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Executive Summary 1 

This document contains project reports from research carried out from 6 2 

September 2018 to 4 December 2018 during the Fall term of the Environmental Issues 3 

course offered through the Wake Forest University Environmental Program. These 4 

reports were produced by the 20 students enrolled in the course. Through connections 5 

made possible by Nathan Peifer at the Wake Forest University Office of Sustainability, 6 

the students worked collaboratively on 5 projects centered around supporting the Wake 7 

Forest University and Winston-Salem communities. Working closely with stakeholders, 8 

students identified and worked toward solutions to various environmental challenges 9 

including product life cycle assessments, pawpaw pollination, paper towel composting, 10 

meadow restorations, and stormwater management. This report compiles those five 11 

papers that present the research and findings from the projects. A short summary of 12 

each project is provided below.  13 

 14 

Assessing Life Cycle Assessments 15 

Project Summary: LCAs provide companies and communities with a widely 16 

used system for determining ecological, environmental, and economic impacts of 17 

products across many disciplines. The Office of Sustainability at Wake Forest University 18 

identified the potential use of LCAs, but has not yet created a program to implement 19 

them. This project thoroughly defines and outlines the steps most commonly used to 20 

complete a LCA and determines the feasibility of implementing these methods at Wake 21 

Forest University.  22 

Wake Forest University Pawpaws: A Review of Pawpaw Pollination and Potential 23 

Methods of Improving Pollination Success on Campus 24 

Project Summary: Asimina triloba, commonly known as the pawpaw, is a tree 25 

native to the southeastern United States and is found on several locations on the Wake 26 

Forest University campus. However, the pawpaw trees on campus have not produced 27 

fruit in years. This project investigates the most sustainable, efficient, and effective way 28 

to pollinate pawpaw trees around the campus of Wake Forest University.  29 

Assessing the Potential for Paper Towel Composting in Public Buildings at Wake 30 

Forest University 31 

Project Summary: Paper towels are one of the top contributors to overall waste 32 

production on college campuses. In compost, paper towels act like leaves and are a 33 

beneficial addition that help reduce waste headed to the landfill. While composting 34 

infrastructure exists through the Wake Forest University Dining Services and the Office 35 
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of Sustainability, there is no program for composting paper towels. This project outlines 1 

steps to execute a pilot program for paper towel composting in Benson University 2 

Center on the Wake Forest University campus.  3 

 4 

Reynolda Gardens Native Meadow Restoration Advisement Project  5 

Project Summary: Meadow restoration projects are conducted with the purpose 6 

of improving wildlife habitats, decreasing stormwater runoff, lowering emissions from 7 

mowing, and providing the public with an understanding and appreciation of the 8 

environment. One such project is currently taking place at Reynolda Gardens in 9 

Winston-Salem, NC on a 37.3-acre meadow located near the Reynolda Museum. This 10 

project will supplement that restoration project by creating a management plan to be 11 

implemented after federal funding support ends in December. This management plan 12 

will act as a guide for improving and maintaining the meadow in the coming years. 13 

Uncovering Innovative and Sustainable Stormwater Management Practices for Wake 14 

Forest University  15 

Project Summary: Manmade infrastructure (e.g. sidewalks, roads, and buildings) 16 

on the Wake Forest University campus have changed the stormwater characteristics of 17 

the area. As the campus becomes less permeable, infrastructure must be developed in 18 

order to counteract the effects of the increase in stormwater runoff and decrease in 19 

water quality due to contamination. Climate change, rapid urbanization, and evolving 20 

regulations pose additional challenges to existing stormwater systems. This project 21 

summarizes current stormwater challenges on the Wake Forest University campus and 22 

proposes three solutions to this issue: installation of rain and roof gardens, use of cheap 23 

high-tech sensors, and utilizing permeable pavement technology. 24 
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Abstract 1 

The first life cycle assessment (LCA) was done when Coca-Cola was exploring 2 

alternative containers to the traditional glass bottle in 1969. The goal of Coca-Cola’s 3 

LCA was to determine which container had the lowest releases into the environment 4 

and required the least amount of natural resources. Conducting a LCA involves a very 5 

specific methodology consisting of four steps: 1) defining the goal/scope, 2) completing 6 

inventory analysis, 3) completing impact analysis, and 4) analyzing data to form an 7 

improvement analysis. Today, LCAs provide companies and communities with a 8 

widely used system for determining ecological, environmental, and economic impacts 9 

of products across many disciplines. This applies also to universities, where conducting 10 

LCAs can help make more sustainable decisions campus wide. The Office of 11 

Sustainability here at Wake Forest University (WFU) has identified the potential use of 12 

LCAs but has not yet created a program to implement them. Our goal was to 13 

thoroughly define and outline the steps most commonly used to complete a LCA and 14 

determine the feasibility of implementing these methods at WFU. This report takes into 15 

account the history, overview, and steps of conducting a LCA, while also 16 

demonstrating examples and the feasibility of conducting a LCA here at WFU. We 17 

concluded that there is enough research and previous successes of LCA completion to 18 

inform the implementation of LCAs at WFU. We are confident that it is feasible, using 19 

the methods we have outlined in this report, for WFU departments with the adequate 20 

resources to overcome the roadblocks we faced and perform LCAs on campus.  21 
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1. Introduction 1 

In 2013, Americans generated 254 million tons of trash (“Municipal Solid Waste”, 2 

2016). Although there has been a push towards ‘reuse, reduce, and recycle’ since the late 3 

1990s in the United States, this figure has surprisingly increased year after year even 4 

though there is an increased focus on environmental, social, and economic stability 5 

across industries worldwide. One way to tackle this waste problem is to conduct a life 6 

cycle assessment (LCA), which includes the environmental, social, and economic 7 

impacts of creating and disposing of a particular item. In today’s changing world, there 8 

has been a shift from cheaper, less environmentally friendly products towards more 9 

environmentally conscious products. With a LCA, companies, communities, and 10 

educational facilities can identify products that are environmentally friendly while also 11 

economically acceptable. However, there is limited documentation of LCAs done on 12 

college campuses, and available reports documenting LCA completion vary in 13 

complexity and are often difficult to understand. The Office of Sustainability here at 14 

Wake Forest University (WFU) has identified the potential use of LCAs but has not yet 15 

created a program to implement them. Our goal is to thoroughly define and outline the 16 

steps most commonly used to complete a LCA and to determine the feasibility of 17 

implementing these methods at WFU. This report takes into account the history, 18 

overview, and steps of conducting a LCA while also demonstrating examples and the 19 

feasibility of conducting a LCA here at WFU. Section Two will give background and 20 

history of LCAs, in addition to providing a thorough explanation of each step involved 21 

in the method. Section Three will give an example of a LCA in practice. Section Four 22 

will assess the viability of using the LCA method at WFU. Our conclusion will provide 23 

a summation of our research, thoughts, and recommendations.  24 

2. Background  25 

History 26 

LCAs have been used since the 27 

late 1960s by companies seeking to 28 

analyze the environmental impact of 29 

their products. Concerns over the 30 

limitations of raw materials and energy 31 

resources sparked interest in finding 32 

ways to account for energy use and to 33 

project future resource use. The first LCA 34 

was done when Coca-Cola was exploring 35 

alternative containers to the traditional 36 

glass bottle in 1969 (Cushman-Roisin, 37 

n.d.). The goal for their LCA was to 38 
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determine which container had the lowest releases into the environment and required 1 

the least amount of natural resources. During this era when LCAs were just beginning 2 

to be utilized, a lot of the specific industrial data was not readily available. Most of the 3 

available sources came from publicly-available sources like government documents and 4 

technical papers (Curran 2006). More companies in the early 1970s in the United States 5 

and Europe also began performing these comprehensive assessments. Later in the 6 

decade, interest in these comprehensive studies faded as environmental concerns 7 

shifted to issues of hazardous and household waste management because of the 8 

declining influence of the oil crisis. Throughout this period, progress in the 9 

methodology of doing LCAs continued through the few studies conducted each year, 10 

most of which focused on energy requirements. After this lull period, LCAs picked up 11 

more steam when solid waste management became a worldwide issue in the late 1980s 12 

(Curran 2006). LCAs once again emerged as one of the best tools for analyzing 13 

environmental problems, and as interest in all areas affecting resources and the 14 

environment grew, the methodology for conducting LCAs improved. In the early 1990s, 15 

concern developed over the inappropriate use of LCAs to make broad marketing claims 16 

by manufacturers (Curran 2006). There still was not a uniform method for conducting 17 

such assessments or any consensus over how this type of environmental comparison 18 

can be advertised with more clarity. These concerns combined with pressure from 19 

various environmental organizations led to the development of the LCA standards in 20 

the International Standards Organization (ISO) 14000 series (Curran 2006). Today, LCAs 21 

are a widely used system for determining ecological and environmental impacts of 22 

objects across many disciplines. This also applies to universities, where conducting 23 

LCAs can help make campus-wide sustainable decisions. Recently, the University of 24 

British Columbia conducted an LCA on their academic buildings in order to identify the 25 

areas of high energy use within UBC building structures and determine which materials 26 

contributed the most to the buildings’ environmental impacts (Elder, Panahi, & Salehi, 27 

2014). 28 

Overview  29 

 Conducting a LCA involves a very specific methodology consisting of four 30 

steps: 1) defining  the goal/scope, 2) completing inventory analysis, 3) completing 31 

impact analysis, and 4) analyzing data to form an improvement analysis. The figure 32 

below demonstrates a simplified flow chart of the steps involved in conducting a LCA. 33 

The section following will define and review these steps through literature written by 34 

experts in the field. 35 

https://www.zotero.org/google-docs/?a5q7by
https://www.zotero.org/google-docs/?a5q7by
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3. Breakdown 1 

Defining the Goal and Scope 2 

The first step in conducting a LCA is to 3 

determine the overall goal and scope of the analysis 4 

of the product chosen. Generally, the goal and scope 5 

of the LCA are decided upon at the beginning of 6 

the study before any data is collected. 7 

The importance of this first step is 8 

often underestimated as it is much more 9 

than a simple introduction to the LCA 10 

process. The scope is designed to act as an 11 

outline and guide towards the desired 12 

result, the goal. According to Mary Ann 13 

Curran in her book, Goal and Scope Definition in Life Cycle Assessments, “It is a very 14 

important phase of LCA methodology because this is where the exact approach to be 15 

followed is determined” (Curran, 2017, p. 3). She explains that the rules set at the onset 16 

of a project are intentionally loose to allow for a variety of possibilities to be defined in 17 

the goal and scope.  18 

After looking at multiple sources and according to ISO standards 104040 through 19 

104044, we can conclude that most LCAs conducted contain all or some of the following 20 

items that are further defined in the goal and scope definition phase: functional unit, 21 

system boundaries, the product systems to be studied, assumptions and limitations as 22 

well as exclusion of life cycle stages or inputs, and the selection of impact indicators and 23 

characterization factors (Klüppel, 1998). However, within the literature there are some 24 

arguments that the goal and scope definition is a flawed phase in the four phases of a 25 

typical LCA. Some literature suggests that there are “15 major problem areas, 7 of these 26 

problems occurring during the goal and scope definition and life cycle inventory 27 

phases” (Reap, Roman, Duncan, & Bras, 2008). The reports indicate that most problems 28 

encountered are during goal and scope definition which can arise from decisions about 29 

inclusion and exclusion. Foundational decisions about the basis of comparison (the 30 

functional unit as stated above), bounds of the study, and physical relationships 31 

between included processes largely dictate the accurate representation of and therefore 32 

the value of an LCA. It is for this reason that problems in functional unit definition, 33 

boundary selection, and allocation are the most critical examined (Reap et al., 2008). 34 

With regard to the problems faced, extra consideration should be given to these areas to 35 

eliminate any instance of false representation.  36 
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Inventory Analysis 1 

The second step, and arguably the 2 

most important step in conducting the 3 

LCA, is the inventory analysis portion, 4 

which takes into account the inputs and 5 

outputs of the products selected for 6 

analysis. After the goal and scope have 7 

been set, the LCA process takes into 8 

account multiple steps across both the 9 

creation and the disposal of the product 10 

(Kirchain 2006). The first step of analyzing 11 

the inputs of a selected product is material 12 

extraction. Since each product likely has 13 

multiple material inputs, this step requires 14 

intense research into materials. After this, the analysis extends to the extraction of these 15 

materials, including the health impact to the workers who are both extracting these 16 

materials and working with them in the manufacturing process (Kremer 2003). After 17 

identifying the effects of the material extraction, a LCA also has to take into account the 18 

energy required to create this product and how that energy itself was sourced. 19 

Following this, researchers also must look at the product distribution methods for a 20 

LCA. Some products manufactured in the United States or abroad are transported 21 

hundreds or even thousands of miles on freight trucks, container ships, or aircraft that 22 

largely run on fossil fuels, generating air pollution. A thorough LCA must also take into 23 

account the amount of fuel, pollution, and oil seepage caused by this transportation 24 

(Kirchain 2006). Additionally, the LCA takes into account the reuse or disposal of the 25 

product in question. If a product is biodegradable or completely reusable, it has no 26 

additional inputs. However, if a product is recyclable, the amount of energy used in the 27 

recycling process also should be analyzed. Finally, if a product is not recyclable, 28 

reusable, or biodegradable, an assessment of the degradation of the product in a typical 29 

landfill is completed. 30 
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Impact Analysis 1 

The third step of an LCA is the 2 

impact analysis. This is the process of 3 

taking data gathered during the inventory 4 

analysis and translating it into resulting 5 

environmental impacts (Cushman-Roisin, 6 

n.d.). This stage, sometimes abbreviated as 7 

LCIA (Life Cycle Impact Assessment), 8 

should address ecological and human 9 

health effects as well as resource depletion 10 

(Curran, 2006). Furthermore, an inventory 11 

analysis allows a basis for making 12 

meaningful comparisons between 13 

products. The EPA report “Life Cycle 14 

Assessment: Principles and Practice” points out that “although we know that 9,000 tons 15 

of carbon dioxide and 5,000 tons of methane released into the atmosphere are both 16 

harmful, a LCIA can determine which could have a greater potential impact” (Curran, 17 

2006, p. 46).  18 

The first step to completing an impact analysis is identifying relevant 19 

environmental impact categories. These categories can include global warming, ozone 20 

depletion, resource depletion, photochemical smog, acidification, human health, 21 

terrestrial toxicity, aquatic toxicity, eutrophication, land use, and water use (Curran, 22 

2006). The Swiss Federal Institute of Technology Lausanne takes the categorization 23 

stage a step further in their “Impact 2002+” methodology (Jolliet et al., 2003). Their 24 

methodology uses 14 midpoint categories, many of which are the same as the ones 25 

identified above, and links them to four damage categories. These categories are human 26 

health, ecosystem quality, climate change, and resources (Jolliet et al., 2003). Doing so 27 

offers a streamlined list of impacts that easily leads to the next step, normalizing, which 28 

models LCA impacts using science-based conversation factors. However, the creators of 29 

this method recognize the limits to categorizing environmental impacts. They point out 30 

that several impact categories are not recognized by their method, such as impacts on 31 

marine environment, noise, etc. Furthermore, research has not yet been completed to 32 

thoroughly understand the consequences of topics such as ecotoxicity of metals (Jolliet 33 

et al., 2003). The goal of categorizing environmental impacts is to streamline and 34 

simplify outputs, so naturally it must be limited by scope and cannot be all-inclusive.  35 

After categorization and normalization, the next step of impact analysis is 36 

weighting. Weighting assigns relative values to different impact categories based on 37 

their perceived importance or relevance; this process should reflect study goals and 38 

stakeholder values (Curran, 2006). This is a challenge because it is a subjective 39 

judgement and these judgements may change with location or time of year (Curran, 40 

https://www.zotero.org/google-docs/?RJmFgR
https://www.zotero.org/google-docs/?RJmFgR
https://www.zotero.org/google-docs/?RJmFgR
https://www.zotero.org/google-docs/?xnY8VA
https://www.zotero.org/google-docs/?xnY8VA
https://www.zotero.org/google-docs/?xnY8VA
https://www.zotero.org/google-docs/?xnY8VA
https://www.zotero.org/google-docs/?4cku97
https://www.zotero.org/google-docs/?4cku97
https://www.zotero.org/google-docs/?4cku97
https://www.zotero.org/google-docs/?4cku97
https://www.zotero.org/google-docs/?R4HEMK
https://www.zotero.org/google-docs/?0bkqzg
https://www.zotero.org/google-docs/?idiuTw
https://www.zotero.org/google-docs/?idiuTw
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2006). However, some methods of weighting can be used successfully for decision 1 

making. After the impact potential for each category is analyzed and weighted, 2 

researchers must verify their results and document them, while thoroughly describing 3 

their methodology, scope, and assumptions made during the process of completing the 4 

impact analysis (Curran, 2006).  5 

Improvement Analysis 6 

The final step is the improvement 7 

analysis. Performing inventory and 8 

impact analysis returns little benefit if 9 

those analyses are not followed by 10 

actions designed to yield environment 11 

benefits. This step is crucial if the LCA 12 

performed is to produce real 13 

environmental benefits. More recently, 14 

the International Standards Organization 15 

(ISO) has renamed the fourth step as 16 

interpretation to emphasize the potential 17 

for broad use by the policy and 18 

regulatory communities as well as by 19 

corporations (Graedel, 1999). Decisions regarding the recommendations that flow from 20 

the first two LCA stages are based not only on the environmental aspects of the 21 

recommended actions, but also on such factors as technical feasibility, economic benefit, 22 

implications for product management, and effects on customer perception. The first 23 

step in the LCA improvement stage is to use the information from the LCA inventory 24 

and impact stages to develop a set of recommendations relating to the activity under 25 

study (Graedel, 1999). An example of a recommendation would be to decrease the 26 

diversity of materials that go into packaging or developing labels to tell consumers how 27 

to properly recycle the product. The more specific recommendations are easier to come 28 

up with, and their success can be more easily measured. But, the broader 29 

recommendations in some cases can be equally (or more) important, and their inclusion 30 

is crucial to a successful implementation of the LCA improvement stage (Graedel, 1999). 31 

