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Abstract

Universities are major consumers and disposers of mangnads, but their specific flows are

not wel |l characterized. Both energy and mater
environmental impact. Many universities collect data about their energy consumption (from

fuel usage or utility bills) and assess som&uing environmental impacts. However, very little

effort has been focused on understanding purchasing, materials handling, and the resulting
environmental impacts. To date, there have been few material flow analyses of universities;

most analyses conceuities or countries. This paper describes a method for conducting a

material flow analysis (MFA) of a university, and it offers the strategies used to obtain first

order characterization and quantification of the flows of the Massachusetts Institute of

Technology (MIT).

This case study demonstrates that MIFA of a university requires the use of a portfolio of
diverse methodshat deliver different outcomes, which then must be pieced togethaflows

and stocks are characterized using financial datd, \maste flows are quantified by mass data.
Flows are characterized using a combination of product/commodity descriptors and materials.

Material purchases are characterized by product category, temporal variation, purchasing
unit/entity, and level of deentralization.The top five purchase categories (by spend) in
descending order are: (1) laboratory supplies; (2) hardware purchases/maintenance; (3)
laboratory equipment; (4) chemicals, reagents & gases; (5) office furniture. The study also
reports the lagest stocks of durable goods by quantity and dollar value, as well as the average
residence time, or lifetime, of different products. The results also catalogue the quantity and
disposal/recycling destinations of different waste streams, including mualisgdid waste,
singlestream recycling, hazardous waste, medical waste, and radioactive waste.

To estimate the embodied GHG emissions from purchases, spend data was used with an
economic inpuoutput life cycle assessment (ELQA). The product categosigvith the largest
embodied emissions were found to be laboratory supplies, chemicals/gases, office furniture,
and electronics. The total embodied greenhouse gas emissions of material goods purchased in
FY2016 was found to be roughly 78,800 metric tonS@feq. Ths is significant compared to

Sope 1 and 2 emissions. Emissions from waste management were estimated using waste



generation figures and EPA’s WARM model ; the
from waste is much smaller than thabfn procurement.

This study also reports the findings from sixteer@rson interviews conducted with MIT
community members that make purchases. Among other findings, the interviews revealed that
purchasers currently have a high level of individual agemmd freedom. Purchasers also

reported that they would like easily accessible information and guidelines for how to purchase
sustainably, as well as formalized incentives for buying more sustainably and conserving
materials.

Currently, the purchasing peess is carried out independently of any consideration of the
materials’ end of I|ife (a |linear system, rath
University entities are autonomous in their purchasing, with some using different systems,

which make complicates the tracking material consumptidinis work provides several
recommendations fomaking MFAs easier to perform at the univerdayel and foreducing

the materials and carbon footprint @ research universitieSome key recommendations
include:centralizingdata collection and storage on procurement and waségjuiring more
detailedproductlevel data from vendors; and creating wbhsedinterdepartmentalsharing

programs for material goods.
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Chapter 1: Introduction
Chapter 1 Abstract

This chapter introduces the thesasd provides contexor the research Themotivation for

this research is explaineahd the relevant background literature is reviesveCharacterizing
and quantifying material flows and thelated environmental impacts @he consumption and
disposal of those materials is important for identifying opportunities for impact reduction
efforts. Prior to this studyno systemati@analysihad been conducted to determirtbe profile
of materials consumed by a technical universit§ith the knowledge gaps in minthe research
guestions and objectivesf this dissertation projecare articulated.This research aims to
establish a method foranducting a material flow analysis of a univergitysimilar organization
and to apply this method to the case of MIT.

Topic and Context

According to the World Resources Institute (WRI), global consumption of natural resources in
2050 is expected to bédatee times the level it was in the year 2000orld Resources Institute,
2017) Excessive materigbnsumption, especially in wealthier countries, is problematic for
sustainable management of scarce resources, management of wasten health, and

climate change.Typically, the life cycle of material goods includ®es materials extraction,
transportation, manufacturing, distribution, usand disposal/recovery. This life cycle is often
linear, meaning that after a product is used, it is thrown gw&tudying material consumption
must be done at the systems level, given the multi stage processes involved, and given that
there is such a high level of complexity in time, space, materials, and energy. Specifically, this
thesis uses a systentisinkinglens to examine material consumption at tleeal level of a
universitycampus

The United Nationsfficially resolved to work towardeventeen Sustainab@evelopment

goalsin 2015 as part of their 2030 Agenda for Sustainable Developthanted Nations, 2015)
Two of these Sustainable Developmegto a | s  Enswel susthirablé consumption and
LINE R dz(5D@ @0Al#12) n daké urgent action to combat climate change and its impacts
(SDG Goal #13)hese wo goals both relate to the environmental impact of material goods
production, consumption, and disposdkreenhouse gas emissions that contribute to climate
change come from directly consuming eneegyd from consuming materials. Material goods
have emiodied carbon emissions, which is the carbon dioxide emitted during the processes of
mining, manufacturing, distributing, and shipping a material good. Furthermore, the recycling
or disposal of products at eraf-life also contributes greenhouse gas emissidor instance

via fuel for transportation or processing of waste.

TheUN Sustainability Developmegbal of“sustainable consumption and productiboovers a
broad range ofndustrial and economic activitiesicludingmining, manufacturing, recycling
refurbishing, and disposal. One key method of increasing the sustainability of material
consumption and production is to extend the lifecycle of produdisis may involve repair and
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maintenance, component replacement, or identifying secondhand mankse&ss for unwanted
goods Another methodor increasing sustainability of consumpti@nto increase the

circularityof the material flows. Currently, much of the US and the world has adopted a linear
approach of material consumption, where individualslamstitutions purchase, use, and

dispose of the material goods without any cyclical activihifting away from ¢hrow-away

culture and toward a circular economy would improve material efficiency. In a circular
economy, there would be a much strongenghasis orreturning, renewing, reusing, as well as
reducing material purchasesn fact, reducing material consumption as an individual or
organization is the most impactful method for reducing the greenhouse gas impact of materials
management.

Given tle global and imminent nature of climate change, more and more cities and institutions
are looking to take matters into their own hands by reducing emissions lobsiaityonly would

it be unwise to wait for international climate agreements, but urban aw@asresponsible for
roughly 75% of the global G@missions, and therefore have tremendous potential for reducing
global emissionUNEPDTIE, 2012)In the process of reding emissions, it is important for

cities to first quantify their baseline emissions via carbon accountingmdst, cities,

companies, and universities only report emissions from Scope 1 and Scope 2, which include
direct greenhouse gas emissions (GH@GH) production of energy, combustion, or chemical
processes, as well as GHGE from imports of electricity/heat/steam (WRI, 2001). Rarely do
GHGE reports includgcope 3 emissions, which are all other indirect GHG emissions (including
embedded carbon in ntarials and emissions from waste management). This is because
accounting for materiatselated emissions is challenging and requires a substantial amount of
detailed data collection; specifically, accounting for materials requires carrying out urban
metabdism studies and material flow analysétwever, there is increasing recognition that
Scope 3 emissions, especially from businesses and industry are important for addressing
climate change.

In order to make and measure improvements in material consumiad/or production, one

must first know the baseline of the quantity and types of materials currently consumed by the
system of interest. For instance, a city government striving to make improvements in this area
would need to know its baseline of annlyamanufactured goods, procured goods, and

disposed material. Quantifying these materials typically requieggopming a material flow

analysis (MFA)Material flow analysis s t he “systematic assessment
materials withinasgsem defined i n space and t)lmea (Brunrt
valuable tool that can be used to assess the economic impacts and embodied emissions in

material consumption. However, a review of the literature revelatd MFAs are usually

conductedat the national or city-level;there are few, if any, urban metabolism studies that

have studiedsub-city units (such as urban districts, living communities, or university campuses).

It should also be noted that interactisnvith materials at any stagef t he product’' s |
can have human health impacts. For instancegaffsing from flame retardants embedded in

products carbe harmful during the use of a prody@nd incineration as a form of waste

management can creatgoisonousdioxins. Consagently, MFAscan also be helpful for
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measuring human health impacts, such as toxititgwever,in order for an MFAo be useful

for assessing tacity of materials, it must contain a highly comprehensive accouting
chemicals and materials, which reggsknowing a detailed bill of materials. It also requires
knowledge of how each type of product is used and disposed of. This type of data was not
available for this project, and therefore, this study does not assess human health impacts of
materials consmed.

As described biennedy et al. (2011yrban metabolismnvolves system&evel quantifcation

of the inputs, outputs and storage of energy, water, nutrients, materials and wastes for an

urban region. As part of this process, it is usually necessary to conduct a material flow analysis,
in which flows and stocks of materials are quantifiesthg a combination of systems thinking

and mass balanc®&y quantifying resource consumption of roenewable resources and other
materials, this type of workrovides data that is necessary (but not sufficidot)urban

greenhouse gas accounting; hégcle emissions factors (such as X kg-&@per kg of material
consumed) are also needed for GHGE accounting.

Universities are major consumers and disposers of a wide variety of materials, but their specific
flows are not wel |l ernvieommed impact comes fromAotluemergy e r s it
consumption and material consumption; universities know their energy consumption relatively

well, but to quantify the environmental impact of purchasing and materials handling, material

flows must be quantifiedTo date, few or no material flow analyses of universities have been
conducted.

Literature Review

Material flow analysis of complex systems involve keeping track of a large diversity of materials
and products. This means a large quantity of data orlpasing, stored goods, and disposed
materials must be collected and accessed. Furthermore, conducting an MFA requires using a
systematic nhaming convention, in which materials are identified and grouped consistently.

Material and Product Types

Conductinga material flow analysis requires determining the scope of materials included and
then grouping materials into categoriesllesch & Brunnef2015)reviewed 83 studies that
focused on Material Flow Analysis for waste management and identified the importdince
includng both an analysis dfie level of products as well as ofaterials. Taking both the
products and the materials into account allows for profound decision making on improving
resource and waste management

Existing material taxonomies (or nomenclatureteyss) were reviewed to provide context on
material categorization. These taxonomies were analyzed for their level of specificity, the mix of
material types and product types, and adherence to a standard form.

One of the standard frameworks for categorgimaterial flows by type at the national level
(and often also used at the city level) is the classification of materials outlined in the Economy
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wide Material Flow Accounts (EWFA) handbook (Eurostat, 2018). This handbook, put
together by Eurostat a sttistical office of the European Uniercontains the list of materials
in its Annex A. It contains eight broad classifications:
1. MF.1 Biomass
MF.2 Metal ores
MF.3 Nommetallic minerals
MF.4 Fossil energy materials/carriers
MF.5 Other products
MF.6 Wastedr final treatment and disposal
MF.7 Domestic processed output
MF.8 Balancing items

©ONoOGRA~®WDN

These classes have multiple subclasses of materials, creating a hierarchical taxonomy in which,

for instance, MF.1 is Biomass, MF.1.1 is Crops, and MF.1.1.5 iENrdstat, 2016)In the

new, pareddown EWMFA agreed upon Nov 17, 2016, there are about 130 categories of

materials. The older version from 2001 is more extensive, has several hundreds of categories,

and drills down to a higher specificity (e.g., TreerAité&\lmonds)(Eurostat, 2001)The Eurostat

EWMFA taxonomy is taked for tracking international physical imports and exports, reporting

mining and manufacturing, and producing balancing MFAs. Accordifagriex 11l of the

Regulation, the EWIFAi s used t o “ c o mp-wideenaterial floivendicatars ec ono
fornat onal economies.” The br-bBAdstwide, andinaludes er i al s
solids, liquids, and gases.

One notable element of EMWIFA is that it contains all classifications in terms of materials, and
includes no products, even for characterizimgports and exports; as stated in the Econemy

wi de Materi al FI ow Acc oun4VEA, tthded prddocts kre ribt0 1 8 Ed |
classified by product classifications, but are assigned to material classes, groups -@ndugs
accordingtothe mainnmarial t he pr od u c(Eurastat, 2818)fo@cccuet tbr o f ”

the differences in physat imports/exports that go beyond nterial type, EWMFA has another

| ayer of classifications that can be used to
semifinished products, and finished products.

