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Waste Management at Rapid Onset Disaster Sites 

Abstract  

Humanitarian assistance helps regions struck by hardships. The United States Agency for International Development sup-
plies humanitarian assistance to devastated people after a disaster strikes. When humanitarian assistance is supplied, it 
is delivered in multi-layered, durable packaging. Excess packaging waste, in the form of plastic, cardboard, and metal, has 
devastating impacts on the local environment when not properly processed. This project provided USAID with assess-
ment tools necessary for evaluating waste management systems and their application to rapid onset disasters. The gen-
eration of such tools required analysis of waste management solutions employed in a variety of fields to optimize them 
for use during a rapid onset disaster. These assessment tools were provided to the USAID Supply Chain Management Di-
vision to provide an outline for implementing effective solid waste management methods in the aftermath of a disaster.    

An Interactive Qualifying Project submitted to the Faculty of Worcester Polytechnic Institute in partial fulfillment  

of the requirements for the Degree of Bachelor of Science  

 



 



 

Management of Solid Waste 
at Disaster Sites  

When disasters happen, people need assis-
tance. Assistance lessens the hardships experi-
enced in disaster areas. This assistance, common-
ly referred to as humanitarian assistance, consists 
of material goods and logistical assis-
tance. Organizations around the world such as the 
Red Cross, Red Crescent, Salvation Army, and 
the United States Agency for International De-
velopment (USAID) supply humanitarian assis-
tance. Organizations contribute to the relief ef-
fort through the distribution of resources, such as 
hygiene kits, shelter kits, and kitchen kits. Each 
kit arrives on site pre-packaged to be distributed 
with the goal of improving quality of life post 
disaster. Many humanitarian groups fail to con-
sider the negative environmental impacts created 
by the discarded packaging of relief materials 
delivered to disaster sites, such as plastic bags 
and cardboard boxes. The USAID wants to re-
duce these negative impacts by incorporating 
more environmentally sustainable assistance 
practices, such as improved disaster area waste 
management.    

While striving to supply rapid assistance in 
the immediate aftermath of disasters around the 
globe, many humanitarian organizations leave 
behind waste created from the packaging of pro-
vided assistance. While USAID’s projects pro-
gress towards sustainability, improvements can 
be made. Such improvements include more effec-
tive handling of waste produced by assistance 
efforts. Advancements in the areas of waste dis-
posal have become a topic of particular inter-
est. According to Solid Waste Management Dur-

ing Humanitarian Crisis, the disposal of waste 
within a disaster zone primarily falls upon the 
infrastructure of affected regions, leading to an 
unsatisfactory clean-up effort.[1] This project 
aimed to identify solutions that could remedy this 
waste problem in an environmentally, culturally, 
and economically sustainable way.   

With a goal to help return waste materials to 
the global economy, this project investigated the 
implementation of circular economic structures at 
disaster sites. Circular economic structures allow 
for a cyclical flow of materials between goods 
and waste. Such economies require effective re-
cycling and reuse methods to remain sustainable. 
This project proposed solid waste management 
systems to process the waste generated by major 
disaster recovery efforts. Proposed waste man-
agement systems prioritized reuse and recycling 
of materials. As part of this project, waste collec-
tion and waste processing methods were investi-
gated.   

Disaster Waste Manage-
ment Culture   

The primary goal of this project is to investi-
gate the implementation of a circular economy at 
USAID disaster sites. This project 
will consider new waste management systems to 
process waste in the emerging circular econo-
my. Proposed systems will allow for sustainable 
waste management in humanitarian relief efforts 
around the world. Waste created at humanitarian 
sites is a byproduct of the consumption of aid 
materials such as medicine, food, and water. 
These materials are often packaged and shipped 
in single use plastics, cardboard boxes, and metal 

cans. Packaging of items consumed in relief ef-
forts remains long after serving their initial hu-
manitarian relief purposes, compounding the al-
ready existing waste problems plaguing many 
disaster areas.  

Proper implementation of waste management 
systems to handle packaging relies often on deci-
sions made by outside vendors. Vendors will 
consist of private sector companies and non-
governmental organizations that wish to purchase 
recyclable materials. An economic structure such 
as a circular economy significantly reduces the 
necessity to harvest new raw materials. Circular 
economies are more environmentally friendly 
than other economic models, but require effective 
and efficient waste processing to allow for the 
reuse of materials. The following background 
sections describe circular economies and sustain-
able waste management systems. To understand 
circular economies, it is critical to analyze waste 
management methods in both circular and linear 
economic models.   

The main deliverable of this project is an in-
vestigation of practical ways to implement a cir-
cular economy in disaster areas. The results of 
this investigation were supplied to USAID, de-
tailing the opportunities and obstacles pertaining 
to the implementation of a circular economy.     

Circular Economic Models and 
Their Effects 

Circular economies enable materials to flow 
in a cyclical manner, thereby reducing or mini-
mizing the extraction of raw materials. The 
sourcing of materials produces waste as existing 
resources are consumed in the process. Waste 
minimization can be completed through recycling 
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and a combination of repairs and reuse methods. 
Circular economies are much more resource and 
environmentally conscious whereas a linear 
economy will continually source raw materials 
and discard, often in a wasteful method, products 
that no longer serve a purpose as can be seen in 
figure 1. Most resources remain in the reform, 
reduce, reuse, recycle loop until the material 
quality degrades past a useful point. One signifi-
cant problem is that circular economies are diffi-
cult to implement on a large scale without wide-
spread waste management reforms. Regions that 
have been devastated by natural disas-
ters often lack critical waste management infra-
structure or have existing infrastructure that has 
been crippled. With waste management in disar-
ray, a larger focus must be placed on the estab-
lishment of sustainable waste management sys-
tems at disaster sites.   

There are several large-scale circular econo-
mies in development which might serve as mod-
els that could be adapted for use in disaster relief 
situations. The most impressive can be found in 
the European Union.[3] Many companies in the 
European Union (EU) are pushing for additional 
legislation to increase incentives to recycle. One 
method of encouraging recycling is known as a 
buy-back program. Buy-back programs exchange 
money for material waste; encouraging reusable 
waste disposal. The EU is not the only governing 
body to implement a buy-back program; similar 
programs can be found around the world. For in-
stance, Mumbai, India, has a well-established buy
-back program, implemented in 2018. Excess 
flooding turned deadly when canals began to 
overflow from improper drainage.[4] Canals were 
plagued with large amounts of plastics and a vari-
ety of garbage. This new system helped reduce 
pollution in the city, referring to figure 1 which 
visualizes collection purposes. Several states 
within the United States have implemented buy-
back programs. Most buy-back programs in the 
United States focus on plastic bottles and alumi-
num cans. States that have active bottle buy-back 
programs include Connecticut, Massachusetts, 
New York, California and many more.   

Dearth of Circular Economic 
Models 

Conversely, developing countries are unable 
to implement a circular economy, thus they rely 
on what they are familiar with, a linear economy. 
Poor waste management systems exacerbate this 
issue. Developing countries have variable  agri-
cultural output and often can also be character-
ized by low per capita incomes.[5] Examples of 
developing countries include Haiti, Indonesia, 
Thailand, and Brazil. These countries lack the 

capability to sustainably process large portions of 
the waste made within their borders. Developing 
countries face other crises such as poverty, hun-
ger and high levels of illiteracy. This situation 
gives precedence to more immediate needs faced 
during disaster situations and disincentivizes con-
sideration of new systems for waste management. 
Over time, poor waste management systems will 
deteriorate into an environmental crisis because 
of open dumping and burning of waste.

[6] Humanitarian aid organizations find them-
selves in a prime position to assist in ameliorat-
ing this crisis. Most aid organizations, such as 
USAID, reside at a home base in wealthier coun-
tries that have the existing infrastructure to effi-
ciently process waste. While this technology can 
be shared, it is only part of the solution. Coun-
tries must develop and maintain their own waste 
management systems.    

Assisting developing countries in their jour-
ney to efficiently  process waste will increase the 
effectiveness of humanitarian aid. Environmen-
tally friendly humanitarian aid practices improve 
both the recovery speed and quality of humani-
tarian relief efforts while improving the health of 
beneficiaries. A study performed in Thailand 
found that insufficient linear waste management 
methods, similar to those employed in other de-
veloping nations, results in higher infection rates 
coupled with long term psychological damage 
when compared to waste management methods 
performed in more developed nations. In addi-
tion, this study found that current waste disposal 
methods result in an increased rate of cancer and 
birth defects.[7] Solving developing countries’ 
waste management problems can create long 
term improvements in the lives of millions of 
people for decades to come.  Figure 1:A map of how circular economies 

function.[2]  



 

Effective Supply Chain Manage-
ment   

A crucial part of an efficient circular econo-
my are effective supply chains. As the world 
emerges into a more globalized economy, supply 
chains will grow more complex. Natural disasters 
destroy roads, harbors, and airports, 
thus crippling existing supply chains.[8] The over-
all strength of a circular economy is determined 
by the weakest link in the supply chain. It is criti-
cal to maintain the effectiveness of supply chains 
throughout the relief effort. Having interlinked 
supply line connections will limit the negative 
effects of any one link failing.    