The recommendations that prove to be infeasible are identified and disregarded at the 32 

prioritization step, the second activity in improvement analysis.  33 

Many times, the LCA improvement stage revolves around decision making that 34 

is focused on limiting the environmental impact. However, the industrial decision-35 

making process incorporates many factors in addition to environmental ones. 36 

Therefore, recommendations which come as a result of an LCA are to be regarded as 37 

addressing multiple aspects, both environmental and non-environmental. Prioritization 38 

is done by ranking each recommendation based on a set of constraints to determine 39 

https://www.zotero.org/google-docs/?k9F6vw
https://www.zotero.org/google-docs/?D7Xnaa
https://www.zotero.org/google-docs/?2jn0Cv
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which recommendations are the most beneficial. These constraints include, technical 1 

feasibility, environmental improvement, economic benefit, impact on customer 2 

perceived value, and production management (Graedel, 1999). One way to rank these is 3 

by creating a prioritization table which gives a + or – to each recommendation to see 4 

how they all fair against each other in fulfilling each component. This method is very 5 

similar to creating a Pugh chart. Another way to do this is to create life-stage 6 

prioritization diagrams which breakdown each life stage and compare their 7 

prioritization scores. The life-stage diagrams provide a different perspective on 8 

recommendations that vary in time and space rather than in the action agents (Graedel, 9 

1999). Having this structured analysis is very important if the LCA is to produce real 10 

benefits. Whether an LCA improvement analysis is being done on a product, 11 

infrastructure, or a process, a similar approach to improvement analysis is done. 12 

4. Example LCA  13 

It is helpful to understand how these steps are implemented by companies 14 

hoping to improve their products or make better decisions as consumers while also 15 

saving money by using more eco-friendly products. For example, OVAM, the Public 16 

Waste Agency for the Flemish Region in Belgium, conducted a LCA for plastic cups 17 

using the four stages explained above. They compared four different plastic cup 18 

options: a reusable cup in polycarbonate (PC), one-way cup in polypropylene (PP), one-19 

way cup in PE-coated cardboard, and one-way cup in polylactide (PLA) (Jariwala & 20 

Parmar, 2015). These cups would be used to serve 100-liter beer or soft drinks at a 21 

small-scale indoor event. Conducting a LCA on each cup would help the organizers of 22 

the event make an eco-conscious decision about which cups to use at their event.   23 

Defining the Goal and Scope 24 

OVAM started by defining their goal stating that they wished “to gain insight in 25 

the current environmental impact and the costs related to existing systems for drinking 26 

cups on events in order to outline a well-founded policy with regard to this subject” 27 

(Jariwala & Parmar, 2015, p. 4). Next, they established their scope. They decided that 28 

their study would include the production of cups, the consumption phase (at the event), 29 

and waste processing. There was not sufficient time or resources to consider all aspects 30 

of product life from extraction of raw materials to final waste treatment.  31 

Inventory Analysis 32 

Next, for the inventory analysis, OVAM described and quantified their inputs 33 

and outputs. In order to do this, they produced an “inquiry (based on specific 34 

questionnaires) of the relevant actors (stakeholders) being producers of cups, suppliers 35 

of cups in Flanders, distribution organizations, event organizers, waste collection, and 36 

waste treatment organizations” (Jariwala & Parmar, 2015). They also used literary 37 

https://www.zotero.org/google-docs/?F8GaY8
https://www.zotero.org/google-docs/?CotzEK
https://www.zotero.org/google-docs/?CotzEK
https://www.zotero.org/google-docs/?Jhtwz8
https://www.zotero.org/google-docs/?Jhtwz8
https://www.zotero.org/google-docs/?Jhtwz8
https://www.zotero.org/google-docs/?Jhtwz8
https://www.zotero.org/google-docs/?wLPJKS
https://www.zotero.org/google-docs/?wLPJKS
https://www.zotero.org/google-docs/?wLPJKS
https://www.zotero.org/google-docs/?HMELIf
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sources and, when no data was available, assumptions based on well-founded 1 

arguments. They created a list of inputs and outputs for each type of cup. For the 2 

reusable cup, this included production of cups, printing, packing, transport to 3 

distributer, storage at distributer, transport to event, pre-cleaning of cups, serving of 4 

beer and other drinks, collection of reusable cups at event, cleaning of cups, return 5 

transport to distributer, collection of fallen cups at event, transport to waste processing, 6 

and treatment of waste (Sarlee, 2006). They repeated this process of listing inputs and 7 

outputs for the other three types of cups.  8 

Impact Analysis 9 

Once they collected their data, they completed the impact analysis for each cup. 10 

They established impact categories including fossil fuels, minerals, 11 

acidification/eutrophication, ecotoxicity, ozone layer, climate change, respiratory 12 

inorganics, respiratory organics, and carcinogens (Sarlee, 2006). For each of these 13 

categories, OVAM analyzed the environmental significance that each cup created. In the 14 

case of the reusable cups, the most impactful life cycle stages were production of cups, 15 

printing and packaging of cups, and transportation. They also identified environmental 16 

benefits for each type of cup. For the reusable cups, this included the electricity created 17 

during incineration of cups and the recycling of package waste (cardboard box) which 18 

saves the production of virgin cardboard (Sarlee, 2006). The impact analysis process 19 

was repeated for each type of cup studied. The data was then normalized so that the 20 

cups can be adequately compared.  21 

Improvement Analysis 22 

The improvement stage consisted of comparing the data from inventory and 23 

impact stages between cups. OVAM concluded that for small scale events, the reusable 24 

cups never had the highest score for the categorized environmental impacts. Therefore, 25 

reusable PC cups may be the best option for small scale events. However, the report 26 

points out that their conclusions were solely based on environmental aspects of the 27 

different cup systems. Environmental factors are only one part of making well-founded 28 

policies; it is also very important to consider safety and hygienic aspects (Sarlee, 2006).  29 

5. Feasibility of Conducting an LCA at Wake Forest  30 

Although limitations exist, LCAs have the potential to be very useful tools for 31 

universities hoping to limit environmental impact and make more eco-efficient 32 

consumer choices. Wake Forest University purchases products in large quantities to be 33 

used repetitively by students and faculty. LCAs can effectively inform the consumer 34 

about the environmental impact of products available and provides the ability to save 35 

money by using more eco-friendly products. This can influence environmental change 36 

and make Wake Forest University’s practices more sustainable. One benefit of doing 37 
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this research is to show the university’s engagement with a moral responsibility to 1 

minimize harmful environmental impacts. This boosts the university’s image in the 2 

public eye and can open more economic opportunities. Also, the university could use 3 

the implementation of doing LCA’s to continue to set trends and be at the forefront of 4 

change for the better. LCA’s may be especially necessary if the university is facing 5 

problems with waste management, energy usage, high carbon footprint, water overuse, 6 

or lack of cost efficiency.  7 

However, completing a LCA requires resources and poses difficulties that the 8 

university should be aware of. The first difficulty encountered is in establishing the goal 9 

and scope. As we have previously mentioned, the value of a LCA is determined by the 10 

breadth of scope. A broader scope that encompasses more data and more components 11 

of a product’s life is more useful in making an informed purchasing decision but is very 12 

difficult to execute. Broader scopes require more time, money, and research, which 13 

often may not be available. A narrow scope may be more feasible, but it does not render 14 

the most complete results.  15 

If the university should choose to conduct a thorough LCA, it should take into 16 

account challenges such as: high time requirement, difficulty of obtaining raw data,  17 

costs involved, possibly including wages, research costs, and opportunity costs. 18 

Obtaining raw data is necessary for completing the inventory analysis stage, but this is 19 

particularly difficult because information about where, how, and with what materials 20 

an item is manufactured is not always available. Many manufacturers do not release 21 

this information, or it may require unforeseen costs and connections in order to obtain 22 

it. This problem was the primary challenge that led our team to determine that 23 

conducting our own LCA of an actual product used on campus would be infeasible for 24 

our allotted time and resources. We, as four undergraduate students attempting to 25 

conduct an LCA in three months, were unable to overcome this hurdle. However, if the 26 

Office of Sustainability or other departments within WFU with more time, money, and 27 

resources attempted to conduct an LCA, they may be able to transcend these limitations 28 

and produce valuable results. There is enough research on previous LCA successes to 29 

indicate the possibility of an LCA implementation at Wake Forest University. We are 30 

confident that it is feasible, using the methods we have outlined in this report, for WFU 31 

departments with the adequate resources to overcome the roadblocks we faced and 32 

perform LCAs on campus.  33 

6. Conclusion  34 

The use of LCAs has increased significantly since its first use in the 1960s, 35 

providing comprehensive environmental, social, and economic impact analysis across 36 

almost every industry. The adaptation of the LCA standards has also further improved 37 

upon the methodology involving the four stages of goal/scope, inventory analysis, 38 

impact analysis, and improvement analysis. This allows firms, communities, and 39 
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institutions to strategize their priorities, measure their impacts, and integrate changes to 1 

achieve their desired effects, whether they be social, economic, or environmental, or a 2 

combination. Regardless of feasibility, LCAs are an incredibly useful tool for evaluating 3 

the environmental impacts of a product from cradle to grave, and its successful 4 

execution can lead to better purchasing decisions and improved sustainability. Our goal 5 

in researching LCAs was to thoroughly define and outline the steps most commonly 6 

used to complete a LCA and determine the feasibility of implementing these methods at 7 

WFU. This paper makes important contributions to the WFU community by providing 8 

an easily understood resource for faculty or students wishing to explore LCAs further 9 

and realize the challenges and benefits associated with conducting a LCA. It was 10 

demonstrated that, with the dedication and resources, conducting a LCA at WFU is an 11 

achievable goal that would benefit the WFU community. While it was beyond the scope 12 

of the current study to conduct a LCA on a product used on campus, this paper 13 

presents the necessary knowledge and framework to work toward the implementation 14 

of a LCA at WFU. Future work should use the steps previously outlined in this report to 15 

conduct a meaningful LCA that has a broad yet attainable scope, thorough investigation 16 

of inputs and impacts, and clear goal for improvement.  17 

  18 
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Abstract 1 

Asimina triloba, commonly known as the pawpaw, is a tree native to the 2 

southeastern United States and is found on several locations on the Wake Forest 3 

University Campus. While some of the trees on campus have flowered, they have not 4 

produced any fruit due to the lack of pollination by beetles and flies. This project will 5 

investigate the most sustainable, efficient, and effective way to pollinate these trees in 6 

hope that they produce fruit in the spring. The trees are separated into four groups 7 

based on location on campus. One group will serve as the control and receive no 8 

treatment, while various pollination methods will be applied to the others. For example 9 

red trillium, a plant that produces an odor similar to the pawpaw’s, will be planted in 10 

close proximity to one of the groups. Carrion (animal carcass) will be hung near the 11 

next group of pawpaws, and the final group will be hand pollinated.  Fruit production 12 

will measure the efficiency of each pollination method. This study is unique to Wake 13 

Forest University’s campus and will increase the general knowledge of fruiting 14 

pawpaw trees in the surrounding community. 15 
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1. Introduction 1 

The Wake Forest University (WFU) Reynolda campus is home to a plethora of 2 

beautiful trees. Among them are the distinctive and seemingly exotic pawpaw. This 3 

species is native to the southeastern United States and holds great historical significance 4 

(Bratsch, 2009, p. 1). In the early spring, these plants produce flowers with a pungent, 5 

fermented, and yeasty odor. This almost rank scent attracts a unique set of pollinators 6 

that help fertilize the flowers, allowing fruit production. Its fruits are “excellent”, 7 

“sweet”, and “luscious” in taste and resemble a combination of mangos, pineapples, 8 

and bananas (Arnoldia, 2014, p. 1).  9 

The trees on the WFU campus have had some success in growth and flower 10 

production; however, according stakeholder Jim Mussetter, pollinator activity on 11 

blooms is lacking and, as a result, fruit production is nonexistent. Mr. Mussetter planted 12 

the trees in hopes of harvesting fruits once the trees matured (Jim Mussetter, personal 13 

communication, September 19, 2018). In order to produce fruit, it is necessary to explore 14 

different pollination methods and assess their effectiveness. Currently, no pollination 15 

methods have been explored on the Reynolda campus. The current study will answer 16 

the following questions: Are there effective, sustainable, and suitable methods of 17 

pawpaw pollination for the WFU pawpaw trees? Which pollination methods 18 

successfully increase and encourage fruit production? 19 

Determining successful pollination methods for WFU pawpaw trees may 20 

instigate and contribute to the success of other small-scale pawpaw cultivators in the 21 

Winston-Salem area. Answering the aforementioned questions will improve the 22 

stakeholder and the WFU community’s knowledge of the plant. This new knowledge 23 

may lead to further investigation of the tree’s benefits. Highlighting the plant’s presence 24 

on campus will increase awareness and emphasize the importance of native plant 25 

species.   26 

2. Background 27 

Asimina triloba (pawpaw) is currently in the process of agricultural domestication 28 

throughout the Eastern states (specifically Kentucky and Virginia). The pawpaw tree 29 

produces edible and historically “much utilized” fruit (Bratsch, 2009, p. 1). Pawpaws 30 

are well adapted to eastern U.S. climate and soil conditions and possess high potential 31 

to become a commercially valuable crop. In the Southeastern United States, pawpaws 32 

most productively fruited in well shaded areas (Lagrange, 1985, p. 3). Their fruits are 33 

nutritious and contain more vitamins, minerals, and amino acids than apples, peaches, 34 

and grapes (Bratsch, 2009, p. 7). A 100-gram serving of pawpaw fruit has about 80 35 

calories, 1.2 grams of protein, 1.2 grams of fat, 2.6 grams of fiber, and contain a 36 

significant amount of essential minerals (potassium, iron, manganese, magnesium, 37 

copper) (Bruso, 2017).   38 
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Aside from their fruit, the trees offer many other benefits. Several natural 1 

compounds in the plant (annonaceous acetogenins) are anti-carcinogenic and anti-2 

tumor (Bratsch, 2009, p. 2).  The alkaloids compounds in the seeds, leaves, and bark 3 

have pesticidal properties, making the plants resistant to insect predation and disease 4 

pressures (Bratsch, 2009, p. 3). It is unlikely that pests will develop a resistance to 5 

botanically-derived pesticides because of their larger pesticidal spectrum (Pomper and 6 

Layne, 2005, p. 365). Asimicin from the pawpaw decreases pesticidal activity of 7 

mosquito larvae, two-spotted spider mites, striped cucumber beetles, melon aphids, 8 

and Mexican bean beetles (Pomper and Layne, 2005, p. 365). Jerry McLaughlin at 9 

Purdue University suggests that an industry based on production of pawpaw biomass 10 

could develop for production of anticancer drugs and natural pesticides (Layne, 1996, p. 11 

782).  12 

Unfortunately, pollination limitations and other factors have prevented its rise as 13 

a popular and widely utilized crop. Firstly, their reproductive process is complicated. 14 

They are “protogynous, meaning that the female stigmatic surface is receptive before 15 

the male pollen is mature and self-incompatible … Thus, the flowers require cross-16 

pollination from a genetically different plant” (Bratsch, 2009, p. 4). Trees typically 17 

flower three years after planting. The flowers emerge mid spring and usually flower 18 

after the peak of dogwood flowering and last for three to four weeks (Layne, 1996; 19 

Pomper and Layne, 2005). Secondly, cropping is achieved at five to eight years of age 20 

(Pomper and Layne, 2005). The trees must have an adequately sized canopy to support 21 

fruit production, which takes at least five years to develop. In other words, the species 22 

requires time to mature before they can begin producing fruit. Thirdly, pawpaw mast 23 

has a very short shelf life of two to three days if fully ripened and stored at room 24 

temperature (Arnoldia, 2014). The fruits are climacteric, meaning their respiration rates 25 

and ethylene production rapidly increase during final fruit ripening (Bratsch, 2009). 26 

Other fruit, especially those sensitive to high levels of ethylene, in the presence of 27 

pawpaw fruits tend to become over-ripe as well.  28 

Presently, research is being conducted to remedy these difficulties. Both 29 

Kentucky State University (KSU) and Purdue University (PU) have research programs 30 

dedicated toward the development of the pawpaw as a commercial fruit tree (Layne, 31 

1996; Bratsch, 2009). KSU focuses on aspects of production, breeding, and postharvest 32 

handling while PU focuses on the pharmaceutical and pesticidal potential of the 33 

pawpaw. They both examine the commercial value of the pawpaw plant aside from 34 

fruit consumption. Their research and studies from other organizations have 35 

highlighted solutions to the pollination problem including, but not limited to hand 36 

pollination, hanging carrion on trees, and tandem growing with other plants that 37 

produce similar pungent compounds. 38 

In addition to these reasons for conducting research on the pawpaw plants on 39 

campus, the most effective methods and mechanisms of pollination are undefined. 40 
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Wind pollination is not very effective because pollen grains are quite large (Kral, 1960). 1 

One method of pollinating pawpaws would be to attract its pollinators. The reddish, 2 

fetid flowers of the pawpaw have been known to attract some species of fly and beetle. 3 

