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Executive Summary 
The University of Michigan manages the largest annual research budget of any public 

university in the United States, totaling about $1.14 billion in 2010. A large portion of this 

budget goes towards laboratory operations, which can use up to five times more energy 

compared to a typical building. Therefore, as U-M moves towards a more sustainable campus, 

it is important for U-M labs to increase their sustainability efforts. 

During the Winter 2011 semester, as a group project for Environment 391: 

Sustainability and the Campus, the Sustainable Labs Team investigated ways for laboratories 

to become more sustainable. Our goals were to create a lab sustainability recognition 

program, a user guide to sustainable behaviors, and to make recommendations to two specific 

labs on campus. The two labs we evaluated were the Lurie Nanofabrication Facility (LNF), a 

research lab, and the Undergraduate Science Building (USB), a teaching lab. The LNF is a 

6,000 ft
2
 facility, renovated in 2009, which uses solid-state electronics. The USB is a 14,000 

ft
2 

lab that was built in 2005. Both labs are fairly new and efficient compared to other labs on 

campus. 

 In order to investigate lab users’ behaviors and attitudes towards sustainable 

initiatives in the lab, we created and administered a survey to LNF and USB lab users. We 

also interviewed lab managers and made observations from several lab tours in order to 

identify specific areas where the labs could improve their sustainability. Additionally, our 

team expanded the Green Laboratory Operations for Sustainability (GLOS) evaluation form, 

created by Planet Blue and the Office of Campus Sustainability, by adding new sustainability 

criteria, and by refining the ranking procedure by creating a point system. We then piloted 

the GLOS program in both the LNF and USB. 

 Our findings from the survey showed some discrepancies between the lab users’ 

feelings towards sustainable lab practices and their actual behaviors regarding sustainability. 

For example, 62% and 53.6% of USB and LNF lab respondents, respectively, strongly 

agreed that it is very important to recycle or reuse all materials when possible. However, only 

38% and 28.6% of USB and LNF lab respondents, respectively, always engage in such 

recycling behavior. Additionally, our survey results showed that most lab users are unaware 

of sustainable lab initiatives such as pollution prevention and the OSEH Chemical Reuse 

Program. From our interviews and tours, we identified several lab-specific recommendations 

for both the LNF and USB. Based on our GLOS pilots, the LNF scored an A+ and the USB 

scored an A-.  

Based on our findings, we recommend several changes to both the LNF and USB. In 

the LNF, for example, motion-sensor lighting and solvent distillation units can be installed to 

reduce energy consumption and chemical waste. In the USB, we recommend encouraging lab 

users to shut fume hood sashes and sharing equipment among lab rooms. These 

recommendations suggest that both the LNF and USB are not completely sustainable, which 

is in contrast to their high GLOS scores. Therefore, we recommend improving the rating 

scale to better reflect the true sustainability levels of labs and running more GLOS pilots in 

various labs across campus. We further recommend implementing this program in all 

possible U-M labs, which can offer a means of comparison between labs on campus. To 

compliment the GLOS Recognition Program, and to bridge the gap between lab users’ 

feelings about sustainable lab practices and their behaviors, we created A Guide to 

Sustainable Lab Behaviors, which should be distributed to lab users in all U-M labs during 

their orientation to the lab.  
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Goals 

Our project is focused on creating a grading system and updating the current GLOS 

(the Green Laboratories Operations Sustainability) Recognition Program to examine the level 

of sustainability in U-M labs. The purpose of GLOS grading system is to help campus labs to 

gauge, compare, and improve their levels of sustainability. Additionally, our project aims to 

survey lab users in order to understand their work habits and attitudes regarding 

sustainability in labs. We also want to provide a guide for lab users to learn about and engage 

in everyday green lab behaviors. Our work in the Lurie Nanofabrication Facility and the 

Undergraduate Science Building will identify some specific technological and behavioral 

improvements that can be made.  

 

Introduction/ Background 

Established in 1817, the University of Michigan manages one of the largest annual 

collegiate research budgets of any public university in the United States, totaling about $1.14 

billion in 2010
1
. While the increased budget for research has brought many renowned 

innovations, sustainability in U-M laboratories can still be improved. Large numbers of 

contaminants and exhaust devices, heat generating equipment, intensive ventilation 

requirements, 24-hour operational equipment, and limited green chemical substitutes all 

reduce the sustainability of U-M laboratories. More efforts are therefore needed to improve 

the current paradigms and sustainable lab policies to minimize energy and water use while 

reducing hazardous substances through green chemistry practices and effective solid waste 

minimization.  

