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Water Practices In The Energy 
Industry Are Shifting. 

The recent surge in shale gas and oil production 
is accelerating growth and opportunities for 
the U.S. energy industry. While unconventional 
energy production promises to be a long-term, 
low-cost domestic source of fuel, its future faces 
vulnerability in the area of water management. 

In many regions where energy production 
is growing, freshwater is scarce. Maintaining 
reliable, affordable water supplies is 
challenging, and disposal of wastewater is a 
challenge in some regions as well. Sustainable 
wastewater management is evolving. 

Sourcewater aims to solve this problem by 
creating a marketplace of water sources for 
energy production, with a focus on recycling 
wastewater from oil and gas wells and other 

wastewater sources such as mining, waste 
treatment and agricultural operations. 
Sourcewater believes emerging water practices 
in unconventional energy production present 
a unique opportunity to improve the dynamics 
of water use and exchange, and over time, to 
create broader impact at the national level.

The system of water use and exchange in 
unconventional energy is a complex and 
nonlinear social system for which simple 
analytic solutions are not easily available. 
Sourcewater worked with Thicket Labs to build 
a computational model to demonstrate their 
theory of change at the systemic level. This 
whitepaper presents the results of that system 
model to demonstrate the Sourcewater vision 
for impact. 
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Intervention Model  
At-A-Glance

Economic Impact 

Creates a marketplace for water

Reduces water management costs

Reduces risk of supply disruption

Strengthens regional water markets

Environmental Impact

Increases wastewater recycling

Improves water supply resilience

Decreases environmental risks

Social Impact

Increases public trust

Improves resource distribution

Strengthens water management and decisionmaking

Lays groundwork for a water commodities market

Developed at MIT, Sourcewater is the first online 

marketplace for recycling water in unconventional energy 

production. Sourcewater presents a comprehensive solution 

to maximize recycling, secure water supply, and minimize 

costs to support unconventional energy producers.
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In order to build our model, we compiled a set of concepts that represent 
the interrelated elements of our system. Our model draws on a set of 
43 concepts that compose the system of water use and exchange in the 
unconventional energy industry. The bulk of these concepts build a picture 
of the systemic conditions, industry practices, and risks that emerge 
from these practices. We then added a set of concepts that represent the 
Sourcewater impact model, and a set of concepts that help us to evaluate 
impact by measuring structural aspects of the system. 

Figure A
These concepts represent 

the system of water use 

and exchange in the 

unconventional energy 

industry.
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Figure B
How Industry Practices  

Influence the System 

Figure C
How Sourcewater’s interventions 

influence the system.
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Capital expenditure on a typical shale gas or tight oil well is in the range 
of $5 – $7 million, and up to 10% of that cost is allocated for water 
management.1 As much as two-thirds of a well’s operating expenses can 
be consumed by water management; around $1 million over lifetime of 
the well.2 The need for water management services including acquisition, 
transfer, storage, treatment, hauling, and disposal is already estimated at 
$23.3 billion and slated to grow by nearly 40% by 2022.3,4

Water use is growing, ranging from over 180,000 barrels per well to 
about 75,000 depending on the region.5 While water consumption 
in unconventional energy production activities comprise less than 0.1 
percent of consumable water in the US, wastewater production far 
exceeds consumption (figures D and E).6,7 Environmental impacts of 
freshwater consumption also vary at the regional level: Within a county, 
water used to drive drilling and completions can account for as much 
as 30 percent of the available supply.8 Regional markets have a stake in 
supporting strong water management and supply chain logistics to avoid 
the possibility of catastrophic impacts due to environmental shifts. 

The continued growth of the unconventional energy sector is strongly 
linked to the industry’s ability to develop integrated and sustainable 
water management practices.9 By recycling wastewater generated by oil 
and gas production, the unconventional energy industry has the potential 
to reduce water costs, minimize environmental impacts of production 
activities, and invite public acceptance of the industry through stronger 
environmental stewardship. 

The Need for Water 
Management is Growing.
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The main reason energy companies currently rely on freshwater 
for unconventional energy production is simple: Large amounts of 
freshwater are easy to find. By creating a market for non-freshwater, 
we can turn wastewater into an asset while revaluing freshwater as a 
premium product. Freshwater will be conserved for the most critical 
uses, while non-freshwater can be made available at a lower price for 
uses that don’t require freshwater. Sourcewater’s spot market model for 
trading recycled water will help incentivize investment in infrastructure to 
support a larger water commodities market. 