The materi al t a x 0 n otextpookwas ase neviewefhshioyy 20805 h by * s
Ashby’' s taxonomy has five broad categori es:
Metals and alloys

Polymers and elastomers

Ceramic and glasses

Hybrids— composites, foams, wood, paper

Man-made and natural fibers

aprwpdPE

There are 61 subcategories across the five gates above, such as copper alloys,

polyethylene,sodd i me gl ass, and cotton. Il n contrast t
from a materials science background and the field of materials selection for specific design and
manufacturing performance goals Ashby’s taxonomy is much nar:
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technical materials (solids only); foods, along with many other categories of materials, are not
included.

MFA at theNational Level

Material flow analysisvasoriginallydeveloped as a tool to be ajppd at thenational level.The
method wadfirst defined in The Weight of NatioiiMatthews, Amann, & Bringezu, 2000he
Weight of Nations was the product of a collaboration between the World Resources Institute
and researchers in Europe and Japan. The goal of the report was to document the materials
that flow through national economies and create sets of national physical accounts of
materials, as well as develop indicators of materials flows to complicate economic indicators.

MFA is mostly and substantially applied at the national level. As a result, th@ §tdR
convention for MFAs are standards were designed for natimnadl, economywide material
flow analyses. Typically, when MFA is used to characterize natevsliflows, trade data is
used. Trade data conveniently provides information on the gtyaand value of material
goods that enter a country as imports and leave the country as exports. Such nigisial
MFAs typically focus on mass balance and provide coarselgrase gas emission estimates.

MFA at theCityand Subcity Level

Numerousurban metabolism case studies have been conducted for cities around the world,
such as Hong Kong, Cape Town, Vienna, Singapore, and Lisbon (Kennedy et al, 2011). One
especially interesting studyonducted byRosado et al. (20)@&nalyzed three cities in Sweden
and found that the type and quantity of materials consumed highly depends on the ratio
between services and production GDP and the number of large construction projects. The
authors used those findings to develop threistahct city consumption profiles: (1) consumer
service, (2) industrial, and (3) transitioning.

An emerging interest in the field of urban metabolism has been the nature of consumption at
the subcity district leve[Codoban & Kennedy, 200&) pportunities that arise include the ease
of decisionmaking and actionat a local level that hold promise for shiftingaanore

sustairable state A review of the literature reveals there are few, if any, urban metabolism
studies that have studiegub-city units (such as urban districts, living comntigs, or

university carpuses).

University-LevelMFA

Interestingly, universities have the potential to be a wfianalysis conducive to useful
knowledgecreation and decisioimaking similar to that found in the broader urban metabolism
literature. Universities have wetlefined geographic and political boundaries and tend to keep
relatively good institutionalevel records of purchase and waste data, which can facilitate
materials accounting. Universities, as distinct entities, are largely consumers of reseutices
little if any extraction on site. Universities contain a lavgeetyofact i vi ti es and
that involve consumption of a diversity of material goods; containediwitie campus are
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offices, classrooms, laboratories, a medical center, restaurantgustypes of housing, and
more. Universities also store resources at a variety of time s¢&t@a days to decades)
Universities remove wastes from their spatial extent and dispénsse materials far and wide.

In their publically viewable reports, miogniversity and corporate campuses only repdrét
guantity of waste generated, namely reporting theass going to landfill, recycling, composting,
or hazardous prcessingl have only found threease studies of universities that have
attempted to do patial material flow analyses of their campuses.

The University of British Columldal in-depth studies of the quantity and composition of

waste generated at the universifgr the purpose of identifyingvays to reduce solid waste
generation in higher eacation(Smyth, Fredeen, & Booth, 201@myth et al. found that the

campus generated between 122 metric tonsof municipal solid waste peweek; they also

called attention to three material types that provide large opportunities for increased recycling
and reduction: (1) paper + paper products, (2) disposable drink containers, and (3) compostable
organics.

The Universityf Michigan also has studiets waste composition in detai they have

guantified the percentage of compostable material in the waste stream of many different
campus building typesadministrative, classroom, research, residence laatl student union
(Graham Sustainability Institute and the UM Office of Campus Sustainability, 2011). The
University of Michigan also made a first attempt at conducting a carapds MFA; they
guantified t he uni v er snl0 different purchase categorias, rbu@s laboratory
supplies, food antbeverage, medical expenses, and plant operation and maintenance. They
used these expenditure values with econosfimiput output LCA to estimate environmental
impacts in terms of human health (DisabHAyljusted Life Yearkg C@eq and MJ of

resources. One noticeable weakne$she work(or difference from my study¥ that it did not
distinguish between goods and services, which most likely resulted in an overestimation of the
materials footprint.As an example, theanalysis included travel spend, tax preparation and
banking.

One research project applied a systems approach to understanding material flows on a
university canpus, using the case studyeirman University, a small liberal arts university in
South Caratha (Dripps, Gay, & Purvis, 201 Dripps et alapplied a campus metabolism
approach to map inflows, transformations, and material outflows of four resouregoaes:
water, energy, food, and materials. However, the project description available focused on
methodology, and did not report results.

Only one prior research projesbught to quantifythe masses of materials purchased by a
university. Tessa Boulziof Wageningen University (WUR) ot e her master’ s
material consumption o¥#WUR a Dutch university with a strong agriculture focusthe thesis,
Bouzid createda “product flow analysigor the university, with the focus of helpinbe @ampus
transition towards aircular economyBouzidi, 2019B o u = researctaimed to identify the
2017product flowsfor Wageningen University in terms of mass, costs, and environmental
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pressure (C&eq and MJ). She utilized purchase records from an onlirteraysalled ProQme,

as well as waste data collected from waste contractors. Because the purchase records did not
contain mass values for products, Bouzidi obtainmeabst product weightsmanually weighing

the products that occurred most in each product sutecmry (a total of 138 subcategories)

The largest product categories (by mass) were found ttabsare, plants, animals/feed, and
vehicles.The largest waste streams were found to be mixed trash, paper waste, hazardous
waste, and swill waste.

A publicaton from 2000 reported the greenhouse gas emissions associated with universities,
viewed as an industry sectoRosenlum et al. (2000usedCar ne gi eEIQUEAodlmn ' s

analyze four service industri es”Thispapg of whi ch
highlighted certain findings that already existed inEICA data. The paper reports tliae
global warmig potential ofspending onenmillion dollarsi n t he *“ colledesiasd r y” of

universities iquivalent to300 metric tors CQ-eq; and, thetotal emissionoutput from the
sector of colleges and universities in the US ismilBon metric tons C@eq. Acording to

Ro s e n bl uGolleges and Uiniversitiés are a relatively small sector with small direct
impacts, except for emissions presumably associated with laboratory.ivbnke authors also
identified the largest supply chain sectoesiters collegesrad universitiedor environmental
outputs; based on toxic releases, tla@gestsectors are: pmary nonferrous metalsndustrial
inorganic and organic chemicafaper and paperboard millpulp mills and mseellaneous
plastic products

Laren ¢ al. 013)analyzed the carbon footprint of the Norwegian University of Technology
and Science (NTNU). Larsen atppliedan Environmental Extended Inpi@utput model to
calculatethe carbon footprint ofNTNU using financial spend datdey found tlat 30% of the
NTNU’ s c ar b o asfrononorbylding mdteriadsh in% c omes f r o'm
and 19% comes from equipment, suchlas equipment, machinery, computers, efthe
authors normalized the carbon footprint per student and fountbibe 4.6 tonsCQ-eq per
student, on average; however, the carbon footprint of a student in social science wato058
CQ-eq, versus 10.8nsCQ-eq for a student in medicine. Larsen et al. were able to calculate
these values by department due to the stamdized structure of financial accounting used by
the university When the carbon footprint was normalized by dollars spent, the carbon
intensities were fairlysimilar across different departments

cons

Althoughit is rare for universities to reportc®pe 3 enssions, lhe University of Cambridge has
assessedcope 3 emissions fas€al year 2013NVoodhouse and Coulin@@14)published a

report that estimates Scope 3 emissions of University of Cambridge, which includes emissions

from waste collection and management aptbcurement of goods and serviceleir analysis

estimated totalScope 3 emissiorie be 170,000 tons Cg£eq. Of this, vaste accounted for

5,179tons CQ-eq and Rocurement accounted for 125,943 to@-eq (35,018 tonCQ-eq

for Gnstruction, and 90,026 ton€Q-eqo f “ Ot her ) . When compared w
2 emissions, Cambridge found tha6% of totaluniversity emissions come from procurement

of non-construction materials andesvices This proportion isimilarto the findings olLarsen et

al. It should be noted that this figure does not separate out the impact of material givons

20



procured service One weakness of the report is that it does not provide any information on
how the authors calculated the emissions figures.

A summary of the literature reviewed above, which address MFA and/or Scope 3 analysis of
university campuses is providedTablel.

Tablel: Summary of reviewed literature addressing material flow analysis and/or Scope 3
analysis of university campuses

University of

In-depth studies

Found that the campus generated between-2.2 MT
of MSWper week

Smyth, British of quantity and
Fredeen, & | 2010 : composition of Foundthat three streams provide large opportunities
Columbia . : o
Booth (Canada) waste generated | for increased recycling and reduction: (1) paper +
at the university | paper products, (2) disposable drink containensd
(3) compostable organics
Studied waste
composition in Made first attempt at conducting a campugde MFA,
detail. Quantified | quantified the universif * s expendi t ur
Graham the %of purchase categories, such as lab supplies, food and
Sustain compostable beverage, medical expees, and plant operation and
ability : . material in waste | maintenance
. University of .
Institute & 2011 | Michiaan stream of dff.
Office of (USA? campus building | Usedthese expenditure values witBIGLCA to
Campus types: estimate environmental impacts in terms of human
Sustai administrative, health (DisabilityAdjusted Life Year), kg €6q and
nability classromn, MJ of resourcesStudy did not distinguish between
research, goods and serees, which most likely resulted in an
residence hall, + | overestimation of the materials footprint.
student union
e Applied a campus metabolism approach to map
systems . . .
. Furman inflows, transformations, and material outflows of
Dripps, Gay, . . approach to o
! 2017 | University four resource categories: water, energy, food, and
& Purvis understand ; > - ‘
(USA) : materials. The project description availaloiely
material flows on : ;
contained methodsand did not report results.
campus
Created poduct | Utilized purchase records froam online system callec
flow analysis for | ProQme, as well agaste data collected from waste
the university contractors
Aimed to identify
Wageningen | the 2017 product| Manually weighedhe products that occurred most in
Bouzidi 2019 University floyvs fqr the each produpt subcategory (a total b88
(The university in subcategories).
Netherlands) | terms of mass,
costs and The largest product categories (by mass) were foun

environmental
pressure (Céeq
and MJ).

to be labware, plants, animals/feed, and vehicles. Tl
largest waste streams were found to be mixed trash
paper waste, hazardous waste, and swill waste.
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Used Carnegie
Mel | o ALCA
tool to analyze

Repored GWP of spending $1 millienn t he *
of colleges and universities is equivalent to 300
CQ-eq.