In helping to foster sustainability in U-M laboratories, a team from Environ 391: 

Sustainability and Campus collaborated with two sponsors - Jack Edelstein, the Energy 

Conservation Liaison for Planet Blue, and Dr. Sudhakar Reddy, the sustainability coordinator 

of the Office of Campus Sustainability (OCS) – to study the sustainability status of U-M labs 

and recommend what can be done on a daily basis to promote greener lab environments. 

Building on the work done by last year’s Environ 391 group in the Lurie Nanofabrication 

Facility (LNF), we expanded our research to include a teaching lab, the Undergraduate 

Science Building (USB).  

 We created a set of survey questions to measure the students’ sustainability behaviors 

and attitudes. Based on the survey results and the GLOS Recognition Program, we then 

recommend ways to improve sustainability in labs through four criteria: energy conservation, 

water conservation, waste minimization, and green chemistry practices. Acknowledging that 

the labs are built and equipped with high-tech equipment, our recommendations also focus on 

changing the behavior of the lab users. Through this project, we hope to help U-M lab users 

engage in environmental stewardship through sustainable lab practices.  
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Research Sites 

Selection Criteria 

For our project, we wanted to work with both a research and teaching lab on campus 

in order to evaluate both types of labs. For this reason, we chose to work with the LNF and 

USB based on the willingness of lab managers to participate in our project. However, these 

labs are both relatively new and efficient, which made it more difficult for us to understand 

the sustainability challenges of older labs on campus. 

Lurie Nanofabrication Lab – Research Lab  

Established in 2009, the LNF is 6,000 square foot lab operated by the U-M Solid 

State Electronics Laboratory, and includes a computer operating system that helps maximize 

the lab efficiency. The LNF consists of class 1000, 100 and 10 research lab rooms, which 

corresponds to particles per cubic meter
2
. The LNF operate 24 hours per day, seven days per 

week. The lab requires that all lab users wear lab coats, gloves, plastic shoe caps and hair 

nets before entering the lab in order to maintain optimal cleanliness.  

Undergraduate Science Building – Teaching Lab 

Stretching over 140,000 square feet; the USB accommodates teaching laboratories for 

the department of Molecular, Cellular and Developmental Biology. Constructed in 2005, the 

USB consists of more efficient technology than is found in some older labs such as the labs 

in the Chemistry Building
3
. Compared to the LNF, the USB is less energy and chemical 

intensive. However, it still produces considerable amounts of biological and solid waste that 

can be reduced through greener lab practices. 

  

Methodology 

For our methods, we used both primary and secondary research. For our primary 

research, we visited both the USB and the LNF to make on-site observations of lab 

equipment and user behavior. In addition, we interviewed lab managers and staff for details 

on how the labs function. To further our understanding of the behaviors of lab users, we 

designed a survey, which were delivered to both USB and LNF. The survey consists of three 

sections: attitudes vs. behaviors; awareness of sustainable initiatives; and current 

sustainability lab efforts as perceived by lab users. We targeted undergraduate students from 

biology 173 in the USB, and staff and students from LNF. Finally, we updated and expanded 

upon on the existing GLOS document provided by Planet Blue/OCS in order to form a 

recognition program. We developed a point system so that the labs can be graded for their 

engagement in sustainable initiatives. We piloted this recognition program in both labs.  

For our secondary research, we carried out literature reviews on various sustainable 

lab practices in use by other universities. We focused specifically on green chemistry 

practices, energy conservation, water conservation, and waste management. Based on what 
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we learned, we were able to come up with a few recommendations. We also attended several 

talks on environmental practices and green chemistry as well as behavioral change. These 

talks provided us with some in depth knowledge on sustainability practices and green 

chemistry.  

The information gathered from the literatures reviewed was then combined with the 

survey results to develop a guide to aid users to engage in sustainable lab behaviors.  