USAID has struggled with the maintenance 
of supply chains in the past. In 2018 there was a 
critical delay of malaria bed nets for Nigeria and 
missing shipments of HIV medicine in Ukraine.
[9] As a result, USAID re-evaluated existing part-
nerships with the goal of keeping supply chains 
open. This project investigated the use of supply 
chains to remove processed waste from disaster 
areas.   

Implementation of Buy-Back  Pro-
grams 

A buy-back program is an effective way to 
stimulate a circular economy. Buy-back pro-
grams reward individuals for returning waste to 
specified locations. Primarily, buy-back pro-
grams serve to incentivize proper disposal of 
waste goods so they can be processed into 
new materials. Newly processed materials are 
regularly sold to private vendors in need of re-
sources that can be reprocessed into a wide array 
of products. Several private companies operate 

plastic buy-back programs, such as “The Plastic 
Bank,” that serve as potential models for buy-
back programs.[10] Companies that currently 
flourish within this industry demonstrate that en-
vironmental sustainability can be profitable.  

Buy-back programs are present in many well-
established cities. For example, Mumbai, India, 
implemented a buy-back program by slightly in-
creasing prices on recyclable materials.[11] Upon 
returning recyclable waste, the monetary com-
pensation received was the difference between 
the original price and the increased price. This 
effectively raised costs on those unwilling to re-
cycle but did not impact those who already recy-
cle.  

This program saw great success that helped to 
clean Mumbai’s streets, beaches, and drainage 
systems. Before the buy-back program’s imple-

mentation, the city overflowed with recyclable 
waste. Since this change, Mumbai has seen dras-
tic improvements in urban cleanliness.   

Numerous states within the US have bottle 
deposit laws, whereby consumers who return 
used bottles receive monetary compensation.
[13] This system is a partial buy-back program fo-
cusing on one specific type of waste. These cases 
in Mumbai and the US should serve as examples 
for effective buy-back programs. However, the 
lack of waste management awareness and dam-
ages to road networks could serve as potential 
barriers for implementing waste management 
systems at disaster sites. 

Waste Management  

There are many forms of waste processing, 
including landfills, incineration, recycling, and 
composting. Waste processing methods that uti-
lize repurposing, reuse and recycling systems are 
optimal. Only after those systems have been ex-
hausted should solutions such as landfills and 
incineration be considered. Recycling can be per-
formed on a variety of materials. For example, 
the Hewlett-Packard Company (HP) in 2016 col-
laborated with Thread International to develop 
the First Mile Coalition, seeking to turn plastic 
waste into new products. Nate Hurst, Chief Sus-
tainability and Social Impact Officer of 
HP indicated, “This initiative supports our overall 
efforts to reinvent the way we design, manufac-
ture and recover our products as we shift toward 
a circular and low-carbon economy.”[14] The First 
Mile Coalition investigates methods of recycling 
plastic into forms usable in HP products, most 
notably ink cartridges. Privatized initiatives such 
as this benefit the company’s public relations to 
consumers and may spur additional initiatives in 
competing companies.   

Effective waste management is a critical part 
of developing a circular economy. Many aid or-
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Figure 2:Before (left) and after (right) clean-
up of Mahim beach, Mumbai, in July 2018[12]   
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ganizations leave waste management up to the 
region's existing infrastructure. However, exist-
ing waste management systems are often severely 
crippled following natural disasters, while these 
systems are often insufficient before a disaster. 
Waste management has two main parts, waste 
collection and waste processing. Multiple years 
have passed since the humanitarian crisis in Hai-
ti, yet Haitians are still struggling. Haiti, a devel-
oping nation, was unable to collect and process 
much of the waste left by humanitarian organiza-
tions. Figures 3 and 4 were taken in Haiti five 
years after the earthquake of 2010 and illustrate 
the extent of the crisis faced by Haitians.  

On January 21, 2010, the White House re-
leased a statement that over a million water bot-
tles had been delivered to Haiti within the first 11 
days after the earthquake.[17] This influx of plas-
tic, with no means to recycle on the island, led to 
a disastrous buildup of plastic waste as shown in 
the figures above. The waste buildup shown in 
Figures 3 and 4 demonstrates the need for effi-
cient waste management systems in disaster are-
as. Without efficient systems, waste will rapidly 
build up. 

Waste Collection 

Multiple forms of waste collection exist 
around the globe. Commonly found collection 
practices rely on  a pickup and a centralized drop 
off method.[18] Centralized drop off systems offer 
consolidation of waste to a centralized facility. In 
this waste collection method, people bring waste 
to a centralized facility where it is collected and 
processed. Centralized drop off systems are com-
mon around the world, especially in countries 
that fail to implement proper waste collection for 
their citizens.[19] In these locations, planned 
pickup systems display inefficiency since they 
require workers to travel, collecting waste. 
Pickup methods vary as mobile compactors can 
be used to consolidate waste; in developed cities 
the most common form of this is waste collection 
vehicles. The removal of waste from a location 
does not mean that the waste has been effectively 
and efficiently processed. Waste within the col-
lection vehicles still requires delivery to a waste 
processing facility. The pickup method depends 
on scheduled pickup routes with the addition of 

labor. During a disaster existing infrastructure 
may be heavily damaged, as such disaster sites 
may have implemented successful centralized 
drop off methods which worked prior to the dis-
aster. There has been limited success regarding 
the implementation of pick up methods during 
and following the impact of a disaster.   

In Haiti, there were attempts to organize a 
waste collection effort. This collection effort be-
gan long after waste was already being produced, 
leading to a massive buildup. Proposed collection 
systems typically will start clean-up as soon as 
goods are consumed, to minimize buildup. Figure 
5 shows the clean-up effort in Haiti to give a 
sense of scale. These workers are looking mainly 
for recyclables.   

Figure 5 shows Haitians cleaning up waste 
left over after the disaster response. As seen in 
this figure the pickup method is extremely ineffi-
cient, requiring many people to cover a small ar-
ea, especially if waste is left to pile up as it was 
in Haiti.  

Figure 3: A Haitian’s house located 5km 
outside of Port-au-Prince, surrounded by 
waste. [15]   

Figure 4: Large piles of plastic bottles found 
outside of Port-au-Prince.[16] 

Figure 5: A clean-up van attempting to clean-up 
the areas around Port-au-Prince in 2015.[20]  



 

Waste Processing Methods 

There are several unique ways to process 
waste. The most common methods include reuse, 
composting, recycling, and landfill. Landfills are 
plots of land designated for the burial and consol-
idation of large waste piles; these plots of land 
serve as repositories. While possible to dispose of 
waste in landfills, it is extremely wasteful to 
place recyclable materials in a landfill, let alone 
the hazardous chemicals that may be left untreat-
ed. Landfills are an inexpensive waste processing 
method but landfill use ruins the quality of any 
usable goods and potentially causes irreversi-
ble environmental damage. These methods also 
facilitate linear economic models. Recycling is 
more ecologically friendly and has an output of a 
usable product, facilitating a circular economic 
model, as seen in Figure 6.[21]  Figure 6 illustrated 
the aspects necessary for a circular economy that 
include: reformation, reduction, reuse, and recy-
cling.   

Recycling utilizes expensive processing facil-
ities that can only process certain forms of waste. 
Composting has many of the same benefits of 
recycling with two major differences. Compost-
ing is an inexpensive  option, though it can only 
be performed on organic waste.[23] Reuse is an-
other waste processing method that facilitates a 
circular economic model through maximizing the 
utilization of existing products. Reuse of material 
goods for new purposes is critical for minimizing 
the environmental impacts of consumption. 
Through minimal processing, many forms of 
waste, from plastic packaging to metal cans, can 
be used in many creative ways once their main 
purpose is served. Plastic bottles, for exam-
ple, can be made into many things from small 
organizational tools to building materials.[24]  

Project Description 

This project investigated the feasibility of an 
effective solid waste management system for dis-
aster areas. Several systems were proposed to 
USAID for implementation at disaster sites. 
These systems contain methods for both collec-
tion and processing of waste produced locally 
during the humanitarian relief efforts. Proposed 
systems sought to encourage the reuse of goods 
that can serve a new purpose in their current 
form. This project accomplished this goal by pro-
posing ways to optimize waste management in 
disaster areas, especially those in regions that 
lack infrastructure to efficiently process waste. 
Proposed systems sought to minimize the reli-
ance of aid programs on the current ineffective 
waste management systems like landfills. Lastly, 
the project must follow guidance provided by 
USAID.  

