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¢ Eleven categories of indicators are identified to measure sustainability.

¢ Environmental concerns are soils, water, GHG, biodiversity, and productivity.

¢ Socioeconomic concerns include wellbeing, trade, profit, and social acceptability.
* Provisioning, cultural, regulating, and supporting services can be assessed.

Abstract: Cellulosic-based biofuels are needed to help meet energy needs and to strengthen rural
investment and development in the midwestern United States (US). This analysis identifies 11 categories
of indicators to measure progress toward sustainability that should be monitored to determine if
ecosystem and social services are being maintained, enhanced, or disrupted by production, harvest,
storage, and transport of cellulosic feedstock. The indicator categories are identified using scientific
literature, input from two stakeholder meetings, and response information from targeted surveys. Five
of the categories focus on environmental concerns (soil quality, water quality and quantity, greenhouse
gas emissions, biodiversity, and productivity), and six focus on socioeconomic categories (social well-
being, energy security, external trade, profitability, resource conservation, and social acceptability). We
hypothesize that by measuring these indicators, it will be feasible to quantify changes in ecosystem and
social services related to provisioning (e.g., energy, nutrition and materials), cultural, regulating, and
supporting services such as optimum soil water and nutrient balances, remediation of wastes, toxins, or
other nuisance compounds, and continuation of physical, biological and chemical conditions. To advance
our hypothesis from conceptual to real-world sustainability assessments, the next step will be to work
with a team of stakeholders and researchers to implement a Landscape Design Project entitled
“Enabling Sustainable Landscape Design for Continual Improvement of Operating Bioenergy Supply
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Systems.” The desired outcome is to identify a science-based approach so that progress toward
sustainability can be assessed and useful management practices can be identified.

Keywords: bioenergy, ecosystem services, landscape design, social services, sustainability

1. Introduction

Ecosystem and social services provide a useful viewpoint from which to consider trade-offs associated
with biofuel production and use [1]. Biofuel systems can provide a variety of services such as fuel and
climate regulation but can also affect other services such as food and water services in positive or
negative ways [2, 3]. Environmentally, economically and socially sustainable technologies to produce
liquid fuels from plant biomass are considered an essential element of sustainable development
strategies [4, 5]. Some activities such as aviation, ocean shipping, and long-haul trucking require liquid
fuels [6]. While biofuels are only one part of the energy portfolio, they are essential to achieving a
sustainable transportation sector [6].

International growth of bioenergy industries has led to scientific and public interest in determining how
production and use of bioenergy affect ecosystem and social services. The natural resource basis for
these industries is cellulose, hemicellulose, or lignin derived from crop and forest residues, perennial
grasses, urban waste materials, and other sources. Achievement of environmental benefits in the use of
cellulosic-based biofuels depends on which, where, and how cellulosic biofuels are produced [4, 7]. In
the United States and elsewhere throughout the world, legislative mandates associated with cellulosic
ethanol production and adoption of renewable transportation fuels require quantitative assessment of
changes to ecosystem and social services that occur as a result of bioenergy production and use [8].

From an ecosystem services perspective, cellulosic-based biofuel production can positively or negatively
affect provisioning services such as food, feed, and fiber; cultural services such as secure jobs, scenery,
and outdoor activities; and regulating and supporting services such as (a) mediation of water and
nutrient flows, (b) mediation of wastes, toxins, and other nuisances, and (c) maintenance of physical,
biological and chemical conditions. Positive and negative effects of biofuel feedstock production and use
are context specific [9], and therefore it is not possible to make general statements regarding costs or
benefits of cellulosic-based biofuels on ecosystem services. Rural producers and local stakeholders
include anyone positively or negatively affected by changes in ecosystem services. It is crucial to obtain
their views to fully comprehend regional implications regarding biofuel development within rural
landscapes [10].