The smell of the pawpaw can also be likened to that of ripe beef, which is why such flies 4 

and beetles are attracted to the pawpaw flowers (Kral, 1960; Saunders, 2011). The 5 

bumble flower beetle is one of the main pollinators of the trees. They are medium sized 6 

beetles that feed on fermented nectar, sap, and pollen of flowers (Lewis, 2014). Both 7 

pollinators are attracted to the scent of rotting flesh. Carrion (road kill) produces an 8 

odor pleasing to both pollinators, and hanging it in a tree may increase pollinator 9 

activity.  10 

Aside from the literature concerning beetle and fly attraction, it is important 11 

elaborate on the pawpaw’s distinct odor. According to research concerning the smell 12 

patterns of the plant, “the yeasty odor of A. triloba is unusual in angiosperms and may 13 

serve to attract novel fly and beetle pollinators”(Goodrich, Zjhra, Ley, & Raguso,  2006, 14 

p.3). This is important for the current research and experiments because the smell is 15 

directly correlated to vital ways to pollinate the plants. Another part of the current 16 

research is the effectiveness of other plants with similar smells and their impact on the 17 

attraction of pollinators to the pawpaw. The main plant being red trillium. Extensive 18 

studies have been tested on red trillium’s color and scent in its contribution to attracting 19 

pollinators. One study suggests, “when looking at each individual order or family 20 

separately, some orders and families were equally distributed for color and odor while 21 

others were not, indicating that the importance of floral cues depends on the insect 22 

family investigated” (Shipman, 2011, p. 3). A major question that this research seeks to 23 

answer is whether or not the aspects in plants like red trillium will translate accurately 24 

to pawpaw plants. Since it is known that red trillium does attract certain species of flies 25 

and beetles, it will be beneficial to grow pawpaws in tandem with red trillium. Research 26 

shows that a similar plant known as the Elderberry Flower behaves in a similar fashion 27 

to the red trillium. In fact, “many species of beetles frequent flowers feeding on nectar 28 

and/or pollen. At least 15 families are represented” (Frost, 1979, p. 343). If two plants 29 

with scents akin to the pawpaw are grown in combination with the tree, their odors 30 

may have synergistic effects in attracting pollinators. 31 

3. Goals and Objectives 32 

This research also examines the effectiveness of hand pollination. As of today, 33 

“although pawpaw has great potential for commercial production, orchard plantings 34 

remains limited. Currently, most pawpaw fruit for sale are collected from wild stands in 35 

the forest” (Janick, 2010, p. 350). Based on the recent desire to domesticate the pawpaw, 36 

only natural processes of pollination have been used. This research seeks to find the 37 

effectiveness of artificial, or human helped, pollination and its effectiveness on 38 

producing fruit compared to other natural methods. In other studies, however, it seems 39 
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that hand-pollination is more effective than natural pollinators. Note that it is difficult 1 

to accurately measure natural pollination. The American Society of Naturalist found that, 2 

“Schemske et al. (1978) note that only 33% of naturally pollinated flowers of 3 

Erythronium albidum set seed, compared with 78% of flowers outcrossed by hand” 4 

(Bierzychudek, 1981, p. 838). Ideally, the methodology would include hiring a 5 

professional to hand pollinate. If we cannot acquire someone who is knowledgeable, 6 

there are many resources online that contain hand pollination procedures. One study 7 

looking at orchid germination outlined the steps to hand pollinate including, “carefully 8 

remove the anther cap from the pollinia (if still attached) without dislodging the 9 

pollinia (Fig. 2d). After removal, transfer the pollinia to the same flower or another 10 

flower by gently placing the pollinia onto the stigmatic surface” (Kauth, Johnson, 11 

Stewart, & Kane, 2008, p. 224). By following their procedure on the pawpaw plants, we 12 

can measure its effectiveness compared to the other methods we are testing. 13 

This study is unique to the WFU Reynolda Campus and will assist in the 14 

sustainable production of pawpaw fruit in this location. The study must be conducted 15 

to assist the stakeholder in choosing a pollination method, improve pollinator activity, 16 

and ultimately increase fruit production. While many studies have been done on 17 

different pollination methods, this study will attempt to directly compare these types 18 

and determine the best practice to yield fruit. It will also improve the community’s 19 

general knowledge of the plant and its many benefits. As previously mentioned, the 20 

pawpaw is relatively new to domestication, so this study will find the best pollination 21 

technique for domesticated pawpaw plants rather than wild grown ones.   22 

The primary end result of this project is to find an effective and sustainable 23 

pollination method that is suitable for the WFU campus and its various pawpaw trees 24 

so that they bear fruit. The pawpaws on campus have had some success in growth and 25 

flower production; however, pollinator activity on blooms is lacking and as a result, 26 

fruit production on campus is nonexistent. In order to produce fruit, it is necessary to 27 

explore different pollination methods and assess their effectiveness.  28 

4. Experimental Proposal 29 

Since the goal is to find the best method to produce pawpaw fruit, certain steps 30 

must be in place to successfully determine the most efficient practices. In order for fruit 31 

to bear, there must be sufficient enough pollination between the plants. This experiment 32 

will attempt to find out which method will best attract pollinators to give the pawpaw 33 

plants the best chance to bear fruit. For this, we will use the existing pawpaw plants 34 

around the campus since they are already planted and somewhat around the same age. 35 

None of them have produced fruit. As previously stated, the scent of the flowers attract 36 

flies and beetles. This smell can be strengthened or mimicked with the existence of 37 

another similar smelling plant in the area. Dead animals and rotting carcases produce a 38 

similar scent. We will test the viability of both of these smells alongside hand 39 
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pollination to see what the best method of fertilization is. The experimental conditions 1 

and location of groups are displayed in Table 1.   2 

 3 

Table 1. Experimental groups and conditions for the pawpaw trees on the WFU 4 

campus. 5 

 6 

Location Number of Pawpaws Method Used 

North Campus Starbucks 3 Control 

North Campus Apartments 3 Supplemental plant 

Arnold Palmer Golf Complex 3 Carrion (animal carcass) 

Angelou Hall 3 Hand Pollinate 

 7 

The control group will be left alone and will be naturally pollinated with no 8 

supplemental scent attraction. For the pawpaws at North Campus Apartments, Red 9 

Trillium, a plant known to smell similarly to pawpaws, will be planted in a close 10 

proximity in hopes of strengthening the scent. At the Arnold Palmer Golf Complex, a 11 

small animal carcass will be hung in each of the trees. The pawpaws located at Angelou 12 

Hall will be hand pollinated.  13 

The experiment’s success will be determined by how much, if any, fruit grows as 14 

a result of different pollination attraction methods. Each fruit will be counted and 15 

recorded. A statistical test such as a two-tailed t-test could also be performed after fruit 16 

collection to determine the most significant form of pollination. The data collected will 17 

help figure out which method effectively attracts pollinators to the plants and whether 18 

or not this helps bear fruit. 19 

For the supplemental plant and carrion pawpaw sites, the plants or carrion will 20 

be placed in proximity to the pawpaws. Red Trillium should be planted next to the 21 

pawpaw plants so the odor from it can attract natural pollinators. The carrion will be 22 

placed into birdhouses hung on the pawpaw plants to enhance the pawpaw odors. The 23 

birdhouses will serve as an effective location for the carrion and prevent pedestrian 24 

alarm at the site of a dead animal. For the hand pollination group, the techniques are 25 

outlined in Appendix A.       26 

There are several issues and confounding variables that may heavily affect the 27 

results of this study. Possible errors may arise because many factors affect fruit bearing. 28 
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For example, locations are slightly different in lighting, soil content, nutrient 1 

availability, and water availability, which may influence flowering, fruit production, 2 

and even the attraction of different pollinators. For the scope of this experiment, it is too 3 

difficult to isolate every single factor when it comes to finding the best methods to 4 

bearing pawpaw fruit. This experiment seeks to explain which method of pollination is 5 

best, not identify other factors that contribute to the development of the plants. 6 

Resources Needed 7 

• 3 Adult Red Trillium Plants 8 

• 3 Frozen Rodents (Thawed)  9 

• Hand pollination tools (a small paintbrush and 3 plastic bags) 10 

• 3 Birdhouses 11 

• Shovel 12 

 13 

5. Expected Results and Outcomes  14 

As a result of this project, hopefully an effective and sustainable method of 15 

pollination for the pawpaw plants on campus will be discovered. This is necessary for 16 

the desired production of fruit from the pawpaw plants. This study's results are 17 

beneficial not only to the Wake Forest University community, but also to the wider 18 

scientific research around the study of pawpaw plants across the world. This project 19 

will, in the springtime, provide the campus with a larger abundance of an extremely 20 

nutritious fruit, and the research conducted around the varying methods of pollination 21 

will help to determine the most effective technique to maximizing fruit production, 22 

which may aid future projects involved in commercially producing the pawpaw fruit 23 

on a large scale. Through this experimentation, the study should point to the best 24 

method to attracting pollinators and thus bearing the most fruit whether that be 25 

through carrion, red trillium, or hand pollination.  26 

Limitations of this experiment include factors such as lighting, nutrient 27 

availability, soil content, and water availability, which can’t be controlled as the 28 

pawpaw plants used in this study were already planted in certain locations across 29 

campus. These confounding variables can easily affect the plants ability to flower, 30 

attract pollinators, and produce fruit. Furthermore, this study is an extremely local 31 

study, and so only provides results and data around a very small area, which may be 32 

different to most other locations across North America. These issues were not addressed 33 

mainly due to a lack of monetary resources, and a lack of foresight into when this 34 

experimental procedure would start. 35 

This proposal will be given to WFU Facilities to hopefully carry out our 36 

experiment. We believe that we have laid down the foundation for prior research and 37 

are confident that our proposal can easily be followed by the trusted hands of WFU 38 
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Facilities. As mentioned earlier, our experiment must happen in the Spring, so it would 1 

not be possible for our group to carry out the project. If facilities follow our proposed 2 

experiment and notes the results, we will have better understanding of the pawpaw 3 

plants at Wake Forest. 4 

This project and the methods and aims designed for it have been based off of 5 

background research from many different reliable primary and secondary sources. 6 

These include: an interview on campus with Jim Mussetter, and references collected 7 

from scholarly databases surrounding the pawpaw plant and other similar species.  8 

6. Limitations and Recommendations  9 

There were not many limitations in relation to finding background information 10 

and compiling possible experimental methods. Unfortunately, there was not any 11 

literature specific to North Carolina or the region in which Wake Forest University 12 

resides. Futhermore, we were not able to conduct our proposed experiment because our 13 

project did not coincide with pawpaw blooming season.   14 

For recommendations, we believed that a better communication pipeline should 15 

be explored between the stakeholder and researchers. While we did meet with 16 

stakeholders and remained in contact through email, regular and more directed 17 

communication may have helped the project more effectively meet stakeholder needs. 18 

Not to say the freedom we had for the project was unproductive or detrimental to the 19 

project, but if the stakeholder wanted a specific project or was looking for a more 20 

specific result, it was not clearly identified.  21 

7. Conclusions 22 

This study is unique to the WFU Reynolda Campus and will assist in the 23 

production of pawpaw fruit. It investigated the most sustainable, efficient, and effective 24 

ways to pollinate these trees in hope that they produce fruit in the spring. We hope that 25 

this review will provide the stakeholder with relevant and valuable information to 26 

obtain their goal.    27 

As previously stated, there were some minor limitations and recommendations 28 

that came along with this research project. The first roadblock was finding specific 29 

evidence that pertains to pawpaw plants in the area. While there was existing literature 30 

on pawpaws in general, it was not exactly pertaining to the pawpaw plants here at 31 

Wake Forest University. We also felt that better communication could have led to a 32 

more focused research topic that our stakeholder wanted us to explore. 33 

Our work will be very beneficial to the people in Winston Salem, specifically 34 

Wake Forest University who are looking to pollinate pawpaw trees. The pawpaw trees 35 

on campus have not produced fruit in years, and are not currently commercial crops in 36 

any region. Pawpaws are becoming a “lost fruit” and our work will help to prevent this 37 

loss at Wake Forest University.  38 
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9. Appendix A 1 

Hand Pollination 2 

This procedure has been adapted from Debra (n.d.). The first step in hand 3 

pollination is identifying a male flower that is shedding pollen. They are typically a 4 

dark maroon color with a fetid odor with petals flared open. Pollen can be collected 5 

using a plastic Ziploc bag. The bag should be pulled over the flower to just above the 6 

base. Then the base of the flower should be tapped gently to knock the powdery pollen 7 

into the bag. Anthers may fall off as well.  Repeat on other male flowers to obtain as 8 

much pollen as possible. Seal the bag and then use the pollen within the hour.  9 

After collecting the pollen, it is necessary to identify a female plant of a different 10 

cultivar.  The female flowers ready to accept pollen are between one-fourth to one-half 11 

open and the petal tips should be cracking apart. The stigmas will be bright and shiny 12 

green. Next, dip a paintbrush into the pollen bag and spread the female flower petals.  13 

Insert the pollen-covered paintbrush into the flower, touching the stigma at the base of 14 

the inside of the bloom. One tap of the paintbrush should be enough to transfer the 15 

pollen. Repeated applications may increase the probability of development and number 16 

of fruit. Then pinch off the tip of the petals as a sign that the flower has already been 17 

pollinated. It is recommended that only one bloom per branch is pollinated because the 18 

fruits are very heavy, and multiple fruits have the potential to damage limbs.19 
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at Wake Forest University 
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Abstract 

This paper outlines steps to execute a pilot program for paper towel composting 

in Benson University Center at Wake Forest University (WFU) in Winston-Salem, North 

Carolina. Paper towels are one of the top contributors to overall waste production on 

college campuses. In compost, paper towels act like leaves and are a beneficial addition 

that help reduce waste headed to the landfill. At WFU, some composting infrastructure 

already exists through Dining Services and the Office of Sustainability. Most compost 

collected is transported to Gallins Family Farm, a university partner that generates 

Class-A organic compost. WFU currently lacks a specific program to compost paper 

towels from bathrooms; however, composting paper towels at institutions of higher 

learning is feasible because students, faculty, and staff at other colleges have 

successfully implemented such programs. Informative flyers and posters will be placed 

around the buildings and in the bathrooms where the paper towel compost collection is 

occurring. These flyers and posters will serve to educate students, faculty and staff 

about the program, how it works, and why it is beneficial. After the program is rolled 

out in Benson University Center, its success will be assessed and hopefully the program 

will be expanded to other buildings around campus. The objective of this paper is to 

provide relevant background information on composting at WFU, outline a plan for 

executing a paper towel composting pilot program within a standard 14-week semester, 

describe obstacles that may arise, and provide clear next steps to help the pilot move 

beyond the planning phase.  
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1.  Introduction 1 

Wake Forest University (WFU) is a small, liberal arts university in Winston-2 

Salem, North Carolina with about 8,000 students (5,102 undergrad, 3,014 graduate) 3 

(“About Us | Wake Forest University”). All students are required to live on campus for 4 

a minimum of three years. Those who move off for their final year are still on campus 5 

for long periods of time each day. WFU also employs about 6,281 full time faculty and 6 

staff annually (“About Us | Wake Forest University”).  These factors result in a large 7 

concentration of people consistently on campus for extended periods of time who 8 

produce large quantities of waste that could be diverted. In the past few years, the 9 

campus has improved its sustainability profile with increased awareness of the 10 

university’s environmental impact. For example, composting initiatives (mostly in 11 

relation to food) are continuously expanding. One of the two campus dining halls was 12 

specifically designed with composting in mind by creating proper infrastructure to 13 

streamline waste diversion. In addition, event planning has been transformed by 14 

initiatives that provide entirely compostable dinnerware and student volunteers, called 15 

the Compost Crew, to aid in waste disposal and composting.  16 

Diverting food waste from landfills is a critical undertaking, but waste diversion 17 

programs can always benefit from expansion to incorporate non-food items. Paper 18 

towels comprise an estimated 20-40% of waste on college campuses (Galbraith, 2008). 19 

Dozens of universities across the United States have implemented programs to compost 20 

paper towels (see Section 3 and Appendix A), and a similar initiative would be feasible 21 

at WFU. A pilot program to explore what paper towel composting would look like on 22 

WFU’s campus is the best first step to take in seeking to implement a long-term 23 

program. There are many long-term benefits that this program will provide to the 24 

school and the students in addition to reducing waste: community education and 25 

exposure, increased awareness of an individual’s environmental impact, increased soil 26 

quality, decrease in volume of waste sent to landfills, and increased volume of compost 27 

material. Regular exposure to the practice of composting and its benefits in addition to 28 

corresponding informational posters have heuristic potential. This program can 29 

personalize waste reduction by illuminating how one’s individual use of paper towels 30 

impact the environment. If reminded of the effects of unnecessary waste with every 31 

visit to the bathroom, individuals may begin to consider waste reduction throughout 32 

their daily routines. Ideally WFU users will make the choice to gradually use less paper 33 

towels overall, opting for the more environmentally friendly electric hand dryer. Until 34 

that time, the small action of diverting paper towel waste is a mental stepping stone to 35 

overall increased individual sustainability. Placing paper towels in another bin is one 36 

small change for community members but will have a significant impact on reducing 37 

consumer waste at WFU campus wide.  38 
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This study was conducted with the goal of developing a pilot program for 1 

eventual implementation during a standard 14-week semester. Section 3 provides 2 

background about paper towel composting, actions other colleges are taking, and the 3 

