
DFE 2018 Design Challenges



The following slides present 7 sustainability challenge areas. The 

challenges are inten@onally leL open ended. It is up to your group to 

research (go out in to the field, interview, observe and test your ideas! 

early and oLen!) and further define the problem opportunity! 



General	Considera-ons	

• Your user (kids, adults, socioeconomic status, 
educa@on level, their needs) 

• U.S. or Interna@onal 

• Geographically restricted? 

• Stakeholders 

• Economics 

• Life cycle 

• Inherent hazard 

• Risk 

• DfD 

• …. 

• Don’t forget everything you are learning in the 
class, apply it here!



Agriculture 

Agriculture is a resource intensive industry and many of the current 
prac@ces are incredibly inefficient. 

For the following 3 challenge areas, consider a product or process 
based solu@on. 

Think about the func@on provided and don’t be afraid to think big 
(challenge assump@ons!) 



Agriculture: Water 

• Annual global water withdrawal for agriculture (in 2000) was 687	trillion	
gallons, greater than the domes@c (211 trillion gallons) and industrial 
(106 trillion gallons) sectors, combined.  

• Conven1onal	prac1ces involve large sprinklers over huge land areas, 
which can lead to significant	losses due to evapora@on.  

• Increased	demand is forecasted given the increased frequency of 
drought condi@ons in many of the largest U.S. agriculture regions as well 
as increased demands for fresh water in non-agriculture sectors (e.g., 
energy). This in turn, will increase	compe11on for a finite resource.  

• BMP include drip irriga@on, for example, enhance the efficient use of 
water for irriga@on, but this is not	a	widely-adopted prac@ce (why not?). 

Challenge:	Develop	a	solu0on	that	
provides	the	water	necessary	for	

crop	produc0on	in	a	more	
efficient	manner.	



Agriculture: Fer@lizer 

• Annual global fer@lizer usage is ~200	million	tonnes.  

• Current nutrient use efficiencies range from 25-50% for N and 12-20% 
for P. This means that anywhere from 50-88%	of the N and P applied to 
agricultural fields as fer@lizer is in	excess.  

• This excess nutrient can enter surface and ground waters, and is a 

primary cause of eutrophica1on.  

• Embedded energy: Produc@on of N-based fer@lizers is energy intensive 
(Haber Bosch process uses 1-2% of total U.S. Energy demand = 32.5	
million	BTU/year) 

• P is mined (energy intensive) and is a finite	resource, with the largest 
deposits in Morocco (geopoli@cal conflict). 

Challenge:	Develop	a	solu1on	that	
provides	the	necessary	nutrients	to	

crops	more	efficiently.	



Agriculture: Food Waste 

• 40%	of	all	food	produced in the U.S. is wasted.	

• That is equivalent to 1249	calories	per	person	per	day.  

• Food produc@on required an incredible amount of energy and water, so 
with every item of food that is thrown away, so too are the 
embedded	resources.  

• Food waste occurs at all	levels	of	the	system (e.g., food processing 
household, super market, transporta@on, dining hall, restaurants).  

• All the while, 16	million	children	are	food	insecure in the U.S.  

• How can you reduce the amount of food wasted and increase the 
availability of this valuable resource?  

Challenge:	Develop	a	solu-on	that	
reduces	food	waste.		

recent special edition, Nature

One	way	to	poten-ally	narrow	this	
challenge	-	focus	on-farm,	in-store,	
in-home	or	at	end	of	life.	

http://www.nature.com/nature/outlook/food-security/index.html
https://apeelsciences.com/


The Built Environment 

• There are over	100,400	vacant	houses in the Pigsburgh Metropolitan Area, according to U.S. 
Census, represen@ng a rise in Allegheny county alone, from 6.8 to 9% since 1990. 

• In addi@on to homes, there are vacant	buildings,	lots	and	factories scagered around the city. 

• Vacant buildings are not	good	for	business (agrac@ve nuisances) on many levels. 

• These buildings/lots are untapped	opportuni1es and oLen@mes, are of historical significance (so 
you don’t want to just knock them down to re-build, you want to preserve its history).  

Challenge:	Redesign	or	repurpose	vacant	city	spaces	(buildings,	homes,	factories,	lots)	in	a	
way	that	facilitates	community	engagement	with	green	engineering	and	sustainability	.	