Investigating Waste Man-
agement Systems   

An effective waste management system is 
critical for developing a circular economy.  This 
project analyzed previous disasters to look at 
waste management methods used 
in various disaster sites. The team focused on the 
processing of non-hazardous wastes, thus limit-
ing the variation of designs needed. Information 
gathered was used to investigate the feasibility of 
new solid waste management systems in disaster 
areas.   

This project proposed new solid waste man-
agement systems for disaster areas with guidance 
from humanitarian assistance workers. Our pro-
ject focused on employees at USAID and part-
nered organizations. These employees provided 
vital firsthand experience from workers familiar 
with the limitations and successes of current 
waste management systems. Humanitarian assis-
tance workers provided a firsthand account of 
past disasters and recovery efforts. This project 
required information about six main topics:  

  Methods of solid waste collection and pro-
cessing that are currently being used at disas-
ter sites;   

 The limitations of current solid waste man-
agement methods;   

 Types and quantities of typical humanitarian 
waste;    

 Tested ways to reform waste management 
systems;   

Page 5 

Figure 6:A map of how circular economies 
function.[22]  
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 Feedback that assistance workers have on 
current waste management systems;   

 Effectivity measurements for disaster area 
waste management.   

This information was collected and analyzed 
in four main ways. First, information about past 

waste processing methods was gathered through 
literature reviews and semi-structured interviews. 
Second, the information gathered was analyzed 
to determine the expectations for modern disaster 
area waste management systems. Third, infor-
mation from literature reviews was used to iden-
tify methods for implementing circular econo-
mies, particularly those in disaster areas. Finally, 

analysis of this information was used to deter-
mine the characteristics of new solid waste man-
agement systems that facilitate circular econo-
mies. The flowchart in figure 7 maps the methods 
used to collect data, and the information gathered 
from these methods.   

Current Waste Collection and Pro-
cessing Methods 

Solid waste management has three main 
parts, waste collection, waste processing, and 
waste reduction. A true circular economy re-
quires each part of waste management to be car-
ried out efficiently. As such, it was critical to an-
alyze the strengths and limitations of current 
waste collection and processing systems. The 
team studied current waste processing and collec-
tion methods employed in disaster areas to deter-
mine their characteristics. The team studied non-
disaster area waste management systems to find 
new technologies that could be viable in a disas-
ter setting. This study was conducted using two 
main methods: semi-structured interviews and a 
literature review.   

 The team conducted semi-structured inter-
views with humanitarian assistance workers, at 
USAID and Samaritan’s Purse. The interviews 
conducted with Samaritan's Purse employees 
served the initial goal of learning about current 
solid waste management systems and potential 
obstacles to new systems. An interview was con-
ducted with David Bock, the International Disas-
ter Response Manager at Samaritan’s Purse. (See 
Supplemental Materials Appendix D.4) The anal-
ysis of this interview allowed the group to predict 
the effects of solid waste management in disaster 
areas and learn about how proposed systems 
could apply to waste generated by USAID and 
other humanitarian organizations.   

 

Figure 7: Flowchart 
mapping the methods 
used to gather infor-
mation for this project.   



 

Interviews were also conducted with Mr. 
John Lamm, as well as Ms. Tracy Wise and Mr. 
Frank Broadhurst. (See Supplemental Materials 
Appendix D.1 & Appendix D.2) These USAID 
employees provided firsthand accounts of differ-
ent disaster areas and a recollection of solid 
waste conditions during recovery efforts. The 
purpose of these interviews was to investigate 
criteria for a successful solid waste management 
system. These criteria will be discussed in future 
sections.    

The second method implemented to collect 
information was a literature review. This litera-
ture review examined case studies to gather sup-
porting information about current waste manage-
ment processes in disaster areas. The team ana-
lyzed multiple case studies about disasters in 
Haiti and studies documenting waste manage-
ment systems used in other sectors, for example, 
the cruise ship industry. These case studies were 
analyzed to investigate the performance of differ-
ent solid waste management systems. This litera-
ture review also provided analysis of waste man-
agement systems used in other sectors. This al-
lowed the group to determine their feasibility in 
disaster situations prevalent in humanitarian as-
sistance efforts. 

Developed Waste Manage-
ment Solutions  

 To address the problem of excessive waste 
at rapid onset disaster sites, the research team 
investigated the implementation of circular eco-
nomic structures at these sites. This economic 
model will allow a cyclical flow of materials be-
tween goods and waste. This project proposed 
solid waste management solutions to process the 

waste created as a result of humanitarian assis-
tance during disaster recovery efforts. Proposed 
waste management practices were those that pri-
oritized reduction, reuse, and recycling of materi-
als. To support the circular economic structure, 
the research team investigated waste collection 
and processing methods that might be applicable 
to rapid onset disasters. While analyzing these 
disasters, the team chose to focus research in 
Haiti, as one of the poorest nations in the West-
ern Hemisphere, and a nation battered by natural 
disaster, many waste management solutions ap-
plicable here will work in other places around the 
globe. From this research, limitations for imple-
menting waste management solutions were deter-
mined. These limitations are outlined in follow-
ing sections. 

Important Limitations  

Accomplishing a goal of proposing solid 
waste management solutions for rapid onset dis-
aster sites requires a focus on the limitations pre-
sent in disaster settings. The main limitations on 
which this project has focused include: a lack of 
workers or electricity; a lack of water; weak sup-
ply chain connections to the outside world; and a 
lack of widespread concern for environmental 
sustainability. These limitations were discovered 
through the research conducted on case studies of 
past natural disasters and the subsequent global 
humanitarian response. Each limitation is defined 
in the following sections to outline what should 
be considered before developing new disaster 
waste management systems. Each disaster is 
somewhat unique, involving different forms and 
quantities of waste. No single solution can be 
suitable for every disaster setting, but it is imper-
ative to understand the limitations in effect when 

deciding on new disaster area solid waste man-
agement solutions.  

Human-power and Electricity 

A lack of human-power and electricity may 
become a major concern for waste processing on 
site. Many waste management solutions that were 
discovered were deemed not feasible due to these 
limitations. In the immediate aftermath of a dis-
aster, the focus is on saving lives and assisting 
with victim recovery, hence the lack of concern 
for waste particularly during the rapid onset por-
tion of disaster response. When asked about the 
importance of waste management during a Rapid 
Response, David Bock, the International Disaster 
Response Manager at Samaritan’s Purse Canada, 
noted, “The priority, particularly in the immedi-
ate aftermath of a disaster, is to save lives.” Re-
search sources confirmed this priority, but with 
one important note: processing waste as it is gen-
erated is critical for improving the quality of life 
and even saving lives in the long term. While 
most personnel are, and should be, devoted to 
saving lives immediately, designating a few 
workers to operate waste management systems is 
crucial for long term disaster recovery. Proposed 
waste management solutions should utilize, but 
minimize, the necessity of human-power dedicat-
ed in the short term to waste solutions. It is com-
mon for local infrastructure to be incapacitated in 
a disaster situation; therefore, a constant and reli-
able supply of electricity cannot be guaranteed. A 
lack of electricity places focus upon machinery 
that can be powered using hand cranks and lev-
ers. Simple machinery decreases the necessity for 
skilled workers. Simple machinery provides the 
opportunity to change the processing rate of ma-
terial to match waste production rates without 
consuming vital resources such as electricity. 
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Water 

The most vital resource of all, and the most 
lacking at a rapid onset disaster site is potable 
water.  Water plays critical roles in cooking, 
cleaning, and hygiene. Water is typically provid-
ed using purification machines like the one 
shown in figure 8.[25] With water resources often 
stretched thin during a rapid onset disaster re-
sponse, it is critical that any water present is used 
for more pressing issues such as food preparation 
or hygiene.  Hence, waste management solutions 
should drastically limit, if not avoid, the usage of 
water during processing. For this project, the us-
age of water was completely avoided with the 
goal of making waste management systems as 
unobtrusive as possible to other aspects of disas-
ter response. This is a common theme to which 
this project gave priority.  