 

Findings  
Literature Review 

 To better understand current sustainable options for labs, our team conducted 

secondary research in four areas: energy conservation, green chemistry practices, water 

conservation, and waste management. We looked at the practices that our peer institutions 

are adopting to improve sustainability in these four areas. 

 

Energy conservation  
 Fume hoods are one of the biggest resource hogs in lab setting. The resources 

required to maintain fume hoods are largely due to the regulations on a fixed minimal airflow 

through hoods. Conditioned air takes energy to heat and purify when being introduced into a 

clean lab setting, and cannot be reused elsewhere in the building. Also, electric motors 

running constantly use energy even when hoods are not being used. Installing a heat transfer 

system between the vented air from hoods and other ducts and incoming air would reduce 

energy required to heat fresh air
4
. A study done in the chemistry department at MIT was 

found to save an estimated $41,000 per year from sash closing behavior alone. Hoods 

equipped with variable speed electric motors could reduce the energy use while the sash is 

lowered and less suction is required
5
. 

 

Green Chemistry Practices  

 Students and teachers in the labs are often exposed to harmful odors and other 

associated hazards from chemicals. If misused, these hazardous chemicals can directly affect 

health. Therefore, we should substitute the hazardous chemicals with less hazardous ones 

whenever possible. The chemical substitution program such as the one in Yale and Harvard 

could help mitigate this
6
. Parts washers that employ petroleum distillate based on solvent or 

solvent distillation unit furthermore can help eliminate hazardous waste streams by recycling 

heavy liquids
8
. With short payback period (usually less than 1 year), the initial costs of 

installing solvent distillation unit and parts washers can be compensated easily. And when 

operated properly, they can save up to $5000 a year
7
. The execution of such programs and 

units will therefore earn its benefits both economically and environmentally. 

 

Water Conservation 
 The largest source of water consumption in a lab is generally the water cooling 

systems. It has been shown that significant water reductions can be achieved if the water in 

cooling systems is recycled through the system many times instead of being discharged after 

a single pass through the system
9
. It was also found that improving water conservation 
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behavior in the lab can be achieved through increased awareness of sustainable water 

behavior and reminders for lab users in the form of labels, as well as providing lab users with 

feedback on the amount of water they have conserved by engaging in sustainable behavior
10

. 

 

Waste Management 

  Waste management is a complicated issue because it is subjected to heavy rules and 

regulations set by Environment Protection Agency and local authorities. At U-M, most of the 

lab wastes are managed and disposed by Hazardous Materials Management Program 

(HAMZAT) through Occupational Safety and Environmental Health (OSEH).  OSEH has 

identified the waste generated by the laboratories as solid waste, chemical or liquid waste, 

radioactive waste and pathological waste. Different types of waste require different treatment 

methods or disposal processes
11

.  

 

LNF Findings 

 From our tour of the LNF lab with Nadine Wang, Lead Research Engineer and 

Sandrine Martin, the LNF User Services Supervisor, we learned that the LNF does not keep a 

record of the electricity and energy used in LNF. In addition, many of the same chemicals, 

materials, and lab tools are found in multiple places throughout the lab. Furthermore, from 

our interview with two LNF staff members, Leslie George and Robert Hower, we found that 

the LNF lab must be maintained at a high level of cleanliness, and this requires all ventilation, 

scrubbers and vacuums system to run 24/7, including holidays. The lights must always 

remain on due to some light-sensitive research. All chemical and hazardous waste in the lab 

is processed by OSEH. Therefore, the LNF is responsible for the amount of waste being 

generated but cannot control how the waste is processed. Also, none of the staff members we 

talked to were aware of the Green Chemistry Principles and the Chemical Re-use Program. 

  

 Here are some additional observations from the LNF lab: 

 Most of the equipment is very efficient.  

 It uses a huge amount of chemicals and energy.  

 It is open 24/7 throughout the year.  

 No motion sensors are installed in any of the equipment or the lighting throughout the 

lab.  

 Several LCD monitors are operating on a 24/7 basis for advertisement and displaying 

purposes.  

 No sashes are installed on any of the fume hoods.  

 

  From our GLOS grading scheme, LNF scored an A+ (97%). We found that they have 

implemented several sustainable lab initiatives, such as a battery recharge system, micro-

scaling, and chemical substitution. Nevertheless, the LNF lost points for the followings:  

 No motion-sensor lighting.  