This paper reports on the identification of relevant environmental and social indicator categories of
progress toward bioenergy sustainability for a project funded by the US Department of Energy (DOE)
entitled “Enabling Sustainable Landscape Design for Continual Improvement of Operating Bioenergy
Supply Systems” (and referred to below as the Landscape Design Project). The overall goal of the Project
is to integrate bioenergy production into other components of environmental, social and economic
systems while addressing sustainability concerns [11]. The Project is working to identify a science-based
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approach for quantitatively evaluating positive and negative effects of feedstock production, harvest,
storage, and transport within two specific biofuel feedstock supply sheds that might be generally
applicable to cellulosic-based biofuel production in other areas. The initial implementation focuses on
production of ethanol using corn (Zea mays L.) stover and perennial grasses in the midwestern US state
of lowa. Specifically, the project considers feedstock supply sheds for two operating biorefineries: Poet-
DSM'’s Project LIBERTY near Emmetsburg, lowa, and the DuPont cellulosic biorefinery near Nevada, lowa
(Figure 1). Project LIBERTY is designed to convert baled corn stover (cobs, leaves, husks and stalks) into
cellulosic-based ethanol. Current design capacity will convert 770 tons of biomass per day into 462
thousand barrels (20 million gallons) of ethanol per year, later ramping up to 575 thousand barrels (25
million gallons) per year. The DuPont biorefinery is designed to produce up to 694 thousand barrels (30
million gallons) of ethanol each year, which would make it the largest cellulosic-based ethanol
production plant in the world. In early 2016, both plants were in early phases of operation with modest
output. The two biomass supply sheds supporting these bio-refineries are located within areas
dominated by corn and soybean [Glycine max (L.) Merr.] production and where both surface and tile
drainage water flows into the Des Moines River or one of its tributaries or directly into the Mississippi
River through either the lowa or Cedar Rivers and associated tributaries. These areas have received
significant attention regarding water quality challenges due to high nitrate nitrogen (NOs-N) and
elevated phosphorus (P) concentrations [12, 13, 14, 15]. In addition, midwestern US agriculture has
been linked to changes in the hypoxia zone within the Gulf of Mexico [16, 17].

There has not been adequate legislative, executive, or regulatory response to reverse the trend of
increasing nitrogen loads established during the latter half of the 20™ century in response to changes in
cropping patterns [18], drainage, annual precipitation, or N fertilizer rates. Many studies in the upper
Midwest confirm that over 90% of the NOs-N entering lowa streams comes from agricultural sources
as set forth in the lowa Nutrient Reduction Strategy [19].

In 2014, the city of Des Moines’” Water Works (DMWW) Department filed suit in Federal court against
County Supervisors in three counties in the future Poet-DSM biomass supply shed because of high NOs-
N concentrations in drainage water entering the Raccoon River [20]. The DMWW is a regional utility
that provides water to approximately one-half million lowans and obtains its raw water supply from the
Raccoon and Des Moines Rivers through direct river intake and access to shallow alluvial aquifers and
surface waters recharged by those rivers. The suit states that the Raccoon and Des Moines Rivers have
suffered a long-term increase in levels of pollution, particularly NOs-N, which can only be removed by
water treatment plants. DMWW has invested millions of dollars in capital infrastructure, including a
NOs-N removal facility built in the early 1990s for $4.1 million but designed to operate an “as needed”
basis when NO;-N concentrations do not comply with the Environmental Protection Agency’s (EPA) 10
mg L™ maximum contaminant level (MCL) rule under the Safe Drinking Water Act. Even so in 2013,
DMWW issued a voluntary conservation request to its customers for 74 days during peak summer
demand, and in 2014 the NO3-N load again set record levels.. The NOs-N removal facility costs over
$7000 day™ to operate.

Given the challenges associated with policy solutions to non-point source water pollution, there is
strong interest in exploring market-based strategies. Perennial grasses planted as buffers can reduce
nutrient, phosphorous and sediment loads. A landscape-scale study in lowa indicates that planting 10%
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of cropland in perennial buffers can reduce N by 80% and P and sediment by 90% [21]. With the advent
of commercial scale cellulosic biofuel in the same region of lowa that is experiencing water quality
challenges, we hypothesize that agricultural-production systems that stabilize the availability of
bioenergy feedstock supplies could also provide an economic incentive for increased production of
perennial crops and thus help mitigate water quality concerns throughout both biomass supply sheds.