Reliance on Ground Transporta-
tion Networks  

During a disaster, links to the global market 
such as ports, airports, roads, and railroads may 
be destroyed. This lack of connection to the rest 
of the world serves as a limitation on many as-
pects of a humanitarian response, particularly 
solid waste management. With a lack of transpor-
tation infrastructure, it is critical that any machin-
ery is easily deployable and will fit with other 
materials already being transported to a disaster 
site. Figure 9, shows a road after the earthquake 
in Haiti in 2010. Even in a best case scenario 
many roads and other land networks are impassa-
ble after a major disaster.[27] The waste manage-
ment solutions that our project is proposing seeks 
to limit reliance on the outside world, particularly 
for shipping resources in and out.  

Environmental Sustainability  

 

Environmental sustainability is critical for 
waste management systems that follow circular 
economic principles. In terms of waste pro-
cessing, environmental sustainability requires 
minimizing the impact of processed waste. As 
such, waste should be processed into a form 
where it will not have a negative impact on the 
environment. For example, landfills often leach 
chemicals and waste particles into the nearby soil 
and water sources, posing a health risk to people 
and wildlife in the area. Some burning processes 
spew material into the air. If done properly this 
outflow of materials can be limited with air filter-
ing technology. Waste management solutions 
proposed by this project seek to be as environ-
mentally sustainable as possible by focusing on 
reuse and recycling methods that require minimal 
processing. Minimizing processing encourages 
solutions that can be performed in a disaster con-
text with few imported machines.  

Solid Waste Management Criteria  

From analysis of the limitations that might be 
imposed on a solid waste management system in 
disaster sites, there remains the necessity for it to 
be evaluated with criteria to determine how suc-
cessful a system might be. A list of these criteria 
include: 1) Processing rate; 2) Processing diversi-
ty; 3) Reliance on ground networks; 4) Resource 
Consumption; 5) Operating Cost; 6) Environ-
mental Sustainability; 7) Deploy-ability. A dis-
cussion of each of these criteria follows.  

Processing Rate  

The processing rate refers to how much waste 
is being processed in a given period of time. Due 
to the rapid onset nature of disaster response it 
was important that the solutions proposed al-
lowed waste to be processed quickly. Failing to 

Figure 8: WASH Water Purification Station- 
This station was found at a Disaster site in 
Haiti; stations like this are used to purify 
water after a disaster[26] 

Figure 9: Destroyed Infrastructure in Haiti 
after the 2010 Earthquake[28] 



 

account for this could lead to a solution being 
suggested that cannot handle the volume of waste 
produced. This would cause waste to pile up and 
remove the concern of addressing the waste prob-
lem.  

Processing Diversity  

Secondly, the processing diversity of the so-
lution was taken into consideration. Processing 
diversity indicates how many different types of 
waste can be processed using a specific solution. 
Waste management solutions that can process a 
variety of waste are optimal because they allow a 
wider range of products to be shipped in. Con-
versely, solutions that only process a specific 
type of waste become ineffective when there is 
little of that specific type of waste. These waste 
management solutions, if implemented, will limit 
the type of materials that can be sent into a disas-
ter area. If waste that cannot be processed is col-
lected, it will only exacerbate any existing waste 
management problem.  

Reliance on Ground Networks  

The degradation of roads and transportation 
routes during extreme circumstances make the 
challenge of delivering aid to those located in 
remote regions stressful. As the group primarily 
focused on rapid onset disaster response, it is 
probable that roads might be inaccessible. It is 
important to understand the quality and quantity 
of suitable methods of transportation that exist 
within a disaster area. This concept follows two 
main principles: redundancy of duplicated assets 
and flexibility to discover alternate routes or 
transportation methods.[29] Redundancy offers the 
need for additional transportation routes; should 
a route prove inaccessible backups will be need-

ed. As humanitarian organizations combat this 
impasse, the ability to receive solid waste from 
inaccessible regions alludes to a larger dilemma. 
If there is a certain lack of transportation routes 
to settlements, supplies may not be trucked over-
land at all. Through airdrops, areas that had prov-
en inaccessible for trucks now represent a viable 
solution. Airdrops should only be considered 
when all existing transportation methods have 
been exhausted. The solid waste management 
system under consideration must have several 
tracts for possible deployment to such regions. 
Should roads that are integral to the shipping of 
supplies remain effective, the solid waste man-
agement system (SWMS) can be strategically 
deployed at a distribution center. If large scale 
operations are not feasible, smaller, compact sys-
tems should be deployed to more local regions. 
The delivery of humanitarian supplies should 
continue but the viability of transporting the solid 
waste might prove impractical. As the relief ef-
fort continues into the 2nd and 3rd month, the 
improvement of road conditions might determine 
a shift from the localized approach to a more cen-
tralized operation at a distribution facility.  

Resource Consumption & Operat-
ing Costs   

There is an expectation that rapid onset disas-
ter relief teams are unable to utilize pre-existing 
sources of power. For integral parts of the relief 
effort, such as maintaining communication for 
those on the ground with people around the 
world, generators may be brought in to satisfy 
these requirements. Proposed solid waste man-
agement systems must limit the need for electric-
ity as much as possible. A system that relies 
heavily on electricity will not be viable within 

the first few days of the relief effort. A proposed 
system might not even receive electricity until 
many months later should there prove to be sub-
stantial damage to the existing power grid. Addi-
tionally, if there is no existing power grid where 
a disaster takes place, the operation of this sys-
tem will sap vital resources if implemented.  

Labor Limitations  

SWMS will face labor limitations; this can be 
resolved through designation. Designating assis-
tance organizations to work with the solid waste 
management system will minimize supervision 
required. It is assumed that they will receive 
proper training and instruction on how to operate 
the system, if not there should be a certified indi-
vidual capable of training designated workers. A 
question remains, who is in charge of managing 
waste? Outsourced laborers will require supervi-
sion is to safely operate some waste management 
systems. Operating costs of systems that are de-
pendent on external manpower will vary with 
wages and transportation fees. Costs should be 
relatively low as aid workers from humanitarian 
organizations or outsourced labor to those affect-
ed would be designated to work on the SWMS. 
The cost of a 3rd party to operate this system will 
be the largest factor, more so if a team is required 
compared to a single individual. Contracted 
workers may either operate the machinery them-
selves or be trained to serve in a supervisory role. 
Contracted workers need not be skilled, however 
they should undergo basic training on the sys-
tems they are operating. This is dependent on the 
system itself and what conditions are required for 
safe operation.  
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Environmental Sustainability  

The lack of sustainable waste management in 
current humanitarian relief efforts gives rise to 
the problem humanitarian organizations are cur-
rently faced with, the inability to control and han-
dle solid waste as it arrives onsite. It is difficult 
to extrapolate estimated amounts of waste within 
the first seven to ten days and the first month 
overall. It is only after the first month that assis-
tance relief administrators truly understand what 
additional supplies are required to meet the needs 
of those on the ground and those receiving assis-
tance. Plastic packaging accounts for most of the 
humanitarian waste. Plastic far outweighs the 
cardboard and metals shipped in conjunction with 
aid suppliers around the world. The inclusion of 
large-scale plastic packaging increases the severi-
ty of this issue. Many of these plastics cannot be 
reused and need to be recycled. Attempts to miti-
gate plastic packaging in all forms will reduce 
possible pollution of these materials in the envi-
ronment. The collection and sorting of plastic 
packaging, hypothetically, should be relatively 
feasible. As supplies arrive, they are unloaded 
and distributed should this occur at a centralized 
distribution facility. A centralized distribution 
facility is an area where humanitarian organiza-
tions will gather forming a forward operating 
base. The plastic packaging should be collected 
and deposited at a designated location. An alter-
native to depositing waste at a centralized facility 
is a decentralized approach where waste is pro-
cessed onsite where it is generated.  

 Deployability  

Due to the nature of rapid onset deployment, 
solid waste management systems (SWMS) must 
be ready to be shipped at a moment's notice. The 
setting of the disaster will dictate the structure of 

the resulting solid waste management system. 
This refers to the idea of having multiple systems 
that can be both complex for large scale recycling 
and simplified versions for smaller scale disas-
ters. Large scale systems can take considerable 
time to set up but, if they arrive in a timely fash-
ion following the initial response, these systems 
can have an effective  impact. Simplified ver-
sions of SWMS can be deployed in a wide array 
of settlements and villages throughout the disas-
ter. The deployment of smaller systems would 
hypothetically counteract their limited effective-
ness compared to a larger scale system. For each 
disaster that occurs there needs to be an analysis 
of waste streams to determine the exact size, 
scope, and scale of SWMS that is needed. The 
larger system in question would see faster de-
ployment to the forward operating base as it can 
begin processing plastic packaging as the sup-
plies are distributed. In terms of a smaller system 
that operates with a decentralized approach it will 
depend on the speed of arriving at villages/
settlements to distribute supplies.  