Figure D
Unconventional Energy comprises 

less than 0.1 percent of total US water 

consumption.

Figure E
The oil and gas industry produces more 

than enough wastewater to replace 

all of its freshwater consumption with 

recycled water — with water to spare 

for other users as well. 

Figure D: Water Consumption Figure E: Projected Water  
Use by Energy Industry 
by 201612

4,751 billion barrels / year

2.6 billion barrels / year

Total US 

200510

Energy 

201411

3.2 billion barrels

28 billion barrels 

Water 
Consumption

Wastewater 
Production

10 Abdalla, C & Drohan, J. (2010). Water Withdrawals for Development of Marcellus Shale Gas in Pennsylvania. Penn 

State Extension, 1-11.
11 Barber, N.L., 2009, Summary of estimated water use in the United States in 2005: U.S. Geological Survey Fact 

Sheet 2009–3098, 2 p.
12 Ciulla, F. (2014). Strategies and Economics for Water Reuse & Recycling. PacWest Consulting Partners, 9, 11.

Thermoelectric power 49%

Mining 1%

Industrial 4%

Aquaculture 2%

Livestock >1%

Irrigation 31%

Domestic 1%

Public supply 11%
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Figure 1: Freshwater Consumption Figure 2: Wastewater Consumption Figure 3: Wastewater Production
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A New Model for the Industry

As an online exchange for conserving freshwater resources, Sourcewater 
creates market incentives for recycling water and protects the 
security of water supplies for unconventional energy producers. In 
order to demonstrate how Sourcewater influences the industry and 
overall system, we developed test cases to model the system before 
Sourcewater is introduced and the system after Sourcewater connects 
the marketplace. 

To simulate how the industry operates without Sourcewater, we 
set system inputs to reflect current industry practices and a subset 
of meaningful conditions. We started with rates of high freshwater 
consumption and low wastewater consumption. We added high rates 
of wastewater production and disposal. Rates of recycling vary from 
region to region throughout the industry; for example, in the Marcellus 
Shale region of Pennsylvania, recycling rates are over 80%. In other 
regions, recycling rates are at 10% or less. We set recycling and the 
exchange activities of buying and selling water low to reflect a more 
typical national level. We included some challenging systemic conditions 
to reflect real world issues, including low levels of public trust, some 
environmental impacts, and a low level of data. 

To show how Sourcewater influences the industry, we maintained the 
exact same set of practices and conditions and added Sourcewater’s 
interventions to the system. The results of our simulations are presented 
in the figures that follow, showing how the system behaves with 
Sourcewater and how it behaves without the marketplace. 
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Figure 4: Wastewater Storage Figure 5: Wastewater Shipping Figure 6: Wastewater Treatment
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Figure 7: Wastewater Disposal Figure 8: Wastewater Recycling Figure 9: Buying and Selling Water
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Without Sourcewater, we see that current industry practices result in 
negative impacts that are trending upward. With Sourcewater, we see 
industry practices adapt to Sourcewater, risks subsequently decline, and 
system impact metrics strengthen. 

In our simulations, we discovered that Sourcewater’s intervention model 
has mutually reinforcing elements that accelerate positive impact at a 
minimal threshold (figure 22). Positive feedback loops are important: 
As more sellers join Sourcewater, more buyers follow, and vice versa. 
Critical mass is also important: we identified a tipping point in the range 
of a 5-10% rate of industry adoption that can deliver successful positive 
impact. Below this range, it seems that practices will not adapt to the 
intervention model. Because of the importance of regional considerations 
in industry practices, Sourcewater will need a critical mass of industry 
participation at a regional level to be able to succesfully create impact.
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Figure 10: Environmental Risks Figure 11: Induced Seismicity Risks
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Water Consumption Practices

Well-stimulation in the hydraulic fracturing process requires large 
amounts of water, but water is also generated by the well. A portion 
of the hydraulic fracturing fluid returns to the surface after fracturing 
as flowback water.13 The rest of the water that returns to the surface is 
produced water, the water found in shale formations that flows to the 
surface throughout the entire production lifespan of the well.14 Both are 
forms of wastewater. 