In 2015, the US Department of Energy initiated a Landscape Design Project to test this hypothesis. The
Landscape Design Project will engage stakeholders to implement commercial-scale, integrated, land
management systems that exploit synergies between cellulosic feedstocks and water quality on
thousands of hectares in central lowa. The hope is that the combination of market demand for perennial
biomass, conservation payments to establish perennials, and farmer/landowner/community interest in
documenting environmental, social and economic benefits will combine to incentivize widespread
positive changes in agricultural practices and performance. An initial step of this project is to identify key
indicators of changes in water quality and other ecosystem services and thus determine how biofuel
production throughout the region might affect services. Eventually it is hoped that the project will
generate management strategies to accomplish that goal, provide information that could offer solutions
within the region and nationwide, and demonstrate innovative ways to support a sustainable
bioeconomy. This effort will build on prior work on large-scale herbaceous biomass supply chains that
have identified three principal priorities: cost efficiency, reliability of supply, and sustainability [22].
However, to date, sustainability is often undefined.

Ssuch complex problems call for meaningful indicators and their effective use to support informed
decisions [23,27]. While addressing both feedstock production and water quality as an integrated
agricultural system, it is important to focus on key measures rather than a plethora of diverse indicators
that can confuse rather than inform decision-makers [24]. Agreement with stakeholders on a few
common measures for a specified context is essential to identify key effects on ecosystem and social
services [11]. Many assessments do a poor job of determining metrics to be measured, and, as a result,
analysis is biased by information available and the perspective of the assessment team. By taking a
holistic view of potential changes in services and metrics that measure those changes, this analysis is
expected to be less biased.

The question addressed here is what categories of indicators should be used to quantify changes in
ecosystem and social services associated with cellulosic-based biofuel production in the midwestern US.
Identifying relevant indicators of changes in services for this region focuses efforts to enhance benefits
and improve market opportunities for energy crops as well as addresses environmental concerns. This
analysis draws from a checklist of indicators of progress toward sustainable bioenergy [25,26] that relate
to supporting, regulating, cultural, production, and provisioning aspects of ecosystem services (Table 1
and 2).

To identify appropriate indictors, this project uses a framework for selecting indicators for particular
contexts [27], which emphasizes the importance of stakeholder engagement throughout the process.
Overall, this project is intended to provide an example of how a landscape design approach can have
immediate benefits not only for bioenergy feedstock production and water quality issues but also by
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identifying key indicators of ecosystem and social services for cellulosic based-biofuels in the
midwestern US.

2. Data collection and study method

This Landscape Design Project focuses on biomass feedstock supply sheds serving the Poet-DSM’s
Project LIBERTY biorefinery near Emmetsburg, lowa, and the DuPont cellulosic biorefinery near Nevada,
lowa (Figure 1). Both supply sheds are representative of the ecosystems associated with the US Corn
Belt, a region known for its high production of corn and characterized by deep, rich soils and a
temperate climate.

The proposed indicators were identified using survey responses from a November 2015 conference,
information collected during the Landscape Design Project kickoff meeting in December 2015, and a
December 2015 stakeholders meeting in Des Moines, IA. Collectively these three sources of information
provide perspectives of stakeholders throughout both supply sheds and the Midwest region as a whole.
In addition, other scientific studies of biofuel production using corn stover and perennial grasses in the
midwestern US are included in this analysis. Information regarding these sources is presented below.

On November 19-20, 2015, 175 participants attended a conference entitled “Sustaining Our lowa Land
(SOIL): Past, Present and Future of lowa’s Soil Water Conservation Policy” at Drake University Law
School in Des Moines, lowa [28]. The conference was developed by the Drake Agricultural Law Center in
cooperation with the Leopold Center for Sustainable Agriculture. Participants included a wide range of
individuals and representatives of organizations who are working to protect lowa’s soil and water
resources. Participants considered the roles that policy and law play in shaping stewardship efforts and
were asked 20 questions about soil and water conservation. All responses are posted at the conference
website [29].