Found that collegesiniversities are a relatively small
sector with small direct impacts, except for emission

Rosenblum, . .
Carnegie four service from laboratory work.
Horvath, & | 2000 . .
Hendrickson Mellon (USA)| industries, one of
which was Identifiedthe largest supply chain sectors entering
“col | eg e| collegestniversitiesfor environmental output. Bsed
uni ver si|ontoxicreleases, the largest sectors are: primary
nonferrous metals, industrial inorganic and organic
chemicals, paper and paperboard mills, pulp mills, a
misc plastic products.
Foundt hat 30% of the NTNU'
Analyzed carbon o o
. from nonbuilding materials: 11% comes from
footprint of the ; "
. . consumabl es and 19% c
university. Larsen as lab equipment, machinery, computers, etc
Norwegian at al. applied an quip ' Y P S
Larsen, Univesity of | Environmental Normalized the carbon footprint per student and
Pettersen, Technology | Extended Input . i
2013 . found itto be 4.6MT CQ-eq pe student, on average;
Soli, & and Science, | Output model to . .
. 0.58 MTCQ-eq for a social science student, versus
Hertwich NTNU calculate the ; o
. 10.8 MTCQ-eq for a student in medicine.
(Norway) carbon footprint
qf NTNU USING | \when the carbon footprint was normalized by dollar:
financial sped : " -
spent, the carbon intensitiewere similar across
data. i
different departments.
Assessed Scope Estimated total Sape 3 emissions to be 170,000 MT
L P CQ-eq. Of this waste accounted for 5,179 MIQ-eq
emissions foFY
2013. includin and Procuement accounted for 125,943 MJQG-eq
. . L g (35,018 MTCQ-eq for Constructionand 90,026 MT
University of | emissionsiom “ ;
Woodhouse . . Cleq of Ot her ") .
. 2014 | Cambridge | waste collection
< Couling (UK) +management
9 When compared with Scope 1 and Scope 2 emissio
and procurement . . L
36% of total university emissions come from
of goods+ . )
services procurement of norconstruction materials and

services.

Abbreviationsfor Table 1:
EIGLCA £conomic InpuDutput Life Cgle Assessment
FY = Fiscal Year
GWP = Global Warming Potential
MJ = Mega Joules
MSW = Municipal Solid Waste
MT = Metric Tons

An analysis of the literature reveadlsat there arefour major knowledge gaps.
(1) All previous comprehensive urban metabolismdits use cases of cities. It remains to
be seen if urban metabolism modeling can be applied effebt to a university context.
(2) Most MFAautilize economic and traddata to estimate flows.
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(B3 Mostuni versities have | ittl theirknaterill edge of th
consumption profile and there is no established methodsganing this knovedge.
Only with this knowledgean universities characterizesid measurescope3 materials
related emissions.
(4) There is no standard material/product taxonomy ftwacacterizing material flows into
and out of universities.

Previous Research on MIT

Prior to this project, Proflohn Fernandez and Dr. Julie Newman worked with a small group of
MIT students on first developing the idea af MIFA for a university campu$rygve Wastvedt,
Rene Miller, and Rena Yang initiated the project in Spring 2014, and Chaewon Ahn and Jeff
Treviio continued the project in Jurduly 2014. The origins of those progbegan in an
Industrial Ecology course (MIT course ESD.123) taughsdyOlvetti. These initial projects laid
down a framework of looking at material flows of different velocities, and ifitated the
conversation with the Office of Procurement.
sepaated consumption of mateais into* Nondur abl e, ” “Peramdahent "and
materials. Ahn et al. further separated flows into tlwaif categories baed on consumption
“veloc¢ities

VO0: Material flows are consumed continuouslpd remain in the system forshort

period of time (water, electricity, natural gas)

V1:Material flows are consumed discretely per day and remain in the system for around
1 year or lesgpaper, food, office supplies)

V2:Material flows are consumed discretely each4lyears and remain in the system
for 3-10 yeargequipment)

V3:Material flows are consumed discretely whenever a building is built and remains for
over 10 yeargconstruction materials

The student work by Wastvedt et al. and Ahn etlaimonstrated foulessons that are useful to

this dissertation project First, it providegbroof of concept thata material flow analysis of a

university campus is possible,time sense thatlie dataneeded to doan MFA existg various

fooms and many pl aces. S e ¢ 0 n dhasing didenotdimimshhr Kk s how
during the summer, but rather there was a fairly constant level of purchasing through the

summer. This may also be true for other research universities that maintain strong activity
throughout the summer months; perhaps this is diffnt for liberal arts universities, which may

have a greater flux in population over the su
work was that purchasing at MIT is complicateitioccurs in so many different parts of the

university that it is dficult to understand how it works. This complexity of the system requires

a PhD project tainderstand it.Lastly, sincMIT hasfairly good control over purchasing, a

potential decision to alter purchasirand purchasing behavias theoreticallypossible
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Research Questions and Objectives:
The following are the principagésearch questions driving the research of this dissertation:

Q1:How does one carry out a material flow analysis of an urban university campus?
Q2:What ae the major material flowsto and out of a university campfs

Q3:What opportunities exist for increasing efficiency of material consumption and
|l essening the wuni verfompuyhasingam disposalafme nt a l
material good8

In order to answer these questionthe author designedam-d e pt h case study
materials consumption. As stated above, MIT servesvasuablecase studyor many reasons.
First it is auniversity that consumes and disposes of a diversity of matgghksmicals|ab
equipment,electronics, paper, food, etc.)n addition, MIThas its own power plant, medical
clinic,andnuclear research reactor, which distinguish it from other smaller campuses. MIT is
also a welrecognized institution with a large budget, and therefore is likelgrge consumer

of material goods.

Furthermore MIT believes such a study is important M| T ' of Su€dinkbhility leas invested
money and resources intiis research anavill likely make use of the research findinddl T’ s
administrationmayalsofind the outcomes of this study useful fargeting emissions

reductions. Given that M has committed to reducings GHG emissions by 32% by 2030, the
university will need to make substantial changes in energy and/or material consumidn.
began ugradingits Central Utilities Plant iB017,and is in the process of replacing its old
turbine with two newgaspoweredones(MIT, 2019) Consequently, it can lexpeced that

MIT willcontinue to usenatural gas for at least the ne45 years (MIT, 2017 herefore MIT

has even greater reason to identibpportunities to reduce GHGE via a reduction in its
materials footprint.

To direct thecase study of MITthe following research objectivesere established
O1:Characterize thenaterials flow profileof the campus, revealing consumgri
patterns forvarious material groups
02:Quantify the material inflows, stocks, and outflows in terms of dollar value or mass

O3:1dentify the universityprocesseiactivitiesthat have thelargest material cost

O4:Characterize therganizational structurgincludirg the degree of centralization) of
materialspurchasing and disposal decisiars campus
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O5:Recommend institutional opportunitie® increase materials sustainability via
institutional policy, organizational change®s new programs

Overview of the Stacture

This thesis contains seven chapters, including this one. At therdiagiof each chapter, there

is ashortabstract, orsummarg f t h e ¢ h a fChapter2 descabeathe enathods for
conducting an MFA at a technical university. Chapterabsis a methodologicaHfocused

chapter, specifically focusing on the methadssociated with data processing purchase records
for an MFA Chapter 4 provides the results of the MFA. Chapter 5 contains the methods for and
results of the greenhouse gas eséta of inflows and outflows. Chapter 6 discusses the
organizational and behavioral factors that influence purchasing and purchasers at MIT through
analysis of interviews conducted by the author. Lastly, Chapter 7 provides a discussion of
results, recommeadations, and conclusions.
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Chapter 2. Methods for conducting an MFA at

a technical university
Chapter 2 Abstract

Chapter Zocuments the manyaceted processes involved in conductingMFAof a

university campus, using MIT as a eastudy.This chapteestablishes a methotbr doing a

first-order characterization/quantification of thenaterialflows. Theobjective was tdrack all

major material inflows to, stocks withis,nd out fl ows from the wunivers
construction materials, fughnd water In this chapter, the boundargnd scope of the study

are established, and the methods for gathering and analyzing various data sources are
describpedThe chosen year of study Pweussmeétplirchase Fi s c all
records wereused to understand inflows, minor property/asselata wereused to

characterize stocks,andavs t e handl er s’ data in combination
were used to estimate outflowsThe results of the waste audits are also reported in this

chapter. Material flowswere characterized using a combination of product and material

categories, and a new, universipecific material taxonomy was creatékhis case study

demonstrates that a MFA of a university requires the use of a portfolio of dieersethods

whichdeliver different outcomes that then must be pieced together

Introduction to Methods

This chaptedocuments the maryaceted processes involved in conductimghdFAof a
university campus. The authors usBtiT as a case/test study. Mil§ atechnical, research
university located irCambridge, Massachusetts, USBe methodological lessons learned are
likely applicable to other university campusesd perhaps beyond to other institutions or sub
city units This case study demonstratdst an MFA of a university requires the use of a
variety of methods that provide different results, which themust beintegrated to construct
the system analysisin order for this to be done successfutly an MFA data needs to be
gathered in a systeatic and economical wayA number of challenges were encountered
during this undertaking.@ne ofthese challenges were resolved, and othars further
analzed in the Discussion chapter. Some challemge®nly be resolved with more data.

Boundary andScope

Multiple factors mighbe used to determin¢he scope and boundaries in a universigvel

MFA: (1) geographic boundaries, (2) activity sectors and missions (research, education, and
operations), (3) fiscal responsibility for materials, (4yeyoance over material decisiemaking,
and (5) types of materials.

For this analysis, the physical bounds of the system are relatively clear, given that the campus

has defined geographic boundaries. Inthiscash,e ar ea of study was | i mi
Cambridye main canpus, whichis primarily contiguous and ecompassed66acres. This main
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campusincludes 190 buildings that comprise roughly 13 million square @tter MIT-owned
or associated properties at separate locations (Lincoln Laboratories and th&atlays
Observatory) were excluded nezampus dormitories and housing communitiésiernities
and sororities) werenduded, but offcampus housing wasxcluded.

To trackwhat materials vere purchased and handled by the Institutee geographic boundary

was usedn conjunction with the administrativeorganizational structuref MIT. The campus

serves a population of roughly 22,500 students, faculty, researchers and Bleffinstitute has
several levels of organizati@nd serves educational, researcadministrative, and operational
purposes. Administratively, the university has five schools, the sum of which contain 31
academic departments. There are also over 400 other entities that span research labs, centers,
operational units, and administrativerganizations.Knowledge of thessubdivisions, along

with anunderstanding of their political and monetary control over materiatasusedto
determinethe MFA system boundaries. This helped ensure &ilahajor activities and

populations consuming aterials were included in the analysis.

The materials and products ilucled in the scope of the MFA angghly diverseranging from
lab supplies to electronics, to food. Howev&sme major streams, namely tap water and
sewer water, fuels, and buildingaterialswere excludedThis scope is illustrated Ifygue 1.
Whendetermining the scope of aMFAfor a university campus, there are strong implications
surrounding the inclusion of building materials from construction and vation. Campuses
often expand rapidly and frequently renovate, and therefore their materials consumption
profile may be dominated by building materialssuich materials arencluded. The lifetimes of
building materials and common consumable goods (faitice supplies, furniture etc.) are so
different that separating the two allows for a logical divide in terms of data collection and
recommendations for decision makinigifetimes of buildings are much longand the
magnitude of masses mBuch greatethan other consumed materialdn order to focus the
research @ consumable material gooda,choice was made in this study to exclude building
materials. Water (for drinking, bathing, heating, etc.) and fuel were also excluded from the
scope.
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Boundary and Scope of the MFA

Stock “Retirement”
- *
Material Inflows SEET Material Outflows
Minin (e.g., lab supplies, paper, (e-g., furniture, trash i Resale
g ' R: = ) equipment, (e.g., trash, recycling, Repurposing
Manufacturing food, chemicals) hazardous waste) i
R computers) Recycling
Distribution )
Disposal
* Geographic boundary: MIT Cambridge campus, 166 acres, 190 buildings
* QOrganizational boundary: 400+ departments, labs, and centers
* Materials included: materials must be purchased and/or handled by the
university
*Definition of Stocks: Not included within the scope: Year of study:
a material good that has * Construction materials Fiscal Year 2016
remained on campus for one * Fuels
year or more *  Water/sewer

Figure 1: A graphical representation of the boundary and scope of the MFA performed in this
study. The contents within the black rectangle are included within the study, and the elements
outside of the black rectangle are excluded.

Defining Inflows, Stocks, and Outflows

Theobjective of thigViIFAwas totrack all major material inflows to, stocks withamd outflows
from the Uni ver sicongtfugionenatenpls) fael anckewateMatedals weye
counted as inflows if thewere purchased bgn MITorganization/entity located on thenain
campus or a contracted campus vendor (e.g., vendor operttieI T dining hall). Here, the
fiscal responsibility was clearly traceableMdT whereby the Institutemade the purchase
diredly or indirectly via a larger contract.