WFU campus. Section 4 provides a description of the proposed approach for the 4 

implementation of a WFU paper towel composting pilot program including necessary 5 

materials and a time table. Section 5 explains some barriers and challenges that may 6 

arise during rollout of the pilot. Section 6 provides a concise description of the 7 

necessary next steps to move the pilot out of the planning phase and into 8 

implementation.  9 

2. Background 10 

Why Compost Paper Towels  11 

In the United States, 13 billion pounds of paper towel waste is produced 12 

annually (“Paper Towels – What’s the Big Deal Anyway?,” 2012). On college campuses 13 

specifically, paper towels produce an estimated 20-40% of waste per building 14 

(Galbraith, 2008). Organic materials, like paper products, left in landfills comprise the 15 

majority of methane that is emitted from these locations (EPA). By comparison, though, 16 

a well-tended composting operation emits negligible amounts of methane (United 17 

States Composting Council). The most environmentally friendly solution to reducing 18 

this massive amount waste is the full elimination of paper towels, switching entirely to 19 

hand dryers (Joseph, Baah, Jahanfar, & Dubey, 2015). However, it is not currently 20 

practical to uniformly remove paper towels across campus at WFU. This will never be 21 

applicable in places such as student health, residence halls, and science labs where there 22 

is an increased need for sanitation. Despite increased energy efficiency, hand dryers do 23 

increase the number of airborne bacteria in bathrooms, thus they are not suitable in 24 

places where reducing the spread of airborne bacteria is imperative (Best et al., 2014; 25 

Best et al, 2018 ). Paper towel composting should be viewed as a mechanism to 26 

continuously reduce waste production or promote the eventual elimination of paper 27 

towels all together in appropriate spaces.   28 

 In a study conducted on the Prince George campus of the University of 29 

Northern British Columbia (UNBC), researchers found that “paper and paper products, 30 

disposable drink containers and compostable organic material represented three of the 31 

most significant material types for targeted waste reduction and recycling efforts” 32 

(Smyth, Fredeen, and Booth, 2010, p. 1011). As described above, WFU already has 33 

extensive composting programs for organic material in the dining halls and a system 34 

setup to provide composting at specific events upon request (“Checklist for Planning 35 

and Hosting a Zero-Landfill Event”). Of the other two categories identified by Smyth et. 36 

al. (2010), tackling the reduction of paper waste is a significantly more feasible next step 37 

in comparison to reducing disposable drink containers on WFU’s campus.  38 
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Paper towels cannot be recycled into other paper products, but they are excellent 1 

candidates for composting (“Paper Towels – What’s the Big Deal Anyway?,” 2012). For 2 

context, composting is the decomposition of organic matter, often into a rich dark 3 

substance that is used to condition soils. When damp, they will break down within two 4 

weeks, and because they are carbon rich, they act much like leaves do within a compost 5 

pile (“Paper Towel Composting”). Organic material broken down through composting 6 

methods produces much less methane than if it were placed in a landfill. By 7 

implementing both paper towel and food waste composting, WFU would continue to 8 

decrease the amount of organic material sent to landfills. Subsequently, this would 9 

decrease the university’s methane footprint as well.   10 

Paper Towel Composting at other Universities 11 

The strategy for a WFU program was developed by evaluating the actions of 12 

other universities across the United States. This illuminated best practices and possible 13 

hurdles. Full transcripts of email conversations and information received from other 14 

schools can be found in Appendix A. 15 

The University of North Carolina Asheville (UNCA) found that paper towels are 16 

typically 60-70% of the compostable materials produced from their academic buildings. 17 

Multiple schools including UNCA and the University of Florida noted that paper 18 

towels are clean, light-weight, and produced consistently. This decreases the amount of 19 

issues with odors, messes, busted bags, or unpredictable volumes, making paper towels 20 

a relatively easy waste source to tackle. Having an existing composting program prior 21 

to adding paper towels is also helpful. University of Florida found that compost from 22 

restrooms in buildings with food service had a higher risk of contamination, otherwise 23 

the waste was very clean. 24 

Johnston County Community College found that contamination reduction relied 25 

heavily upon the psychology behind the signage and bin placement in bathrooms. 26 

When their bins are “placed correctly” they get almost no contamination, and if “placed 27 

wrong” they get about 5% contamination. It is uncertain precisely what JCCC would 28 

classify as proper placement but pairing the compost and landfill bins next to each other 29 

and ensuring proper signage is likely sufficient. Most schools suggest direct, and 30 

explicitly clear signs that say, "Paper Towels Only" and "Compost Your Paper Towels 31 

Here.” Warren Wilson College also noted the importance of having separate trash cans 32 

within the stalls for menstrual waste, a feature that all women’s restrooms already have 33 

on Wake Forest’s campus. Using this information, we plan to start with JCCC’s 34 

recommendation for bin placement and clear direct signage to begin and use data from 35 

the pilot to alter these designs if necessary. 36 

In order to fully utilize expensive compostable trash bags, JCCC only collects the 37 

bags when they were full before and then used a trash compactor to reduce the volume. 38 

Clemson University also uses this strategy. WFU could implement this same solution to 39 
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reduce the volume of waste being collected, which would help reduce cost, since 1 

compost to Gallins is paid for per bin of material. 2 

The most complicated part of any paper towel composting program is the 3 

collection of the paper towels. At University of Florida, the Building Services staff 4 

empty the paper towels out of regular clear bags into dumpsters reserved for paper 5 

towels. Facilities Services collects wastes from the dumpsters on their compost routes, 6 

and all the food waste and paper towels are brought to an off-campus private windrow 7 

compost facility. Warren Wilson’s composting program is completely staffed by 8 

undergraduates where they do not encounter any issues with students fulfilling this 9 

role.   10 

 Pennsylvania State tried a paper towel composting program but discontinued it 11 

because it created a litter problem in their composting facility where bits of towels were 12 

being blown into neighboring fields. The University of Florida combines paper towels 13 

from restrooms across campus with food waste to help eliminate the litter problem 14 

mentioned at Penn State.  15 

Multiple universities have seen positive results from their compost programs. 16 

UNCA used a “pre and post program waste audit” to analyze the program’s success 17 

and said that, on average, they have seen a 49% reduction in the amount of compostable 18 

materials being sent to the landfill after the program ended, though there were multiple 19 

other waste reduction efforts put in place at the same time as the paper towel 20 

composting that could have also impacted that number. 21 

3. Approach 22 

Stakeholders and WFU Specific Information 23 

Paper towels with synthetic additives should not be composted (Joseph et al., 24 

2015). Fortunately, WFU uses Renown®️ paper products in all of their bathrooms on the 25 

campus. Renown®️ is made from 100% recycled wastepaper and are certified by Green 26 

Seal Inc., making them easily compostable. These paper towels break down similar to 27 

leaves and do not decrease the quality of compost produced.  28 

Benson University Center is the hub for students at WFU. According to the 29 

website, the Benson Center: 30 

“is home to a food court, Mail Services, Pugh Auditorium, meeting spaces, Copy 31 

Center, student organizations, and several student-facing administrative offices. With 32 

lounges on the first, third, and fourth floors, Benson is a popular space for students to 33 

eat, meet with classmates, study and socialize with friends.” (“About Us | Wake Forest 34 

University”)  35 

Benson is the perfect building to run the pilot program in because of its high 36 

traffic, spacious bathrooms, and pre-existing waste infrastructure to accommodate non-37 

paper towel waste throughout the building. This will hopefully help reduce 38 

contamination.  For example, Benson is home to the food court on the first floor where 39 
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there may be a high potential for people to through their food in bathroom trash bins. 1 

But on that same level (excluding the bathroom) are nine standalone trash bins, two 2 

standalone recycling bins, and four paired bins.  3 

All waste composted at WFU goes to Gallins Family Farms where a grade-A 4 

compost is produced. Gallins collects food waste, including uncolored paper products 5 

such as paper towels. WFU pays for Gallins to collect compost on a per-bin (volume) 6 

measurement. The first five bins cost a base price, and each bin after that is an 7 

additional cost. 8 

There are several compost programs currently in place at WFU. Dining services 9 

composts all food preparation waste in both dining halls. All post-consumer waste is 10 

also composted in the North Dining Hall, which was designed specifically to be a zero-11 

landfill facility. The Office of Sustainability currently offers Zero Landfill Events where 12 

students collect food waste in addition to compostable plates and utensils. This 13 

program has rapidly increased in popularity and is assisted by the Compost Crew, a 14 

group of student volunteers who help direct waste. Campus Kitchen, the student run 15 

program that distributes food to those in need, also composts their food preparation 16 

waste. However, Campus Kitchen compost goes to the campus garden and the small 17 

compost operation occurring there.  18 

Required Materials  19 

Several materials will be required to successfully implement this program. Eight 20 

bins will be needed to collect the used paper towels. A bin will be placed in each male 21 

and female bathroom on floors one through four of Benson where the used paper 22 

towels will be collected. At least two hanging measuring scales will be needed to 23 

measure the weight of the used paper towels collected, for data acquisition. Two weeks’ 24 

worth of compostable bags will be needed for this initial roll out of this program. One 25 

bag will be placed in each bin and replaced when it becomes full. At least six student 26 

volunteers will also be trained to compact the paper towels as well as collect and 27 

replace the bags when they become full. Students will require disposable gloves for 28 

collecting the paper towels. Eight of each of the “Paper Towel Compost Only” signs and 29 

eight of the paper towel compost infographics will be printed and placed both in the 30 

bathrooms and on the bathroom doors in which the paper towels will be collected 31 

(Martínez-Blanco, Inaba, & Finkbeiner, 2015). Once the program is expanded to other 32 

buildings around campus, the required numbers of bins, bags and signs will differ 33 

based on the number of bathrooms in the building. 34 
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Survey of WFU Students 1 

A survey was distributed to WFU students in the Fall of 2018 to understand the 2 

opinions and habits of WFU students regarding sustainability and the possibility of a 3 

paper towel composting program. Findings were promising for the success of the 4 

program. Of the 120 WFU students surveyed, 73% (n=87) said that they wash their 5 

hands after they use the bathroom, 25% (n=30) said that they wash their hands most of 6 

the time, and 3% (n=3) said that they 7 

never wash their hands (Figure 1). This is 8 

important because it shows that 97% of 9 

students say that they regularly wash 10 

their hands after using the bathroom. Of 11 

the 117 students who wash their hands 12 

after using the bathroom, 79% (n=93) of 13 

them use paper towels, 14% (n=16) use 14 

electric hand dryers, and 6% (n=8) either 15 

use their hands or nothing at all to dry 16 

their hands after they wash them in the 17 

bathroom (Figure 2). The 93 students that 18 

use paper towels to dry their hands said 19 

that on average they use 2.58 paper 20 

towels every time they dry their hands 21 

after washing them (Figure 3). Even if 22 

some dishonesty is present, a high 23 

percentage of students are partaking in 24 

the targeted action of washing hands and 25 

drying with paper towels reinforcing the 26 

importance of addressing this high impact 27 

area. If all 93 students were to wash their hands on campus three times a day and use 28 

2.5 paper towels each time, they would use 232.5 paper towels per day. A large amount 29 

of paper towel waste could be detoured from the landfill through a paper towel 30 

composting program.  31 

 32 

Figure 1. Percentage of students that wash their hands 

Figure 2. Medium students use to dry their hands 
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 1 

Generally, people who 2 

regularly compost also regularly 3 

recycle (Mosler et al. 2008). 4 

Recycling habits may be a gauge to 5 

determine how open students 6 

would be to composting. Of the 120 7 

students polled, we found that 80% 8 

(n=96) either always or frequently 9 

recycle. The remaining 20% (n=24) 10 

reported that they never recycle 11 

(Figure 4). A vast majority of 12 

students recycle, and subsequently 13 

may be more likely to participate in 14 

the paper towel composting 15 

program. Additionally, all 120 16 

students were asked if they would 17 

be willing to put uncontaminated 18 

paper towels in a bin immediately 19 

beside the trash can. 95% (n=114) 20 

said that they would be willing to 21 

do this and the other 5% (n=6) said 22 

that they would not like to 23 

participate in this program (Figure 5). With so many respondents appearing willing to 24 

participate, composting paper towels has the potential to have sufficient user buy-in for 25 

success.   26 

Lastly, we discovered that 43% (n=51) of students were unaware that WFU has 27 

an on-campus compost program (Figure 6). This demonstrates the need for increased 28 

visibility and education, which can be incorporated into this program.  Informative 29 

approaches will help faculty, students and staff learn about the composting program in 30 

general while also increasing proper participation in the paper towel composting 31 

program. There is potential for users to increase personal awareness of how their 32 

everyday actions impact the environment, and small changes they can make to mitigate 33 

those. Placing flyers in the Benson bathrooms two weeks prior to the pilot and having 34 

sufficient signage during the program will help achieve these educational goals.  35 

It is worth mentioning some shortcomings or limitations present within the 36 

collected data. The sample number and subsequent percent of undergraduate 37 

population was very small. Additionally, there were only undergraduates involved, so 38 

we do not have an understanding of opinions held by graduate students, faculty, or 39 

staff who themselves make up a large portion of people regularly on campus. The 40 

Figure 3. Number of paper towels used to dry hands 
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survey was also distributed to many people already involved in sustainability on 1 

campus (students from ENV 201 and OOS), which could have skewed the data in favor 2 

of support for the program.   3 

Proposed Implementation Plan 4 

As mentioned above, UNCA 5 

found that paper towels typically make 6 

up 60-70% of the compostable materials 7 

produced from academic buildings. This 8 

is above statistics found from several 9 

other sources demonstrating the 10 

significant proportion of waste that is 11 

paper towels (Galbraith, 2008). Student 12 

involvement in current compost and 13 

recycling programs at WFU has been 14 

relatively successful, which in 15 

encouraging for the potential outcome of 16 

this additional waste reduction effort. 17 

Overall, the collective WFU community is 18 

becoming more environmentally 19 

conscious. This may be due to a 20 

combination of factors including the 21 

development of a new Environmental 22 

Major, greater visibility for the MA in 23 

Sustainability, increased presence of the 24 

Office of Sustainability throughout 25 

campus, and the general public’s rising 26 

concern about environmental phenomena 27 

including climate change. Hopefully this 28 

is an indication of willingness to engage 29 

positively with a paper towel composting 30 

initiative. Ultimately the only way to 31 

determine whether this is true, is to 32 

actually run the pilot.  33 

This program will take place over 34 

the course of a traditional 14-week 35 

semester and rolled out in Benson University Center. Weeks one through nine will be 36 

used to finalize the program, recruit and train student volunteers, order the bins, print 37 

posters, and ensure all appropriate systems are in place to make the roll out go 38 

smoothly. A detailed flowchart of the 39 

Figure 4. Percentage of students who recycle 

Figure 5. Percentage of students who would be willing to 

compost their used paper towels 

Figure 6. Students who are aware of WFU’s on-campus compost 

program 
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proposed timeline can be viewed in Appendix C. As mentioned by Pennsylvania State 1 

University, rushing to roll the program out could result in failure due to overlooked 2 

details and failure to prepare for possible problems. 3 

By week three, the bins will be purchased and both the signs for bathrooms 4 

during the pilot and the educational pre-pilot posters printed (See Appendix B). Per the 5 

recommendations of JCCC, bins will be durable enough to withstand frequent 6 

compacting of the materials within. They also suggested a clean toilet plunger be used 7 

as a cost-effective compacting tool (Appendix A, Section G). By week five, the plan will 8 

be cleared with Benson University Center staff and the WFU Environmental Health and 9 

Safety office. During this same time period, students will be recruited, most likely 10 

through the Office of Sustainability, to collect the paper towels. During week six, 11 

students will be trained on how to properly collect the compost and record data. The 12 

program will officially start on week nine and run through week eleven. During this 13 

time the compost will be collected from Benson, deposited in the appropriate bins, and 14 

data recorded. Week twelve thought the end of the semester (week fourteen) will be 15 

used to conduct an initial evaluation of the pilot and brainstorm ideas for the future. 16 

Again, a flow chart with more detailed information is listed in Appendix C. 17 

4. Challenges 18 

There are a number of obstacles that may present themselves prior to and during 19 

launch of this pilot program. Already during the planning phase, a number of hurdles 20 

at WFU have been brought to light through conversations with various stakeholders. 21 

Additionally, other colleges and universities have described challenges they have 22 

encountered while implementing their paper towel composting programs. Most of the 23 

schools mentioned in this paper were able to find solutions to their initial shortcomings 24 

through trial and error. The lessons they learned have had an impact on the proposed 25 

implementation of the WFU program. Despite the challenges listed below, none are too 26 

big to overcome.  27 

Contamination 28 

In this context, contamination consists of non-compostable waste entering the 29 

compost stream. Because paper towel collection is occurring in a bathroom of a busy 30 

building, there is a risk of menstrual products, food, or other trash contaminating the 31 

compost - which would cause Gallins to reject the whole collection. Incorrect sorting of 32 

trash may occur simply because users are conditioned to put all waste in one bin. Zero 33 

Waste Events have experimented with not having the Compost Crew present and 34 

relying only on clear signage to tell people how to sort their trash, but it resulted in a 35 

high level of contamination. The paper towel program may be at a lower risk for this 36 

since users only need to make the choice about one item, rather than a whole plateful of 37 

food and utensils.  38 
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There are several options to help reduce the occurrence of this limitation. Two 1 

weeks before the pilot, place signs in the bathrooms where the program will run, 2 

informing users that a composting program will occur, and when. Due to the nature of 3 

a university campus, it is likely that the same individuals repeatedly use the same 4 

bathrooms. These signs will help put the program on their radar so when it does occur, 5 

proper use may increase. However, the best safeguard is proper labeling of bins. The 6 

compost bin should be labeled “Paper Towels Only” and the other bin “Landfill” (see 7 