The December 1 to 3, 2015, Landscape Design Project kickoff meeting was organized by Antares Group
Inc., who is leading the project, supported by the Bioenergy Technologies Office of DOE’s Office of
Energy Efficiency and Renewable Energy. Meeting participants included farmers as well as
representatives from the lowa Rural Water Association, lowa Department of Natural Resources, lowa
State University Extension Service, lowa Farm Bureau and affiliates, lowa Corn Growers and lowa
Soybean Association, drainage district officials, crop consultants, farm management firms, the
biorefineries, and agricultural agencies such as the lowa Department of Land Stewardship (IDALS),
Natural Resources Conservation Service (NRCS), and the lowa State Farm Service Agency (FSA). In
addition, the meeting included researchers from DOE’s Bioenergy Technologies Office, Idaho National
Laboratory, lowa State University, Oak Ridge National Laboratory, Pennsylvania State University, Purdue
University, and the US Department of Agriculture (USDA) who are familiar with changes in services
associated with all aspects of biofuel production. One objective of the meeting was to identify local
priorities and needs that could potentially be addressed by the research project. The attendees were
gueried regarding their perspectives and priorities associated with several potential indicators of
progress toward economically and socially sustainable biofuel feedstock supply chains. The tool
ThinkTank®, a software system for real time collection of ideas that allows for parallel input
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collaboration, synchronous and asynchronous session support, user anonymity, and assessment, was
used to enhance participation and information collection.

On December 3, 2015, 34 regional stakeholders concerned about the pending lawsuit participated in a
meeting titled “Capital Crossroads: A Vision Forward” [30]. The group is focused on a vision for the
future of the Greater Des Moines and Central lowa area that honors stewardship of natural resources
for a clean and sustainable environment. These stakeholders expressed substantial concern about
nutrient runoff from farms and drainage districts that appear to be contributing to the record levels of
NOs-N in the Raccoon River. Five presentations and a discussion focused on concerns about water
quality impact of agricultural practices and how to address them provided additional input for this
analysis.

Recognizing the breath of potential stakeholder viewpoints, perspectives of stakeholders not
represented by the November 2015 survey, December research meeting, or stakeholder session) were
accounted for by using a literature review and direct queries to selected stakeholders. Targeted
perspectives include the recreational community and those affected by changes in air quality.

3. Results and discussion

Biofuel production can provide a positive economic opportunity for agricultural regions including most
rural communities in the Great Plains and Midwest that have suffered from declining populations,
incomes, and social resources [31]. A 2011 community case study that examined local perceptions
regarding costs and benefits of the ethanol industry in lowa found not only modest economic benefits
and employment increases in those communities establishing ethanol plants but also increased traffic,
water competition, and social vulnerabilities if the biofuel industry does not prove to be viable [10].
Another study of farm and non-farm participants involved with a switchgrass biofuel project in southern
lowa found local and regional revitalization being the benefit most desired as well as least expected
[10]. The results and literature discussed below provide additional insights to what stakeholders view as
important aspects of a sustainable bioeconomy in lowa.

3.1 Survey results

The survey results reveal great concern regarding water quality, soil erosion, and the need for
conservation plans (Figure 2). More than 71% of the respondents agree that lowa's current laws and
regulations concerning water quality are inadequate to prevent the pollution of rivers and streams.
Almost 43% of the respondents think it is impossible to implement effective soil and water conservation
efforts if farming systems are based only on a corn and soybean rotation, and an additional 18% were
uncertain about this option. While 68% of the respondents agreed that farm land owners should be
required to have a current conservation plan developed by USDA’s Natural Resource Conservation
Service (NRCS) or the local Soil and Water Conservation District (SWCD), only 35% of the respondents
thought that soil erosion is being adequately prevented via compliance with a conservation plan and
federal conservation rules. Respondents suggested that central lowa water quality could be improved by
transitioning to either reduced- or no- tillage operations, installing buffer strips, planting cover crops,
implementing watershed-based nutrient management goals (e.g., reduced N and P application rates),
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increasing educational opportunities and perhaps enforcing conservation plans (Table 3). These options
can all be implemented using biofuel crops to improve ecosystem services. For example, biofuel crops
planted in buffer strips could provide effective surface cover and protection against wind and water
erosion, thus enabling greater collection of corn stover feedstock and enabling no-till land management.
The survey results also emphasize that the challenges associated with addressing water quality in the
region are multifaceted.