 Not re-using acetone for glassware cleaning.  

 Not purchasing post-consumer products.   
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USB Findings  

 In the USB lab, the fume hoods were left running even though they were not being 

used. In addition, a full size refrigerator was placed beside a fume hood, making it 

inaccessible to lab users. The refrigerator was also empty except for one small item in the 

freezer section.  

 From our GLOS grading scheme, the USB lab scored an A- (84%). We found that the 

USB already participates in chemical sharing and the lab uses reverse osmosis to reclaim 

chemicals. The USB lost points for: 

 Using a lot of aspirators. 

 Not recycling light bulbs or glass.  

 Not having sustainable alternatives for hazardous chemicals.  

 

Survey Findings 

 We distributed our survey to a total of 78 people: 50 from the USB and 28 from the 

LNF.  Part 1 of the survey focused on the lab users’ thinking about some conventional lab 

practices. Part 2 of the survey measured how often users engage in these behaviors.  

 We found some discrepancies between the attitudes expressed in part 1 and the 

behaviors of lab users reported in part 2. For instance, in question 1(a), 62.0% of the USB 

survey respondents and 53.6% of the LNF survey respondents strongly agreed that it is very 

important to recycle or reuse all materials if possible. However, in question 2(a), only 38% of 

USB respondents and 28.6% of LNF respondents always engage in such recycling behavior. 

Additionally, in question 1(b), we found that over 80% of LNF lab respondents and 60% of 

USB lab respondents either agreed or strongly agreed that minimizing chemical use at the 

source is important. In question 2(b), however, only 4% of USB respondents and 17.9% of 

LNF respondents claimed that they always run small-scale experiments when possible.   

 Part 3 of our survey examined the lab users’ awareness of the sustainable lab 

initiatives on campus. Additionally, it measured the amount of lab users who thought that tips 

on reducing hazardous chemical waste would be helpful. 84% and 89.3% of USB and LNF 

lab respondents, respectively, said that tips would be helpful. The next three survey questions 

showed that most of the respondents were unaware of pollution prevention initiatives, the 

OSEH Chemical Reuse Program, and the Twelve Principles of Green Chemistry developed 

by the “father of green chemistry”, Paul Anastas and John Warner.  

 Part 4 examined the current sustainability efforts in the lab as perceived by the lab 

users. 30% and 39.3% of the USB and LNF respondents, respectively, rated the current 

sustainability efforts in their respective labs as average. 22% of USB respondents and 25% of 

LNF respondents had no opinion for this question. This is likely to be the result of the lab 

users being unaware of how to rate the sustainability efforts of the lab. Some comments we 

received stated that lab users were unaware of what their labs are doing to promote 

sustainability.  
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Recommendations: 

General to all U-M laboratories   

I. Green Laboratory Operations for Sustainability (GLOS) Recognition Program 
 

  The original checklist was mainly focused on determining what chemicals were being 

used and on identifying alternative ways to reduce chemical wastes. In order to consider a 

larger variety of sustainability aspects, we added the following to the existing GLOS 

document: 

1. Pollution Prevention checklist 

2. Purchasing/Inventory Control checklist 

3. Energy Conservation category  

4. Utilities Conservation category 

5. Point system  

     

 For most sections, there is a list of possible ways to increase sustainability in the lab, 

and we assigned point values to these actions based on the overall impact the action could 

have in increasing sustainability of the lab. One of the main difficulties in creating a 

recognition program like this is that every lab is unique and certain items in the checklist may 

not be applicable to every lab. To make this recognition program fair and applicable for all 

labs, we standardized the results of the points. Instead of labs being graded solely on the 

number of points earned, labs will first be determined the number of total points that applies 

to that particular lab. Then, a percentage will be determined by taking the points earned by 

that lab and dividing it out of the total number of points that applies to that particular lab. 

Therefore, although our point system has a total of 120 points (with an opportunity for 10 

extra points), most labs will probably not qualify for all 120 points, and their percentage will 

be based on a total of less than 120 points. By making the point system standardized, there is 

an opportunity in the future for labs to be compared to one another and an award system 

could potentially be set up for labs with the best rankings, similar to how LEED buildings 

can be certified as Silver, Gold, or Platinum based on how many points the building earned. 