Note: there is an opportunity to collaborate with the Pigsburgh History and Landmarks Founda@on on this project.

Poten-al	neighborhoods:	Wilkensburgh,	Hazelwood,	
Lawrenceville

http://triblive.com/local/allegheny/12478313-74/pittsburgh-puts-database-of-3000-city-owned-properties-for-sale-online


Contaminated Drinking Water

• Whether you are in Flint, MI or Pigsburgh, PA, contaminated 
municipal drinking water has captured recent headlines.  

• These municipal water crises can cost	ci1es	hundreds	of	millions	of	
dollars	and impart significant adverse	health	effects (e.g., est. 8,000 
children in Flint, MI were exposed to Pb and other toxins).  

• While there are numerous inorganic, organic and biological 
contaminants of concern, the primary and most recent culprits 
include microorganisms	and	heavy	metals. 

Challenge:	Develop	a	household	POU	treatment	
for	contaminated	drinking	water.

Unique	considera-on	for	this	challenge:	Nature	provides	
many	examples	of	efficient	water	filtra-on	and	
purifica-on	processes	(e.g.,	mussels,	fish	gills,	porins)		-	
consider	a	Biomimicry	inspired	solu-on



Challenge:	Develop	a	solu0on	that	aids	in	
survival	aEer	a	natural	disaster	while	reducing	
current	unsustainable	aspects	of	disaster	relief	
(you	don’t	have	to	address	them	all).

• Hurricane Harvey hit Texas on August 25, 2017 affecting 13 million people from TX 
through LA, MI, TN and KY. 

• 200,000 homes damaged or destroyed, at least 50 people have died 

• Mega-shelters were rapidly established for 5,000 – 10,000 evacuees 

• Texas Governor will need >$125 billion in federal relief aid 

• 800 wastewater treatment facilities and 13 Superfund sites were flooded, and on 
On August 31, a chemical plant in Crosby, TX ignited. All event released hazardous 
substances to surrounding flood waters and the atmosphere 

• Harvey is one of many natural disasters that global society is faced with increased 
frequency (floods, earthquakes, wildfires, tsunami) 

• For many reasons, life after a major disaster is less than ideal. The impetus is on 
helping those alive remain safe and healthy. When a natural disaster strikes, rapid 
relief to provide essentials – food, water, shelter – typically comes in the form of 
single use single function products (e.g., bottled water, packaged food) and makeshift 
or community-style shelters.  

Disaster Relief

• There are also unique constraints of this situation (e.g., large 
quantity, rapid, low cost solutions, no electricity, human nature/
survival reactions) that are necessitating the aid, but also influence 
the effectiveness of aid.



Recycling and Waste Management

• If you have ever looked at municipal recycling instruc@ons, you’ll 
no@ce that you are unable	to	recycle	soiled	cardboard. The specific 
example provided is ‘pizza boxes’. 

• The grease and residual food in the box ruin en@re batches of paper 
recycling.  

• Americans order 3	billion	pizzas	each	year, which is over 4.6	billion	
pounds	of	cardboard that cannot be recycled and is diverted to 
landfill! 

Challenge: Develop an equally effective, less wasteful 
solution to containing and delivering pizza.



Open Design Challenge

Create	a	nature-inspired	innova-on	(a	product,	service,	or	system)	
that	combats	climate	change	by:	
1.	helping	communi-es	adapt	to	or	mi-gate	climate	change	
2.	reversing	or	slowing	climate	change	

Scoped	challenges:	plas-c	pollu-on,	food	waste

https://challenge.biomimicry.org/en/challenge/global-design-challenge-2019


Open Design Challenge

Currently	3	open	challenges:	
1. Bridgebuilder	Challenge	(address	global	challenges	at	the	

intersec-on	of	peace,	prosperity,	and	planet	in	radically	new	ways)	
2. Nike	Circular	Innova-on	Challenge	(use	Nike	Grind	material	to	help	

create	new	products	and	a	waste-free	future)	
3. Early	Childhood	Innova-on	Prize	(help	maximize	every	child’s	

poten-al	during	their	first	three	years	of	life)

https://www.openideo.com/challenges