3.2 Landscape Design project kickoff meeting

Participants at the Landscape Design meeting used ThinkTank® to select the social, environmental and
economic aspects that they thought were of highest priority (Figures 3 and 4). The social aspects of
concern included perceptions such as risk of catastrophe (e.g., floods), effective stakeholder
participation, transparency, and public opinion, as well as social well-being (e.g., household income,
food security, employment, and work days lost to injury). Their responses underscored that farmers’
perceptions and risk aversion can significantly influence biofuel feedstock options [32] and their
willingness to produce, harvest, store and transport biofuel crops for biorefineries or other markets.

Regarding the environmental aspects, productivity, greenhouse gases, water quantity and quality as well
as soil quality or health and their effects on ecosystem services are the primary concerns (Table 1).
Harvesting of corn stover affects nutrient removal and replacement cost [33, 34], feedstock quality [35,
36, 37, 38], soil fertility and soil quality [39, 40, 41]. The appropriate corn stover removal rate is site- and
even sub-field specific as influenced by soil type, stover price, harvest cost, and other factors [42].
Therefore, producers should have good soil-test and nutrient management records for their harvest
sites prior to initiating any harvest strategy [43]. Cellulosic ethanol is one of the cleanest-burning fuels
available and can reduce carbon emissions by 90% over traditional fossil fuels. Participants recognized
that corn stover removal can affect soil erosion, water quantity and quality, and soil nitrate nitrogen
concentrations at the watershed scale [44], but none identified biodiversity or air quality as an
important issue even though those topics have been highlighted in prior biofuel studies throughout this
region [45,46].Using perennial grasses for feedstock production can enhance biodiversity
[47,48,49,50,51] and recreational uses of water depend on healthy stream ecosystems. Therefore,
biodiversity is retained as a category for assessment. However, subsequent analyses found that air
pollutant emission regulations are estimated to have a minimal effect on costs of selection of the
refinery site for cellulosic based biofuel [52, 53]. Given limited resources and the fact that other
categories were considered to be higher priority for stakeholders, the air quality category is not included
in our analysis. However, air emissions could still be considered to some degree for some locations as
cellulosic production increases to higher production volumes. In doing so, analysis need to be careful to
compare cellulosic-based biofuel to appropriate alternatives and not confuse it with emissions using
ethanol derived from corn grain [54].

Among the economic indicators, profit was identified as a priority by 43% of the respondents, and
energy security was also important as noted by 34% or respondents. While trade was not selected as a
key issue by any of the respondents, it certainly affects biofuel sustainability. For example, trade is a key
determinant of investment and price, and an analysis in 2011 found that lowa farmers were still learning
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about corn stover harvesting but believe that it will require capital investment, additional knowledge,
and a support infrastructure [55]. Producer willingness and ability to supply biomass varies depending
on across crops and price level [56] as well as weather conditions [8]. Hence we include all
socioeconomic categories listed in Table 2 (social well-being, energy security, trade, profitability,
resource conservation, and social acceptability).

3.3 Stakeholder meeting

The stakeholder group was well-informed about the interactions among land-management practices,
soil erosion, and water quality. Hence a focus on soil health was advocated. It was noted that
improvements can be achieved via use of cover crops and keeping livestock on the land (for pasture was
the original cover crop).

Engagement of agricultural retailers was an interesting twist brought to the discussion. Businesses are
being established to provide farmers with data analytics and phone or computer applications that help
identify improved practices and develop site-specific management plans with minimal effort. This
business-based approach appears to effectively engage landowners in soil and water conservation. Ag
retailers can provide tools for water and sediment control, options for constructed wetlands, soil loss
calculators, and make spatially explicit recommendations of optimal locations and rates for fertilization
application and stover collection. Such tools can be an important component of comprehensive planning
efforts that enable enhancement of ecosystem services. And ongoing assessment of key indicators is a
critical part of effective planning and implementation of conservation management strategies.

One participant effectively demonstrated erosion potential by pouring water over a glass of soil from
no-tilled land (which remained largely intact) compared to that from tilled land (which disintegrated).
Subsequent discussion focused on how improving soil health can be addressed by no-till practices, using
cover crops, and keeping livestock on the land (noting that pasture was the original cover crop). The
importance of education was emphasized by several participants.