The GLOS Recognition Program could also be used for competitions between labs if enough 

labs end up participating in this ranking system. Our hope is that the U-M will eventually 

adopt lab standards based on this program for all labs across campus.  

 

 We suggest that each lab on campus be evaluated using the GLOS Recognition 

Program periodically. Some of the points are determined based on improvement (e.g., how 

much waste has been reduced since the previous year), and reassessing labs would provide 

labs with an incentive to continually try to improve their sustainability. We further 

recommend that the GLOS is surveyed and verified by administrators from Planet Blue or 

OCS to avoid any possible subject to biases. 

 

  

The costs of staffing an administrator to implement this recognition program include: 

1. Time 

2. Administrator salary 
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II. A Guide to Sustainable Lab Behaviors 
 As a compliment to the GLOS Recognition Program, our team has put together a Best 

Lab Practices user guide. Our recognition program has a strong technical focus and is 

intended for lab managers or administrators to fill out. We would not expect most lab users to 

be able to effectively use this checklist to improve their sustainable behavior in the lab. 

However, we recognize that behavior change by lab users is a very important aspect in 

increasing the sustainability lab practices. Following the results of survey, implementing this 

guide would bridge the gap between lab users’ attitudes and actions that accrue due to lack of 

education and information on how to green their labs. 

 

 We recommend providing lab users (both students and staff) with the guide during 

their orientation to the lab. It is easier to influence behavior when a person is first developing 

that behavior than after a certain set of behaviors have already been established. If 

sustainable behaviors are introduced and encouraged from the beginning, therefore, they are 

more likely to be seen as the norm by new users, increasing the likelihood that the lab users 

will actually practice these behaviors. Furthermore, the guide should be re-emphasized 

during the GLOS survey time. 

  

The costs of distribution this user guide includes: 

1. Printing fees 

2. Distribution space  

 

Lurie Nanofabrication Facility 
 

Considering the findings, we recommend that the LNF do the following: 

1. Reuse personal protective equipments such as shoe covers, hair caps, and body suits 

 whenever possible. By better use of personal cubbies, reuse can be achieved; 

2. Turn off the LCD display monitors during periods of low activity to avoid  

 unnecessary energy consumption;  

3. Install motion sensors for lighting when there is no light-sensitive research being 

 conducted, and for equipment that can be turned off; 

4. Install solvent distillation units to reuse chemicals. The recaptured solvents can be 

 reused by teaching labs possibly through OSEH’s Chemical Reuse  Program.  

The costs of implementing the above recommendations include space for additional 

cubbies, installation costs for motion sensors as well as solvent distillation unit, and the 

actual retail costs. The motion sensors’ installation cost ranges from $40~70 depending on 

the type. However, benefits after installation quickly outweigh the costs within a short 

payback period. More specific to the solvent distillation unit, it requires trained personnel to 

perform recycling processes and operation of processing equipment. Given that the payback 

period is almost always less than one year, however, the solvent distillation unit would be 

cost effective for long-term research where the same types of solvents are being used in a 

large amount. Under proper operation, the unit can save up to $5000 a year. 
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Undergraduate Science Building  

Considering the findings, we recommend that the USB do the following:  

1. Faculty and staff inform students to shut the fume hood sash when not in use. This 

 would save up $41,000 per year and up to 50,000lbs of CO2 being generated through 

 fume hoods; 

2. Have a common refrigerator that can be shared among different labs instead of having 

 a full-sized refrigerator in each lab. Considering that the use of refrigerators are fairly 

 limited, this would be a meaningful and simple step; 

3. Have a better room layout. The refrigerator right next to the fume hood should be 

 relocated to allow access to the fume hood; 

4. Include prompts such as stickers and posters that would act as reminders for students 

 to engage in sustainable behaviors.  

The costs of implementing the above recommendations include the costs of designing and 

printing prompts. 

 

2. Recommendations for future work on this project 
 

 The next step for future groups will be analyzing the effectiveness of our GLOS 

Recognition Program through piloting more labs. As the recognition program reaches more 

labs, further inventory categories should be added and point systems updated, so that each lab 

will be graded strictly and fairly based on each lab’s capabilities. We recommend that 

behavioral components be added to examine lab users’ engagement in general sustainability. 

