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Project Summary 
 

In cities around the world, precious resources are thrown to the wayside as waste with 
no possibility of further utilization. This is especially true for the organic fraction of both 
municipal solid waste and wastewater bio-solids produced in the United States, which 
contain useful energy and chemicals within. Unfortunately, the widespread 
implementation of systems that take advantage of such resources have been hindered 
by a lack connectivity between waste generators, haulers, treatment facilities, and 
government permitting. Fortunately, ECOnnectivity, while still in its early stages of 
development, is here to begin helping to overcome these social obstacles. 
ECOnnectivity is a big data based software, utilizing the internet of things (IOT), which 
virtually links waste entities in ways that facilitates the sharing of organic wastes and the 
resources derived from them. It does this by gathering and storing data from each waste 
entity to calculate mass and energy balances, economic analysis, optimized waste 
collection routes, and eventually much more. With the ability to store large amounts of 
data onto a central server, ECOnnectivity will also serve communities as a decision 
support system (DSS) for large-scale projects in an attempt to reduce wastefulness 
while increasing the sustainability of future cities. Though ECOnnectivity has prospects 
of spreading to much wider areas of interest, this report will focus on the use of a 
rudimentary version of the software to examine the usefulness of transporting source 
separated organics produced by commercial-scale organic waste generators in 
Lafayette Parish to the three wastewater treatment plants (WWTP) in Lafayette for 
energy recovery through anaerobic digestion. 
 

To begin, optimized routes were created through Lafayette Parish based on road miles 
traveled, capacity of nearby digesters located at WWTPs, and greatest net positive 
energy production. These may seem like conflicting objective, but the results show that 
increasing any of these parameters will cause an increase in the system as a whole. 
These optimized routes would then be relayed to waste haulers in the area using the 
Google Maps API on a handheld GPS. Next, an economic analysis was run for each 
waste entity based on research of the process. This resulted in a best-case scenario for 
Lafayette Parish that covered a total of 337 road miles for one holistic pickup, collecting 
9377 tons of organic food waste per year, producing 0.66 MW of net power. While this 
is considered a small-scale power plant, it represents the powering of roughly 950 
residential homes or 160 commercial businesses. When looking at the results of the 
economic analysis, ECOnnectivity showed that while the waste haulers are able to turn 
a profit of $400,500 per year, the WWTPs would need government subsidies of $13.30 
per ton of organic waste treated. This corresponds to $185,000 per year, to reach a 
reasonable payback period of roughly 12 years under the assumed conditions of waste 
generation, capital cost, and operation and maintenance cost. 
 
Introduction  
     

The growth of our cities is inherently accompanied by the increasing production of 
organic wastes such as food waste, yard clippings, animal manure, wastewater bio-
solids, and many more. Lafayette Parish, the project area chosen for this case study, 
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does not deviate from this pattern. As the second most densely populated parish in 
south-central Louisiana, Lafayette Parish is the state’s hub city regarding the interaction 
between oil-and-gas, commerce, education, health services, living, and entertainment 
sectors in the southern region of the state. This has led to Lafayette Parish becoming 
one of the largest producers of organic waste in Southern Louisiana.  
 

These organic wastes have many useful resources locked within such as heat, 
electricity, and chemicals, but as of now, there are very few systems in place for the 
recovery of these resources. In 2014, the United States EPA estimated that the single 
largest component of municipal solid waste (MSW) being placed into landfills are food-
related wastes [1], reflecting a one-dimensional mindset in terms of organic waste 
treatment. Years of focusing solely on the disposal of organics has resulted in the 
unnecessary expenditure of land space, an inefficient use of valuable resources and 
greater than necessary greenhouse gas (GHG) emissions. As fossil fuels and other 
nonrenewable resources are used up, focusing our attention on ways to more effectively 
harness the energy within our wastes will become increasingly important. Currently 
Lafayette Parish disposes their municipal solid waste to landfills in the surrounding 
parishes, which have historically provided Lafayette Parish with a reliable service but 
does not capitalize on the intelligent utilization of land space or recycling of organic 
waste into useful energy and fertilizer. 
 