Studies in other locations find that visual impact on the landscape and the rotation period of the energy
crop have a significant effect on the perceived benefit derived from growing an energy crop [57].
Further, improved utility of a crop expressed in terms of secure demand and diversified markets can
increase the area planted in that crop and the income associated with it [57].

3.4 A shortcut for stakeholder engagement

Stakeholder engagement is a priority in sustainability standards for bioenergy, yet is time consuming
and costly. This paper presents an approach to establishing stakeholders’ perspectives that is time
efficient and less costly than extensive surveys or focus groups. We use available reports and meetings,
and provide a written synopsis proposing indicators and inviting comments. While this approach is not
ideal for achieving direct engagement of all stakeholders in the key research question, it is cost effective
and uses stakeholders’ opinions obtained via indirect means. This alternative can be useful to narrow
the indicators of concern within a defined context.
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Ongoing stakeholder education and continual improvement is a hallmark of sustainability. By publishing
the results now, we seek comments and further input on key measures of progress toward sustainability
of biofuels in the Corn Belt. This approach is amenable to outreach via social media tools that offer new
ways to engage diverse stakeholders who may not attend meetings. Another example of this approach
occurred when writing the novel The Martian, as the author posted drafts on line and vetted technical
options to obtain input on plausible solutions and thereby improve details iteratively.

Stakeholder engagement is important, but input is not always obtained. The approach presented in this
paper is a first step toward engagement of stakeholders in an ongoing process. While sustainability
assessment efforts typically commence by collecting information on a particular component of the
system, it is better to first identify key components and thereby select what to measure.

4. Conclusions

It is still early enough in the development of biofuel projects in lowa watersheds for effects on key
ecosystem and social services to be identified and benefits enhanced. Information on potential changes
in services is needed by biomass harvesters, landowners, and local government so that sustainable
harvest and cropping practices can be developed for places vulnerable to both wind and water erosion
and where good crop residue management is needed to capture and retain rainfall and irrigation water.

Based on the November 2015 survey and December 2015 landscape design and stakeholder meetings as
well as scientific literature, we identified major categories of indicators of progress toward biofuel
sustainability for cellulosic crops in lowa. Of the six proposed environmental categories [25], soil quality,
water quality and quantity, greenhouse gases, biodiversity, and productivity were found to be the most
important (Table 1). Air quality did not rise to same level of importance because concerns about biofuel-
related effects on air quality were not expressed by the stakeholder group, landscape design meeting
participants, or in the literature [52]. All of the proposed categories of socioeconomic indicators [26]
were deemed important for cellulosic-based biofuel in lowa (Table 2). Social wellbeing of the rural life
style as well as the urban community is a concern of all groups. Energy security underlies economic
security of the region and is promoted by stability of energy feedstock supply, stability of product and
co-product supply and demand, and flexibility of the feedstock and fuel system [26]. External trade is a
critical part of the Corn Belt economy, for most of its goods are shipped outside of the region.
Profitability is pertinent to sustainability of the entire supply chain. Resource conservation refers to the
conservation of all of Earth’s resource and, in particular, fossil fuels. Social acceptability includes
aesthetic values, recreational values, cultural values, and risks as public perceptions about those risks.
Together, a suite of measures from these 11 categories can be used to monitor changes in sustainability
attributes that are of concern to diverse stakeholders in lowa and relevant to the expansion of
cellulosic-based biofuel production. These 11 categories also cover key ecosystems services that might
be affected by expansion of cellulosic-based biofuels in lowa (Tables 1 and 2). The next step is to work
with stakeholders and other researchers to identify reference and target conditions and collect data
pertinent to indicators constituting these 11 categories with which effects on ecosystem and social
services can then be assessed. This work will help identify management practices that can be
implemented to improve ecosystem and social services.
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Figures

1. Map of study area in central lowa (provided by Antares Group Inc.). The two biomass supply sheds
are defined by an 80 km (50 mile) radius from each biorefinery and occur in areas dominated by corn
and soybean production and where surface water flows into the Des Moines River or its tributaries.
Local watershed associations and their stakeholders in these two supply sheds are committed to
identifying ways to leverage various projects and programs to help improve water quality and to
develop market opportunities for herbaceous energy crops with known and recognized conservation
benefits. The biomass feedstocks being focused on include corn stover and mixed warm season grasses
such as switchgrass (Panicum virgatum), big bluestem (Andropogon gerardii), and Indian grass
(Sorghastrum nutans).