This behavioral section should be stressed first and foremost.  

  

 Another important step is to determine the effectiveness of A Guide to Sustainable 

Lab Behaviors. Surveying lab users on their opinions and consequent behavioral changes 

about this guide will provide information to improve upon the guide and make it more 

applicable to their lab practices. 

 

 The Chemistry Building and Biomedical Science Research Building use 4 to 5 times 

more energy per square foot compared to the typical non-research buildings. Given this data, 

we recommend that future group target these two facilities in furthering this project.  
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Barriers/ Obstacles: 

 The main barrier we had during this project was to communicate with administrators. 

Our two main approaches of communication – E-mail and telephone – were largely 

unsuccessful. This delayed our access to the USB tour. Consequently, we did not have 

enough time to observe the chemical storing, handling, and disposing processes. This limited 

our depth of knowledge and ability to provide chemical-based recommendations. After our 

sponsor contacted the administrator, however, we were able to conduct our survey and 

interviews.  

 Getting access to the LNF could have been time-consuming. We had to go through a 

lengthy process of testing and getting approval from lab directors. However, these were done 

in a timely manner.  We organized several tours to the lab, which aided our understanding of 

how the lab processes. We did not experience other administrative barriers in dealing with 

the LNF.  

 We noticed that the LNF and USB labs are very new and technologically savvy labs. 

The highly specific equipments and devices in the LNF labs narrowed the amount of 

technical recommendations that we could offer. In addition, the presence of hazardous 

chemical substances restricted our recommendations due to the strict regulations the labs had 

to meet. Furthermore, the fume hoods in the LNF do not have sashes, thus limiting our 

behavioral recommendations.  

 In addition, the small sample size of our survey also imposed a problem for us. We 

had hoped for a more representative sample size that would equally demonstrate the view 

point of faculty, staff, and students. With a small sample size, some of our data analyses 

might be susceptible to bias.  

 

Conclusion/ Lessons learned: 
 Over the course of this project, our team gained valuable knowledge about various 

methods to increase sustainability in laboratories. We have found that there are more 

practical opportunities for increasing sustainability through behavior change than through 

increasing technological efficiencies in state-of-the-art laboratories. Survey results also 

revealed that lab users believe more information would be helpful in removing perceived 

barriers and increasing competence for engaging in green behaviors.  Both lab administrators 

and lab users are vital in creating sustainable labs. By introducing lab administrators to 

sustainable initiatives, we can help them incorporate Chemical Reuse Program and green 

purchasing practices. Additionally, educating lab users through a simple guide will help them 

engage in sustainable behaviors in daily lab practices. Finally, a standardized recognition 

program such as GLOS will provide incentives for U-M labs to continually strive for higher 

levels of sustainability. An annual point system provides tangible steps towards achieving 

increasingly better sustainability rankings. Overall, there are many opportunities to create 

sustainable labs on campus. And by taking the opportunities, we believe that the U-M will be 

an exemplar to other universities in the level of sustainability.  
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Appendix A 
Facts from Interviews with LNF lab managers/staff  
 LNF is very strictly controlled: Temperature, humidity, ventilation must be carefully 

monitored. 

 Some of the same chemicals are segregated in order to maintain its purity.  

 LNF does not keep a record of the overall electricity of energy used every year.  

 Acetone, Propane and Silicon are the most common chemicals being used in the LNF.  

 Personal Protective Equipments are kept in cubbies to avoid cross-contamination.   

 None of the fume hoods can be shut down. 

 The lights must be turned on at all times due to the light-sensitive materials.    

 Vacuum Vs Non-vacuum 

 All the LNF labs must be kept at extreme cleanliness – which means that all of the     

vacuums must run continuously 24/7 and the labs must operate under a positive         

pressure. Scrubbers must be turned on to purify air.  

 HEPA filers cannot be turned off no matter what. 

 The current number of students/faculties that use the LNF labs are 300  

(Expected to be 500). 

 Cooling systems for air is crucial to maintain the right air temperature and humidity in     

the labs. Air needs to run through several boilers during the winter and through cooler     

during the summer to keep the optimum temperature. Machines that keep track of this     

optimum temperature consume a lot of energy.  