Material flows wererackedand quantifiedat the annual scale (according to thscal yeay.

The year of study was chosemmaximize the quantity and quality of daé@ailable while

being ascurrentas possilte. This MFA is for Fiscal Year 2016, also known as FY16, which covers
the dates of July 1, 2015 through June 30, 2016.

A given mat er i al disinguish floed frormstockdVaterialauresiding on o
campus for a year or longer needefined & stocks. All rapidilgonsimedmaterialspurchased
and disposed of within a given fiscal yeaug(,food, disposable cutlery, amatinter paper)
were considered to be both inflows and outflows fibrat same year.

Outflows were defined as the materialse universityisresponsible for removing from the
campus as wasteecycling, reuse, or donationn most cases, the coltéon of these flows is
done byuniversitystaff or hired contractors. Any material once classified as an inflow or stock
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that is emoved from campus was treated as an outflow. It should be noted that a small
portion of outflow materiak qualifies as an originally private purchase that becomes the
materialresponsibility othe university. An example of this is the packaging andi feaste
from packed lunches, brought to campus by students and staff.

The Geneal Approach

Early on, it became clear that conducting an MFA at MIT was a large undertaking that involved a
diversity of data collection strategies, data sources, and methédsalysisGiven that a major
guestion of this studywas, how does o MEAfcaumidw e ttiseiathyo@ vsed
in this project involvee@xperimentalcomponents angometrial and error The general
approach taken to perform this MFA is showrFigure2. The general approach of data
collection for this MFA involved three parallel types of activities:

(1) Defining the boundar and scope

(2) Obtaining and aggregating data frommiversityentities

(3) Collecting primary data to suppteent the exiding data

Subsequentlythe disparate data sets were aggregated and used with a set of analytical
methods to create an MFA and systetasel analysis of the universit$pecifically, this analysis
involved the following four tasks:

(1) Process amhintegrate disparate data sets from multiple sources

(2) Assign materials and products categories from the appropriate taxonomy

(3) Normalize units to enable comparison and summation of material flows

(4) Quantify material inflows, outflows, and stocks to besissille approximation
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General Approaclior Conducting arMFA of the University

Define boundary and Obtain and aggregate  Collect primary data to

scope data from campus supplement existing
P entities data
(Determine the ) Obtain purchase recordp 4 )
geographiq from the Office of
administrative, and | Procurement ) Conduct waste audits
financialboundary of - . . to determine
\ / data fromDept. of and recycling
P Facilities
Determine what .
material goods would b¢ Obtain hazardous, \_ J

included in and excludefd medical, radiocative

from the scopeof waste data fromEHS e ~N
analysis .

~ / Obtain records on _

r \ tagged property from Conduct irperson
Select anaterial and \Property Office ‘ interviewswith MIT

purchasers of material

roduct taxonomyfor - .
Eharacterizing m;’]c(erial Obtain additional MFA goods
flows dat_a_ fromother MIT
L )  entities ) \_ )

\ ! /

(1) Process and integrate disparate data sets from multiple sources

(2) Assign materials and products categories from the appropriate taxonomy
(3) Normalize units to enable comparison and summation of material flows
(4) Quantify materal inflows, outflows, and stocks to begsbssible approximation

Figure2: The general approach data collection for this MFA involved three pdeatypes of
activities: (1) Defining the boundary and scope, (2) Obtaining and aggregating data form
universityentities, and (3Yollecting primary data to supplement the exisiting daddter that,

the disparatedatasets were aggregated antgsed with a set of analytical methods to create an
MFA and systemkevel analysis of the university.
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In practice, condcting many of the abovwenentioned activities was challenging. Some of the

primary challenges included:
1 The system is complex because there are multiple ways to purchase goods for/at MIT

1 Unexpectedly high level of effort and delays involved in establigtongact with MIT
staffand obtainng data from several dfierent offices and departments

1 Messy and incomplete data sets that were difficult to process

1 Clear presence of data, but unclear ownership of and policies for sharing that data (i.e.,
lack of data gvernance)

1 University concern abowgecurity andsharing institutional data with a student
researcher

1 Necessity to establish trust with university operational entities to enable data sharing
with the student researcher

In order to overcome these challengi¢ghe author used the following strategies, among others:
1. Form connections with various operational and administrative entities within the
university that are involved in theollection and management of institutional data.
2. Developa working partnership ith the Office of Sustainability
3. Gain publicity within the miversity about the project. Elicit excitement and exposure to
the project to highetup financial administrators, who eventualilyould be more willing
to approvethe sharingof data with the resarcher.

More detail about these challenges and specai#icommendations for auding and/or
overcoming them areliscussed in Chapter 7.
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To overcome the above challenges, one tactic that this author used was to directly work and
collaborate with strategially powerful university actors. This helped the author, a student
researcher, establistiust and connetions with the right people. Specificalthe author

gaired credibility through a combination of workingwithh e Di r ect or of MI T’ s
Soltions Initiative (ESIMI T s Of f i ¢ e (MONOS)addby estabiishirg belationships

with various operational entitieaVi t h t he Directors of MIT’s ESI
committee, this research truly demonstratectallaboration betveen academicgyperational
departments, and t he un.i Mgue3symbofiZzesthisinteftwinedke of S
relationship between these three different actors at the University, all of whom rarely come

together forthe purposes of applied research. Chiredingfrom research is that the

establishment of relationships with university administrators and operational staff can be just

as important as establishing relationships with acaden@aborationbetweentheseactors

is necessary for accomplishing interdisciplinary woitkiww such a complegystemof separated
researchuniversity departments/groups.

(Students,

(Facilities,
Faculty, Procurement,
Research EHS, etc.)
Scientists) ’ '

Office of
Sustainability

Figure3: Schematic diagram showing the interhed relationship between reseehers,
operations, and MIT's Office of Sustainability.

Gathered Data Sources

Gathering data for this MFA required the acquisition of several disparate data sets, managed by
different MIT departments and group&) Obtaining and aggregating data form university
entities, and (3) Collecting pramny data to supplement the exieg data
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Table2: Summary of the data sets collected for the development of a materials flow analysis

for the university.

DATA SET

Procurement
electronic
catalog (ECAT)

Interview Data

Property Cffice
Data

Waste Audit
Data

Municipal Solid
Waste
Generation
Data

Waste Cooking
Oil Data

Hazardous,
Medical, and
Radioactive
Waste

Qualitative Data Collection:riterviews

DATA TYPE

Secondary
(Inputs)

Primary
(Purchasing
Behavior/
Organization

Secondary
(Stock)

Primary
(Outputs)

Secondary
(Outputs)

Secondary
(Outputs)

Secondary
(Outputs)

DATASOURCE

Office of
Procurement VPF

Rachel Perlman
(author)

Property Office VPF

RachePerlman
(author)and
volunteers

Office of Recycling
and Materials
Management, Dpt.
of Facilities

Newport Biodiesel

Dept. of
Environment,
Health, and Safety

CONTENT QBPATA SET

2.6 million records for purchases mad
between 2006201 7through the
Electronic Catalog

Contains lindtem records with product
descriptions and price

Qualitative data on individual and
organizational purchasing behavior
Interviews were with a variety of
purchases (admiristrators, laboratory
managers, facilities stafétc.)
Contains the purchase date and
“deactivation”
property with a value over $3,000
Gontainscompositonal data
(percentage by weight) omash,
recycling, andood waste

Five audits .28ln MI
material categories

Containgnass of waste streams
generated by on campusr FY 2009
2016

da

Data availabldor FY 2013-FY 2017
Reports gallons generated by each
dining location that collects waste
cooking oil for recovery

Contains masguantitiesof waste
generated

Containsl37hazardous waste
categories, 3 medical waste categorie
3 radioactive waste categories

To better understand how purchasing works, in practice, at MIT, the author interviewed a
diversity of MIT community members that regularly make purchases of material goods. The
intention was to learn about the personalmerience of people who make purchases. These
human perspectives could enhance understanding of the system, beyondjbetive

purchase record data. Specifically, subjective interviesponsexan providedepth and reveal
unexpected elements about the pthasing process and purchasing behavior. The author
conducted inperson, semstructured interviewdhat lasted between 20 minutes aridhour.
Before conducting the interviews, the author underwent hurrsrbjects research training and
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obtained approvalfo t he study from MIT's Committee on t
Subjects (COUHES). The author followed the interview guide provided in the Appendix.

Sixteen MIT community members (n = 16) were interviewed in this prdgect interview
involved detiled questionsand the findings provide valuable insight about the cultural context
of purchasing at MIT. The detailed methods and results of these interviews can be found in
Chapter 6.

Inflows

Centralized vs. Decentralized Sources of Purchase Records

Within the scope of this project, the materials entering a university campus as inflows mainly
are purchased goods/ith the purpose of cataloging these inflows, the ideal, simple solution is
to gather all of this data from one sourdeor this project, otaining suctdata took a significant
amount of time (1.5 years to obtain the initial set of data).

Due to the delay in data sharing by Procurement, dléhor explored two options: (1)

gathering data directly from purchasing e within the universy and (2) regesting the

centralized records from Procuremetile et i ng wi t h Ml Tcanpus@rofing Tec h,
facility, provided valuable information on the quantity of paper, ink, and printers consumed on
campusBy meet i ng wit hviMlels,s tChues taowdtibadr Sleeear ned t
purchased materials (cleaning supplies, toilet paper, etc.) are not purchased through ECAT, but
are rather purchased through contracted purch
of purchase recorddyut did so via paper print outsf several long ¥tceltdocuments, which

proved tedious to process and categori ze. MI T
meet with, given that they are the principal gatekeeper for the majority of purchasedgjo

delivered to campus. It was learned thaitrall packagesominginto MIT are delivered via

Central Mailing Services; rathegmearrive viadirect delivery fronthe vendor €.g., office

supplies from Staples or some lab equipmenilthough Mail Seices was able to explain its

logistics and estimate the number of trucks full of packages that arrive daily, they did not know

the weight of goods carried by the truckishey also did not know the mass of individual

packages. The author did considlee possibility of doing a manual audit of the weight of

packages delivered in a given amount of time to determine an estimate of the mass of

packaged goods delivered to campus in a year. Hewelis was not done due to limited

time.

Theauthoralsoreques ed data directly from some of MIT’ s
For instance, MI T’ s di orequagt pwchasedecords. wer e appr o
provided data for different timescales, and categorized their purchases and food differently.

Steples was the only venddhat, upon requestprovided weights (masses) of the produitts

had soldto MIT.

Obtaining purchase records directly from MIT entities and vendors proved to be useful, but very
time consuming. It also introduced inconsistentyterials and purchases arrive via So many
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different channels, that the data itself is inconsistent (or contains different attributes). The
decentralized strategy of directly approaching university entitied some benefitsit created

network connectios;i t 1 ncreased t he the campusasa csompler systems t a n d
and sometimes it also led to the acquisition of new and/or enhanced data. However, more

often than not, the data sets were difficult to merge with one another, or were for-non

overlapping time frames.

Overview of Procurement Data

Two primarysetsof purchase records were obtaindem the Office ofProcurement Both

covered the year of study, FY16, and one of the data sets covered prior years, dhevélist

was the ECAT datada, which contained lingem level purchases made through the online
catalog. The second was a much larger portfolio of spend that included ECAT, but also included
many other spend channel$he scope of these FY16 purchase records is shown beléigure

4. These two purchaseecord data sets are qualitatively comparedTiable3. The ECAT data
contains a smaller subset of purchase records, but contains more specific attribute information
such as the product description, manufacturer, and number of units. In contrast, the FY16 Total
Spend data set covers a much larger subset of purchase records with a lower level 6f detall
there are no product descriptions, manufacturers, or productrgiges. As is true with most
purchase records, neither data set provides product weight (mass) or material type.
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FY2016 Spend on Purchasing

Spend on Material Goods Spend on Services
(18.4%) (81.6%)
\ /

Y

Purchase Orders

(12.1%)
Uncertainty

Purchased

Services
(81.6%)

Electronic Credit
CatalOg Other
ECAT Ca :d 0.4%
3.0%) | 8%

Figure&A vi sual representation of MIT'"s spend
total FY2016 spendvyhich is divided into material goods (18.4%) and services (81.6%). The
division between these two is represented by a wavy line, representing the uncertainty
involved in discerning products and services with the limited level of detail available in #he dat
The focus of this study is on the material goods, which is further broken down into spend
methods, such as purchase ordeeCAT, credit card.
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Table3: Qualitative differences between the two primary data sets used to analyzermaht
inflows: ECAT and FY16 Total Spend.