Currently there are three WWTPs in Lafayette Parish that treat sewage sludge by 
anaerobic digestion. The biogas produced in this system is high in methane content, 
which is flared to the atmosphere to lower greenhouse gas exposure. Another product 
of anaerobic digestion is the production of biosolids containing high levels of nitrates. 
These solids are then brought to landfills to be land applied. While this process is 
successful in the disposal of waste, it is one-dimensional by not capitalizing on the 
energy potential of digesting organic waste. Sewage sludge co-digested with other 
forms of organic waste, such as food waste, increases the biogas production of each 
waste vector, resulting in a complementary relationship that should be tapped. 
 

All this wastefulness can be contributed to two main factors. Firstly, digestion of sewage 
sludge alone does not produce enough biogas to be profitable for the WWTP after 
capital costs to install turbine generators to produce electricity is paid. Secondly, a lack 
of connectivity between organic waste generators, waste haulers, and WWTP prohibit 
the treatment facilities from receiving additional feedstock to increase biogas production 
to profitable levels. The ECOnnectivity network (Figure 1) is designed to solve both of 
these problems.   
 

Problems Addressed 
 

Of the many challenges preventing implementation of systems for resource recovery 
from organic waste, the most direct problem that must be overcome is the lack of 
connectivity between waste generators, haulers, and treatment facilities. The 
connectivity of an interactive network provides solutions that are crucial for the 
implementation and development of sustainability projects [2] [3]. Interactive 
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connectivity allows: (1) quicker assessment of project status, and immediate actions on 
group decisions; (2) practitioners and theorists to dynamically search for better project 
directions; and (3) the discovery of untapped facilities and resources that may be key 
tools for progress. Adding data analytics within an interactive network creates a decision 
support system (DSS) aspect that allows for the modeling of metrics such as bioenergy 
potential, mass balances, and environmental impact estimates. Using the Internet of 
Things (IOT) platform and geographical information system (GIS) analytics, 
ECOnnectivity caters an interactive citywide network of organic wastes generators, 
haulers, and processors to implement a sustainable system of waste management and 
utilization in the city of Lafayette. 
 

Due to ECOnnectivity’s ability to process large amounts of data, managers of waste in 
the community would be aided in the resolution of complex problems. Population growth 
is inevitably complicating previously simple issues, and as stated here, “...so much 
depends on how we build our cities: not just environmental impacts, but our social well-
being, our economic vitality, our sense of community and connectedness. 
Fundamentally, the way we shape cities is a manifestation of the kind of humanity we 
bring to bear,” [4]. As new entities begin to use ECOnnectivity, larger amounts of 
information will be gathered, which in turn will enable the DSS to more accurately 
advise managers and important decision makers in the community. As humans develop 
increasingly intricate systems, this kind of connectivity will likely become a necessary 
role in shaping new legislation and infrastructures. If effectuated to serve the future 
appropriately, ECOnnectivity’s opportunities are endless. 
 
Description of System 
 

Inputs & Outputs 

 

The first input that the system will need are GIS shapefiles containing location specific 
information for the area of interest, in this case Lafayette Parish roads, commercial 
organic waste generators, and WWTPs. Next, weights of the organic fraction of solid 
waste produced by varying sources will be measured and wirelessly uploaded to the 
ECOnnectivity server along with individual truck capacities. This input is dynamic in 
nature and will require hardware to be constantly monitored. For the preliminary model 
used in this report, the organic fraction of solid waste produced by each commercial 
scale generator in Lafayette Parish was estimated using values with respect to each 
different type of source [5]. The static data inputs that will be needed for the DSS to 
calculate expenditures include the energy content [6] and cost [7] of diesel, fuel 
economy of typical garbage trucks [6], energy content of feedstock [8] [9] [10] [11], 
typical costs [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25](capital and 
O&M) and revenues of each entity.  
 

Based on these inputs, ECOnnectivity will begin by breaking the area of interest’s 
shapefiles into zones, each containing a WWTP. Next, ECOnnectivitiy’s private server 
will output customized visual interfaces depending on their respective usefulness to 
each type of client, allowing them to easily track the progress of the system. This will 
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provide a platform for increasing connectivity of community resources and aid in the 
waste treatment decision-making processes. For waste haulers, the model will output 
optimal routes based on maximized energy production potential, a cost analysis of their 
service, updated availability of waste in their respective zone, and permitting needed to 
facilitate the pickup process. WWTPs will be provided with anaerobic digester capacities 
for their plant incorporated with incoming deliveries, biogas generation, net financial 
gain for the facility, and further permitting information needed to take on the new 
sources of waste. City planners will be given a full economic analysis including job 
creation, costs and revenues, sustainability, statuses of ongoing permitting processes, 
and new city zoning suggestions. Finally, waste generators will have access to a 
constantly updated website displaying their contributions to the community to show that 
their efforts are making a difference both locally and globally. 
 