Regional practices vary based on regulations and resource availability, 
but many unconventional energy producers have historically managed 
wastewater by disposing of it in deep injection wells, also called brine 
disposal wells. The disposal of wastewater in deep injection wells has 
been linked to seismic activity in several regions across the United 
States.15

Recycling wastewater involves collecting flowback and produced water 
and either directly reusing without treatment or treating on- or off-
site before reusing. The reuse of wastewater in the hydraulic fracturing 
process also varies region by region, but is generally low. Innovations in 
treatment options are bringing down the cost of recycling wastewater, 
while disposal costs are significant and expected to rise.16

13Boschee, P. (2014). Produced and Flowback Water Recycling and Reuse Economics, Limitations,  

and Technology. Oil and Gas Facilites, 2(1),16-22.  
14Ibid.
15 Smyth, J. (2014, April 11). US geologists link small quakes to fracking. AP Worldstream.
16 Gay, M. (2013). Water Challenges Present Market Opportunities in the Unconventional Landscape. IHS 
Unconventional Energy Blog.
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Figure 12: Shipping-Related Risks Figure 13: Liability Risks
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 Sourcewater maximizes wastewater recycling in place of freshwater 
injection. Figures 4, 5, 6, 9, 11, and 14 reflect how industry practices and 
risks of induced seismicity can be expected to respond. With treated 
wastewater replacing freshwater consumption in the energy production 
process, wastewater disposal will decline and as a result, induced 
seismicity will also decline. Sourcewater’s intervention model begins 
with providing an online marketplace for energy companies to exchange 
produced water, wastewater, and freshwater sources. 

Wastewater Practices

Water transportation can make up as much as 80 percent of water 
management costs.17 Truck transportation carries significant risks, 
including environmental pollution, road wear, and an increased risk of 
traffic-related accidents. The storage of wastewater is also a significant 
portion of water management needs, and carries with it storage expenses 
and spill risks. At the same time, the longer wastewater is in storage, the 
more it drives water prices up by reducing available supply. 

By building a marketplace to connect regional buyers and sellers, 
Sourcewater triggers a set of accelerating impacts including faster 
times from search to negotiation to final sale and transfer. Because of 
the increased availability of supplies, buyers can acquire sources that 
are geographically closer to them, reducing shipping distance and 

17 Gay, M. (2013). Water Challenges Present Market Opportunities in the Unconventional Landscape. IHS 
Unconventional Energy Blog.
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Over Time Over Time

Figure 15: Transaction Speed
Figure 16: Informed Water  
ManagementFigure 16: Water Management Costs
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accompanying costs and risks (figures 15 and 16). And because of the 
increased availability of buyers and sellers, water supplies spend less 
time in storage and out of circulation. 

In our model, Sourcewater minimizes water transportation and storage 
needs and increases transaction speeds as seen in figures 7, 8, and 18. 
Water management costs and risks associated with shipping and storage 
also decline (figures 17, 10, 12, and 13). Local markets grow stronger, 
which strengthens water supply chains for energy producers and the 
market as a whole (figures 20 and 21). 

Over Time
Over Time

Figure 17: Water Supply Chain Figure 18: Local Markets Figure 19: System Impact

Over Time
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Weaker

Stronger Stronger

Weaker Weaker
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A Comprehensive Solution to Water Management

As water management practices evolve, unconventional energy 
producers will need to track their activities to be able to to set priorities, 
provision resources, strengthen operations, define intended outcomes, 
and evaluate success. Sourcewater users are able to track all water 
supply, transport and disposal decisions, increasing the availability of 
internal data for more informed water management decisions. Over time, 
Sourcewater will also be able to offer anonymized, aggregate water 
market data to its users to amplify industry-wide best practices. 

By offering additional internal water management tools within its 
platform, Sourcewater offers a streamlined water management 
solution to energy companies to increase efficiency. By encouraging 
self-regulation by the industry over imposed regulations that drive 
costs up, Sourcewater helps keep energy production costs down. 
Over time, Sourcewater lowers energy production costs by lowering 
water management costs, strengthening informed water management 
practices (figures 17 and 19) and reducing risk of supply disruption. 