ECAT FY16 Total Spend

Data Quality Feature

dataset dataset
Completeness: _
Fields are fully completed, with few empty values Low High
Granularity: )
Level of detail High Low
Accuracy: ) _
How well the data corresponds to reality High High
Orderliness: _ . ,
How consistent the format and structure are bz Medium-high
Supplier v v
Spend v v
Product Description v X
Product Category 4 v
Product Weight (Mass) X X
Material Type X X

Dollars spenbn purchased material goods and services is showrabie4. It should be noted
that expenditure on services far outweighs the expenditure on material goods. Howeven with
material goods, the largest dollar amount is spent via Purchase Oiftlatso should be noted
that these spend values are the raw values that were provided by the Office of Procurement,
and are not refined to confirm correct categorization. Thisnesfient of goods vs. services is
discussed in Chapter 3.

Table4: Estimated spend (in dollars) by MIT on material goods and services in Fiscal Year 2016.

Material vs. Servic Spend Channel Spend (%)

Credit Card 2.8¥%

. ECAT 3.0¥%
Material Goods

Purchase Order 12.24

Other Material Purchase 0.4%

Services Purchased Services 81.6%

____________[TOTAL

About the Full FY2016 spend records from Procurement

The purchaseec or d data was sourced fr owhiclilddsfromni ver s
data exported from the University’s Data Ware
The Office of Procurement helped the researchers exclude a significant quantity of purchases
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that were, with high certainty, purchases of noraterial goods. For instance, the Office of
Procurement did its best to eliminate from the data set the following types of invoices: fees,
human resources tuition payments, prize money, royalties, software, contracts, and others.

As showrby Table5, within the dataset are purchasdrom three main channels:
(1) Purchases made thugh the online catalog (ECAT)6.5%0f the spend
(2) Purchases maditrough University credit cardsl5% of the spend
(3) Purchases madéntough invoicedPurchase Orders66% of the spend

There are some other small purchase channels that do not fit into these categories, and have
been grouped together as the “Other Channel s.
purchases in these Other Channels #92.

Table5: All FY16 purchased material goods listed by purchase channel.
Spend Channel  Percentage Of Spend
Credit Card 15.05%
ECAT 16.50%
Other Channels | 2.43%
Purchase Order | 66.02
Total 100%
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Table6: Description of the main purchasing channels used to buy material goods for MIT.

Purchasing channels with Description of Spend Channel

records kept by the central
Procurement Office

Electronic catalog, ECAT Online ordering/invoicig direct to about 60 preferred vendors.

(now called Buy2Pgy Universitywide discounts have already been negotiated for
purchases via this platform. Fastest option for purchasing goods
under $5,000.

Purchase Order Invoice This is the spend method for contracts, laigantity purchases, or

expensive equipmentDetail on product or service description is
entered by the buyer and based guotes.

Credit Card (Rard) The preferred methodor buying lowdollar orders (less thaf3000)
from suppliers that are nan the electionic catalog. Used for ore
time purchases with new vendors, agll as recurring purchases.
The data cover&46,000 transaction<redit cardsire often used for
buying from online purchasemd caterers.

Lab Supplies Spend on lab supplies purchased frtme on-campus lab supply
stockroom.Stockroom is mostly used for quick/urgent lab purchas
and small supply purchases.

Non-PO Invoice Other spend type that includes the materials (serials, books, and
publications).
Employee Rimbursement Reimbursementdr goods that were originally purchased with

personal cards/cash.

In total, there were 620,882 rows of data, each representinghanice. This spend totaled
$256.4 million before any additional processing by me to exclude sendndstems outside of
the scope of study. The highest level of detail we were able to see was invoice level data; it
should be noted that any given invoice can ofteavemultiple purchase line items, but we
were unabg to see this level of detail because those are mostlysedversions of paper
invoices.

Attributes of the VPHPurchasalata:

The following are the attributes (or fields) of the data that were most relevant to this research:

1 Category-Spend categorywhichis derived front he uni ver si tusings analy

its classification engine for procurement categories

1 Subcategory-The *“ Category” and “Subcategory” fie
having nested subfields of the others. Subcategory has actual subcategories of
“Category.’”
Document Type; Indicaes the purchasing channel of a purchase at the University.
Spend amount; Spend in dollars.

= =
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Less reliable but still available for reference

1 GL Description (General Ledgerfnother potential indicator of spend category. It is
entered by the user from bst provided. One problem with the GL Description is that
16M of purchases are categorized astheulira oad cat egor yviodes Good
which provides zero information on product type. Can be most accurate Purchase
Orders (suggested by Procurenten

1 Material Group— System requirement in which the user selects from a list developed
originally by Procuremer(SAP functionality)

The field “Subcategory” was determinead to hav
purchase made, and was usdigtinguish product/goods purchases from other noraterial, or
low-material intensity purchases, such as services, fees, and softhaeee purchases do not

always reflect direct material purchases, especially when contracts are involved, but they do

provide some information. For instance, for food, contracts with dining vendors have a
Subcategory of “"™Dining and Vending

The authoibucketed the 124 different Subcategories into three groups, to determine whether
or not they should be included in the Prnact Flow.These categories were:

1. Material Gods within the Study Scope

2. Material Goods Outside dlfie Study Scope

3. Nornmaterials / Services

Material Goods within the Study Scope included subcategories such as:
- Books
- Chemicals, reagents, and gases
- Drugs and parmaceuticals
- Laboratory supplies
- Janitorial supplies
- Printers
- Telecommunications equipment

Examples of Material Goods Outside of the Study Scupeded:
- HVAC
- Natural Gas
- Plumbing

Examples of Nomaterials/ Services were:
- Accounting and auditing
- Airfare
- Duesl/fees
- Electricity
- Royalties

A full list of the Subcategories and their corresponding categorization as material goods-vs. non
material goods can be found in the Appendix.
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During the data collection process, it became apparent that material clagsificand
specifically translating between produlgvel and materialevel categorieswould be a
challenge. Purchase and inventory records were at the product level (laptops, centrifuges,
gloves), while waste records were listed as a combination of nadseffood waste), product
categories (batteries), and disposal destinations (mixed trash going to incineration). Some
typesof waste, such as hazardous waste and tecivaste were characterized with high
resolution in large part due to the regulation sounding those materials. It became apparent
that certain streams, especially equipment and electronics made of many kinds of materials,
had to becategorizedas products since matetiaomposition was complicated.

Normalizing flows by unit quantity wadso challenging. In product form, material purchases
were quantifiable by count, and often by economic value (spend in dollak$ By However,

mass was an unavailable attribute in such records, and could only be found via product
research (searching [8KU) or estimation. Conversatypst waste streams wenmeasured by
mass, as the waste handler or receiving company provided the university with records in terms

of mass. By going through invoices associated with campus waste management, we were able

to identify a cost per mass for most material streams. Consequently, dollar value or
expenditure was the most readigvailable unifying unineasure involving the fewest
assumptions and data processing.

Stocks

The traditional distinction between flow arglock is that a flow is a variabheeasuringa

guantity per time period, whereas a stock is a variahkasuring ajuantity at a certain point in
time. As defined by this study, stock is comprised of material goods that reside on campus for
longer than o year. As compared to inflows and outflows, stocks were much more difficult to

guantify.

There waso s ma rsuchi as w lastyof barcodes or formal inventdaoyknow all of stored
material on campusThis was primarily due to the fact that the Uaiisity does not track the
majority of products during their | ifeti me
Property Office does require that all new equipment with a value of $3,000 or more be tagged.
The Office also tags computer equipment (degls, laptops, and servers) valued at $1,000 and

above. When an item is tagged, it is given

each tagged item also has a recorded acquisition value, a book valuegestoration,

responsible personngsupplier, manufacturer, and standard name. The standard name is a
gener al product type such as “television,”
number and/or serial number. When an item leaves the campus, protocol calls for the item to
be* deactivated.”’

Primarily for accounting and tax purposes, the Property Office maintains a record of all
activations and deactivations, and keeps a
which have been tagged but have not yet been deactivaié requested access to and
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received these records, which had never before been used for academic researcMBAa

The active items represent some portion of the stakd the number of years between a
product’s activationiasdrdeandénvati omereprebe
Due to the fact that less expensive items are not tagged, the dataset was certainly limited in its
scope and could not be used to catalog the full stock of products/materials residing on campus.

We are doubtifll that the majority of stock as measurég masss captured by this dataset. For

instance, small furniture, lab glassware, or books would not be found in the list of active stock.
However, we are more confident that the majority of st@akmeasuredby monetary values in

fact in the database.

Specifically, the data we had available to use for an analysis of stocks was the following: the
records for all i1tems activated starting in F
did not have data oftems acquired before 2008. The dataset had over 29,000 records. The

total value of the active items at time of acquisition was roughly $339 million. The data

included 930 different standard product types, and the items with the highest count were

laptop computers, desktop computers, servers, and lasers.

The top 100 most commonly cataloged products constituted 88% of the active ifEines.

author did her bestd@ match these products to materials in our Material Taxonomy and

estimate average weightThe authorused online research about products, including about

specific popular model numbers, to estimate these weights. For instance, the most common

| aptop model was a 2014 model 13.3 inch Apple
kg) as theaverage weight of a laptop. The most common copier was the Konica Minolta C364E
model, so we used that copier’s weight (85 kg

The authorsalso had data on all items deactivated during the same time frame of FNZ@
whichconsisted o#7,415 individual deactivations and 1,379 unigue product types. This data
provided valuable insight on the campus lifetimes of higher value products; using the time
difference between activation and deactivation dates for productthefsame type, we
determined the average lifetime (and variance) for common prodsatdh as electronics,
freezers, desks, and centrifuges. Knowing these lifetimes can provide an institution with a
better understanding of behavior surrounding durable goadd their retention, repair, or
discard.

This analysis does raise the questiaimnanswerable with this data setof what is the active

use lifetime versus passive uses lifetime. Particular areas of improvement might be identified
through discovery bunderutilization or a need for incentivizing repairs instead of fully
replacing equipment. Furthermore, each deact.i
either a general *“deactivation” or a madre spe
the University, such as it being transferred to another owner, gifted pgpa&d, or sold. If a

system such athis were fully utilized tdrack the outlets of goods, a universityould have a

high quality informatioron its disposal and reuse of highlue products. Ultimately,

exploration into this property data set, originally maintainfed tax-related accounting,
illustrates that at leastthe high al ue “stock” in the University
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analyzed for better understandingf longevty and the behavior around storing and discarding
those assets.

Outflows

The general method of estimating masses of waste coming out of the campus was to:
(1) Uset h e u n idat@where gossiblesto obtain volumes of various waste categories
(2) Supplement g gathering data if possible from individual entities / experts on campus
(3) Conduct empirical waste audits to gain higher resolution data on the composition of
large, heterogeneous waste categories

Estimating the overall masses of waste from the campusma@e streamlinedhan it was for

inflows of purchased good€fkequests were made from multiple departments to obtain waste

data. These departments includlee Universiy * s Faci | i t ie®sgparihenpadr t ment ,
Environment, Health, and Safety (EH®8,IT Departmenand Dining.

Facilities provided monthly mass volumes for a number of waste streams, such as trash, single
stream recycling, yard waste and certain specialty recycling streams such as batteries and scrap
metal. The majority of these masseen& originally provided to Facilities by the hauling

vendors, since the removal was priced by apeund fee. Similarly, the data on hazardous

and medical waste provided to us by EHS originally comes from invoices provided by the waste
hauler.