Appendix B). Our bin design utilizes a diamond shaped lid and a blue bin unlike others 8 

on campus in an attempt to grab user’s attention, encouraging them to sort paper 9 

towels correctly. Compost bins should also be paired with the landfill bound trash bins, 10 

directly next to each other in the bathroom. If a high level of contamination results after 11 

the initial pilot program, it may be beneficial to attempt switching to a bin with a lid 12 

users must open themselves - although this is much less preferred.   13 

Environmental Health and Safety   14 

Overcoming hesitation from the WFU Environmental Health and Safety Office 15 

may be the most challenging limitation. They are concerned about students collecting 16 

compost during the pilot, biological contaminants that may be on paper towels, and 17 

compliance. It seems that the best solution to this is a convincing argument that actively 18 

engages with their concerns, but demonstrates the feasibility nonetheless. Showing how 19 

many other schools compost with a few specific examples of how other schools resolved 20 

similar issues, will be especially beneficial.  21 

Long Term Feasibility and Incorporating Facilities 22 

To expand this program beyond a student run pilot necessitates the involvement 23 

of facilities. This would foreseeably require an entirely alternate program plan, that 24 

facilities would need to organize with assistance from other campus offices. Additional 25 

considerations must be made because some janitorial services, including those in 26 

Benson, are contracted out to a third party called the Budd Group.   27 

Volume of Waste 28 

WFU pays Gallins Family Farm for every bag of compost that is collected.  Paper 29 

towels compromise not only a high percentage of the overall waste stream, but a high 30 

volume of waste. They simply take up a lot of space. In the future, WFU should 31 

consider a way to effectively compact paper towel waste. This can be done in an 32 

expensive manner with a trash compactor, but other less expensive options are also 33 

available to those with a little ingenuity. For this pilot, students can also experiment 34 

with using a clean plunger (as suggested by JCCC) to compost the trash themselves 35 

either in the bathrooms or the Gallins collection bins.  36 

5. Next Steps 37 
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After the pilot program has been implemented for two weeks, it can be assessed 1 

using data and user feedback. The success of the program will be determined by: 2 

pounds of waste diverted, level of participation, and whether the compost lacks 3 

contamination. If a substantial amount of paper towel waste is collected in the compost 4 

bins, there was likely a high level of participation. Successful diversion of a significant 5 

amount of waste from the landfill is an indication that this program could be 6 

implemented across campus and should be implemented in an effort to continuously 7 

make WFU more environmentally friendly. Increased visibility of composting may also 8 

increase demand, providing future support for this program.  9 

If all goes well with the roll out plan previously stated above, paper towel 10 

composting should be slowly rolled out across academic buildings on campus. Each 11 

building is likely to require individual consideration to ensure proper community 12 

interaction with the program. Bins will not be placed in science labs, residence halls, the 13 

gym or student health due to concerns regarding contamination. With potential 14 

expansion, more bins for bathrooms will need to be purchased, in addition to an 15 

increased number of Gallins collection bins to accommodate the increased volume of 16 

composted materials. Monetary analysis will also need to be conducted because 17 

expansion of the program will incur financial responsibility upon a WFU entity.   18 

6. Conclusion 19 

This project establishes a plan to pilot paper towel composting at Wake Forest 20 

University over the course of a standard 14-week semester.  Paper towels are one of the 21 

top contributors to overall waste production on college campus. In compost, paper 22 

towels act like leaves and are a beneficial addition that helps reduce landfill waste. 23 

Survey results showed that 95% of respondents would be willing and open to placing 24 

their paper towels in a compost bin next to the regular trash cans. Some of the 25 

infrastructure to support paper towel composting is already in place at WFU, including 26 

an established relationship with compost producer Gallins Family Farms. This program 27 

is modeled after existing programs at UNC Asheville, Johnston County Community 28 

College, the University of Florida and Penn State. These schools have all experienced 29 

challenges in initial rollout, but issues at WFU can be limited by incorporating solutions 30 

these schools have already developed. Specifically, contamination and health concerns 31 

will be reduced by keeping paper towel composting operations out of Student Health 32 

Services, science laboratories, and residence hall bathrooms. Initial research and design 33 

of this program suggests paper towel composting is both possible and likely to be 34 

successful. The best way, though, to determine whether this prediction is accurate is to 35 

run the pilot program.  36 
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8. Appendix A  1 

Transcripts of Informal Email Interviews & Information from Other Institutions  2 

A. Clemson University (Dave VanDeventer, Brittany Morra, and Dave Haines) 3 

“During the pilot, how were your paper towels collected? Was it conducted by 4 

students or facilities staff? It was conducted by staff. We placed green 23 gal paper 5 

towel composting bins in the bathrooms of a select few buildings. Custodians use a 6 

plunger to compress the towels until the bag is full, then they store it until their 7 

designated pick up day during the week when our recycling or composting team 8 

collects them. 9 

Our biggest hurdle is overcoming concerns from Environmental Health and 10 

Safety about students collecting waste during the pilot period. Our facilities staff 11 

doesn't have the capacity to temporarily collect or collect the desired data, so students 12 

would initially need to fill this role. When you launched your program and in it’s 13 

expansion, have you encountered any problems with health and safety concerns? If so, 14 

what were they and how did you overcome them? We have student volunteers and 15 

interns who handle waste regularly. We complete the hazard communication and blood 16 

borne pathogen training with them and ensure that they wear the correct safety gear 17 

whenever handling waste. We work with our training and safety staff members to 18 

ensure we’re doing everything we should be. 19 

What steps are you taking to help reduce contamination of the compost? Have 20 

you found that there is a high or low degree of contamination in the paper towel 21 

compost bins? Paper towel compost bins are pretty clean. We’ll get the occasional cup 22 

or wrapper, but most commonly we have sanitary products in the bins from the 23 

women’s restrooms. We have an infographic we place on the paper towel dispenser or 24 

near the bin, as well as signage on the bin (see attached picture). Compost bins are also 25 

a different color than our landfill and recycling bins.  26 

Are there specific steps you took/are taking that you have found effective to 27 

increase awareness on campus about composting paper towels? Expanding the 28 

program into high profile buildings like the gym and library have made people more 29 

aware of the program, and we’ve gotten a lot of requests to expand into other campus 30 

buildings. We also publicize expansions on social media. 31 

 Are there any other significant hurdles you faced on your campus? Were they 32 

anticipated or unexpected? (other things we anticipate include student awareness, the 33 

general issue of paper towel volume, and reducing contamination of the compost). I 34 

think the cost of compost bags is what led to us asking that the custodians compress the 35 

towels in the bin until the bag was truly full. Making sure our recycling, composting, 36 

and custodial crews were all on the same page has required training and ongoing 37 

communication, but that is to be expected.”  38 
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B. Clemson University (Dave VanDeventer, Brittany Morra, and Dave Haines) 1 

“I would like to emphasize the issue of contamination from an operational 2 

standpoint and some of our efforts towards curtailing those issues. Brittany and her 3 

team have done an excellent job working with the custodial staff as well as trying to 4 

educate the users of the bins, but all of it will be for naught if there is not a smaller 5 

landfill receptacle separate but within a few steps of the paper towel bin for the non-6 

paper towel waste that is generated in the restrooms. We have also found that having a 7 

smaller sanitary bin next to each toilet in women's restrooms will greatly reduce the 8 

contamination in the main receptacle. The only other consistent location that has severe 9 

contamination that we have not eliminated yet is in the locker rooms at our campus 10 

gym. We have also put a moratorium on collection of paper towels from any major 11 

public event where alcohol is acceptable for consumption due to repeated and severe 12 

cross contamination of the one thing that we will absolutely not accept in our 13 

feedstocks, glass. As much as we would like to capture and process that volume of 14 

material from football and similar events, we cannot take the chance at including that 15 

contamination into our soils as we have no way to remove glass from our product. I 16 

have suggested that the contaminated feedstocks that you have to decline go into the 17 

same category as contaminated plastic bags and other materials that are well suited to 18 

provide energy through incineration or gasification.  19 

I would also like to share with you an avenue for usage that our program 20 

identified but was unable to implement due to how quickly our volume increased. 21 

Paper towels can be thought of as leaves in terms of their available carbon for 22 

composting so they can be used as a substitute wherever you would use leaves. We 23 

have a smaller community garden in some of the on campus apartment housing areas, 24 

and these paper towels could have been used to supplement their carbon feedstock in 25 

off seasons as well as balance odors in their piles if they are primarily using non-woody 26 

vegetation to compost (e.g. grass clippings, green leaves). This avenue for usage also 27 

serves as a useful and engaging educational tool to show that compost is the controlled 28 

combination of food waste with woody organic feedstocks, as well as bring awareness 29 

to the level of generation of each in the collection area.”  30 

C. Warren Wilson College (Leigh Williams, Recycling and Solid Waste Supervisor) 31 

“A little bit about our system: I'm not sure how much you know about Warren 32 

Wilson and how we run, but the Recycling crew is responsible for all of the waste on 33 

campus, including compost. I have a crew of about 28 students that sort through every 34 

trash bag on campus by hand. We pick out the paper towels and put them in a bin to be 35 

composted. We have a static forced aeration compost system, a tractor with bucket 36 

loader, and a bottomless supply of manure, wood chips, and brush produced by the 37 
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farm and landscaping crews. We mix paper towels in with our food waste and have had 1 

no problems with them breaking down, etc. 2 

Sorting through the trash by hand, while not feasible for everyone or most 3 

programs, really helps limit contaminants. There are very few buildings on campus that 4 

produce a trash bag full of JUST paper towels, and usually bags of bathroom trash will 5 

include menstrual waste and other miscellaneous trash that someone decided to throw 6 

away in the bathroom. Making sure that all bathrooms on campus have separate trash 7 

cans within the stalls for menstrual waste has hugely decreased those sorts of 8 

contaminants. Having super clear signage that says "PAPER TOWELS ONLY" has also 9 

been pretty helpful.   10 

We haven't had any issues with students running this program as of yet! Our 11 

composting process and program (including paper towels) is continually growing and 12 

changing so that we can accommodate as much waste as possible and compost all of the 13 

organic wastes that the campus produces. I wouldn't say that improving our 14 

composting system or composting paper towels has made people more involved in 15 

sustainability - Warren Wilson is generally sustainable, but even we still have problems 16 

getting people to participate, sort their recyclables correctly, not use paper towels when 17 

there's an electric hand drying option, etc.”  18 

D. Pennsylvania State University 19 

Penn State ran a restroom paper towel composting program several years ago, 20 

but discontinued it due to the litter problem it created for our windrow composting 21 

facility. Our composting staff were spending 30 hours weekly picking up the bits of 22 

towels that the wind blew in neighboring fields. 23 

E. University of Florida 24 

The University of Florida has a robust paper towel composting program. We 25 

combine paper towels from restrooms across campus with food waste to help eliminate 26 

the litter problem that Lydia mentioned at Penn State. We initially used compostable 27 

bags, but found that they didn't break open, causing the paper towels to stay intact. 28 

Now our Building Services staff empty the paper towels out of regular clear bags into 29 

dumpsters reserved for paper towel. Facilities Services services the dumpsters on their 30 

compost routes, and all the food waste and paper towels are brought to an off-campus 31 

private windrow compost facility. 32 

Before we began, we ran a pilot in 3 buildings to determine potential 33 

contamination amounts and found that the waste was very clean with the exception of 34 

trash from restrooms in buildings with food service. We then rolled out the paper towel 35 

composting slowly across campus to ensure that we were able to address any problems 36 

as they arose. 37 
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F. UNC Asheville 1 

Here at UNC Asheville we have been quite successful with paper towel 2 

composting. Here's what the staff person who oversees that program had to share: 3 

Our paper towel composting program is going well in our academic buildings. 4 

We do not currently compost paper towels in residence halls but I image, depending on 5 

layout, that this would present a more challenges. Here are some of the details of our 6 

program: 7 

● Logistics: We introduce composting to academic buildings one building at a time 8 

as part of a larger Green Office Program. The Green Office program involves 9 

other waste reduction initiatives like a tiny trash can program and the removal of 10 

trash cans from classrooms. We also host an educational presentation for 11 

everyone in the building and talk about energy reduction strategies. Our 12 

housekeeping staff takes out paper towels collected for compost to 64-gallon roll 13 

carts located adjacent to the dumpsters where they take trash. The paper towels, 14 

along with all of our other compost, is picked up and processed by a commercial 15 

processor, Danny's Dumpster. Signs are posted in the bathrooms indicating that 16 

paper towels are compostable. We do use bleached paper towels, I know other 17 

campuses avoid bleached materials. 18 

● Feasibility: Paper towels are one of the easiest waste streams to capture. Paper 19 

towels are clean, light-weight, and produced consistently so we don't have issues 20 

with odors, messes, busted bags, or unpredictable volumes. We also have very 21 

supportive Housekeeping staff which made the transition quite easy.  There were 22 

a few single-stall bathrooms where we needed to install wall-mounted bins for 23 

personal sanitary items to avoid contamination issues. Paper towels are one of 24 

our least contaminated compost waste streams but I think that contamination 25 

would be much more of an issue in the residence halls. The only feasibility 26 

concern is that paper towels take up a lot of volume. We pay for our compost 27 

service based on volume (not weight).  28 

● Impact: We do measure the impact of our Green Office Program in each 29 

academic building by doing a pre and post program waste audit. On average, we 30 

have seen a 49% reduction in the amount of compostable materials being sent to 31 

the landfill after we implement the Green Office program. Since multiple waste 32 

reduction programs are implemented at the same time, it is difficult to tease out 33 

the impact of the paper towel program. Anecdotally, paper towels typically 34 

make up 60-70% of the compostable materials coming out of our academic 35 

buildings.  36 

  37 

G. Johnson County Community College  38 
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We have had good luck with ours, and while we have a compost facility on site, 1 

we send our paper towels out for composting because they create too much volume for 2 

us to deal with. We have found there is a lot of psychology that goes into signage and 3 

bin placement in bathrooms to reduce contamination. When we have the bins placed 4 

correctly we get almost no contamination, and if placed wrong about 5% contamination. 5 

We purposely did not use our regular composting icons of food/plant because 6 

we don't want any food/plant in the paper towels to avoid odors. Because the bags are 7 

expensive housekeeping only pulls them when full and smashes them down with a 8 

trash smasher until they are. (If you need inexpensive trash smashers I can let you in on 9 

the $13 option we are using) 10 

We started with signage that had an icon of hands pulling on a paper towel and 11 

the words "Paper Towel Composting". Now we are at "Paper Towels Only" and 12 

"Compost Your Paper Towels Here" signage. 13 

In the restrooms where we can place the trash and the compost bin together near 14 

the entrance/exit, we get the least amount of contamination. 15 

If you place only a compost bin as the first bin as you come out of the stall in the 16 

men's bathroom, you will get all kinds of feminine hygiene and medical items in your 17 

compost (among other things, I have stories). Men's stalls typically don't have the little 18 

trash cans in them like women's stalls do so in order to get rid of those items ASAP they 19 

will hit whichever bin is closest no matter how it's labeled. If you put only the compost 20 

bin close to the entrance you get all the pop bottles and coffee cups as people walk in. If 21 

you put only the trash bin near the exit you get all the paper towels (especially if you 22 

have doors on the restroom, folks will use the paper towel to open the door and then 23 

toss it in the closest bin.) 24 

We also designed a spiffy little poster that we hang in all the restrooms showing 25 

the very basic concept of paper towel composting. If you ask a classroom of students 26 

what sustainability efforts they have noticed on campus, they will almost all mention 27 

paper towel composting because bathrooms are the one place that everyone goes into. 28 

If you want to see any of the signage or anything, let me know and I will send it 29 

along. 30 

H. American University (Joshua Kaplan, Sustainability Outreach Specialist, AU) 31 

About two years ago American University's student ecoreps audited the waste 32 

stream from our largest residence hall complex and found that 150 lbs. of paper towels 33 

were being discarded each day (approximately 13% of the total waste stream). Based on 34 

the data from this audit, we converted all waste bins in all of our restrooms campus-35 

wide to compost collection bins, and applied signage to the bins indicating that 36 

onlypaper towels should be discarded in those bins. So far it's been quite successful and 37 
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we have encountered low levels of contamination in those bins and took a large chunk 1 

out of our landfill-bound waste stream. 2 

More info about our paper towel compost collection: 3 

http://www.american.edu/finance/sustainability/paper-composting.cfm 4 

More info about the student-lead waste audit: 5 

http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2325808 6 

AU's Zero Waste Policy: 7 

www.american.edu/loader.cfm?csModule=security/getfile&pageid=2011196 8 

 9 

I. Harvard University (Rob Gogan, Recycling & Waste Services) 10 

Paper towels cannot be recycled with other papers as the wet-strength additives 11 

prevent the fibers from dissolving into pulp.  Recycled paper made with PT fibers is 12 

often clumpy with random white spots, degrading its value.  See "wet strength 13 

additives" --which paper towels contain--on this list of 13 worst paper recycling 14 

contaminants in a paper posted on TAPPI's website (page 39): 15 

http://www.tappi.org/content/events/11liner/paper/kocurek.pdf 16 

Best plan is to reduce excess PT use (education, air dryers, promoting carrying a 17 

personal towel etc.).  Next best is to compost them. 18 

http://www.american.edu/finance/sustainability/paper-composting.cfm
http://www.american.edu/finance/sustainability/paper-composting.cfm
http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2325808
http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2325808
http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2011196
http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2011196
http://www.american.edu/loader.cfm?csModule=security/getfile&pageid=2011196
http://www.tappi.org/content/events/11liner/paper/kocurek.pdf
http://www.tappi.org/content/events/11liner/paper/kocurek.pdf
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9. Appendix B  1 

Plans for Compost Bin Design and Graphics for Labeling Bins 2 

 3 

Figure 1. Graphic of possible poster design for the paper towel compost plan. 4 

Implementers of the program may wish to incorporate a QR code linked to a google 5 

form (or something similar) into the poster design to provide the opportunity for 6 

constant user feedback.  7 

 8 

 9 
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 1 

Figure 2. Graphic showing difference between the various bins and what goes in them.  2 

  3 

 4 

 5 
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 1 
Figure 3. Plan for compost bin design 2 

Features:  3 

○ Blue coloring unlike other bins on campus 4 

○ Diamond shaped lid unlike others on campus 5 

○ A frame attached to the bin for the appropriate signage   6 
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10. Appendix C 

Flowchart for Timeline of Pilot Rollout 

Goal Objective Strategy Tactic 
Due 

Increase the amount of 

compostable waste on 

Wake Forest University 

campus that is actually 

composted, as opposed to 

being sent to the landfill. 