Mass and Energy Balances 

 

To solve both the mass and energy balances, the model begins by finding the shortest 
possible routes within each zone through a GIS software system, e.g., ArcGIS or QGIS, 
using pgRouting [26] to calculate route distances in miles. Based on the simple capacity 
balance given in Eq. (1-1), only the routes that do not cause anaerobic digesters to 
store biosolids beyond their capacity are considered. 
 

 
 

Once outputted, the route distance in miles is used to calculate the energy consumption 
involved in transporting the organic waste between generators and treatment plants 
(Eq. (2-6)). Likewise, the weights of organic wastes produced from each pickup along 
the route will be used to estimate the energy production (Eq. (2-2)) [8] [9] [10] [11]. 
Finally, ECOnnectivity will calculate a net energy value by taking the difference between 
the energy produced and the energy consumed (Eq. (2-1)). This allows the DSS to 
generate a route minimizing driving distance while maximizing biogas production i.e. the 
largest net production of energy, all while taking into consideration the tank capacity of 
delivery trucks as well as anaerobic digesters. 
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System Functioning Mechanisms 

 

Our system consists of multiple components all working together to optimize the 
detection and collection of waste from local waste generators. At each waste generator 
(grocery stores, restaurants, etc.) a solar-powered waste bin will be placed to report 
information back to the server. The bin will utilize an infrared sensor to estimate volume 
and a scale to measure weight, both connected to a small single board computer (like a 
raspberry pi). The server will be able to handle a multitude of tasks. It hosts a small 
program that listens for messages from all the sensors, and updates the database 
accordingly. The database will hold not only individual sensor information, but also 
information on the system as a network (sensor/driver locations within zones, waste per 
sensor/truck/zone, etc.). The server will also host a webapp (link: 
Https://sankyr.github.io/ECOnnectivity) that the drivers will use to see all available waste 
locations and their route through a google map while other participants can use to see 
live data on production. 
 

A key component in optimizing fuel consumption is creating the shortest path for waste 
pickup. Our technique utilized two complementary open-source software: QGIS (GIS 
platform), and postgreSQL (database platform). These two platforms allow for quick 
calculations of big data to be displayed geospatially. PostgreSQL’s extensions, PostGIS 
and pgRouting [26], provided the geospatial routing and zoning functionality necessary 
in completing the following tasks. This is detailed in Figure 3. The first step 
ECOnnectivity takes in optimizing routes is establishing zones around each WWTP. To 
tackle this, a topology of the area’s road network is created through pgRouting, defining 
every node and edge. Then a polygon is created around the WWTP with a cost-specific 
radius (in our case, road distance).  Once the zone creation algorithm is fully developed 
there will be multiple variables considered other than just road distance. For example, 
other variables will include digester capacity, over capacity in other zones, one-way 
streets, etc. The final step is finding the shortest path for each zone between every 
waste generator, with the final destination being the WWTP. Utilizing the topology 
created from the road network, nodes representing the waste generators and WWTP 
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are injected into the road network, and the shortest round-trip path via edges is 
calculated. 
 

Once operating, organic waste brought to participating WWTPs, seen in Figure 2, will 
be used as the feedstock for their anaerobic digesters in junction with the existing 
wastewater biosolids. Anaerobic digestion (AD) is a biological conversion process that 
converts complex organics to a final gaseous byproduct commonly known as biogas. 
The process begins with hydrolysis, or the breakdown of carbohydrates, proteins, and 
fats into simple sugars, amino acids, and fatty acids, respectively. Next, a group of 
bacteria known as acidogens converts the simple organics to acetic acid, hydrogen, 
carbon dioxide, and other volatile fatty acids (VFAs). Simultaneously, symbiotic groups 
of bacteria, the acetogens, convert the various VFAs into acetic acid that can be used 
as a carbon source for the last group of bacteria, the methanogens. The process finally 
ends when the methanogens convert acetic acid, hydrogen, and carbon dioxide into 
methane. 
 