In contrast to theMSW, the data on hazardous and medical waséguired processing to

estimate masses, given that many of the specific hazardous waste streams were measured by
the quantity of metal drums or number of liquiciipns. The author obtained hazardowsaste,
medical waste, and radioactive waste quantities from EHS. The actingulted EHS in order

to transform this data, but our mass estimates contsimme level of error, due to missing

information such as a gi v e nispaga aftereprocessimgithes | e v e
hazardous waste da to obtain mass quantities, the authaggregated the highly specific

streams such as “PCB caul king” or ®“Consolidat
categories iswe’h ars “E&mairtosbl e” mat

Our total estimate of solid waste (excluding C&D waste) generated in FY 2016 is 5,423 MT, of
which 49% is trash and 23% is single stream recycling. Unfortunately, beyond knowing the total
mass of single stream recycling and trash (two streamis ngh material heterogeneity), there

was little to no information on the composition of those streams. To better understand the

two largest waste streamsmixed trash and single stream recyclinthe authorused waste

audits to determine th& compositon.
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Waste Audits

In 2016 and 201%he author conductedive waste audits at different buildings (with different
functions) around campus to identify the materials contained in trash bins, recycling bins, and
in some cases compost bin§hese auditénvolved segregating the waste into 2ategories,

which listed belown Table7. Photos of the waste audit are shownkigue 5.

The procedure for each waste atdias as follows:
1. Fresly generated (from the previous ~24 hours) waste material gaabered from
bins.To do this, advanced planning needed to be done with Facilities, custodial teams,
and the building manager to coordinate that the waste was aggregated various
spaces within the building and was not removed before we could sort it.

2. Waste sourced from recycling bins wagrted separately from the waste sourced from
trash bins i n order to dhmatvercihalr "iodared i ‘ztart
ma t e rAdddionally, when a compost/food waste bin was present, that waste was
al so sorted separately to categorize “food

3. We readied a waste sorting location. This location was usually in a loading dock area or
outside, if the weathepermitted. We taped down tarp® the floor/groundto contain
the mess of the designated bagpening area and set up tables (also covered in tarps)
for the bins and scales. Bins were laid out with laminated signs that had category
name/descriptors and soe images of the types of contents that belong in the category.

4. | led and coordinated the waste audit to ensure consistency across abditicipants
were providedwith safety equipment (gloves, Tyvek coveralls, etc.)wack trained on
the sorting mehodology.The sorting categories were poefined and explainetb
avoid ambiguity.

5. Participants hangorted the waste intothe 21categories (food waste, film plastic, PET
bottles, etc.).The participants were volunteer MIT students and staff. Zhedegories
are outlined below. During the process, if participants had questions about which
category a particular item belonged to, | or the director of the recycling program at the
University made the judgement call. | was involved in all of the weighatg/cecording,
which allowed me to do a qualigontrol check of the contents in each category.

6. Each of the 21 categories of sorted wagtas weighed and those masses were recorded
in a data sheet. This was typically doneycles, while participants tok a break from
sorting, to prevent the sorting bins from overflowing and becoming unwieldy. The tare
function on the scale was used to eliminate the bin weight and only measure the sorted
contents.

7. Upon completion ofhe audit, the sorted material was pperly disposed of in recycling,
trash bins, and food waste for compémtaerobic digestioras appropriate.
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Materialsused in the waste audit

Plastic bins/buckets for holding sorted waste

5 digitalbattery-operatedscales

Tyvek coveralls

Rubber, latex anditrile gloves

Laminated signs

Goggles

Tarps

Duct tape for taping tarps and signs

Foldable ables

Waste receptacles for disposal of the waste post sorting
Magnet for helping distinguish between steel (magnetic) and aluminum (usually not
magnetic)

=4 =4 8 48 -8 -9 _95_49_°_2._-2
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Table7: List of material categories used in the waste audits of this study, as well as the
corresponding appropriate destination feuch material on this particular university's campus.

Material categories used in Appropriate destination bin on the

waste audits(21 categories) University® campus

Food waste Food collection bins (going to anaerobic
digestion)

Yard waste Food colledbn bins (going to anaerobic
digestion)

High grade copy paper SS Recycling

Mixed paper SS Recycling

Boxboard SS Recycling

Paper cartons (e.g. Tetra  SS Recycling

Pak)

Corrugated cardboard SS Recycling

PET containers (#1) SS Recycling

HDPE container$2) SS Recycling

Misc. recyclable plastic SS Recycling

containers (#37)

Aluminum SS Recycling

Steel SS Recycling

Glass containers SS Recycling

Soiled paper products Trash

PLA bioplastic Trash

Film plastic Film plastic recycling

Multilayer packamg Trash

Polystyrene foam (i.e., Styrofoam recycling

Styrofoam)

Batteries Battery recycling

Small electronics Technoewaste recycling

Other / misc. waste Trash

Notes on terms: SS Recycling = Single Stream Recycling. PLA bioplastic = Polylactide
biodegadable plastic, often made from corn.
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Some clarification on sorting rules and answers to frequently asked questions by particgpants

contained inTable8.

Table8: Sorting rules used to segregate masds into waste audit categories

Material categories

used in waste audits

Clarification on contents or (nosxhaustive) examples of the

Food waste

Yard waste

High grade copy
paper
Mixed paper

Boxboard

Paper cartons (e.g.
Tetra Pak)
Corrugated
cardboard

PET containers (#1)

HDPE containers (#2

Misc. recyclable
plastic containers
(#3-7)

Aluminum

Steel

Glass containers
Soiled paper
products

Film plastic
Multilayer packaging
Polystyrene foam
(i.e., Styrofoam)

Batteries
Small electronics

contents for each category

Uneaten food including bread, meat, daiBlso, bod scraps, bones,
tea bagsegg shells

Rare in audits, most yard waste from campus handled by Grounds
team. If present: nofiood plans/leaves/woody twigs. Wooden
chopsticks.

White paper, notebook paper rimter paper, white envelopes

Colored paper, magazines, newspapers, brown paper bags, junk ir
shredded paper

Also known as paperboard. Cereal boxes, cracker boxes, egg cartc
toilet paper rolls, similar material.

Juice boxes, milk/cream kes, coconut water cartons.

Sturdycardboard boxesclean pizza boxes

Most clear, disposable water or soda bottles. Or other recyclable
containers with #1 on bottom.

Milk jugs, laundry detemnt bottles. Ofen opaque. Will have #2 on
bottom.

Yogurt containers, iced coffee cups, plastic strawberry containers, ¢
containers

Soda or drink cans, aluminum foil, aluminum trays

Tuna cas, soup cans, other steel items

Glass bottles and jar&ids kept on.

Paper towels and napkins (if wet, the wet weight was recorded), pa
food “boats,” soi | soikdpzaaphexepadero o
coffee cups, used tissues

Singleuse plastic bags, plastic wrap. Usually stretchy and clear.
Included the trash bags used by custodians to collect waste.

Chip bags, candy wrappers, bublpladded envelopes, etc. Multiple
materials laminated togetherthese are usually a flexible polymer filr
adhered to paper and/or aluminum

Foam containers, foam cups, packing pellets, laboratory packing fo

Any type of battery
Chargers, headphones, electronic accessories or cables
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PLA bioplastic PLA utensils, cups, or clamshellere is frequently &eaf /
biodegradable symbol or word on item. Utensils often more yellow |
color and more flexible

Other / misc. waste Traditional/petroleumbased disposable utensils, straws, iazffee
lids, ketchup packets. Textiles, ceramics, bulk items, or other durak
items. Anything that doesn’t f

The 21 material categories were chosen for one or more of thevinilg reasons: (1) existing as

a segment category in previous audits at other institutions/cities, (2) being common
contaminants to recycling or compost, (3) having a distinguishable value to the waste processor
(4) being of interest for the purpose of aimcting the MFA or environmental analyses. These
audits are unique in their level of specificity. Most university audits separate waste into fewer
categories, providing much lower resolution information on er&l composition.

A total of five waste autk were carried out on five different days. The date, source of waste,
and total mass of material sampled/sorted is listed able9. Waste was sourced from a

variety of locations / buildings / useof space, in an attempt to ohih a relatively

representative sample of the carap, as a whole. As shownTable9, audits were done of

waste from an undergraduate dormitory (Audit #1), two sets of academic and research spaces
(Audits #2 and #3), and two dffent types of dining areas (Audits #4 and #5).

Due to thelimited number of volunteers and amount of labor required to run a successful
waste audit, the total number of audits completed was relatively low. With a greater budget,
more audits could poterally be carried out using paid labor or waste consulting services.
Regardless, any audit will inherently represent a snapshot in time (time of year or day of the
week may influence composition) and only a certain region of campus, and thus may not fully
represent the composition of waste at the annual scaleroVicA.
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Table9: Description of the five waste audits conducted at MIT.

Audit number (for reference) 1
Date conducted 1/30/2017
Description of source of Undergraduate

dormitory of
~300 students

waste

Mass sampled from trash bin  188.4 kg (incl.
recycling)

Mass sampled from recyalg Included in

bin trash

Mass sampled from organics N/A

bin

Presence oextra audit no

category: segregateddible
vs. Nonedible food waste
Other notes Recycling and
trash were too
highly mixed to
distinguish. All
were in black

bags.

2
8/23/2016

Business school

classrooms,

Offices with

students and
staff

68.4 kg
40.8 kg
N/A

no

3 4 5
6/30/2016 5/18/2017 8/22/2017
Scientific research labs, Residential A-la-carte
Offices, dining cdeteria  (i.e. retail)
Science/engineering/matt (all you care to dining
classrooms. Sourced fror eat), mostly usec cafeteria
7 buildings by mostly used
undergraduates by grad
students
and staff
64.6 kg 32.8 kg 52.0 kg
182.6 kg 15.4 kg 11.4 kg
N/A 87.5 kg 40.1 kg
no yes yes
Separately Separately
sampled waste  sampled

from the kitchen waste from
v. front of house the kitchen
v. front of

house v.

dishroom
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Waste AuditResults

Based on the waste audit and as showrilaplel),th e aver age composition ¢
contained 29% food waste, 20% soiled paper products (such as paper towels, used coffee cups,

and napkins), 6% mixed recyclable plastic containers, 5% mixed paper, and 4&¢ohcid

bioplastic. The other categories constituted less than 4% of the stream, excluding

“other/ mi sce’l |vamiemhu sc ovasrties e dThidcdposdidnist he cont e
visualizedn Figure6. It should be noted tha®1% of the tr&h contents were compostable,

50% were recyclable in single stream recycling, amlgt 18.9%6 were truly trash.

Tablel0al so shows the average composition of MIT’
22% corrugated cardboay@0% PET containers, 10% mixed paper, and 7% soiled paper

products, with all other categories comprising less than 5% of the total contents. On average,
77.5% of the recycling bin’ s contents were ac
acceptane rules. This means that the contamination rate was 22.3%. The largest contaminating
streams were soiled paper products (6.9%), film plastic (4.6%), and food waste (3.9%).

Tablel0: Average compositiofby weight)of the wasteinM T s singl e stream r ¢
based on the campus waste audi&ieen=compostable, blues recyclable in single stream
recycling, and red disposable orecyclable usingpecialty recycling services.

