]) * 35 [bricks] (this study)) / 500 [yr.] (Brick Development Association, 2011)) / * 1.83+09
[seJ/g] (Buranakarn, 1998).

15. Aluminum metal used per year. (quantity / assumed 20 yr. lifetime)(UEV) = (9.07E+04 [g]
(Plastic-mart.com, 2017) / 20 [yr]) * 2.24E+09 [seJ/g] (Buranakarn, 1998).

16. Steel metal used per year. (quantity, greenhouse, water catchment, grow station / assumed 20 yr.
lifetime)(UEV) = ((7.03E+01 [g/yr] (Homedepot.com, 2017) / 20 [yr]) + (1.90E+01 [g/yr]
(Homedepot.com, 2017)  / 20 [yr]) + (1.41E+02 [g/yr] (Homedepot.com, 2017)  / 20 [yr])) *
2.80E+09 [seJ/g] (Bargigli & Ulgiati, 2003).

17. Rubber used per year in packaging. (quantity)(UEV) = 2.57E+03 [g] (Amazon.com, 2017) *
3.40E+09 [seJ/g] (Ulgiati et al., 1994).

18. Perlite per year. (quantity)(UEV) = 7.60E+03 [g/yr] (DF&G Rep., 2017)* 3.56E+09 [seJ/g]
(Odum, 1996).

19. Labor for two workers per year. (quantity)(UEV) = 1.89E+03 [hrs] (this study) * 8.85E+11
[seJ/hr.] (Odum, 1996).

20. Pesticide (neem oil) used per year. (quantity)(UEV) = 1.02E-01 [kg/yr] (this study) * 1.26E+12
[seJ/kg] (Odum, 1996).

21. Equipment  per year. ((quantity, lawn mower / assumed 5 yr. lifetime [used]) + quantity,
other)(UEV) = ((34.6 [kg] (American Honda Motor Co., Inc., 2001) / 5 [yr.]) + .46 [kg] (Zhang et
al., 2011)) * 1.84E+12 [seJ/kg] (Martin et al., 2006).

22. Services per year. ((Services, total = (seeds) + (straw) + (compost) + (perlite / 3 for fraction of bag
used per year) + (potting soil) + (peat moss / 5 for fraction of bag used per year) + (grow lights /
(lifetime operating hours / operating hours per year)) + (equipment, (lawn mower / assumed 5 yr.
lifetime) + (other / assumed 10 yr. lifetime)) + (water catchment totes, (price per tote * number of
totes) / assumed 20 yr. lifetime) + ((municipal water, price per 1000 cubic ft. / cubic meter) *
amount used) + (electricity, price per kwh * kwh used per year) + (fuel, price per gallon * number
of gallons) + ((pesticides, price per bottle / number of ounces per bottle) * ounces used per year) +
(plastics for greenhouse, tarp, cell packs, landscape sheet / assumed lifetimes) + (wood for
greenhouse, water catchment stands, grow station stands / assumed lifetimes) + (metal for
greenhouse, grow station stands, water catchment stands/assumed 50 yr. lifetime) +(services,
packaging) + (additional services))(UEV) = ((($661.04 (Fedco.com, 2017; Seedsavers.org, 2017)
+ ($7.50 (DF&G Rep., 2017)) + ($900.00 (DF&G Rep., 2017)) + ($23 (DF&G Rep., 2017) / 3
(this study)) + ($9.00 (DF&G Rep., 2017)) + ($23 (DF&G Rep., 2017) / 5 (this study)) + ($63.60 /
(20000 [hrs.] (Htgsupply.com, 2017) / 900 [hrs] (this study))) + (($75 (Detroit.craigslist.org,
2017) /5 [yr]) + $1.39 (Zhang et al., 2011) / 10 [yr.]) + (($236 (Plastic-mart.com, 2017) * 4)/20
[yr]) + (($23.50 (City of Detroit, 2017) / 28.32 [m3]) * 5.03 [m3] (this study)) + (($0.16 (Bls.gov,
2016) * 3.89E+02 [kwh] (Htgsupply.com, 2017)) + ($2.39 [$/gallon] (Bls.gov, 2017) * 4.13
[gallon] (this study)) + (($23 [per bottle] (DF&G Rep., 2017) / 32 [oz.]) * 6 [oz./yr] (this study)) +
(($271.88 (GreenhouseMegastore.com, 2017) / 10 [yr]) + (($14.48 [per tarp] (Homedepot.com) *
2 [tarps]) / 10 [yr]) + ($16.74 (Johnnyseed.com, 2017) / 3 [yr]) + ($18.20 (Glemplers.com, 2017) /
10 [yr])) + (($2.05 + $18.51 + $2.85 (Homedepot.com)) / 20) + (($0.02 + $0.01 + $0.04) / 20 [yr])
+ ($119.19 (Uline.com, 2017; Amazon.com, 2017)) + ($16.13 (this study)) * 2.50E+12 [seJ/$]
(NEAD, 2008).