Proposed Waste Manage-
ment Solutions  

As discussed, this project has developed cri-
teria for analyzing waste management solutions. 
This project also investigated solid waste pro-
cessing systems for plastic, cardboard, and metal 
packaging. Respectively, these materials make up 
80%, 10%, and 10% of the packaging waste gen-
erated by humanitarian organizations as noted by 
Greg Rulifson during a meeting on the packaging 
of humanitarian goods. This clearly denotes plas-
tic as the major contributor to humanitarian pack-
aging waste. As such, this is where research was 
focused. Proposed waste management solutions 
and waste streams are analyzed in the following 

sections with respect to the criteria and limita-
tions discussed throughout this paper. Methods 
for shipping out waste are also evaluated using 
these criteria and limitations as these methods 
have been used in some disaster areas. The flow 
chart shown in figure 10 should be used as an 
overview of waste processing methods and to 
determine which of the proposed methods for 
processing plastic is more applicable in different 
situations.  

Figure 10:A flowchart of plastic processing 
methods 



 

Plastic Packaging  

Plastic packaging is the primary contributor 
to waste in humanitarian aid relief efforts, plastic 
accounts for 80% of waste by weight. It is critical 
to analyze why this waste is so prevalent. Before 
supplies are shipped, typically on pallets, there 
needs to be appropriate plastic packaging to pro-
tect the goods while in transit. After the supplies 
are placed on the pallet, they need to be secured 
using a band, or in most cases, shrink wrap. 
USAID has switched to a water purification sys-
tem rather than relying on plastic bottles in an 
effort to reduce waste. USAID contributes, de-
pending on what circumstances dictate, ample 
water purification systems for the affected peo-
ple.  

Had USAID not shifted towards this technol-
ogy, the plastic waste at disaster sites could have 
exponentially increased, not solely from USAID 
but also from other contributing humanitarian 
organizations supplying water bottles. By transi-
tioning to this alternative in 2008, USAID 

demonstrated that it is possible to reduce plastic 
waste at humanitarian assistance sites.[31] 
USAID’s transition to this technology is a monu-
mental step forward. Two years later, in 2010, 
Haiti would experience a 5.9 magnitude earth-
quake. The United States was one of the first re-
sponders; USAID was joined by the United 
States Air Force to procure and distribute sup-
plies. CNN reported: “ A C-17 cargo plane left 
Pope Air Force Base in North Carolina shortly 
after noon, and three hours later dropped 40 pal-
lets -- or ‘bundles’ as the Air Force refers to them 
-- holding bottled water and Meals, Ready-to-
Eat, or MREs, on a field just north of the Port-au-
Prince airport in Haiti.”[32] The amount of plastic 
packaging may seem minute within a single pal-
let, but cumulatively organizations are sending 
thousands of pallets full of plastic, to the island. 
Haiti had long been faced with a failing SWMS. 
The exponential amount of plastic waste that re-
mained after recovery effort ceased gave rise to 
an environmental disaster. To this day (2020) 
plastic waste from the 2010 relief effort can be 
found, littered throughout the environment. No-
ticing the disasters that were caused by plastic 
waste, USAID began using water purification 
rather than water bottles in an effort to reduce 
plastic waste production. Initiatives like this are 
key to minimizing plastic waste in the future.  

Humanitarian organizations realize the im-
portance of developing new and innovative ways 
to mitigate the widespread use of plastic packag-
ing. While critical to reduce waste creation, it is 
also critical to process generated waste. Concep-
tos Plasticos is a Columbian company that pro-
duces plastic bricks from plastic waste collected 
from disaster sites and recycling initiatives. This 
technology produces bricks that, when used to-

gether, create a sturdy structure. The background 
in Figure 12, depicts the plastic bricks developed 
by Conceptos Plasticos, in partnership with 
UNICEF.  

This design makes the structures simplistic 
and easy to piece together. Plastics manufactured 
into an assortment of goods have a long-life ex-
pectancy, sometimes upward of 500 years, and 
these bricks have a similar life span. Plastic 
bricks are eco-friendly, and are non-toxic to 
those who reside within structures produced from 
them. An image of such a structure follows. Ad-
ditionally, these structures are typically resilient 
to earthquakes, are typically cooler than the out-
side temperature and are fire retardant. 

The construction of these structures may not 
be possible in a rapid onset disaster effort; how-
ever the shredding of plastic and brick production 
can be implemented. Bricks should then be pro-
vided to development teams for use as building 
materials. Plastic brick making technology could 
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Figure 11:A UNICEF WASH Water Station- 
Stations like this provide water to remote 
areas after a disaster[30] 

Figure 12:Plastic Brick-Bricks made from 
plastics can be used globally as a way to 
minimize waste[33] 
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revolutionize plastic waste processing in the im-
mediate aftermath of a disaster. Including sup-
plies that are distributed to those in need, the 
packaging used to protect those goods will also 
serve the purpose of supplying assistance. If not 
wanting to process plastic themselves, USAID 
should consider a partnership with Conceptos 
Plasticos to help treat plastic waste sustainably 
and efficiently. If a partnership with Conceptos 
Plasticos is not available, there are many other 
private companies that are willing to purchase the 
shredded plastic packaging.  

Conceptos Plasticos utilizes larger machines, 
deployable to distribution centers accommodat-
ing large percentages of plastic packaging and 
shrink wrap. Alternatively, smaller machines, 
like the one shown in figure 14, can be deployed 
to disaster sites to get a jump start on plastic pro-
cessing. These smaller systems do not require 
electricity but produce a lower quality brick. 

Smaller scale shredders and compactors should 
be implemented particularly where road and land 
networks are not sufficient to allow larger scale 
waste collection and processing. 

Another potential waste management solution 
is a partnership with an organization such as Pre-
cious Plastics. This organization is based in the 
Netherlands with a goal of reducing plastic 
waste. This is accomplished by boosting recy-
cling and repurposing plastic waste, through the 

Precious Plastic Universe. The Precious Plastic 
Universe is a global network with the purpose of 
providing plastic recycling methods to sites 
around the globe. Precious Plastic members gath-
er plastic waste and deliver it to a collection 
point.  The collected plastics are then sent to a 
recycling workspace where they are transformed 
into new products, such as tiles, flower pots or 
cups.[37] The image shown in figure 15 is of a 
Precious Plastic workshop where plastic waste is 
shredded and used to create products like the 
plastic chair. A partnership with Precious Plastic 
will allow USAID to process plastic in Precious 
Plastic’s global network, into goods that could 
either be sold for a profit or given to develop-
ment teams and used as part of a recovery effort. 
If a partnership is not feasible, USAID should 
incorporate machines like the ones shown in fig-
ure 16 into distribution centers. These machines 
will help transform plastic waste into a variety of 
usable products. With either approach it is critical 
to sort plastics on site as mixed plastics result in a 
weaker final product. Sorting on site will facili-
tate a larger demand for shredded plastic waste 
and repurposed plastic products. Products pro-
cessed, even in part, at disaster sites may be 
viewed as collectable. 

Reuse & Composting   

Cardboard packaging forms one of the major 
sources of waste this project sought to help pro-
cess. To develop solutions for cardboard waste, 
research was conducted to gain a better under-
standing of the sources of cardboard present at 
disaster sites. The majority of cardboard comes 
from cardboard boxes used to package goods as 
they are shipped into the disaster site. Cardboard 
makes up around 10% of the packaging waste 
generated by weight as noted by Greg Rulifson. 
While cardboard does not make up much of the 

Figure 13: Plastic Brick Building- A building 
built through a partnership between UNICEF 
and Conceptos Plasticos[34] Figure 15: Compact Plastic Brick Production

- The machine above can be used in remote 
areas to create plastic bricks with little 
manpower or electricity[36] 

Figure 14: Plastic Brick Factory- The 
machinery needed for industrial quality brick 
production can be seen here. [35]  



 

packaging waste by weight, it is critical to re-
member cardboard is primarily used for its light 
weight and durability. This study proposes two 
methods for dealing with cardboard waste. First, 
develop simple instructions that can be printed 
onto cardboard packaging with instructions for 
how to reuse it. Secondly, composting cardboard 
and other paper products can be used as a long 
term solution for sustainably dealing with waste. 
This is accomplished by creating composting 
piles where organic materials can break down 
over time into a nutrient rich compost pile. Each 

of these solutions is analyzed in the following 
paragraphs using the criteria outlined in the pre-
vious sections with full descriptions found in 
Supplemental Materials: Appendix A.  