Average Average

WASTE CATEGORY Composition of Compositionof
CampusTRASE CampusRECYCLING

Food waste 29.2% 3.9%
Yard waste 0.3% 0.0%
Soiled paper products 20.2% 6.9%
PLAbioplastic 4.5% 2.5%
High grade copy paper 1.9% 5.1%
Mixed paper 4.6% 9.7%
Boxboard 2.3% 1.9%
Paper cartons (e.g. Tetra PAK 0.4% 0.0%
Corrugated cardboard 2.3% 22.4%
PET Gntainers (#1) 2.3% 20.0%
HDPE @ntainers (#2) 1.4% 5.0%
Misc. recyclable plastic containers (#3) 6.0% 5.6%
Aluminum 1.2% 4.4%
Steel 0.5% 0.4%
Glass containers 4.2% 3.0%
Film plastic 2.3% 4.6%
Multilayer packaging 0.5% 0.3%
Polystyrene foam (i.e., tgrofoam) 0.0% 3.3%
Batteries 0.5% 0.0%
Small electronics 2.2% 0.8%
Other / miscellaneous waste 13.0% 0.0%
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Average Composition of Trash Bins on MIT Campus
(based on 2016-17 audits)

PLA "plastic",2.2%___ T

Small electronics, 0.5%

Batteries, 0.0% \

Styrofoam, 0.5%

Multilayer Packaging, 2.3% _
Film plastic, 4.5%
\/_Yard waste, 0.3%
__High grade office
paper, 1.9%
Mixed paper , 4.6%
Boxboard, 2.3%
~_Tetrapack, 0.4%

Soiled paper, 20.2%
Glass \kardboard, 2.3%
Misc. contain PET bottles (#1), 2.3%

bottles, Steel, — | o
4.2% 0.5% Aluminum, 1.2% plastics (#3-  (#2), 1.4%

Figure6:Av er age c o mp o s i bimnaontents, based bnlthe sampus wasté audits.

Average Composition of Recycling Bins on MIT Campus
(based on 2016-17 audits)

Other / misc. waste, 0.8%

. bioplastic, 2.5%
Polystyrene foam (i.e.

LA
Styrofoam), 3.3% \ ‘ /

Multilayer .

packaging, 0.3%
Film plastic, 4.6%/
Soiled paper
products, 6.9%

Glass containers, 3.0%
Steel, 0.4% \

Aluminum, 4.4%

Misc. recyclable plastic -

containers (#3-7), 5.6%

Food waste, 3.9%

I_High grade copy paper,
5.1%

Mixed paper , 9.7%

Boxboard, 1.9%

Corrugated cardboard,

- 22.4%

HDPE containers (#2),
5.0%

Figure7: Averagec omposi tion of MI T’ s recycling bi
audits.
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Incorporation of Waste Audit Data into the MFA

The authomused the waste audit da to estimate average campus compositions (by
percenige) of trash and recycling. Stien used these averages and the total masses of trash
and recycling to estimate mass flows of each of those 21 material categories, for instance
allowing us to estimatéhe tons of cardboard recycling leaving the campus. This added
significant detail to the waste flows of the MFA, which we rarelyisesher characterizations

of university waste streams. In addition to enriching knowledfeut material flowssuch

detail improved our ability to estimate the greenhouse gas emissions associated with hauling
and management of camptgenerated waste flows.

The last step of characterizing the outflows was to catalog the processing method / destination
of each stream. Thisas done by consulting the University entities that provided data, and
when needed, contacting the wasteqaessor to better understantheir facility and process

The majority of theMl| Titrash is incinerated, while itsingle stream recycling is segated at a
local Material Recovery Facility for domesiind overseas recycling. Tieeovered food waste
(sometimes referred to as compostable waste}lurried and anaerobically digested at a

regional facility that caligests food and waste water sidéi. Most of the hazardous and medical
waste generated from labs is sent to hazardous waste incinerai®aslioactive waste is

packaged into containers for lotgrm land storage at Superfund sites.

It should be noted that these outflows are almost exalaty limited to streams generally

categorized as waste streams. We know that some products leaving the university enter

secondary markets. Due to a lack of data, we were unable to quantify the mass of materials

leaving the University as donations or iterfor future reuse outside the institute, although we

believe this flow to be nomegligible. These goods include collected items from book drives,

student movein and moveout days, and other reuse channels. Some higladue items with
purchasevalues ver $5, 000 are tracked by the Universi
classification of *“Sales, transfers, donation
guantity and gener al product type suchotas “ce
to mention that using this data would severely underestimate the total quantity of sales,

transfers, and donations, given the prigalue floor of products tracked.

Creation of a Material Taxonomy

Existing material taxonomies (or nomenclature systewexe reviewed to provide context on
material categorization. These taxonomies were analyzed for their level of specificity, the mix of
material types and product types, and adherence to a standard form.

One of the standard frameworks for categorizing miatkeflows by type at the national level

(and often also used at the city level) is the classification of materials outlined in the Economy
wide Material Flow Accounts (EWFA) handbook (Eurostat, 2018). This handbook, put
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together by Eurostat a statistcal office of the European Uniefcontains the list of materials
in its Annex A. It contains eight broad classifications:
1. MF.1 Biomass
MF.2 Metal ores
MF.3 Nommetallic minerals
MF.4 Fossil energy materials/carriers
MF.5 Other products
MF.6 Waste for fial treatment and disposal
MF.7 Domestic processed output
MF.8 Balancing items

©ONOoO G~ ®WDN

These classes have multiple subclasses of materials, creating a hierarchical taxonomy in which,

for instance, MF.1 is Biomass, MF.1.1 is Crops, and MF.1.1.5 iENrdstat, 2016)In the

new, pared down EWWIFA agreed o Nov 17, 2016, there are about 130 categories of

materials. The older version from 2001 is more extensive, has several hundreds of categories,

and drills down to a higher specificity (e.g., TreerAité&\lmonds)(Eurostat, 2001)The Eurostat

EWMFA taxonomy is tailored fdaracking international physical imports and exports, reporting

mining and manufacturing, and producing balancing MFAs. According to Annex Il of the
Regulation,the EWIF A i s wused to *“ c o-wmgeimaterialdawfinbicatore nt ec o
fornatonaleonomi es. ” The br eadt h-MFAfiswitlg andincludes s c ov e
solids, liquids, and gases.

One notable element of EWIFA is that it contains all classifications in terms of materials, and
includes no products, even for characterizing impansl exports; as stated in the Economy

wi de Materi al FI ow Acc oun4VEA, tthded prddocts kre ribt0 1 8 Ed |
classified by product classifications, but are assigned to material classes, groups -@ndugs

according to the main materiahte pr odu ct i(Burostat, 28018)Te acdound for”

the differences in physical imp@/exports that go beyond mtarial type, EWMFA has another

|l ayer of classifications that can be used to
semifinished products, and finished products.

The materi al t axonomy lpwasase reviewegAshby 20895 hby ' s t e
Ashby’' s taxonomy has five broad categori es:

1. Metals and alloys

2. Polymers and elastomers

3. Ceramic and glasses

4. Hybrids—composites, foams, wood, paper

5. Man-made and natural fibers

There are 61 subcategories across the five categobese such as copper alloys,

polyethylene,sodd i me gl ass, and cotton. Il n contrast t
from a materials science background and the field of materials selection for specific design and
manufacturing performance goals. Ashbg t axonomy i s much narrower

53



technical materials (solids only); foods, along with many other categories of materials, are not
included.

After searching and learning about previouskisting material taxonomies, the author
determined thd no existing material taxonomy was especially well suited to the context of a
University’s mat erAnaw taxocnonmysvasrandted. d@ms ngmtaxdnonly e .
incorporates relevant elements of previously existing taxonomies, modifies certaipiggsy
and expands the specificity (subclasses or branches) of material groups important in a
university setting. This taxonony referred to as the Univsity-oecific Material Taxonomy,
andwas designed with the following in mind:

(1) Find a balance betwednreadth, specificity, and a manageable sizamalyze

(2) Be applicable for characterizing waste streams coming from a technical university

(3) Where possiblecreate a taxonomy transfer to classifying waste streams (not just

inputs)

The UniversitySoecific Maerial Taxonomyontainsa similar structure teWMFA. However

there aresome major changes. The balancing items (e.g., oxygen for respiration) were excluded
because this project did not magmlance the inputs/outputs of a university systedue to

practcal limitatonsSome of Ashby’ s materi @lshdbat esgdraixean oa
helped generatedeas around some technicanaterials that the universitwould be

consuming. Thenost important difference between the two taxonomies is that this new

taxonomy preserves some produ@s productsrather than materials; this is true f@roducts

such adatteries, computer components, light bulbs, printer ink.

Some unigue elements to the UniversBpecific Material Taxonomy are the following:

1 Itis ahybrid of materialand product designations, with@reference for materials when
possible
There is an extegive set of chemical materials that
Electronics and some other products with comptexnbinations of materials are
categorizedas products

1
1

Thestructure and generatategories of the Universigpecific Material Taxonomy are the
following:
1. Biomass46 subcategorie€e.g., nuts, candy, @od, andpaper)
Metals: 15 subcategories (e.g., iron, steshdaluminum)
Non-Metallic Inorganics17 subcategoes (e.g., salts, glassndwater)
Fossil energy material¥ subcategoriege.g., tard coal anchatural gas)
Plastics 27 subcategoriete.g., PET, PLNitrile,and Neoprene)
Chemicals and Compressed G889 subcategoriege.g., nitric acid, isopropyand
nitrogen gas)
Electronics 51 subcategorieée.g., leagacid batteries, printers, laptopand medical
equipment)
8. Other Products 13 subcategoriee.g., multilayer packaging, adhesives, printer ink,
wax)

ogkwnN

~
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Toavoidkeymissing items, the taxonomy wakaredwith others in related fields to see if
there were noticeable gap®urchase records and the list of UNSP®Gsd in purchase
recordswere also reviewed careful[gee Qapter 3] to see if the likely material match for that
product was presenin the taxonomy.
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Chapter 3Methods for Processirglectronic
Catalog (ECAPUrchase Record Data for use in
the MFA

Chapter 3 Abstract

This chapteexplains the methods used to process purchase record fdatdne purpose of

estimating material flows emfring the universityTwo purchase record data sets were analyzed

in this study The first data set contained liitem recordspurchases made hr ough MI T’ s
electronic catalog (ECAT). The second data set contalhpdrchase records made during the
2016fiscal year, including online orders, purchase orders, credit garchasesbut contained

less detailed information about each purchase. This chdptarses on the first data set, ECAT,
anddescribeghe data set’ characteristicsgataprocessing neesl and utility for this study.

The chaptemlsoexplains the methods used to clean the data, iderdidya fields valuable for

MFA distinguish products from serviceand create a complete product categorizati@iven

limited data, theresearcheraisednatural language processimy irregular product descriptions

in anattempt to identifythe material type of purchase%his chapter highlights the power, as

well as | imitations, that purchase records ha
consumptons in terms of mass and material type.

Description ofthe Electronic Catalogfurchase Record Data

MI T s EIl ectr oni c -b@sadocaderiogplatfon@hativas widely used oy ¢hb

MIT community to make purchases. The purchasing platform wed by all departments and
groups, and was maintained and supQAbdatsetd by M
containedlinei t em r ecor ds pur c h adiree purcmesidgesysteritheECADT h  MI T
data had over 24t#ribute fields, such aExended Price, Fiscal Year, and Manufactuiar,

each purchase record. It should be noted tatme fields contained a large portion of Null

values.The list of the data fields and their descriptions can be founthinlel1l.

As ca be seen fronTablell, the ECAT purchase records had relatively specific preduet

dat a. When an MIT community member made an o
preferred vendors, it was recorded in ECAT, and therefoAeTEEa central record of purchases

from different departments. The most unique and useful element of this dataset is that it

contains lineitem level product information on the purchases. In contrast, other channels of
purchasing (not through ECAT) gertethless specific records, for instance, lacking product
descriptions.
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Tablell: A summary of the data fields and contents of the ECAT data set.

Data Attribute

Description

Example(spf Contents and Format

Amount per UOM
or UOM

Category Level 1

Category Level 2
Category Level 3
Category Level 4

Creation Date

DLC

Extended Price

Federal ID Number

Fiscal Yar

Manufacturer

Manufacturer
Catalog Number

PC Level2 Categor

PC Level 3
Category

Product
Description

SAP PO Number

Ship to Address
Internal Name
Ship to Contact 2
SKU Catalog
Number

Supplier Duns
Number

Supplier Name
Quantity

Unit Price

UNSPSC

Sometimes idicates unit of measure (pack);
sometimes indicates quantity per pack (5 per
pack)

General category of pduct, based on UNSPS
Segmen{least specific of the four)

Category of produdbased on UNSPSC Famil

Category oproduct based on UNSPSC Class
Category of product based on UNSPSC
Commodity (most specific).