Total emergy input (Y) is the sum of input two (water) through 25 (services) represented in seJ. One (sun) 
is not included to avoid double counting. 
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Outputs 

23. Organic material  

a. Including services, kg 

i. (Total emergy, Y) / (Organic material generated per year – amount to compost) = 
2.13E+16 [seJ] / 3.49E+04 [kg] – 1.16E+03 [kg] 

b. Excluding services, kg 

i. (Total emergy, Y – Services) / (Organic material generated per year – amount to 
compost) = 2.13E+16 [seJ] – 1.56+16 [seJ] / 3.49E+04 [kg] – 1.16E+03 [kg] 

c. Including services, J 

i. (Total emergy, Y) / (Organic material generated per year – amount to 
compost)(kcal/kg)(J/kcal) = 2.13E+16 [seJ] / (3.49E+04 [kg] – 1.16E+03 [kg]) * 5400 
[kcal/kg] (Lefroy & Rydberg, 2003) * 4186 [J/kcal] 

d. Excluding services, J 

i. (Total emergy, Y –Services) / (Organic material generated per year) (kcal/kg)(J/kcal) = 
2.13E+16 [seJ] – 1.56E+16 [seJ] / (3.49E+04 [kg] – 1.16E+03 [kg]) * 5400 [kcal/kg] 
(Lefroy & Rydberg, 2003) * 4186 [J/kcal] 

24. Compost 

a. Including services, kg 

i. (Total emergy, Y) / (Compost generated per year) = 2.13E+16 [seJ] / 4.65E+02 [kg] 

b. Excluding services, kg 

i. (Total emergy, Y – Services) / (Compost generated per year) = 2.13E+16 [seJ] – 
1.56E+16 [seJ] / 4.65E+02 [kg] 

c. Including services, J 

i. (Total emergy, Y) / (Compost generated per year)(kcal/kg)(J/kcal) = 2.13E+16 [seJ] / 
4.65E+02 [kg] * 5400 [kcal/kg] (Lefroy & Rydberg, 2003) * 4186 [J/kcal] 

d. Excluding services, J 

i. (Total emergy, Y – Services) / (Compost generated per year)(kcal/kg)(J/kcal) = 
2.13E+16 [seJ] – 1.56E+16 [seJ] / 4.65E+02 [kg] * 5400 [kcal/kg] (Lefroy & Rydberg, 
2003) * 4186 [J/kcal] 

25. Bee pollination  

a. Including services 

i. (Total emergy, Y) / (pollen emergy + bee emergy) = 2.13E+16 [seJ] / (1.38E+11 
[seJ/yr] + 4.96E+14 [seJ/yr] (Montesino, 2010))  

b. Excluding services 

i. (Total emergy, Y – Services) / (pollen emergy + bee emergy) = 2.13E+16 [seJ] - 
1.56E+16 [seJ] / (1.38E+11 [seJ/yr] + 4.96E+14 [seJ/yr] (Montesino, 2010))  

26. Honey 

a. Including services, kg 

i. (Total emergy, Y) / (Quantity honey produced) = 2.13E+16 [seJ] / 2.88E+01[kg] 

b. Excluding services,  kg 

i. (Total emergy, Y – Services) / (Quantity honey produced) = 2.13E+16 [seJ] - 
1.56E+16 [seJ] / 2.88E+01 [kg] 
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27. Yield / harvest

a. Including services, kg

i. (Total emergy, Y) / (Total harvest) = 2.13E+16 [seJ] / 3.79E+03 [kg]

b. Excluding services, kg
i. (Total emergy, Y – Services) / (Total harvest) =  2.13E+16 [seJ] - 1.56E+16 [seJ] /

3.79E+03 [kg]

28. Vegetables

a. Including services

i. (Total emergy, Y) / (Total vegetable harvest) = 2.13E+16 [seJ] / 3.84E+03 [kg]

b. Excluding services

i. (Total emergy, Y – Services) / (Total vegetable harvest) = 2.13E+16 [seJ] - 1.56E+16
[seJ] / 3.84E+03 [kg]

29. Fruit

a. Including services

i. (Total emergy, Y – (emergy for neem oil + services, neem oil)) / (Total fruit harvest) =
2.13E+16 [seJ] -	(7.53E+07 + ($4.31 * 2.50E+12)) / 9.32E+01 [kg]

b. Excluding services

i. (Total emergy, Y – Services – (emergy for neem oil + services, neem oil)) / (Total fruit
harvest) = 2.13E+16 [seJ] - 1.56E+16 [seJ] – (7.53E+07 + ($4.31 * 2.50E+12)) /
9.32E+01 [kg]

30. Income (before tax)

a. Including services

i. (Total emergy, Y) / (Total income) = 2.13E+16 [seJ] / $22,161.50

b. Excluding services

i. (Total emergy, Y – Services) / (Total income) = 2.13E+16 [seJ] - 1.56E+16 [seJ] /
$22,161.50

31. Income taxes

a. Including services

i. (Total emergy, Y) / (Total income * %  income tax) = 2.13E+16 [seJ] / ($22,161.50 *
.0245 [% income tax] (City of Detroit, 2017))

b. Excluding services

i. (Total emergy, Y – Services) / (Total income * % income tax) =  2.13E+16 [seJ] -
1.56E+16 [seJ] / ($22,161.50* .0245 [% income tax] (City of Detroit, 2017))

32. Income (after income tax and services)

a. Including services

i. (Total emergy, Y) / (Total income -  (income tax + property tax)) = 2.13E+16 [seJ] /
($22,161.50– $542.96 - $6,210.48)

b. Excluding services

i. (Total emergy, Y – Services)  / (Total income -  income tax) =  2.13E+16 [seJ] -
1.56E+16 [seJ] / ($22,161.50– $542.96 - $6,210.48)

33. Labor

a. Including services
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i. (Total emergy, Y) / (Hours worked/yr.) = 2.13E+16 [seJ] / 1.56E+04 [hrs]

b. Excluding services

i. (Total emergy, Y – Services)  / (Hours worked/yr.) = 2.13E+16 [seJ] - 1.56E+16 [seJ] /
1.56E+04 [hrs]
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