The final biogas consists mainly of methane (CH4), hydrogen (H2), and carbon dioxide 
(CO2) with hydrogen sulfide (H2S) as a trace gas. Because CO2 and H2S are low energy 
gasses that can quickly corrode machinery and cause harmful environmental effects, 
the methane must be treated before being converted into fuel or electricity. The 
proposed gas cleaning system is modeled closely to that of St. Landry Parish Solid 
Waste (St. Landry Parish, Louisiana), that has reported great success in capturing, 
cleaning, and storing biogas generated from their landfill. The first step is the removal of 
H2S, a highly corrosive and foul-smelling gas that can produce SO2 when burned–a 
known contributor to acid rain adverse health effects. An activated carbon filter can 
easily remove this constituent. At this point, the biogas still contains a fair amount of 
moisture that must be removed to improve the energy potential of the gas. This is 
accomplished by cooling the biogas to near freezing temperature of water to create a 
condensate trap, where the water will drop out of solution. The gas is then passed again 
through an activated carbon filter containing coconut shells to further remove sulfides 
and siloxanes. At this stage, most of the biogas is comprised of methane with about 
15% carbon dioxide. Finally, to convert the biogas into useful power, it must be 
combusted within a contained chamber. Upon combustion, the biogas releases heat 
that will be used to evaporate water within a boiler. The water vapor rises and causes a 
turbine to rotate, producing mechanical work that can be used to generate electricity 
with a generator. Once created, the electricity will be placed into the electric grid to 
serve the community. The system design described above is summarized in Figure 1. 
 

System Economics 

 

To be considered economically viable, the system proposed through ECOnnectivity 
must be as cheap, or cheaper, to use than landfilling for all entities to have incentive to 
join. Therefore, the following business model has been proposed for the transportation 
and conversion of organic waste to energy.  
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To initiate this business model, waste generators must first source separate their 
organic waste into separate bins. To create incentives for this action, the local utility 
company would need to offer a premium rate of electricity to waste generators involved 
in the program. At this point, it is important to keep in mind that the decrease in 
electricity rates must outweigh the additional incurred cost of collection due to waste 
haulers making twice the number of weekly trips. A scenario has been envisioned in 
which the waste generation data stored on ECOnnectivity’s server would be used to 
charge monthly pick-up fees based on the amount of waste produced by each individual 
generator, but changing the format of waste hauler contracts is an entirely different topic 
and will not be considered in this analysis. The only capital cost incurred by the waste 
generator during start-up would be the hardware needed to measure, store, and transfer 
organic waste generation data to the main server.  
 

Next, the waste haulers would set up organic waste contracts with the waste generators 
that would be comparable to that of their current waste pick-up rates while still turning a 
profit considering the additional operation and maintenance cost of increasing the 
number of trips necessary for pick up. We assume that organic waste pick-ups can be 
scheduled on different days as the inorganic fraction so that no additional trucks would 
need to be purchased, nullifying capital cost for waste haulers. The waste hauler would 
then transport the organic waste to each zone’s respective WWTP where a tipping fee 
based on the current tipping fee charged by landfills would be incurred. As to not to 
overbear the waste generator with additional costs, the waste hauler will enter into a 
contract with ECOnnectivity that charges an annual data holding fee based on the 
number of local generators. The waste hauler will likely be able to offset some of this 
cost by charging slightly higher collection fees to the generators. 
 

Once received, the WWTP would pay for the conversion of the additional waste being 
placed into its anaerobic digesters, including pre-treatment, and sell the electricity 
produced. Of course, the WWTP would need to purchase pre-treatment equipment and 
technologies for biogas to electricity conversion, which will be the largest capital cost of 
this business model. Even with a high a capital cost, government tax credits will be 
given out for their purchase, helping to reduce the payback period of the WWTP’s 
investment. Also, anytime renewable energy is created, a renewable identification 
number (RIN) is attached to it which helps the federal government keep track of 
renewable energy goals and where subsides must be paid out.   
 