Implement a pilot 

program to compost 

paper towels from 

bathrooms in Benson 

University Center within 

the timeframe of a 

traditional 14 week 

semester. 

clear plan with 

Environmental Health and 

Safety 

Create a deliverable with: a one 

page summary of most 

compelling information, full 

project information, dates, who 

is involved, and solutions to 

some of the concerns they have 

indicated 

week 5 

meet with Michelle Adkins 

(director), Steve Fisenne 

(associate director), and anyone 

else OOS indicates may be 

important 

week 5 

clear plan with Benson 

University Center Staff 

create brief 1-2 page deliverable 

with: plans for implementation, 

schedule, mockup images of 

what it will look like, an offer to 

provide a longer draw up of the 

information 

week 4 

meet with Kathleen Hurly, 

possibly Leigh Myers, and 

anyone else OOS indicated may 

be important 

week 4 

Install safeguards to reduce 

potential contamination  

finalize design, and 

purchase/acquisition of 

collection bins 

week 3 

finalize a design for and print 

informative pre-pilot and signs 

during the pilot to be placed in 

restrooms 

week 3 

Place preliminary signs in 

bathrooms 2 weeks before the 

pilot 
week 7 

Have all signs and bins fully 

prepared to execute the pilot 
week 8 

Recruit and educate at least 6 

student volunteers for 

compost collection 

Recruit through OoS, Biology, 

Sustainability Program, and 

others from the general student 

body 

weeks 1 - 6 

Host a training day prior to 

program implementation 

week 6 

Run Program 
data collection 

week 9 & 10 

compost collection and deposit 
week 9 & 11 

Post-program feedback and 

evaluation of success 

conduct an initial evaluation of 

experiences and data. 

Brainstorm future plan for 

further evaluation. 

week 12 on 

*Flow chart design is based off the WFU Office of Sustainability Intern Project Management Guide.    
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Chapter 4: Reynolda Gardens Native Meadow Restoration Advisement Project 

Title Reynolda Gardens Native Meadow Restoration 

Advisement Project 

Period of Performance September 6, 2018 – December 4, 2018 

Department & University 

Conducting Work 

Department of Biology and the Environmental 

Program 

Wake Forest University 

Investigators Jake Bequette, B.A., History, Minors in Politics and 

International Affairs, Class of 2019 

MaKenna Jones, B.A., Biology, Minor in 

Environmental Studies, Class of 2020 

Aidan Galloway, B.A., Biology, Minor in 

Environmental Studies, Class of 2019  

Kelsey Murlless, B.A., Environmental Studies, Class 

of 2021 
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 1 

Abstract 2 

Meadow restoration projects are conducted with the purpose of improving 3 

wildlife habitats, decreasing stormwater runoff, lowering emissions from mowing, and 4 

providing the public with an understanding and appreciation of the environment. One 5 

such project that is currently taking place is located in Reynolda Gardens. The staff at 6 

Reynolda Gardens has been conducting a restoration project on the 37.3 acre meadow 7 

located near the Reynolda Museum since 2008. The goal of this paper will be to 8 

supplement that restoration project by creating a management plan to be implemented 9 

after the funding from the federal grant which has been driving this project runs out in 10 

December. This management plan will act as a guide for improving and maintaining 11 

the meadow in the coming years. Crucially, this report will address a gap in existing 12 

literature on meadow restoration projects in that while studies on similar restoration 13 

projects exist, none of these studies address long-term sustainable management 14 

practices that would provide guidance specific to the staff at Reynolda Gardens. 15 

Eventually, it is hoped that this plan will be published on the Reynolda Gardens 16 

website in order to help educate the public on the importance of native habitat 17 

restoration efforts.  18 
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1. Introduction 1 

During the last decade, the United States Government began to issue more 2 

extensive grants for the enactment of conservation projects. These grants have allowed 3 

for the rebuilding of native habitats by implementing sustainable management practices 4 

that improve important ecosystem services. Specifically, grants from the U.S Fish and 5 

Wildlife service, such as the one in Reynolda Gardens, have allowed for multiple 6 

meadows and prairies in North Carolina to be restored. 7 

With the Reynolda Gardens staff wrapping up their meadow restoration project, 8 

questions have been raised as to what the next steps should be in the absence of federal 9 

direction and funding. In order to address these questions and provide a long-term plan 10 

to perpetuate the ecological gains from the grant’s implementation, the first step in this 11 

project involved meeting with the Reynolda Gardens staff to determine what 12 

management practices had been undertaken in implementing the grant. Second, it 13 

involved analyzing the viability of the restoration project currently underway as a 14 

whole and understanding the ways in which aspects of the federal grant were 15 

implemented in order to address specific problems with the meadow.  16 

In order to meet these goals, practices utilized in previous meadow restoration 17 

projects, such as in the Suther Prairie and Prairie Ridge, were assessed. Sustainable land 18 

management practices that were used in these other prairies such as burning, mowing, 19 

and the repopulation of native species were specifically examined so as to determine 20 

which restoration strategies would be most beneficial for the meadow restoration 21 

project at Reynolda Gardens. Based on extensive research of those techniques, disking 22 

after medium tillage of the land, hand pulling, the spraying of invasive species, and a 23 

prescribed burn plan would best allow for the preservation of the meadow’s ecological 24 

health. 25 

The Reynolda Gardens land plot is designated as a site for recreation, nature 26 

watching, and education, and is being restored to further both the enjoyment and 27 

education of the public. Because of this, it is imperative that the ecological benefits 28 

attained through the implementation of the grant program not be lost by returning to 29 

practices that previously had a negative effect on the meadow. This report aims to 30 

improve the health of the ecosystem in such a way that the Reynolda meadow becomes 31 

a model for future restoration projects in the Piedmont area.  32 

2. Background 33 

The Reynolda meadow was converted from a golf course to a grassy meadow in 34 

2008. As emphasized by Laura Fogo, a regional biologist with the U.S Fish and Wildlife 35 

Service, the first step in the process of converting the golf course to a meadow was 36 

eradicating the existing Bermuda grass and fescue, a type of flowering plant in the grass 37 

family. Reynolda Gardens applied for a Fish and Wildlife Grant in 2012 in order to 38 



 

62 

 

assist in the cost of this restoration. The project was important to the surrounding area 1 

because of the harmful presence of invasive plant species. Because Reynolda Gardens 2 

exists on the North Carolina Birding Trail, it is hoped that this project will help to bring 3 

grasslands birds back to this region of North Carolina (Stockton, 2013).  4 

One question posed by meadow restoration projects is the issue of invasive 5 

species. The goal of a meadow restoration is to restore the habitat to its natural state and 6 

to change the structure of the ecosystem in order to improve the habitats for wildlife, 7 

increase groundwater storage, augment forage production, improve the downstream 8 

water quality, and increase the recreational and cultural value of the area (Merrill, 9 

2012). In a 2014 study, Greene & Blossey investigated whether urbanization in the 10 

Piedmont region favors invasive species or native ones. Through their research, they 11 

concluded that while urbanization and the rise of invasive species are related, there is 12 

no relationship between the demise of native species and urbanization. Therefore, 13 

although urbanization causes an increase in new species through globalization and the 14 

influx of invasive organisms in an area, native species are largely unaffected. These 15 

findings are positive for the meadow restoration project in Reynolda Gardens. 16 

Although the areas around Reynolda Garden are undergoing a process of urbanization 17 

and becoming more populated, the native species planted as part of the meadow should 18 

be safe from harm. 19 

During an interview, Amanda Lanier, curator of education at Reynolda Gardens, 20 

indicated that the next step in the meadow restoration project was burning. Burning has 21 

not yet taken place because there is a slim time of year when it can occur based on 22 

weather and wind patterns. The other difficulty with burning at this restoration site is 23 

that the burning cannot take place when there is borrowed art in the Reynolda Museum 24 

because the smoke risks damaging the pieces of art.  25 

More broadly, however, fires are a natural occurrence that are beneficial to 26 

ecosystems such as meadows. Burning helps to maintain the biodiversity of the 27 

landscape by managing the biomass of dominant species. Without burning, taller plants 28 

would take over the landscape by blocking smaller species from the sun (Middelton et 29 

al. 2006). In addition, reintroduction of combined burning and mowing management 30 

resulted in plant diversity recovery in semi-natural grasslands in a study done by 31 

Koyama et al (2017). When burning and mowing were utilized as land management 32 

practices, the researchers found that species occurrence increased. But even with 33 

burning completed, it is difficult to return a high level of species to a grassland 34 

(Koyama, 2017). 35 

The task of this report is to combine the existing research on restoration methods 36 

and to tailor a plan specific to the Reynolda meadow. Importantly, documentation on 37 

similar restoration projects already exists in surrounding areas. Meadow restoration 38 

projects at Suther Prairie in Cabarrus County and Prairie Ridge in Raleigh provide 39 

valuable insights to this project. The Suther Prairie project consisted of a 78-acre tract 40 
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situated next to the Dutch Buffalo Creek. It is one of the premier Piedmont prairies sites 1 

due to its success. The restoration project supervisors continue to do prescribed burns 2 

on the property and mow it once a year in order to stimulate buffalo grazing. A key part 3 

of this restoration project’s strategy is to incorporate more native plants that are well 4 

suited to the natural environment and that require less water and overall maintenance 5 

(Reaves, 2015).  6 

A different restoration project that was especially important because of its 7 

location next to a museum was Prairie Ridge, a 38.5-acre restoration project in Raleigh, 8 

NC. While the Reynolda meadow is situated next to the Reynolda House Museum, the 9 

Prairie Ridge meadow is located across from the North Carolina Museum of Natural 10 

Science. Therefore, reviewing the implementation plan of Prairie Ridge was beneficial 11 

in creating a long-term sustainable restoration plan for the Reynolda Meadow. 12 

The main limitations of these works are that none of them exactly apply to the 13 

Reynolda meadow restoration project. In order to carry out this project in the long term, 14 

a sustainable implementation plan must be created that is specified to the needs of the 15 

particular Reynolda meadow site including the weather it receives, its location in 16 

Winston-Salem, and the type of maintenance it requires. Previously published literature 17 

can help formulate an idea of what this plan needs to look like, but it cannot give exact 18 

steps in what needs to happen at this restoration site. Importantly, though, these gaps 19 

are what motivates the project itself. It is imperative to create a plan that can be 20 

sustained in the future in order to bestow long lasting ecological benefits on this area. 21 

3. Past Methods 22 

While methods in meadow management are more advanced today, methods 23 

prior to European settlement were similarly effective. The observations made by 24 

European settlers in North and South Carolina show a lineage of habitat management 25 

methods that were similar in technicality to modern standards. Indigenous peoples 26 

were the primary creators of these methods, often applied as control for agricultural 27 

fields. These regularly involved explicit burns on fields or simply the fact that larger 28 

mammals are attracted to the fields for grazing and browsing. These open fields in 29 

proximity to long standing hardwood forest provided corridors in which species 30 

traveled, often involving large game animals as well. (Tompkins, 2010) 31 

While widely debated, the consensus is that the majority of the Piedmont prairies 32 

we see today are directly formed from anthropogenic burn prior to human settlement. 33 

Indeed, burning is one practice that was crucial in the formation of the Piedmont prairie 34 

system. In terms of seasonality, all accounts of historical burn plans have been in the 35 

dormant season. The focus of dormant season fires is to control for variability of 36 

weather and shrub encroachment. Cool season fires are meant to improve general 37 

grassland regeneration, while also killing the woody species that might be growing 38 

within the prairie (Davis, 2002). Overall, the cool season is a time of frequent 39 
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thunderstorms and hurricanes, with the severity of these storms growing over time. 1 

These bring with them the increased likelihood of fires caused by lightning strikes, 2 

something that is integral to ecosystems in the West. Despite the frequency of the 3 

lighting-induced fires, it is very unlikely that these are widely produced to a point that 4 

it is an ecosystem characteristic (Barden, 1997). These practices are no longer enacted on 5 

the same scale, but the effects of the controlled ecosystem are large. 6 

For the meadow at Reynolda Gardens, a prior management plan was established 7 

to bring the land to the state which we see today. This was done with the express 8 

purpose of repurposing a portion of a lawn into a native meadow. The plan in general 9 

was based on the management plan used at Suther Prairie, a native Piedmont prairie 10 

located in Cabarrus County, North Carolina. This meadow is set under very similar 11 

conditions to the environment of Reynolda Gardens lawn, so it became the example on 12 

which the Reynolda Gardens meadow is based. The Reynolda Gardens plan was 13 

divided into initiation and post-establishment plans.  14 

Meadow establishment 15 

The portion of the lawn designated to become a field was mowed and sprayed 16 

with glyphosate, a broad-spectrum herbicide that is meant to the clear-burn wide areas 17 

of vegetation. This process is the most time consuming comparatively, as the goal is to 18 

completely clear all vegetation for the newly arranged native species. Another herbicide 19 

layer (Plateau) was used in late winter before the growing season. The native 20 

wildflowers and grasses selected for the meadow were then transferred from the 21 

greenhouse to the meadow. A little over 2,000 plugs of the plants were sowed in the 22 

field. 23 

Within the meadow, there was an area designated to be a “mini-garden” as a 24 

public resource education area. This was established for aiding visitors of the Reynolda 25 

Village and Gardens in the creation of the meadow and the natural processes that go 26 

behind it. A selection of native species were placed in the plot with the intention of 27 

presenting an array of natives for visitors and students alike.  28 

Post-establishment 29 

After establishment, the process of hand-pulling and spot-spraying invasive 30 

species was continued. For the time being, this controlled the majority of the species 31 

unwanted in the meadow. Sequentially, wildflower plugs were placed in the meadow 32 

in accordance to the seasonality of the wildflower. As of now, there are 29 species of 33 

wildflower that have been planted into the meadow. The perimeter of the field is 34 

maintained in order for visitors to walk around the field and a path through the middle 35 

is also continually mowed. 36 

4. Implementation Plan 37 

Suggested Management Plan/Methods 38 
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Practice Area Timing Cost 

Disking (medium 

tillage of the plot) 

The edge of the 

meadow (excluding 

the mowed are for 

visitor use) 

Dormant season Offset disk 

→$14/acre, 

additional cost for 

labor 

Hand-pull Conyza 

canadensis/ 

unwanted species 

Entire meadow Growing season Volunteer basis 

Spot-spray Conyza 

canadensis/ 

unwanted species 

Entire meadow Growing season* Based on budget 

Prescribed burn plan Entire meadow Dormant seasonǂ Average $60/acre, 

addition cost for 

labor 

 
*preferably in very dry conditions, as the meadow has upland depression swamp conditions during 1 
heavy rainfall. Runoff from such will be detrimental to Lake Katharine ecosystem.  2 
ǂ more information about burn plans are down in collaboration with other agencies, further information 3 
about weather conditions and hazards are done on a separate plan  4 

 5 

Ideally, the process should go as such;6 

 7 

5. Outcomes 8 

Prescribed burn 
plan in early 

dormant (winter) 
season 

Disk edges of 
meadow in early 

growing season to 
disturb Conyza 
canadensis and 
other invasives 

Plug with new 
species in or 
continue with 
disking/spot 

control
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The outcome of this project is an implementation plan that will help the 1 

Reynolda Gardens staff to maintain upkeep and sustain the meadow in the future. The 2 

groundwork for this project has already been laid by the staff of the gardens. The final 3 

step is burning which requires certain weather conditions and the absence of borrowed 4 

art at the Reynolda Museum. After the burning has been completed, the 5 

implementation plan kicks in to maintain the health of the meadow into the future.   6 

From this plan, there are a variety of outcomes that could occur. The main 7 

purpose for the restoration of the meadow was an effort to attain ecological benefits, but 8 

it also serves educational purposes. The meadow has been used for educational 9 

purposes from kindergarten aged children all the way up to college students, with 10 

multiple biology classes using the meadow for various labs. Dr. Anderson and Dr. 11 

Silman of the Biology department at Wake Forest University have talked about having 12 

the meadow be a permanent part of the ecology lab, but this has not been implemented 13 

as of now. The meadow has become an important area for wildlife and a sanctuary from 14 

the busy roads such as University Parkway and Silas Creek Parkway that surround it. 15 

The meadow has also been used for recreational purposes such as exercising and 16 

birdwatching. As the prairie returns, it should bring back species such as the Bobwhite 17 