 Chemical use in the building 

 Approx. 20,000 gallons of liquid nitrogen per month 

 A few hundred gallons of Acetone and IPA per month 

 Solvent waste that they generate per week equals 100 liters.  

 Waste Management 

 All the chemical wastes generated from the labs are sent to OSEH, where incineration

 takes place. 

 Solvent Distillation Units were considered initially for recycling purposes. However,  

the systems had to be specific to the solvents being used and contaminants being        

removed. This, combined with the high initial cost, hold back the installation. 

 One possible way to reduce chemical wastes is to start using sprayers for soaking      

wafers instead of full chemical baths.  

 Some chemicals have organic materials and metals in them, making it harder to          

recycle 

 Bottles and plastics are being recycled through OSEH. They use approximately 50~1

00 bottles a week.  

 LNF generates de-ionized water 24/7 – 30,000 gallons per day.  

 The water cooling systems reuse the water in them (not once-through systems), every inst

rument has its own cooling system  
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Appendix B 
Survey Design
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Appendix C 
Survey results 

 
 Total people surveyed: 78 

 USB: 50 Undergraduate 

 Class: Biology 173 lab course 

 LNF: 28 Grad, Staff, Non UM researcher 

 Research, Work  

 

Gender Distributions in both Labs 

 
 

 

Male
46%Female

54%

USB Lab

Male
82%

Female
18%

LNF Lab
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 For question 1A, over 50% of both LNF and USB lab users strongly agreed that recycling is 

important to them.  

 The users were asked in question 2A if they did recycle whenever appropriate, and again the 

vast majority answered with either a 4 or a 5 (often or always).  

 This indicates that recycling is an important aspect of lab behavior to lab users in both labs, 

and that there is a good opportunity to expand the recycling programs in both labs.  

 Since most users already practice some sort of recycling, expanding the recycling program 

would most likely be an easy transition for the users to adapt to. 
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 In question 1(b), over 80% and 60% of LNF and USB lab users, respectively, either agreed 

or strongly agreed that minimizing chemical use at source is important.  

 In question 2 (b), 53.6% of LNF users said that they did so often or always, but only 20% of 

USB users replied with often or always. Since the USB is a teaching lab, this might simply 

be a matter of the GSI teaching the lab using microscaling as much as possible. There is still 

an opportunity in the LNF to increase efforts of chemical reduction, and this might involve 

reinforcing this behavior more often, perhaps by using posters or stickers to remind users to 

micro-scale. 
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 In question 1(c), 80% and 60.7% of USB and LNF lab users, respectively, agreed or 

strongly agreed that turning off appliances when not in use is important.  

 In question 2(c), only 40% and 25% of USB and LNF lab users, respectively, said that 

they always power down machines when finished working.   

 In the LNF, we got the feedback of several users stating that in many cases in the LNF, 

equipment can take very long periods of time to power on (up to 24-48 hours, in some 

cases), and therefore powering down certain equipment is not actually more energy 

efficient and sometimes not possible. .  
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 In question 1(d), 86% and 60.7% of USB and LNF lab users, respectively, agreed or strongly 

agreed that sharing lab resources with other lab users contributes to waste reduction.  

 In question 2(d), 60% and 82.1% of USB and LNF lab users, respectively, answered that they 

always dispose of chemicals in proper areas. This indicates more than half of lab users are 

already trying to dispose of chemicals in the best way possible. Therefore, the important next 

step would be to inform users on how to reduce chemical wastes at source.  
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 In question 1(e), 90% and 67.8% of USB and LNF lab users, respectively, agreed or strongly 

agreed that turning off lights is important to reduce energy use.  

 In question 2(g), 82% of USB lab users responded that they turn off the lights when they are 

the last one leaving the lab. However, only 46.4% of LNF lab users said that they engage in 

such action. Once again, we got some strong feedback from some LNF users that turning off 

the lights may not be the best way to increase sustainability in this particular lab. One reason is 

that the LNF is a 24-hour operational lab, and there always are users present in the lab. Turning 

off lights could therefore be a safety issue. Also, since the LNF has so much electrical 
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equipment, lights account for a very small portion of its total energy usage and therefore 

turning off lights would not have much of an impact on energy usage in the lab.  