One solution for eliminating cardboard waste 
is through reuse. To reuse cardboard boxes, this 
project suggests printing instructions for how to 
fold and cut different shaped and sized boxes into 
useful containers. Reshaped boxes can be turned 
into goods like makeshift backpacks or carrying 
cases. Some sample instructions can be found in 
the Supplemental Materials: Appendix C section 
of this paper. The following image is a sample 
backpack that could be created by people impact-
ed by the disaster. The backpack shown is creat-
ed by MDPI, can be made using only a cutting 
tool, a few small pieces of tape, and the plastic 
ties used to hold the boxes together during ship-
ping.[39]  

While some may not have the time or need 
for products like the ones outlined here, even a 
few people reusing cardboard packaging may go 
a long way towards reducing waste. The pro-
cessing rate of this method is semi-rapid for what 
is being created, the backpack above was created 
over the span of 15 minutes. Tests from MDPI 

determined backpacks made in this style are ca-
pable of carrying 20kg for sustained periods of 
time with loads up to 30kg for short periods of 
time.[41] This processing method should work for 
any cardboard box that is still in good condition. 
Unique instructions may be needed for different 
sized boxes, however each box can be made into 
different products from carrying cases to sandals. 
This waste management solution also requires no 
access to external supply networks and minimal 
resources. A few small pieces of tape that are 
needed should be added into the pack so that con-
struction is as convenient as possible, this is the 
only deployment required for this method. The 
methods used to generate these boxes require 
very minimal operating costs, just the cost to 
print instructions and the minimal cost for extra 
tape. This method is very environmentally sus-
tainable, expanding the life of cardboard long 
after its initial purpose is served.   

Another method that was investigated for 
cardboard processing is composting. A compost 
pile creates fertile soil valuable for agriculture. 
This processing method is extremely slow as it 
requires decomposition of waste materials how-
ever this process accelerates the longer pro-
cessing sites are set up. A compost pile can also 
easily be expanded to contain large volumes of 
material. As such this method was determined to 
have an acceptable processing rate. Many cities 
around the globe have large compost piles that 
can handle much of the area's waste in a short 
period of time. While a rapid onset disaster site 
operation will not reach this scale, any organics 
left will break down over time and eventually 
have a benefit. The wide processing diversity 
provides an important benefit of this method; any 
form of organic waste will eventually be broken 
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Figure 16: Plastic Chair - Plastic waste 
being shredded and a chair made from 
shredded plastic waste[38]  

Figure 17: Cardboard Backpacks developed 
from Assistance Packaging[40] 
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down. The main cost of this processing method 
comes from the loss of land needed to house the 
compost pile. An ideal site would be relatively 
dark, wet, and far away from major settlements. 
This cost is offset by the payoff of compost for 
agricultural uses. The sites this can be accom-
plished at are semi-deployable. Either one large 
compost pile can be used for a disaster site, or 
many smaller, spread out, sites can be used. This 
method requires minimal manpower, mainly for 
“turning” the pile with a minimal reliance on out-
side resources.  

Compacting Metal  

 Humanitarian relief efforts also rely on the 
use of metal containers. Metal packaging is not 
as widely used as plastic or cardboard packaging, 
but is present nonetheless. The team’s  investiga-
tion found that metal cans, mainly aluminum 
cans, are used for food items such as chicken, 
mixed vegetables, tomato paste and corned beef. 
Aluminum cans are 100% recyclable and can be 
recycled indefinitely. [42] USAID relies on a mix 
of steel, aluminum, and tin in efforts to deliver 
goods to disaster sites.  

Proposed solution for managing metal pack-
aging waste is compacting and shipping. This 
method involves collection of metal waste, com-
pacting it and shipping it to an aluminum pro-
cessing facility. Compacting aluminum is accom-
plished through use of a baler machine. This ma-
chine crushes the aluminum cans into easily 
transportable, dense 3D structures. Figure 18, 
shows aluminum cans after going through a bal-
er. Alternately, aluminum cans could be crushed 
manually and packed for shipping.   

Compacting and shipping of waste is not sus-
tainable for other packaging materials due to the 
lack of demand for their recycled products. Alu-

minum, on the other hand, is one of the most ex-
pensive metals because it is difficult to extract 
from its ore, requiring large amounts of electrici-
ty to properly extract. This waste management 
solution negates the need to extract aluminum 
from ore, making it inexpensive and attractive to 
outside buyers. Removing the extraction phase 
makes the production of aluminum more environ-
mentally sustainable.[44] Compacting and ship-
ping waste has a processing rate only limited by 
the quantity of ships that can get into port. Large 
quantities of aluminum cans can be compacted 
and shipped to large facilities for recycling. How-
ever, this method relies on the ground networks 
to bring the compacted waste to the ports. Ship-
ping is also a heavy pollutant, reducing the envi-
ronmental sustainability of this processing meth-
od.  

Shipping Waste  

 

 One solution being considered to deal with 
humanitarian waste during the rapid onset re-
sponse is compacting and shipping waste. This 
solution has several benefits as well as several 
negative aspects. A compacting and shipping sys-
tem is notable for having a broad processing di-
versity. Such a system would rely on reverse lo-
gistics to remove waste from disaster sites as new 
assistance is being supplied. All three of the main 
waste forms this project investigated can be pro-
cessed through compacting and shipping to other 
nearby ports to have the waste more fully  pro-
cessed. Once waste is sorted into different groups 
including metals, cardboards, and different 
groups for each plastic, the materials must then 
be cleaned, compacted, and prepared for ship-
ping. As part of the shipping process it will be 
critical to find a nearby port willing to accept the 
waste. In order for this method to be economical-
ly sustainable, processing plants near ports must 
be willing to pay for the waste, which is not fea-
sible for some waste streams. Cardboard, for ex-
ample, does not typically have a large amount of 
value, with as little as $5 per ton for used card-
board.[45] Metals and some plastics, however, 
may sell for enough to be profitable in some mar-
kets as previously discussed.  

One major issue with shipping waste is the 
extreme reliance on external markets and supply 
chains which are frequently impaired by a disas-
ter. This method of waste processing also has a 
slow processing rate due to the necessity of ships 
to transport waste. Ships are often slowed due to 
potential damage to ports. Other methods for ex-
porting waste include by road or by plane. Air 
travel is far too expensive for this method to be 
viable under any feasible circumstance. Road 
travel on the other hand is feasible for small 
quantities of waste but cannot keep pace with 

Figure 18: Aluminum cans compacted with 
a baler machine.[43]  



 

larger waste loads. This is due to the quantity of 
trucks needed to transport large volumes of waste 
and a lack of suitable roads after a disaster. This 
method has high operating costs due to the neces-
sity for vacant space on cargo ships, and ma-
chines comparable to the other methods men-
tioned previously. A benefit of this waste pro-
cessing method is it does not rely on consump-
tion of resources like water, designs are being 
proposed to minimize electricity usage, replacing 
it with human power.  

Shipping waste is not the most environmen-
tally sustainable solution. Transporting goods by 
boat currently makes up 18% of some key pollu-
tants contributing to climate change including 
carbon monoxide, and sulfur dioxide.[46] Cargo 
shipping was also responsible for 2.2% of global 
carbon dioxide emissions in 2012 according to a 
study done by the International Maritime Organi-
zation.[47] In order to make this method more en-
vironmentally friendly it is critical to minimize 
cruising time which can make up as much as 
99% of engine emissions from cargo ships.[48] 
This can be done by moving between ports that 
are close together. It is critical to choose ports 
that will accept waste and are close to the disaster 
in order to remain somewhat environmentally 
sustainable. The environmental benefit gained 
from recycling in established processing plants, 
however, will likely be outweighed by the nega-
tive impacts of shipping, using any standard ship-
ping methods. While it is easy to view shipment 
as a full waste management solution it is critical 
to remember that all shipping does is move waste 
around, waste that must still be handled properly 
after reaching its destination.  

Once waste has left the disaster site a new 
issue arises: where should it be shipped to? A 

study of Mediterranean ports found that 82% of 
ports in the region offer waste management in the 
form of landfills. Only 71% were found to offer 
basic recycling for plastics and metals.[49] Other 
sustainable processing methods were almost non-
existent at most ports. Further investigation is 
needed into ports globally that will accept waste; 
no compiled list of ports that accept waste is 
readily available but is critical for determining 
where to ship waste post disaster. Having a list of 
ports that will accept disaster waste will expedite 
the processes of determining where it is possible 
to ship waste post-disaster.  