Quail and Grasshopper Sparrow which will make birdwatching increasingly more 18 

exciting. The Reynolda meadow offers a unique opportunity to experience a Prairie 19 

ecosystem in an otherwise urban environment. As result, it is a place of refuge for both 20 

animals and people alike.  21 

6. Limitations  22 

The primary obstacle encountered in carrying out this study was finding 23 

research specifically applicable to the Reynolda Gardens restoration project. The goal of 24 

the project was to provide the staff at Reynolda Gardens with a plan tailored to the 25 

needs of their specific meadow. Because of this, it was difficult to locate studies and 26 

projects that had been done on areas similar enough to the Reynolda meadow to shine 27 

light on the steps that should be outlined in the advisement plan. Ultimately, this 28 

problem was worked through by cross-comparing projects that had been done on 29 

different ecosystems. By comparing the plans used on different projects, we were able 30 

to glean valuable information on which steps were used to address which restoration 31 

goals and which steps were specific to which type of ecosystem. Although we were not 32 

able to find one specific study that provided an outline to draw on for the Reynolda 33 

Gardens restoration project, we were able to put together a series of steps specifically 34 

designed to address the needs of the Reynolda meadow.  35 

 A second difficulty encountered was forecasting such a long-term plan. While it 36 

was easier to analyze the steps already taken by the Reynolda Gardens staff in the past 37 

ten years because their purpose and effectiveness was outlined, it proved more difficult 38 

to try to anticipate the evolution of the meadow’s ecological health over the coming 39 
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years. Also, while we were provided with a wealth of information on the steps taken as 1 

part of the federal grant, those steps were useful only insofar as they worked to restore 2 

the meadow. The goal of this project, crucially, was preservation of that restoration. In 3 

this sense, it was difficult to find specific steps that should be taken to maintain the 4 

benefits from the restoration outside of re-stating the steps taken in the restoration or 5 

simply outlining a list of things that should be prevented from happening so as to not 6 

let the meadow fall back into a state in which it would need to be restored.  7 

 In terms of limitations with regard to specific steps in the advisement plan, one 8 

difficulty was that the advisement plan had to be created with feasibility in mind. The 9 

advisement plan is only going to be helpful to the staff at Reynolda Gardens if it is 10 

feasible enough to actually be followed. As a result, in conducting the research, cost and 11 

time had to be taken into account along with other logistical considerations. 12 

Finally, another limitation discovered in creating the advisement plan for 13 

Reynolda meadow was uncertainty regarding the staff at Reynolda Gardens. It was a 14 

little unclear to what extent the preservation of the meadow will be a priority for the 15 

staff at Reynolda Gardens in the coming years. With the federal grant running out and 16 

the initial goals largely achieved, it was difficult to anticipate the level of commitment, 17 

financially and otherwise, in preserving the meadow. As a result of this uncertainty, it 18 

was more difficult to make the advisement plan feasible and select steps in the plan to 19 

focus on.  20 

7. Next Steps 21 

The most immediate next step of this project is to submit this report and 22 

subsequent presentation to the staff of Reynolda Gardens. The staff will then publish 23 

the findings from this report on their website for educational purposes and begin taking 24 

steps to implement the advised steps. 25 

8. Conclusion 26 

Although the scope of this project was small with regard to its specific focus on 27 

the meadow in Reynolda Gardens, it has significant implications for efforts at ecological 28 

preservation in society more widely. This project provided an advisement plan to assist 29 

the staff at Reynolda Gardens. In this plan, the report identified both sustainable 30 

management practices for Reynolda Gardens to implement in order to maintain their 31 

native meadow and a management plan for continuity purposes.  32 

As discussed above, the ideal process for continuing the gains achieved in the 33 

restoration process involves prescribed burns followed by disking to control invasive 34 

plant species and plugging in order to introduce native species to the meadow. This 35 

project aimed not only to preserve the ecological health of the meadow, but also to 36 

promote its utility as an educational and recreational space. It is hoped that by 37 

continuing to maintain its ecological health, the Reynolda meadow will be made a 38 
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shining example of ecological preservation in an urban environment, thereby making it 1 

useful for educational purposes. In addition, by promoting the health of the native 2 

ecosystem it is hoped that biodiversity, and specifically the health of native wildlife 3 

populations, will be enhanced in the area.  4 

Besides providing a template for the preservation of other native meadows more 5 

generally, the value of this project also lies in its acknowledgement of the limitations of 6 

top-down grants. This project demonstrates the importance of not just carrying out 7 

restoration projects on damaged ecosystems as guided by top-down grants, but 8 

crucially, planning for continuity after the grant runs out as well. Indeed, as the role of 9 

the government in protecting the environment increases in the coming years, the 10 

identification and creation of long-term management practices to sustain the benefits of 11 

these projects is of crucial importance to the environment and the long-term success of 12 

such projects.  13 

In conclusion, this project has analyzed the viability of the restoration project in 14 

Reynolda Gardens and created a long-term plan that will allow the staff at Reynolda 15 

Gardens to perpetuate the ecological benefits gained in the restoration project. In doing 16 

so, this work has helped to enrich wildlife habitats, reduce stormwater runoff, and 17 

decrease emissions in and around the Reynolda meadow, furthering the overall health 18 

of the ecosystem.19 
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Chapter 5: Uncovering Innovative and Sustainable Stormwater Management 

Practices for Wake Forest University 

Title Uncovering Innovative and Sustainable 

Stormwater Management Practices for Wake 

Forest University  

Period of Performance September 6, 2018 – December 4, 2018 

Department & University 

Conducting Work 

Department of Biology, the Environmental 

Program, and Facilities and Campus Services 

Wake Forest University 

Investigators Marshall Smith, B.A., Political Science and 

International Affairs, Minors in Environmental 

Studies and Entrepreneurship and Social 

Enterprise, Class of 2019  

Matthew Capps, B.A., Anthropology, Minors in 

Linguistics, Cultural Heritage Preservation, and 

Environmental Studies, Class of 2020 

Alexandra Baker, B.A., English and Political 

Science, 

Minor in Spanish, Class of 2021 

Maggie Gregor, B.S., Engineering, Minor in 

Mathematics, Class of 2021 
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Abstract  1 

The ecology and land of Wake Forest University’s campus has always shaped 2 

and developed the natural areas of the Reynolda Campus. Multiple natural ridges run 3 

through and around campus creating valleys that cause water to run into Silas Creek. 4 

Human made infrastructure on campus such as sidewalks, roads, and buildings, have 5 

changed the natural setting from permeable to impermeable. Permeability refers to the 6 

ability of water to seep into the ground. As the campus becomes less permeable, 7 

infrastructure must be developed to counteract the effects of the increase in stormwater 8 

runoff and decrease in water quality due to contamination. Climate change, rapid 9 

urbanization, and evolving regulations pose challenges to existing stormwater systems. 10 

We propose three solutions to this issue; the installation of rain and roof gardens, the 11 

use of cheap high-tech sensors, and utilizing permeable pavement technology. Each of 12 

these solutions have their own benefits and drawbacks. We find that this research is 13 

only a start to a possibly much larger project to find the best possible solution to the 14 

current stormwater issue.15 
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1. Introduction  1 

It is expensive to create a new stormwater solution for each new building on the 2 

Wake Forest University campus. Keith Callahan tasked us, the Tree Musketeers, to 3 

research the management of stormwater to make it more sustainable (Callahan, 4 

personal communication, September 19th, 2018). The primary objective of this project 5 

was to procure a selection of three solutions to help Wake Forest University Facilities 6 

and Campus Services to sustainably collect stormwater on campus. These solutions 7 

must comply with the regulations of the Federal Corps of Engineers, the City of 8 

Winston-Salem, and Wake Forest University. To supplement this research, a series of 9 

interviews with local experts on a variety of topics were conducted to find the most 10 

effective and sustainable solution.  11 

According to Keith Callahan, the Director of Planning and Construction for 12 

Facilities and Campus Services, the stormwater system of Wake Forest University is not 13 

as efficient as it could be (K. Callahan, personal communication, September 19th, 2018). 14 

Some Winston-Salem ordinances prevent current ideas for sustainable improvement 15 

from being implemented. The admissions center was the first building on campus to be 16 

built under the regulations set by the current Winston-Salem stormwater ordinances. 17 

Cisterns were placed in the ground that are capable of holding up to 110,000 gallons of 18 

rain runoff that comes from the building. Cisterns are huge, concrete boxes 19 

underground; the runoff is captured, filtered into pipes, and eventually goes into the 20 

cisterns. They are sized to store the water volume from a once-in-25-year storm event. 21 

Then, within 5 days the cisterns must release all of the water to be ready for the next 25-22 

year event. If Facilities and Campus Services were allowed to hold the water longer, 23 

they could use it for irrigation and other sustainable purposes. Therefore, the objective 24 

of the current project is to identify solutions that may be a more effective and 25 

sustainable usage of the stormwater.  26 

2. Background 27 

On September 19, 2018 we interviewed Keith Callahan, the Director of Planning 28 

and Construction for Facilities and Campus Services. The meetings objective was to 29 

determine the existing issues with stormwater management on Wake Forest 30 

University’s campus. The ordinance from the city of Winston-Salem forced him to build 31 

cisterns in the ground that has a 110,000-gallon capacity (K. Callahan, personal 32 

communication, September 19, 2018). The very small pipes in the cistern allow a certain 33 

amount of water to come out which then goes into streams that flow into Lake 34 

Katharine. He told us that the city ordinances force him to build a new stormwater 35 

management system for each new building built. He also mentioned to us that the 36 

school must treat quality and quantity of stormwater runoff. As stated before, these 37 

cisterns are sized to handle a 25 year rain event, but within five days the cisterns have to 38 



 

74 

 

release all of the water to be ready for the next 25 year rain event (K. Callahan, personal 1 

communication, September 19, 2018). Keith thought holding the water for a longer 2 

period of time could allow the water to be used to irrigate other areas of campus after 3 

the five days where is must be released. Ideally, Keith wants to be allowed by the city to 4 

use a regional solution for stormwater management that handles a larger area because 5 

creating systems for each building is expensive. A regional solution to the problem 6 

would be relevant for Wake Forest, because it is a large private property (K. Callahan, 7 

personal communication, September 19, 2018). 8 

On November 16, 2018 we interviewed Hannah Miller, Senior Community 9 

Educator of the Stormwater Division of Winston-Salem, in order to better understand 10 

the ordinance that hinders Wake Forest from utilizing regional stormwater 11 

management policies. Wake Forest is solely responsible for its stormwater system 12 

because the city does not work on private property (H. Miller, personal communication, 13 

November 16, 2018). The city requires a new stormwater management system to be 14 

built for each new development because new buildings create runoff and take away 15 

green spaces. More runoff greatly affects the city creeks because all of Wake Forest’s 16 

water flows into Silas Creek. When there is too much water there is a higher threat for 17 

flash flooding, therefore impervious surfaces need a Best Management Practice (BMP). 18 

With the current ordinances, a regional solution is not possible. The advantage to 19 

having to implement a new stormwater system with each new building is that it 20 

ensures that stormwater is managed (H. Miller, personal communication, November 16, 21 

2018). In response to our solutions for stormwater management on Wake Forest’s 22 

campus, Hannah believes that permeable pavement is not a great option due to how 23 

much maintenance it requires (H. Miller, personal communication, November 16, 2018). 24 

Roof gardens have not yet been officially permitted by the city, but rain gardens are a 25 

great option for the future of stormwater management for Wake Forest University (H. 26 

Miller, personal communication, November 16, 2018). 27 

The ecology and land of Wake Forest University’s campus has always shaped 28 

and developed the natural areas of the Reynolda Campus. Since 1950, most of the land 29 

that the campus now sits on was already cleared as it was once farmland. Multiple 30 

natural ridges run through the campus and around the campus. These ridges create 31 

valleys that cause water to run into Silas Creek. Green areas on campus, forest and 32 

stream areas, are vital for providing habitat, open space, and recreational activities. 33 

They also provide a close connection to the regional ecosystem which can act as a 34 

teaching and research aid. They also provide cultural opportunities and stormwater 35 

management opportunities. The forest cover is vital for providing a healthy stream 36 

ecosystem and flood control. The current stormwater management facilities on campus 37 

are consistent with what would be the standard in the 1950s. As a result, the struggle to 38 

regulate untreated stormwater has resulted in downstream erosion and poor sediment 39 

and water quality. This lack of stormwater management also means that the University 40 
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is missing an opportunity to use rainfall for irrigation or other beneficial uses. Since 1 

most of the water from the University flows into Silas Creek, these issues eventually 2 

affect the ecosystems downstream (Wake, 2009). 3 

3. Approach  4 

For this project, the primary sources of information were literary reviews and 5 

interviews about stormwater management. Each group member read scholarly journals 6 

on the subject of stormwater management relating to specific solutions. Keith Callahan 7 

and Mike Draughn were interviewed to gain details on the current problem at Wake 8 

Forest University relating to stormwater management. Interviewers also inquired about 9 

their thoughts on our possible solutions. They gave us background on the systems that 10 

are already in place and the future projects that the facilities team has planned. Hanna 11 

Miller from the Stormwater Division of Winston-Salem was interviewed to learn about 12 

the ordinances that Wake Forest must follow in accordance with Winston-Salem. The 13 

information obtained from the interviews created a solid base and background to 14 

narrow down and rank the possible innovative solutions. The pros and cons of the 15 

stormwater management solutions in the articles will be compared and contrasted in 16 

order to find a solution that would best fit the special needs of the Wake Forest 17 

University campus. In researching existing sustainable stormwater management 18 

systems, finding the positives and negatives, and seeing how it would fit into Wake 19 

Forest University’s campus by using the background information obtained through the 20 

interviews, the final deliverable contains three possible solutions for the Wake Forest 21 

stormwater management system. 22 

4. Solutions 23 

Roof Gardens and Rain Gardens 24 

Above ground storm water systems, such as rain gardens and roof gardens, are 25 

possible solutions for controlling water flow on Wake Forest University’s campus. Rain 26 

and roof gardens are ideal solutions when little land is available to develop stormwater 27 

management practices. This means that they work well in urban areas (Carter, Jackson, 28 

2007). Roof gardens can only function on flat, large-scale roofs because vegetation 29 

cannot thrive on small or sloped roofs (Carter, Jackson, 2007). The purpose of roof and 30 

rain gardens is to evaporate the rainfall before it reaches the ground, while also aiding 31 

in the slowing of the intensity of runoff events (Yang, Dick, McCoy, Phelan, and 32 

Grewal, 2013). A specific example of the function of a roof garden is the study of a 235 33 

m2 roof in Aukland, New Zealand (Voyde, Fassman, Simcock, 2010). Based on a 12-34 

month period, the cumulative retention efficiency of the roof garden was 66% and the 35 

roof garden retained 82% of the rainfall for each rainfall event (Voyde et al., 2010). The 36 

conclusion of the study found that the green roof effectively moderated run off events 37 

(Voyde et al., 2010). 38 
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On Wake Forest University’s campus, examples of rain gardens already exist. A 1 

rain garden on the side of Tribble Hall and Winston Hall decrease the amount of runoff 2 

after storms. The turf fields existing on campus, such as Water Tower Field, act as a 3 

different form of rain garden (M. Draughn, personal communication, November 12, 4 

2018). The water seeps through the turf material and is slowed down by a layer of 5 

gravel underneath the field, which helps stop the possibility of flooding. The water is 6 

then filtered and released slowly into a collection area by a pipe bed which consists of a 7 

two-foot tub under the field. Additionally, there are underground rain gardens as well 8 

as rain gardens behind South Residence hall and the gold facility. Due to the already 9 

attained success of rain gardens, Mike Draughn believes that they would be a successful 10 

and feasible manner of managing stormwater (M. Draughn, personal communication, 11 

personal communication, November 12, 2018). Roof and rain gardens’ life cycle costs 12 

are lower than the costs of exposed flat roofs (Wong, Tay, Wong, Ong, and Sia, 2003). 13 

An ideal stormwater management project for Wake Forest University would consist of 14 

building an underground parking lot where Lot Q already exists and placing a rain 15 

garden on the top of the underground parking lot (M. Draughn, personal 16 

communication, November 12, 2018). 17 

Sensors  18 

Climate change, rapid urbanization, and evolving regulations pose challenges on 19 

existing stormwater systems. Not only can the improvement of stormwater systems 20 

decrease the effects of these three forces, but it also provides an opportunity to improve 21 

urban water quality, specifically by equipping stormwater systems with low-cost 22 

sensors and controllers. These sensors will redesign stormwater systems from being 23 

static to being adaptive to respond to individual storms and evolving land uses. 24 

In the past, stormwater and sewer systems have been designed based on 25 

historical accounts of storms and land use. Low-cost sensors will allow stormwater 26 

networks to intelligently adapt to individual storm events and changing landscapes to 27 

maximize water quality benefits. Being that most of the world’s population lives in or 28 

near urban areas, the need to sustainably manage anthropogenic environmental impacts 29 

is constantly increasing. Aging infrastructure and decreasing funds for municipalities 30 

have led to overflows and leaks in sewers. There has been an increase in the amounts of 31 

contaminants in stormwater runoff causing a risk to receiving bodies of water. 32 