 

 

 

 
 

Question 2(e) asked users if they try to reuse PPE (Personal Protective Equipment) whenever 

possible.  

 52% of USB users said they do so either often or always, and 53.6% of LNF users 

answered either often or always.  

 Both labs show a good opportunity to improve lab behavior in this area. PPE accounts for 

a large amount of solid waste being generated in labs.  

 Especially in the LNF, where full body suits, boot covers, and hair nets are required, 

reusing PPE is very important in reducing solid waste.  

 This equipment can be reused safely and easily, and it is mostly a matter of emphasizing 

the importance of this behavior to lab users. 
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 In question 1(f), 72% and 67.8% of USB and LNF lab users, respectively, agreed or strongly 

agreed that it is important to use eco-friendly equipment in the lab.  

 In question 2(f), 48% of USB and 28.6% of LNF users answered that they often or always 

use eco-friendly equipment whenever possible.  

 It is unclear if this low level of sustainable behavior is due to a lack of knowledge in the part 

of the lab users as to what equipment is actually eco-friendly, or if perhaps this type of 

equipment is simply not available in these labs.  

 More information is needed to adequately address this type of behavior change in the lab. 
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Question 1(g) asked if lab users felt concern about global climate change.  

 62% of USB users and 71.4% of LNF users either agreed or strongly agreed with this 

statement.  

 This shows that climate change is generally an issue that lab users care about, and 

therefore promoting sustainable behavior change in the lab would likely be something lab 

users are interested in. 
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Part 3 
 

Question Yes     No 

USB LNF USB LNF 

Do you think it would be helpful if UM provided tips 

on reducing hazardous chemical use? 

84.0% 89.3% 16.0% 10.7% 

Are you aware of the P2 initiatives in labs? 18.0% 39.3% 82.0% 60.7% 

Are you familiar with upcoming OSEH Chemical 

Reuse Program? 

16.0% 25.0% 84.0% 75.0% 

Have you been introduced to any of the Green 

Chemistry Principles for best lab practices? 

14.0% 17.9% 86.0% 82.1% 

 

 From part 3, we found out that 84% and 89.3% of USB and LNF lab users, respectively, 

thought it would be helpful if U-M provided tips on reducing chemical use.  

 The next portions of part 3 showed that the majority of lab users were not familiar with 

pollution prevention (P2) initiatives, OSEH Chemical Reuse Program, and Green 

Chemistry Principles.  

 Those who were more aware of the U-M sustainable initiatives were the LNF lab users.  

 The USB lab users, on the other hand, were mostly freshmen or sophomores, who are less 

familiar with the current U-M sustainability initiatives, which account for the lower 

percentage compared to that of the LNF. 
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Part 4 
 

 

 When asked to grade the current sustainability efforts in the lab settings, at least 30% of 

lab users from both the LNF and USB gave the rating of average, which is most likely 

due to the lack of informed individuals on sustainable initiatives that the labs are engaged 

in.  

 Surprising number of lab users also stated that they had no opinion, which is possibly due 

to the non-standardized definition of sustainability and system of grading.  

 

Survey Respondents’ Comments  (From suggestion/question box) 
LNF respondents: 

- “It sometimes takes more energy to restart appliances.” 

- “LNF should start cycling through various coveralls and booties.” 

- “Answered neutral to several questions due to feelings of being uninformed.” 

- “The electricity usage mostly includes the tools, not the lights, so lights are left on 24/7 

for display purposes (turning them off would only save <5% of the bill). That’s probably 

why LNF doesn’t consider lights in sustainability programs.”  

- “I, absolutely, philosophically believe in improving sustainability and conservation. 

However, cleanliness and safety factors in many cases need to be primary considerations 

- “Provide information to students about green initiatives.” 

- “Maybe at the beginning of the semester, there should be an overview of how to safely 

dispose of stuff and info about the benefits of cutting of the lights etc.  

- “I have no idea on what are the sustainability efforts. Perhaps sharing more education on 

this would be helpful. Any green efforts, as long as they are safe, are great initiatives.” 
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Appendix D 

A Guide to Sustainable Lab Behaviors   

*Note: The following pages are not in the order as it would appear in the form of the pamphlet. 
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