2. Histogram of selected results from survey conducted by the Drake University Law School at the
November 2015 conference on “Sustaining Our lowa Land (SOIL): Past, Present and Future of lowa’s Soil
Water Conservation Policy.”

3. Percent of priority indicators for assessing progress toward bioenergy sustainability that were
selected in each of three areas by 30 landscape design meeting participants.

Tables

1. List of recommended environmental indicators for bioenergy sustainability (based on McBride et al.
2013) and associated ecosystem service.

2. List of recommended socioeconomic indicators for bioenergy sustainability (based on Dale et al. 2015)
and associated ecosystem service.

3. Selected responses to query about one big idea in Drake University survey that are pertinent to
bioenergy production.
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Table 1. List of recommended environmental indicators for bioenergy sustainability (based on
McBride et al. 2013) and associated ecosystem service for assessing of effects on ecosystem
services of cellulosic-based biofuels in the Midwestern US.

Environmental |[Ecosystem Indicator Units Related Potential related
sustainability |service management environmental effects
category category: type pressures
Soil quality Supporting and |1. Total organic |Mg/ha Crop choice, tillage |Climate change, N
regulating carbon (TOC) mineralization,
service: soil humification, water
quality holding capacity,
infiltration, CEC
2. Total nitrogen |[Mg/ha Crop choice, tillage, |Eutrophication
(N) N fertilizer potential, N availability
application,
harvesting practices
3. Extractable Mg/ha Crop choice, tillage, |Eutrophication
phosphorus (P) P fertilizer potential, P availability
application,
harvesting practices
4. Bulk density  |g/cm® Harvesting practices, |Water holding capacity,
tillage, crop choice |[infiltration, crop nutrient
availability
Water quality Regulating 5. Nitrate concentratio |Crop choice, % of Eutrophication,
and quantity service: drinking [concentration in |n: mg/L; residue harvested, |hypoxia, potability
water; streams (and export: tillage, N fertilizer
Cultural export) kg/halyr application
service. 6. Total concentratio |Crop choice, % of  |Eutrophication, hypoxia
recreation phosphorus (P) |n: mg/L; residue harvested,
concentration in  |export: tillage, P fertilizer
streams (and kg/halyr application
export)
7. Suspended concentratio |Crop choice, % of Benthic habitat
sediment n: mg/L; residue harvested, |degradation through
concentration in  |export: tillage siltation, clogging of
streams (and kg/halyr gills and filters
export)
8. Herbicide concentratio |Crop choice, Habitat degradation
concentration in  |n: mg/L; herbicide application, |through toxicity,
streams (and export: tillage potability
export) kg/halyr
9. Peak storm L/s Crop choice, % of Erosion, sediment
flow residue harvested, loading, infiltration
tillage
10. Minimum L/s Crop choice, % Habitat degradation,

base flow

reside harvested,
tillage

lack of dissolved
oxygen
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11. Consumptive |feedstock Crop choice, Availability of water for
water use production: |irrigation practices, |other uses
(incorporates m®ha/day; |downstream biomass
base flow) biorefinery: |processing
m®/day
Greenhouse Regulating 12. CO, kgCe(/GJ N fertilizer production |Climate change, plant
gases services: carbon |equivalent and use, crop choice, [growth
sequestration emissions (CO, tillage, liming, fossil
and climate and N,0) fuel use throughout
regulation supply chains
Biodiversity Regulating 13. Presence of |Presence Crop choice, regional |Biodiversity
services: taxa of special land uses,
biodiversity, concern management
pollination, seed practices
dl_spers_al,.pest 14. Habitat area |ha Crop choice, regional |Biodiversity
mitigation; of taxa of special land uses
Supporting concern
service: habitat
Productivity Production 15. Aboveground |gC/m?/year |Crop choice, Climate change, soll
services: food, |net primary management fertility, cycling of
feed, fiberand  |productivity practices carbon and other
fuel (ANPP) / Yield nutrients
382
383
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385
386

Table 2. List of recommended socioeconomic indicators for bioenergy sustainability (based on
Dale et al. 2015) and associated ecosystem service.