Proposed Waste Manage-
ment Solutions  

 This project has investigated a combination 
of waste processing methods with emphasis on 
reusing, recycling, and composting in an effort to 
minimize the amount of waste that goes into 
landfills. Proposed waste management systems 
have incorporated the reuse of goods that can 
serve other purposes in their current form. Recy-
cling systems were proposed to process other in-
organic waste such as plastics and metal. Com-
posting will be used to process the organic waste, 
such as compostable packaging.  

The new proposed systems strive to be envi-
ronmentally and economically sustainable. In 
recent years, the need for such systems has 
grown. As the frequency and severity of natural 
disasters continues to rise, it is imperative to find 
sustainable waste management solutions for dis-
aster areas. It is extremely important that the hu-
manitarian assistance community accept the un-
derlying issues that possible assistance results in 
continued harm.   

One limitation of implementing the technolo-
gies that have been proposed is public concern. 
Concern about the environment is a recent 
change among humanitarian actors, it is critical 
to foster this change and supply means to make it 
easier to help. As noted in many interviews con-
ducted for this project, the emphasis is and must, 
remain on saving lives. That being said, it is criti-
cal that humanitarian actors come to the realiza-
tion that being environmentally sustainable will 
save countless lives throughout recovery efforts 
and long into the future.  

To address this issue, the team focused their 
approach on literature reviews and interviews to 
gather information to develop potential waste 
management systems. This approach allowed for 
the group to rapidly gather large quantities of in-
formation from humanitarian actors and other 
global organizations.   

This project has provided a flow chart to as-
sist with the choice between which waste man-
agement solution to implement. Solutions will be 
selected by USAID Logistics Personnel based on 
the types of waste present and condition on sites 
discussed in the previous sections. The require-
ments of each design have been specified 
throughout the previous sections and in the Sup-
plemental Materials: Appendix A. It is important 
to note that there is no one size fits all solution 
that will work. Each disaster brings with it a 
unique set of challenges that will require analy-
sis. The limitations and strengths of each solution 
work to complement one another, with one solu-
tion's strengths being the others' weaknesses.   

A set of limitations critical for determining 
the feasibility of different waste management so-
lutions were developed. This set included: a lack 
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of ground networks; a lack of human-power and 
electricity; a lack of water; as well as environ-
mental and economic sustainability. These limita-
tions were used to determine a set of criteria nec-
essary for a successful waste management solu-
tion, mainly: a rapid processing rate; a wide 
range of processable materials; minimal reliance 
on ground networks; minimizing resource con-
sumption and operating costs; maximizing envi-
ronmental sustainability and deploy-ability. New-
ly developed solutions will need to balance these 
criteria in order to be effective during a disaster 
response. Deploy-ability is a major concern when 
looking at rapid onset disasters and should be pri-
oritized as such.  

Recommendations for  

Moving Forward  

The Nexus Environmental Assessment Tool 
(NEAT+) was developed by 33 partners within 
the humanitarian sector to identify issues of envi-
ronmental concern.[50]  The tool is used to gauge 
the situational status on the ground before devel-
oping a plan for disaster relief. The assessment 
tool developed by this project should in conjunc-
tion with a NEAT+ tool to assist with analyzing 
new waste management solutions and their appli-
cation at disaster sites. This tool walks through 
the recovery processes to determine how solu-
tions to waste can be deployed in future disaster 
settings. This tool should be used by USAID or 
affiliated organizations as an outline for looking 
at waste management solutions in a simple form.  

This project recommends that USAID devel-
op the machinery that is needed for the solutions 
previously mentioned; many of these machines 
already exist but must be optimized for disaster 
sites. After solutions are selected humanitarian 

aid personnel must prepare to implement the col-
lection methods mentioned in earlier sections and 
in the analysis of each solution. Each solution 
should be developed into its own prepared kit so 
that machines are ready to be deployed as soon as 
a disaster strikes; this will be easier for the small-
er machines that will fit multiple on one pallet. 
Larger machines will need to be optimized by 
USAID to fit into pallet methods, this is mainly a 
concern for the Centralized Brick Production 
Method.   

The project developed unique ways to sus-
tainably handle waste. The decision making tools 
produced serve to help humanitarian actors ad-
dress the issue of packing waste in disaster areas. 
This will allow humanitarian organizations to 
save lives while fostering environmental and eco-
nomic recovery.  

References  
  Forni, O., Salemdeeb, R., McCarthy, B., 

“Solid Waste Management During Humani-
tarian Crisis.” | Be Waste Wise, Aug. 2015, 
wastewise.be/2015/08/solid-waste-
management-humanitarian-crisis/
#.X4YprGhKg2w.   

 Circular Economy as a way of increasing ef-
ficiency in organizations. The Porto Protocol. 
(2020, February 18). https://
www.portoprotocol.com/circular-economy-as
-a-way-of-increasing-efficiency-in-
organizations/.   

 Cole, Rob. (2017, July 13). European Coun-
tries urged to use economic incentives in next 
step towards circular economy. Retrieved 
from https://resource.co/article/european-

Acknowledgements  
 

We would like to take this opportunity to 
thank our Sponsors: 

Greg Rulifson 

Pablo Torres 

Courtney Crossgrove 

& Elise Bell 
For their passion and determination for 

making a difference in the world. 
 

We would also like to thank our Advisors: 
Professors Holly Ault 

& Professor James Hanlan. 
For all their help this term. 

 

We would like to acknowledge everyone 
that has participated in our Interviews over 

the last few months. 

Supplemental Materials for 
this project can be found at 
https://www.wpi.edu/library 



 

countries-urged-use-economic-incentives-
next-step-towards-circular-economy-11981   

 Jadhav, R. (2020, October 15). Floods kill 60 
in India, damage crops. Reuters. https://
www.reuters.com/article/us-india-floods-
idUSKBN2701OZ   

 O'Sullivan A, Sheffrin SM 
(2003). Economics: Principles in Action. Up-
per Saddle River, New Jersey 07458: Pearson 
Prentice Hall. p. 471. ISBN 978-0-13-063085-
8.   

 Ferronato, N., & Torretta, V. (2019, March 
24). Waste Mismanagement in Developing 
Countries: A Review of Global Is-
sues. Retrieved from https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC6466021/   

 Yukalang, N., Clarke, B., & Ross, K. (2017, 
September 4). Barriers to Effective Municipal 
Solid Waste Management in a Rapidly Ur-
banizing Area in Thailand. Retrieved Sep-
tember 10, 2020, from https://
www.ncbi.nlm.nih.gov/pmc/articles/
PMC5615550/   

 Carey, Helen. (2020, August 19). The Impact 
of Natural Disasters on Economy and Supply 
Chain - and How to Prepare for the 
Worst. Retrieved from https://
www.thomasnet.com/insights/how-natural-
disasters-affect-the-supply-chain-and-how-to-
prepare-for-the-worst/   

 Igoe, Michael. (2018, May 18). 5 takeaways 
from the USAID supply chain hear-
ings. Retrieved from https://www.devex.com/

news/5-takeaways-from-the-usaid-supply-
chain-hearings-92780   

 Racapé, C. (2019, December 11). Plastic 
waste – a new currency in low income coun-
tries. Retrieved from https://www.gsma.com/
mobilefordevelopment/blog/plastic-waste-a-
new-currency-in-low-income-countries/   

 Jain, Bhavika. (2018, July 9). India’s first 
plastic buyback scheme to come into force on 
Wednesday. Retrieved from https://
timesofindia.indiatimes.com/city/mumbai/
indias-first-plastic-buyback-scheme-to-come-
into-force-on-wednesday/
articleshow/64911045.cms   

 Arhanha, J. (2018, August 6). Clearing 
500+ Tonnes of Garbage, Mumbai Couple 
Keeps Mahim Beach ‘Alive’. Retrieved Oc-
tober 12, 2020, from https://
www.thebetterindia.com/154995/garbage-
mumbai-couple-mahim-beach-news/   

 Schultz, J. (2020, March 13). State Beverage 
Container Deposit Laws. Retrieved October 
08, 2020, from https://www.ncsl.org/research/
environment-and-natural-resources/state-
beverage-container-laws.aspx   

 “Turning Plastic Trash into Printers.” The 
Garage, garage.hp.com/us/en/impact/haiti-
recycling-plastic.html    