Agricultural runoff is one cause of this and has caused urban stormwater to become a 33 

pressing environmental challenge. Adapting gray infrastructure is a common solution 34 

to coping with increased runoff resulting from anthropogenic factors. This means that 35 

new solutions for stormwater systems must be tried as well. Green infrastructure is an 36 

alternative that changes impervious areas into pervious solutions such as biowales, 37 

green roofs, and rain gardens. Little research has been done on the efficacy and 38 

scalability of green infrastructure and more cost-effective sensors could help to evaluate 39 
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the performance of it. Current stormwater systems are static in that they have a limited 1 

ability to adapt to changing climate and land use. Sensor and information technology 2 

provide an option to augment instead of replace existing infrastructure to make existing 3 

systems adaptive to the environment. 4 

The costs of sensors, wireless communications, and data platforms have 5 

decreased over the past decade. By using the advances in the utilization of the flow of 6 

information to control the flow of water, stormwater infrastructure will cheaply and 7 

effectively adapt to changing storms and land uses. Water quality sensors for nutrients, 8 

metals, and bacteria are still evolving. To provide accurate data, sensors and systems 9 

must monitor infrastructure before, during, and after construction. Although these 10 

sensors provide important data about the management of stormwater systems, they 11 

also provide the ability to control these systems to provide a huge impact on water 12 

quality. The sensors would control an actuator, such as inflatable pillows, which would 13 

constrict or release the flow of water in response to real-time data and weather 14 

forecasts. This would transform its operation from static to adaptive, allowing the 15 

system to respond to changing conditions (Kerkez, 2016). 16 

Examples of augmenting static systems into dynamic real-time adaptive systems 17 

have been implemented in Québec City, Canada (Gaborit, 2012), Austin, Texas 18 

(Middleton, 2008), and various locations in France (Jacopin, 2001). Biological, metal, and 19 

dissolved contaminants are being shown to decrease in systems where sensors can react 20 

to these pollutants to retain or release water so that they stay at safe levels (Kerkez, 21 

2016). For example, the well-timed retention of water by sensors in a system in Texas 22 

reduced the concentration of E. coli in the stormwater (Gilpin, 2014). This is all at a 23 

lifetime cost three times lower than an equivalent alternative. 24 

The technology is there to implement these sensors, but the problem lies in that 25 

complex dynamics that govern water flow are not well understood. However, perhaps 26 

these systems can manipulate the flow of water enough as to alleviate the strain of these 27 

unknown forces. Furthermore, the ways that individual systems work should be 28 

studied and the fact that a solution in one location may not work exactly or as well as in 29 

another location due to varying climate, runoff dynamics, and overall environment is 30 

important to keep in mind as well (Strecker 2001). This produces a lot of uncertainty 31 

when it comes to implementing new technology in an area. There are risks to 32 

infrastructure, private property, and human life due to possible design system flaws. 33 

Studies on these shortcomings have yet to be conducted and further add to the 34 

uncertainty (Kerkez, 2016). 35 

Sensing will help to increase research on stormwater capture and use in the 36 

future as well as help urban systems become more sustainable and efficient. These 37 

systems will require new standards to ensure the safety of those benefiting from these 38 

sensors. “Failure to recognize, plan for, and manage the ongoing cyber security risks 39 

introduced by the distributed installation of sensors and actuators in stormwater 40 
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infrastructure will result in new risks to public health and safety, which may undermine 1 

trust in broader efforts to deliver the potential benefits of these technologies” (Kerkez, 2 

2016, p.7271). Through initiatives such as Open Storm, sensor designs and computer 3 

programs are now open source and free for municipalities to use (Kerkez, 2016). 4 

Permeable pavement 5 

One of the main problems that a large institution like Wake Forest University 6 

faces with its stormwater system is renovating or altering the system as plots of land are 7 

changed from pervious surfaces to impervious surfaces. Mostly, this occurs when any 8 

new construction takes place. As mentioned earlier, with the current Winston-Salem 9 

City Ordinances in place, each new construction has to have its own stormwater plan. 10 

This can make it quite difficult to design a system for the whole campus that works in 11 

harmony with the rest of the sub-systems for each building. To remedy the increased 12 

volume of stormwater and decreased pervious surface area for the water to seep into, 13 

permeable pavement may be a potential innovative solution for the Reynolda Campus. 14 

According to the Green Building Alliance, “...pervious concrete mimics the 15 

natural process that occurs on the ground’s surface, consequently reducing runoff and 16 

returning water to underground aquifers.” In this way, surfaces that would once have 17 

been impervious are able to act as though they are pervious. Such surfaces might 18 

include “low-volume pavements, residential roads and driveways, sidewalks, parking 19 

lots, low-water bridges, patios, well linings, walls (including load-bearing walls), and 20 

swimming pool decks” (Permeable Pavement 2018). 21 

The history of permeable pavement began in the late 1800s but gained more 22 

popularity in the years after World War II due to a shortage of cement. Eventually, it 23 

gained popularity in the United States in the 1960s in hopes of reducing floods, raising 24 

water tables, and replenishing aquifers. Later, the Environmental Protection Agency 25 

(EPA) used various sites in Delaware, Pennsylvania, and Texas to test the efficacy of the 26 

pavement (Permeable Pavement 2018). The studies conducted have led to several 27 

different types and consistencies of pavement as well as an extensive knowledge of the 28 

proper installation and management. 29 

The key to making permeable pavement so effective is the low level of cement 30 

and high level of air content. According to studies, permeable pavement can range 31 

anywhere from fifteen percent to thirty-five percent air. In the 20% ± 5% range, there 32 

tends to be low porosity and relatively high strength. In the 30% ± 5%range, there tends 33 

to be high porosity, but relatively low strength. To help put this into perspective, 34 

regular concrete has an air content between 3 and 7.5 percent. The difference in air 35 

content tends to have a direct correlation with the difference in strength which hinders 36 

permeable pavement from being used on highways, streets, or heavy loading areas. 37 

There are many different types of permeable pavement solutions. Of the several 38 

varieties, there are a select few which may be innovative solutions for Wake Forest 39 
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University. Single-sized aggregate contains no binder and is commonly known as loose 1 

gravel. This type can only be used with low vehicle speeds or pathways, so campus 2 

applications may be limited to areas such as the Barn and pathways around campus like 3 

Reynolda Gardens. The second type is plastic grid which is completely porous and very 4 

compatible with LEED certifications. This helps reinforce gravel driveways, parking 5 

lots, and fire lanes. The third option is permeable interlocking concrete pavers which 6 

are “individual units that can be laid out in an interlocking grid pattern, with in-7 

between spaces commonly filled with grass or small stones.” This is the same type of 8 

patterned brick system currently by Ferrell Hall and in between Magnolia and 9 

Dogwood Residence Halls. The fourth type would be resin-bound paving which is a 10 

mixture of clear resin and aggregate that is used mostly for pedestrian walkways and 11 

can come as a certain color (Permeable Pavement, 2018). Any number of these types 12 

could be implemented in various locations around campus. 13 

There seem to many pros when it comes to permeable pavement, but there are 14 

actually several cons as well. The main challenge when it comes to this solution would 15 

be maintenance. Regular vacuuming and cleaning of the surface would be required in 16 

order for it to function properly. This would take time and space and would likely 17 

require the hiring of additional help from the Facilities and Campus Services. There is 18 

also a problem when one considers the terrain of Wake Forest University’s campus. 19 

Most permeable pavement will not function properly if there is more than a 20-degree 20 

slope. Otherwise, not enough time would be allowed for the water to seep through. A 21 

final concern is the overall cost. It is estimated that permeable pavement could be up to 22 

three times more expensive than regular pavement. However, there are potential 23 

savings from a decreased need for stormwater solutions. In the interview with Mike 24 

Draughn discussed earlier, it was noted that the financial costs may outweigh the 25 

stormwater benefits when it comes to Wake Forest University (M. Draughn, personal 26 

communication, November 12, 2018). 27 

5. Discussion / Conclusion 28 

As stated previously in this paper, the objective of this project is to identify 29 

solutions that may be a more effective and sustainable usage of the stormwater on 30 

campus. Interviews conducted with Keith Callahan and Mike Draughn confirmed that 31 

there are two main problems when it comes to stormwater management. The first is 32 

immediate use. Because of the current Winston-Salem City Ordinances in place, the 33 

cisterns used to capture the stormwater are required to be emptied within a five-day 34 

period. Apart from the cisterns, there are limited options of retaining the stormwater for 35 

immediate use on campus such as irrigation. The second major concern were 36 

restrictions from the Winston-Salem City Ordinances requiring a new stormwater plan 37 

for each new building. Because Wake Forest University lacks a regional solution, every 38 

time a new campus project changes a surface from pervious to impervious, there must 39 
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be a new sub-system in place to manage it. Over the course of this project, our group 1 

has worked to find innovative solutions that could be implemented on campus to solve 2 

or at least remedy these problems. After an extensive literature review, several 3 

interviews with campus faculty and city employees, and weekly analyses, we have 4 

narrowed down our solutions to roof gardens/rain gardens, waters sensors, and 5 

permeable pavement. These three solutions were chosen as our finalists because they 6 

are each theoretically feasible at Wake Forest University and have been shown to be 7 

effective based on research and case studies done elsewhere.  8 

It should be highlighted at this point in the report that based on the current state 9 

of our research, no single solution can yet be determined as most actionable. However, 10 

falling in line with the objective of this project, the three solutions included in this 11 

report are ones we recommend receive ample consideration in the future. The roof 12 

gardens and rain gardens are proven quality and quantity control devices. Roof gardens 13 

planted on flat roofs improve the efficiency of the building as well as control the rain 14 

water by allowing more time for it to evaporate. The plants help minimize the effects of 15 

what might have been harmful pollution. Rain gardens planted on the ground also 16 

control for the quantity and quality of the stormwater by capturing the stormwater and 17 

allowing it to evaporate naturally. These solutions come with the added bonus of 18 

looking beautiful and attracting local wildlife such as bees. This solution, though, is 19 

limited by the amount of space around each building and the availability of flat roof 20 

tops for planting. 21 

Stormwater sensors are an innovative solution that combats the stormwater 22 

system’s lack of efficiency with data. These high-tech sensors track the amount of water 23 

and type of pollutants to automatically control the flow of water. The result is a much 24 

more efficient system as a whole. This would likely be a great addition to the cisterns 25 

Wake Forest University uses to manage its stormwater today. With an influx of data 26 

about not only the amount of water, but also the quality of water, this could be an 27 

effective solution to managing quality as well as quantity. At this stage in our research, 28 

there are a lot of unknowns with this solution. Future researchers would need to contact 29 

stormwater engineers and related experts about the application of such technology at 30 

Wake Forest University. There may also be a high initial cost associated with this 31 

solution which would have to be weighed against the long-term benefits. 32 

Permeable pavement attempts to solve the problem of decreasing pervious 33 

surface area of one site by increasing the pervious surface area of another site. This 34 

solution would allow water to flow into the ground just as it would naturally. By doing 35 

this, the quantity of water in the stormwater system and the quality of the water 36 

passing through will be controlled. At Wake Forest University, though, there are a few 37 

roadblocks. There is limited space for this type of solution. Areas with too much 38 

velocity or weight such as streets and loading docks will not be able to handle 39 

permeable pavement. Additionally, anything steeper than 20 degrees is also out of the 40 
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question. This solution may be possible, but more studies will be required to know for 1 

sure whether the benefits will outweigh the costs. 2 

Moving forward, more research will be required to successfully determine the 3 

viability and efficacy of each of these solutions. New experts will need to be approached 4 

about information regarding specifics of each solution. These specifics may be the type 5 

of plants in a roof garden, the brand of sensor, or the mixture of permeable pavement 6 

most suitable for campus. With each individual project in the future, a hydrologic 7 

study, topographical surveys, and engineering design of the new project will need to be 8 

organized. This, of course, in addition to the possibility of funding from the school’s 9 

administration. As far as immediate solutions go, we recommend that Wake Forest 10 

University maintain regular maintenance on the current stormwater system. For 11 

example, listed in the Stream Stability Assessment Report, there were several problems 12 

concerning regular maintenance that should be taken care of regardless of whether or 13 

not an innovative solution in implemented (Beasley 2018). A condensed description of 14 

the problems and solutions along with pictures have been included in Appendix E and 15 

Appendix F. Until the next innovative solution, simple maintenance is the first step to 16 

finding ways to make the Wake Forest University stormwater system more efficient. 17 

6. Limitations and Recommendations 18 

We tackled various problems throughout the course of this project. The first one 19 

was when Keith Callahan left Wake Forest University. We hoped to interview him one 20 

more time and to take a tour of Wake Forest University’s cisterns. Seeing cisterns would 21 

have helped us to understand what Wake Forest University is currently doing for 22 

stormwater management. Additionally, it was difficult to find regionally specific case 23 

studies for the project. Case studies from the Southeast would have been helpful to 24 

show if our proposed solutions are possible in the area. Another limitation was 25 

scheduling interviews. If there had been more time, we would have liked to have done 26 

more research and interview more people. It also would have been helpful to take a trip 27 

to High Point University and other universities that have more sustainable stormwater 28 

management systems. Hanna Miller told us it would be helpful to talk to a stormwater 29 

engineer for their perspective on the topic (H. Miller, personal communication, 30 

November 16th, 2017). Ms. Miller emailed us a list of sources about management 31 

practices that Winston-Salem and North Carolina use for stormwater. These documents 32 

could have furthered the analysis of our solutions and possibly given us insight into 33 

new solutions. However, time constraints limited our ability to analyze and include that 34 

information in the current report. In the future, we recommend that those researching 35 

stormwater management for Wake Forest University take an in depth look into these 36 

sources. Links to these sources may be found in Appendix A. 37 
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9. Appendix A: Sources Received by Email from Hanna Miller 1 

1. Stormwater Division website under the post-construction section, 2 

http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Post-3 

Construction 4 

2. North Carolina's BMP manual, https://deq.nc.gov/sw-bmp-manual 5 

3. City of Winston-Salem Stormwater Division Website, 6 

http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Stormwater-7 

Management 8 

http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Post-Construction
http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Post-Construction
https://deq.nc.gov/sw-bmp-manual
http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Stormwater-Management
http://www.cityofws.org/Departments/Stormwater-Erosion-Control/Stormwater-Management
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10. Appendix B: Interview Questions with Keith Callahan 1 

1. What is the problem? 2 

2. How is this problem affecting areas of campus? 3 

3. What are you doing right now to try and solve this problem? What has already 4 

been done? Do you have plans for future action? 5 

4. What are the policies about stormwater management in Winston-Salem? 6 

5. What does Low Impact Development mean to you? What are the benefits of Low 7 

Impact Development? 8 

6.   Is there a precedent for this project? 9 

7. What deliverables should we produce for you? 10 
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11. Appendix C: Interview Questions with Mike Draughn 1 

1.  Can you tell us a little more about what you do? 2 

2.    In what ways do you maintain stormwater? 3 

3. Do you consider sustainability? If yes, what are the best ways in your opinion to 4 

sustainably manage stormwater? 5 

4.   What do you know about the school paying to run the water off campus? How 6 

do you feel about this method? 7 

5. What do you know about the ordinance in Winston-Salem? Do you find them 8 

holding you back? 9 

6. Are permeable pavement solutions feasible? Are rain and roof gardens feasible? 10 

Are sensors feasible? Also, what are the relative costs? 11 
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12. Appendix D: Interview Questions with Hanna Miller 12 

1.   What is there to know about the city ordinances of Winston-Salem related to 13 

stormwater? 14 

2. Can you explain to us more about only being able to hold the water in the 15 

cisterns for five days? 16 

3. Have you seen any loopholes in this law? 17 

4. Do you have any other ideas of how we could sustainably work with the 18 

ordinances that are already in place in Winston-Salem? 19 

5. What would be the process of petitioning to alter the ordinance? Is it possible? 20 
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13. Appendix E: Condensed maintenance concerns from the “Stream Stability Assessment 1 

Report” 2 

Problem 1: end section of the stormwater outfall has collapsed and led to erosion 3 

Solution 1: create a larger scour hole to accommodate the water volume 4 

(hydrologic study, topographical surveys, and engineering design of the new scour hole 5 

required) 6 

Problem 2: downed tree has led to flow diversion and erosion 7 

Solution 2: remove the fallen tree to return flow to normal. Monitor for 6 months 8 

to confirm 9 

Problem 3: stormwater outfall created POOR conditions 10 

Solution 3: Replace the current riprap with a scour hole sized appropriately for 11 

the volume it would receive (hydrologic study, topographical survey, and engineering 12 

sign of the new erosion control device required) 13 

Problem 4: POOR and SEVERE ratings for sections 20-22. Debris in the river as 14 

well 15 

Solution 4: Assessment form a qualified geotechnical engineer to determine the 16 

stability of the building nearby. Additionally, a review of the current stormwater 17 

system is required to explore innovative stormwater measures to resulting in “lower 18 

outfall velocities at non-erosional rates” 19 

Problem 5: heavy erosion between sections 30-33. Erosion within about 5 feet of 20 

the adjacent parking lot which could lead to failure of that structure in the future 21 

Solution 5: immediate evaluation by a qualified geotechnical engineer to 22 

determine stability of parking lot. Because it is so close to the parking lot, a sloping 23 

solution is not feasible. Certain armoring techniques must be used (streambank 24 

reinforcement with filter fabric, large riprap, or stacked gabion baskets). A cost 25 

feasibility analysis should be prepared prior to selecting a solution. “If further 26 

geotechnical and engineering evaluations determine that stream bank stabilization is 27 

not feasible, the alternative solution would be to pipe the stream within this reach. 28 

Piping this reach of stream would result in permanent stream impacts which would 29 

require authorization from the US Army Corps of Engineers (USACE) under section 404 30 

of the Clean Water Act (CWA) and NC Division of Water Resources (NCDWR) under 31 

section 401 of the CWA.” 32 
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14. Appendix F: Photographs from the “Stream Stability Assessment Report” 1 

 2 

 3 
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