To tie all entities together, ECOnnectivity will take on the cost of buying a server and 
VPN to store and share data. The company will also produce and sell, by yearly 
subscription, a routing and navigation software to the waste haulers and a compliance 
tracking software (CTS) to the WWTPs. This business model is easily scalable to any 
size city, which can help communities decide on the scale at which they wish to operate 
and can approximate the necessary size of workforce needed to maintain the system.  
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Design Benefits 
 

Ease of Operation  
 

ECOnnectivity capitalizes on ease of integration. The IOT allows for continuous 
computing of large amounts of data on a private server and the algorithms can adapt as 
needed. Data is constantly being received from the waste generators and being sent to 
the waste haulers. Waste haulers have their routes automatically updated and can be 
visually accessed through a phone app. The system is virtually invisible to waste 
generators and the only change to daily routine would be separating the organic waste 
from the inorganic. The system calls for little maintenance other than occasional 
updates, as it is merely a server utilizing a non-tangible object (IOT). 
 

Economic Development 
 

The potential economic impact of this software can be grand; if the organic waste 
needed is available, it can continue to grow and benefit the community. The software 
not only keeps track of the waste that is being produced and collected, but also 
estimates the untapped local markets to help show an ideal growth point that can be 
easily sustained. This system helps employment in any environment, as well as lowers 
the total amount of organic waste that we let go as a country. 
 

Ecological 
 

In 2012, the world was producing an estimated 1.3 billion tons of MSW per year, and is 
expected to increase this value to 2.2 billion tons per year by 2025. As the production of 
MSW has increased with world population, society has developed many different 
methods for treating and disposing of solid waste such as landfilling, incineration, and 
composting [25]. Although these traditional methods accomplish the job of 
treatment/disposal, landfilling and composting require ample land space to implement 
and as cities continue to rapidly sprawl into the swamp; we are limiting our options of 
where to dump this waste. Instead of trucking it to further locations, bring it to a WWTP 
to produce a clean and renewable energy source (biogas) which helps divert organic 
waste from landfills to reduce GHG emissions, and produce a nutrient rich digestate that 
can be used to fertilize crops or as a soil conditioner to aid in reforestation [27].  
 

One study has shown that roughly 176.3 kg of CO2 equivalent per ton of waste is 
emitted during landfill operations. When compared to the 31.4 kg of CO2 equivalent per 
ton of waste emitted from biogas utilization of the AD process [11], diverting organic 
waste from landfills through the AD process shows promising potential to be a beneficial 
alternative that can better ensure a sustainable future. 
 
Costs – Both Implementation & Operating Costs 
 

ECOnnectivity’s start-up costs is expected to be inexpensive from the use of open 
source software to negate any development cost, and the fact that most of the initially 
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needed personnel are shareholders in the company. The only additional personnel 
needed during start-up would be a part time accountant to help keep track of the books, 
resulting in a cost of roughly $760 per year [15]. The cost of personnel will inevitably 
grow along with the company as more software developers, customer service and sales 
representatives, and administrators are hired on, but is not discussed in detail for this 
report. Next, funds equating to $74.15 will be needed to cover the cost of each set of 
scale-hardware placed at the generators’ locations [12] [16] [19] [20] [21] [22]. The last 
cost incurred from the implementation of ECOnnectivity is the setup of the central 
server. This is expected cost $8,300 for a server with 24 terabytes of storage, which will 
be more than enough for Lafayette Parish. For more detailed calculations on the 
economic analysis for the set-up and first year’s operation of ECOnnectivity, see Table 
2.1-2.4 in the appendix. All other cost associated with the ECOnnectivity network will be 
the responsibility of the individual waste entities.  
 

For the three WWTPs considered in this simulation, a total of $2,156,680 will be needed 
to cover the capital cost for the turbine generators and pre-treatment equipment. 
Operation and maintenance for the newly installed equipment and compliance tracking 
software will cost the WWTP an additional $722,020 per year. The treatment facilities 
will also will need to take care of the cost of tipping fee to place the remaining digested 
biosolids into landfills. For the portion added by the source separated organic waste, 
this cost comes out to roughly $21,000 per year above what is currently being incurred 
from the wastewater biosolids alone. 
 

As stated in a previous section, due to scheduling additional pick-up days for organic 
waste, the waste haulers involved in the ECOnnectivity network will not be forced to buy 
additional garbage trucks, and therefore will not pay a capital cost when joining the 
program. To take on the six extra routes per week needed to collect the organic waste, 
an increase of $377,200 will be needed for operation and maintenance costs. This 
includes the cost of diesel, driver’s wages, the tipping fee paid to the WWTP, a data-
holding fee and software subscription to ECOnnectivity, and occasional truck 
maintenance. 
 