“The United States needs to restructure its 
approach to water management and create 
institutions that would make water allocation 
more flexible and resilient, so that users of 
water can thrive even in the face of substantial 
disruption of supplies. Water markets represent 
an important tool for achieving that flexibility 
and resilience.”18

18 Culp, P., Glennon, R., & Libecap, G. (2014). Shopping for Water: How the Market Can Mitigate Water 

Shortages in the American West. 1-8. 
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Beyond the Industry

Sourcewater presents a compelling vision for a market-based solution to 
building recycling practices within the unconventional energy sector, but 
the interventions Sourcewater is introducing today are part of a larger 
effort to build resiliency through adaptive strategies. 

Water has so far remained unregulated by a commodities market, but 
this appears to be changing. IHS outlooks for drilling and completion 
activity through 2022 shows that 79% of E&P activity is expected within 
plays facing moderate to high drought risk.19 In an interview with CNBC, 
Mark Fulton, founder of Energy Transition Advisors, said the evolution 
of markets and the changes in the climate over the next 25 years has 
the potential to introduce new systems for trading water and other 
environmental rights.20 

7,000

Demand with Ł
no productivity 
improvements

Historical improvements
in water productivity

Increase in supply
under business-as-usual

Remaining gap

Existing accessible
reliable supply

6,000

5,000

3,000

Today 2030

Chart adapted from Charting our water future: Economic frameworks 
to inform decision-making 

19 Cain, D. (2014). Water Resource Management for Unconventional Energy. IHS Unconventional Energy Blog.
20 Domm, P. (2014), Why trading water futures could be in our future. CNBC.

Figure 20: Future Water Needs
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The 2030 Water Resources Group, established to provide background 
and insights on future water resource scarcity issues, believes that any 
strategy to achieve water resource security must be a joint effort by 
governments, businesses, and water users in agriculture, industry and 
cities.21 By providing mechanisms to attach market prices to water, 
Sourcewater is building infrastructure for a more responsible water 
commodities market beyond the energy industry. Through its ability 
to adapt to both real-time demand and regional needs, Sourcewater’s 
platform can help introduce more responsible integrated water 
management strategies to other industrial users of water including 
agriculture, utilities, and more. 

Innovation will play a large role in getting water resource management 
to where we need it to be to close the gap in future water needs. 
Sourcewater can help accelerate that innovation now by helping to 
trigger investment in alternatives. Alignment across public and private 
priorities is another essential component to creating a resilient water 
market. Sourcewater’s ability to cultivate self-regulation by the energy 
industry sets the stage for a more productive conversation backed by 
data. A fact base on the economics of integrated water management will 
help build alignment around prioritizing water resiliency.22 

Sourcewater has a role to play in future water resource management. 
Through its market-based approach, climate-adaptive platform, 
potential to incentivize innovation, and ability to cultivate strategic water 
management through information access, Sourcewater can help unlock 
future water resiliency. 

“Global warming is the key driver of climate 
change, but one of the key aspects of climate 
change is climate variability. In a sense, we’re 
going to see more disruption to natural 
systems, and therefore the property rights
over those natural systems are going to have 
to be properly managed.”

–Mark Fulton, Energy Transition Advisors

21Charting our water future: Economic frameworks to inform decision-making. (2009). New Delhi:  

2030 Water Resources Group.

22 Ibid.
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Process

Thicket Labs worked closely with the Sourcewater team to 

develop a system model based on 43 elements to represent the 

ecosystem of water practices within the unconventional energy 

sector and the Sourcewater intervention model. We then used 

the Possibility Engine, our custom social system mapping and 

modeling platform, to synthesize these concepts into a set of 

related elements that demonstrate potential impact over time.

To form the model, we started by interviewing the Sourcewater 

team to develop a working understanding of how they 

understand the industry landscape. We then identified key 

impact metrics to gauge system growth and related them to 

system elements using a four-point scale. 

We modeled the concepts and relationships using the Possibility 

Engine to visualize possible outcomes. We deployed these 

system elements in two simulations to demonstrate how the 

system behaves with and without Sourcewater.
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About

Thicket is a social systems design lab.

We pilot new approaches to research, dialogue, and design in 

complex social systems. We deliver collective impact-driven 

solutions efficiently and at scale.

The Possibility Engine, our custom social system mapping and 

modeling engine, powers our ability to map social systems 

and deliver solutions at scale. We focus on delivering solutions 

in three areas: research & planning, dialogue & design, and 

monitoring & evaluation.

Together, Thicket & The Possibility Engine present a new 

approach to understanding, designing, and evaluating complex 

social systems. 
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