 Clarke, G. (2015). HAITI: WASTE IN TIME 
- GILES CLARKE: Getty Images Reportage: 
Photographer. Retrieved October 08, 2020, 
from http://www.gilesnclarke.com/2068066-
haiti-waste-in-time    

 Clarke, G. (2015). HAITI: WASTE IN TIME 
- GILES CLARKE: Getty Images Reportage: 
Photographer. Retrieved October 08, 2020, 
from http://www.gilesnclarke.com/2068066-
haiti-waste-in-time    

 White House. (2010, January 21). United 
States Government Haiti Earthquake Disaster 
Response Update 1/21/10. Retrieved October 
08, 2020, from https://
obamawhitehouse.archives.gov/the-press-
office/united-states-government-haiti-
earthquake-disaster-response-update-12110    

 Official City of Worcester. 
(2020). Residential Drop-Off Center | City of 
Worcester, MA. 
Www.Worcesterma.Gov. http://
www.worcesterma.gov/trash-recycling/
residential-drop-off-center  

 Climate Policy Watcher. (2019). Garbage 
Challenges in Developing Countries - Waste 
Management. Climate-Policy-
Watcher.org. https://www.climate-policy-
watcher.org/waste-management/garbage-
challenges-in-developing-countries.html   

  Clarke, G. (2015). HAITI: WASTE IN 
TIME - GILES CLARKE: Getty Images Re-
portage: Photographer. Retrieved October 08, 
2020, from http://
www.gilesnclarke.com/2068066-haiti-waste-
in-time   

 Circular Economy as a way of increasing ef-
ficiency in organizations. The Porto Protocol. 
(2020, February 18). https://
www.portoprotocol.com/circular-economy-as

Page 17 



 

 

Page 18 

-a-way-of-increasing-efficiency-in-
organizations/.    

 As You Sow. Plastic Pellet Produc-
tion. Retrieved from https://
www.asyousow.org/our-work/waste/plastic-
pellets   

 Food Waste - RecyclingWorks MA. (2020, 
August 10). Retrieved from https://
recyclingworksma.com/how-to/materials-
guidance/food-waste-2/   

 Thomson. (2015, January 05). Turning Waste 
into Opportunity: Building with Water Bot-
tles in Tanga. Retrieved October 16, 2020, 
from https://
thomsonsafaris.wordpress.com/2015/01/05/
turning-waste-into-opportunity-building-with
-water-bottles-in-tanga/   

 Water Sanitation and Hygiene (WASH). Re-
trieved November 17, 2020, from https://
hea.globalinnovationexchange.org/sector/
water-sanitation-and-hygiene-wash  

 Water Sanitation and Hygiene (WASH). Re-
trieved November 17, 2020, from https://
hea.globalinnovationexchange.org/sector/
water-sanitation-and-hygiene-wash  

 Pallardy, R. (2020, November 16). 2010 Haiti 
earthquake. Retrieved November 17, 2020, 
from https://www.britannica.com/event/2010-
Haiti-earthquake  

 Pallardy, R. (2020, November 16). 2010 Haiti 
earthquake. Retrieved November 17, 2020, 
from https://www.britannica.com/event/2010-
Haiti-earthquake  

 9.4 – Transportation and Disasters. (2020, 
October 08). Retrieved November 17, 2020, 

from https://transportgeography.org/?
page_id=6295  

 Amy. (2019, June 05). Water, sanitation and 
hygiene. Retrieved November 17, 2020, from 
https://ec.europa.eu/echo/what/humanitarian-
aid/water-sanitation-hygiene_en  

 https://www.usaid.gov/sites/default/files/
documents/2020_onepager_water-security-
and-sanitation.pdf  

 Shaughnessy, L. (2010, January 18). U.S. Air 
Force drops 55,000 pounds of food, water 
into Haiti. Retrieved November 17, 2020, 
from https://www.cnn.com/2010/WORLD/
americas/01/18/haiti.airdrop/index.html  

 HyperNoir. (2019, October 24). Conceptos 
Plasticos partners with UNICEF to build 
schools made of plastic in Ivory Coast. Re-
trieved November 17, 2020, from https://
hypernoir.com/en/conceptos-plasticos-
partners-with-unicef-to-build-schools-made-
of-plastic-in-ivory-coast/   

 Valencia, N. (2017, May 01). This House was 
Built in 5 Days Using Recycled Plastic 
Bricks. Retrieved November 17, 2020, from 
https://www.archdaily.com/869926/this-
house-was-built-in-5-days-using-recycled-
plastic-bricks   

 R, J. (2016, July 5). Man Builds Homes for 
the Homeless Using Discarded Plastic! Baba-
Mail. http://www.ba-bamail.com/
content.aspx?emailid=21538  

 By: Lewin Day, Day, L., Says:, J., Says:, J., 
Says:, F., Says:, K., . . . Says:, I. (2020, Octo-
ber 30). School Project Turns Plastic Waste 
Into Bricks. Retrieved November 17, 2020, 

from https://hackaday.com/2020/10/31/school
-project-turns-plastic-waste-into-bricks/  

 Precious Plastic Universe Explained. (n.d.). 
Retrieved November 17, 2020, from https://
preciousplastic.com/universe/how-does-it-
work.html  

 Say hi to the Precious Plastic Universe. (n.d.). 
Retrieved November 17, 2020, from https://
preciousplastic.com/index.html  

 Regattieri, A., Gamberi, M., Bortolini, M., 
&amp; Piana, F. (2018, May 16). Innovative 
Solutions for Reusing Packaging Waste Ma-
terials in Humanitarian Logistics. Retrieved 
November 17, 2020, from https://
www.mdpi.com/2071-1050/10/5/1587  

 Regattieri, A., Gamberi, M., Bortolini, M., 
&amp; Piana, F. (2018, May 16). Innovative 
Solutions for Reusing Packaging Waste Ma-
terials in Humanitarian Logistics. Retrieved 
November 17, 2020, from https://
www.mdpi.com/2071-1050/10/5/1587  

 Regattieri, A., Gamberi, M., Bortolini, M., 
&amp; Piana, F. (2018, May 16). Innovative 
Solutions for Reusing Packaging Waste Ma-
terials in Humanitarian Logistics. Retrieved 
November 17, 2020, from https://
www.mdpi.com/2071-1050/10/5/1587  

 The secret of recyling aluminum cans. (n.d.). 
Retrieved November 17, 2020, from https://
www.intcorecycling.com/the-secret-of-
recycling-aluminum-cans.html  

 Aluminum cans. (n.d.). Retrieved November 
17, 2020, from https://orwak.com/compacting
-know-how/aluminium-cans/  



 

 DCODE by Discovery, (2018, September 
21). How Are Aluminium Cans Recycled? | 
How Do They Do It[Video]. Youtube. https://
www.youtube.com/watch?
v=KmMP67eC2tg&list=PLWZF_FGwffhpN
J5-TRH6bax6NSwCJrmTw&index=1  

 Tdichristopher. (2015, May 28). Why trash is 
no longer cash for recycling biz. Retrieved 
November 17, 2020, from https://
www.cnbc.com/2015/05/28/why-trash-is-no-
longer-cash-for-recycling-biz.html  

 Schrooten, L., Vlieger, I., Panis, L., Chiffi, 
C., &amp; Pastori, E. (2009, October 18). 
Emissions of maritime transport: A European 
reference system. Retrieved November 17, 
2020, from https://www.sciencedirect.com/
science/article/pii/S0048969709007219?
via=ihub  

 IMO's MEPC progresses work on air pollu-
tion and energy efficiency. (n.d.). Retrieved 
November 17, 2020, from https://
www.imo.org/en/MediaCentre/
PressBriefings/Pages/34-mepc-67-
emissions.aspx  

 Schrooten, L., Vlieger, I., Panis, L., Chiffi, 
C., &amp; Pastori, E. (2009, October 18). 
Emissions of maritime transport: A European 
reference system. Retrieved November 17, 
2020, from https://www.sciencedirect.com/
science/article/pii/S0048969709007219?
via=ihub  

 Pallis, Athanasios A.; Papachristou, Aimilia 
A.; Platias, Charalampos (2017) : Environ-
mental policies and practices in Cruise Ports: 
Waste reception facilities in the Med, SPOU-

DAI - Journal of Economics and Business, 
ISSN 2241-424X, University of Piraeus, Pi-
raeus, Vol. 67, Iss. 1, pp. 54-70  

 Environmental Emergencies Center. (n.d.). 
Partner Network. EECentre. Retrieved De-
cember 2, 2020, from https://
www.eecentre.org/partner-network/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

Page 19 