The last waste entity to discuss is the waste generators. To join the ECOnnectivity 
network, waste generators will be forced to buy the necessary hardware for the 
measurement and storage of organic waste production data. To produce a small profit 
to help with startup cost, ECOnnectivty will charge $120 per waste generator for the 
hardware and an installation fee. Because waste haulers will need to stop at each 
generator's location twice a week, an additional collection fee will be charged. The 
additional amount charged will be up to the waste generators and haulers when they set 
up their contract, but for the purposed of this report, $115 dollars has been chosen. 
 

Using the cost estimates above, the expected profits for ECOnnectivity’s first year in 
business is $87,400 dollars. With government subsidies of $13.30 per ton of waste 
treated, the WWTP will generate an additional $495,000 in profit per year with a 
payback period of just below 5 years. The waste haulers will immediately begin to make 
an additional profit of $400,000 per year on the new routes that it will service. The 
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amount of money that will be saved by the waste generators in electricity cost is 
completely dependent on the amount of electricity consumed per year, but for the 
average commercial institution in Lafayette, a loss of around twenty dollars would be 
incurred. If a waste generator uses less than the average amount of electricity, larger 
losses will occur, but for very large consumers of electricity will actually save additional 
money. Looking at the residential source separation system in place for recyclable 
items, paying additional costs for a collection service is actually very well accepted 
when the generator feels good about what they are doing. This is even more likely to be 
the case for commercial businesses as they can advertise their business as “green” in 
an attempt to sell more of their goods or services. For detailed calculations used in the 
economic analysis, see Tables 2.1-2.4 in the appendix.           
 
Implementation Challenges 
 

The implementation of ECOnnectivity has foreseeable issues that must be considered 
such as opposing political environments and economic dearth. Conservative 
communities may be reluctant to this change initially, but as other communities adopt 
similar systems as the norm, they will likely become more accepting if they see a 
chance for economic gain. The past eight years of the Obama administration have 
continually increased government subsidies and tax credits given for the production of 
renewable energy and related technologies, but under the new presidency, this trend is 
not expected to continue [24]. To add insult to injury, Louisiana is a generally known to 
be a conservative state with very few state subsidies for alternative energy 
technologies. This being the case, other states such as Washington or California are 
likely to be much better places for the startup of ECOnnectivity.  
 

The next challenge that many places face when attempting to utilize WWTP as 
anaerobic co-digestion facilities is the high capital and operation and maintenance 
costs. This becomes a major problem when the amount of organic waste produced is 
miniscule compared to that of the wastewater biosolids, which is the case in Lafayette 
Parish and is expected to occur in most cities around the world. This causes the factor 
in which the payback period and operation and maintenance costs are raised to be 
much greater than that of biogas production. For example, if the amount of food waste 
generated and collected is doubled, the payback period and cost to cover the 
pretreatment doubles as well. However, the total biogas production, and thus the 
revenue from the sale of energy, only rises by a small fraction of that amount. This 
makes choosing the size of the pretreatment equipment and zoning very difficult. For 
this project, the results seem to hint that organic waste should not exceed 10% of the 
entire feedstock used. Greater amounts of organic waste results in a loss of yearly profit 
from increasing operation and maintenance cost while lower amounts decrease the 
specific biogas production [25] [28]. 
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Funciton 
cv.clean.advanced algorithm 
pgr_createTopology 
ST_Transform 
ST_Length 
pgr_drivingdistance 
pgr_pointsAsPolygon 
upgr_vnodes [26] 
pgr_tsp 
pgr_trspViaEdges 

Description 
-Clean topology  of TIGER/Line road Shapefile for use in pgRouting 
-Create road Topology  within database 
-Set projection in order to calculate road distance in meters 
-Calculate road distance in meters 
-Find borders of zones by using set  radius r *(road length)  with wwtp as center  
-Create visual representation of each zone 
-Inject wwtp and waste generators as virtual nodes 
-Find most efficient order to visit each waste generator and wwtp 
-Calculate shortest path (in road miles) and visualize in QGIS 
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