Socioeconomic |Ecosystem Indicator Units Potential related conditions

sustainability service

category category: type

Social well-being |Cultural Employment Number of full time Hiring of local people; rural
services: jobs equivalent (FTE) jobs |development; capacity building;
and family food security
income;
Prov.lsu.)nlng Household Dollars per day Food security, employment,
service: food  |income health, energy security, social

acceptance

Work days lost
due to injury

Average number of
work days lost per
worker per year

Employment conditions, risk of
catastrophe, social conditions,
education and training

Food security

Percent change in
food price volatility

Household income,
employment, energy security

Energy security

Provisioning
service: energy

Energy security
premium

Dollars per gallon of
biofuel

Fuel price
volatility

Standard deviation of
monthly percent price
changes over one
year

Crop failures, oil or bioenergy
price shocks; macroeconomic
losses; shifts in policy, geo-
politics or cartel behavior;
exposure to import costs; new
discoveries and technologies
affecting stock/demand ratio

External trade

Provisioning
services: food,
feed, fuel and
fiber

Terms of trade

Ratio (price of exports
/ price of imports)

Energy security, profitability

Trade volume

Dollars (net exports or
balance of payments)

Energy security, profitability

Profitability Provisioning |Return on Percent (net Soil properties and
services: food, |investment investment / initial management practices;
feed, fueland |(ROI) investment) sustainability certification
fiber Dollars (present value requirements; global market
Prese prices, terms of trade
Net present of benefits minus
value (NPV) present value of
costs)
Resource Provisioning |Depletion of Amount of petroleum |Total stocks maintained; other
conservation services: fuel, |non-renewable |extracted per year critical resources depleted and
chemicals, energy (MT) monitored depending on
plastics resources context (e.g. water, forest,

ecosystem services)

13




387
388
389
390

391
392
393

Fossil Energy
Return on
Investment
(fossil EROI)

Ratio of amount of
fossil energy inputs to
amount of useful
energy output (MJ)
(adjusted for energy

quality)

Petroleum share of fossil
energy; imported share of fossil
energy; energy quality factors;
total petroleum consumed

Social
acceptability

Provisioning
services: food,
feed, fuel and
fiber

Public opinion

Percent favorable
opinion

Aspects of social well being,
environment, energy security,
equity, trust, work days lost,
stakeholder participation and
communication, familiarity with
technology, catastrophic risk

Transparency |Percent of indicators |ldentification of a complete

for which timely and  |suite of appropriate

relevant performance |environmental and socio-

data are reported economic indicators
Effective Percent of Public concerns and
stakeholder documented perceptions; responsiveness of

participation

responses addressing
stakeholder concerns
and suggestions,
reported on an annual
basis’

decision-makers or project
authorities to stakeholders; full
suite of environmental and
socio-economic indicators

Risk of
catastrophe®

Annual probability of
catastrophic event

Health, including days lost to
injury; environmental conditions

Table 3. Selected responses to query about one big idea in Drake University survey that
are pertinent to bioenergy production

What is your one big idea? If you could make Number of times
one change in lowa's soil and water

conservation policy or suggest one idea you

mentioned out of

think lowans should consider, what is it?

81 responses

No till or tillage plans

Cover crops

Nutrient management plan or conservation plan

Reducing soil erosion / increasing soil

conservation

Increased monitoring
Increased regulation or enhance current

regulations

Funding of conservation practices

Buffer strips
Education

o o~~~

wWh oo
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Figure 1. Map of study area in central lowa.
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Figure 2. Histogram of selected result=from survey conducted by the Drake University Law 5chool at
the November 2015 conference on “Sustaining Our lowa Land (SOIL): Past, Presentand Futureof
lowa’s Soil Water Conservation Policg”
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Figure 3. Percent of pricrity indictors for assessing progress toward bicenengy sustainability that were selected in
each of thres aress by 30 Gndscape desizn mesting participants.
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