Date order was placed through theder
system

Organizational category of entity, referring to
Department, Lab, Center

Price of purchase

Federal tax identification number of supplier
Fiscal year according to the July June 30
calendar

About one fourth of the records (558,267 of
2,073,798) have Null for the Manufacturer
field

Not consistently filled out, but when
populated appropriately this is the catalog
number for that particular item in the
supplier’”s online ca
The general organizational entity that made
the purchase.

Specific organization entity that made the
purchase.

Long string description of the purchased
product. Formatting and level of detail ves
greatly across records

Purchase Order number used for tracking by
Office of Procurement

Building towhich package imitially received
on campus

Final huilding to which package delivered

Stock Keeping Unit provided by supplier

Data Universal Numberingy&em used to
identify the business of the supplier

Supplier (sometimes a distributor) name
Number of units purchased in a given record
Price per unit

The United Nations Staard Products and
Services Codeéaxonomy of products and
services for use in eCommerce. It is a favel
hierarchy coded as an eightgit number.

EA, PK, ML, QT, CS, DZ, BX, 100/PK, 1/E
5/PK, 0.5/ML

Spectoscopy; Manufacturing Components
and Supplies; Office Equipment and
Accessories and Supplies

Moldings; Well drilling and operation
equipment; Compounds and mixtures
Lenses, Rod, Screws

Allen screw, Laser mirrors, Stainless stee
rods, DNA Polymerase Enzymes

1/8/2009

Department, Lab, Center

72.74, 1850.00
REDACTED

2015

Aldrich, Dell, Null

218235, N5260, Null

Engineering, Science, VP Research,
Graduate Eduation, Office of Provost
Chemistry, Mechanic&ngineering, Media
Laboratory

1/2" x 1" Stainless Steel Optical PosB3
Stud, 1/4*-20 Tapped Hole
4501663350

Stata; E19 Recvng; Bldg_56
Blg76, BIgE19
04518320, 782201

REDACTED

REDACTED
1,2
137.00, 45.30

44120000, 44121903
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Overview ofProcessing Methosd

After analyzing the individualada fields contained whin ECAT, the author determined that the
data would need extensive processing if it were going to be useful for understanding the
uni ver sity’ sFigo@&oetines#eé generalfptocesssised to process and analyze
the ECAT purchase records. Of the six steps, the first four (in blue) were fully completed, and
the last two (in gray) were not complete@ihe data comes from a system that captures
financial transactions. The fields captured that are relevant for the MFAa@treecessarily
relevant for processing the financial transaction. This has direct impact on the quality of the
MFArelevant data captured, which needed to be heavily processed to be made useful for the
analysis.The first step was to clean the dateorinstance, we needed to eliminate duplicate
records and eliminate unused (empty) fields that used computer memory but provided no
information. Second, we selected the study period (FY2016) so that we could translate findings
into the context of an MFA. Tidi, we identified the data fields that were valuable for
performing an MFA. Some of the most important data fields were: product description,
guantity, purchase date, price, UNSPSC, supplier, and manufadiext,we built a classifier

for product categazation (per the UNSPSC framework) using natural language proce$hisg.
process is described in detail later in this chapter. The last two stepsigning materials from
the material taxonomy and assigning masses ¥eere unable to be completed baase of data
limitations.

(2) Selected study
period:
Limited analysis of
purchases within that
study period

(1) Cleaned data:
Eliminated duplicate
records, discard empty

fields

(3) Identified data fields
of value for an MFA

(6) Assign weights/ (5) Assign materials fro (4) Created complete
masses to purchase material taxonomy to product categorization
records purchase records using UNSPSCs

Figure8: A flow diagram of the general process used in this study to process and analyze the
ECAT purchase records. The blue rectangles are completed actions and the grey rectangles are
actions that vere attempted but that were not fully completed due to data limitations.

Distinguishing Products from Services

We were aware that some purchasecords within the data set were purchassetvices, which
did not constitute material goods. We wanted to iesate the fraction ofrecordsthat were
“product s” v differehtiste thosd recerdssothat semvick purchases were
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eliminated fromthe MFA. As a first pass to get a sense of the quantity of services, we randomly
sampled 500 records from tH269,375 total record for FY2016, and read through those product
descriptions. We did not find a single service.

In total, 2,202 records contained a Null value fboe Segment attributeand none of these

appear to be services. Within this null groulpetproduct descriptions all clelgirreferred to

productss uc h as “‘neecrdd ws”h'obledaedrsse t s Tdbk 12 7,066 teanga

in all years (2002017) contained a (nehlull) Segmenttittes nc |l udi ng teh.e” wor d
One of these Segments was the categdvianagement and Business Professionals and
Administrative ServicesndEn vi r o n me n tHawevef this label evas $md to

sometimes be misleading, givemost purchases with this Segment tag were in facdoicts

like adhesives, batteries, cleaners, and tapéis finding indiated that it was unreliable to use
Segment titleto determine whether a purchase record wasexvice Consequently, we

pursued other ways of identifying purchases of services.

Tabel1l22l nst ances of ECAT Segment categories cont

Segment.Title

Building and Facility Construction and Maintenance Services
Editorial and Design and Graphic and Fine Art Services

Education and Training Services

Engineering and Research and Technology Based Services
Environmental Services

Farming and Fishing and Forestry and Wildlife Contracting Services
Financial and Insurance Services

Healthcare Services

Industrial Cleaning Services

Industrial Production and Manufacturing Services

Management and Business Professionals and Administrative Services
Mining and oil and gas services

Public Utilities and Public Sector Related Services

Service Industry Machinery and Equipment and Supplies

Transportation and Storage and Mail Services

Grand Total
Our next strategy was to look for servicee | at ed words in the records’
We identified the following key words as words that mightioade the presence of a service
“service,” “services,”"yeael "védmwartrradneliVverwp)p
“ s of t Mtherpedutt description contained one of more of these key words, the purchase
was tagged as a service. We createdaw f i el d, called ®“Is_Service’

variable of either True or False. If this variable was True, it was considered a service. If it was
False, it was considered a produgewer than 800 records containetie or more of these
serviceidentifyingkey words in the product description. These recommstituted about

$200,000 which,by expenditure wasonly 0.07% of the total purchases in ECARy purchase
tagged with a True for Is_Service wascluded from analysis.
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Improving the Spedicity of Product Categorization

9/ 1 ¢Qa t NPRdAzOG / lrac&sImNA T F GA2Yy t NA2NJ {2
One of the most useful attributeas ECATas the UNSPSC, or the United Nations Standard
Products and Service Code. -skdioestabddr8 Be¥fi€ent, s an *“
accurate classifitai on of pr od UNtDsvelgmaht Psograiny 20CMNSPSCs
each have eight digitsepresentingfour hierarchical classificationspnsisting of twedigits

1 Segment: The logical aggregation of families for analytical purposes

1 Family: A commonly recognizedgp of interrelated commodity categories

1 Class: A group of commodities sharing a common use or function

1 Commodity: A group of substitutabf@oducts or services

Each twedigit suffix is associated with a descriptive category name. An example of the
structure is shown imablel3.

Tablel13: The hierarchal structure of the UNSPSC system.

Hierarchy  Code ﬁﬁ:ﬁggy Description

Segment 44000000 44 Office Equipment and Accessories and Supplie
Family 44120000 12 Office Supplies

Class 44121600 16 Desk Supplies

Commodity 4412167 17 Staplers

This hierarchy of classifications is visualizeligure9. The top level categories are examples of
Segments, and the bottormost categorie are examples of Commaodities.
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Other Segments
(55 Segments total)
| | | |
[ |

Computer Cleaning And Institutional
Additives Elements and Gases Equipment And Janitorial gu lies Furniture and Other Families
Accessories pp Fixtures

| | | |
| |
L L L L L L Other Commodities
(50,000+
Commodities total)

Figure9: A hierarchical visualization of the United Nations Standard Products and Service Code (UNSPSC) classification system,
showing a small sample of categories.
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Within ECAT, there wer269,375 purchase records for FY2016. All but 297 rows (0.11% of the
data) had an associated code that at a minimum specified the Segment. The level of specificity
of the UNSPSCs varied in the original data set, as shawgurel0andFigurell. The

number of null values increases further down the hierarchy of specificity.

* Originally 47 distinct segment categories present in FY16 data.
e 297 null values (0.11% of records).

Segment » Examples of Segments present in data: "Chemicals including Bio Chemicals
and Gas Materials," "Informational Technology Broadcasting and
Telecommunications"

* Originally 193 distinct family categories present in FY16 data.
e 12,622 null values (4.7% of records).

» Examples of Families present in data: "Laboratory and scientific
equipment," "Paper products," "Cleaning and janitorial supplies"

Family

* Originally 671 distinct class categories present in FY16 data.
* 43,095 null values (16% of records)

» Examples of Classes present in data: "Biochemicals," "Domestic disposable
kitchenware," "Writing instruments"

Class

* Originally 2,175 distinct commodity categories present in FY16 data.
» 110,259 null values (41% of records).

» Examples of Commodities present in data: "Printer or facsimile toner,"
"Enzymes," "Facial tissues"

Commodity

FigurelO: The statistics of ECAT purchase records categorized by UNSPSClt¢gdise
number of ndl (empty) values.
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Defense and Law Enforcement anq

Elalissic Compon’ent?'. and
Supplies

Furniture and Furnishings

Information Technology
Bro ing and
Telecommunications

Laboratory and Measuring and
Observing and Testing Equipment

rvlanulfactun'ng Components and
I <

Office Equipment and Accessories
and Supplies

. " 2 T

pe

Null

Paper products

Compounds and mixtures

-3

Solvents
Personal safety and protection

Components for information

telecommunications
~Additives

Data Voice or Multimedia Network
Equipment or Platforms and
Accessories

Laboratory supplies and fixtures

Office supplies

Computer Equipment and
Accessories

Null

= rg3 52
$-J opop

Biochemicals

Non metals and pure and
elemental gases
P .
y-app

Panel systems
CMediastoragedevices
Computers

Network service equipment
Ineanh AR "
9
Polymerase chain reaction PCR and
- fehvgvse transeriptase polymerase
CERIC e T
p asElcware ané supplies

Pipette tips

equmenE ané su '

Ies
Tissue. culture ancr ﬁigh throughput.
FSREAIER RN Shd quality

“controls
standards
Printer and facsimile and
photocopier supplies
Laboratory electrophoresis and
blotting system and supplies

Null

Printer or copier paper

tems

Fgane

Nitrogen N

o
Parts or accessories panel systems
' Hard diskdrives

Notebook computers

Computer servers
Network switches
Network routers
Cross linking agents
Eucariotic transfection reagents
taboratory vials
Laboratory flasks
) .
Filter tip pipette tips

Sesoh 1 e
9 PP

Tissue culture flasks

ishes or Inserts
Multiwell plates
_Molecular biology test kits or

T#Pr'ﬁdﬁ%logy or_serology test kits or

Eu gfl&s 5
YR8loay reagents or solutions or
stains

Printer or facsimile toner
Ink cartridges
~Polyacrylamide-premade-gels———

Figurell: A Sankey diagram showing a samplin§¥2016 ECAT data by UNSPSC Segment,

Family, Class, and Commodi®nly the highesspend categories are included in this figure, for
the purpose ofreadai | i t vy .

Al

empty val

ues

are i

ndi

cat e

The Sankey diagram igurell shows only a sampling of the UNSPSC categories present in the
data— specifically, the highestpend categories are included. As can be seen franiaige

bl ue

nodes

entit

were empty, or unspecified.

ed

Null ,” a

| a

rge

Having fully specified UNSPSCs is much preferred for the purposes of & bdeA purchase
containsa known @mmaodity, a tdal count oflike-products can be obtainedrurthermore
knowing commoditylevel specificityprovides more information for inferring material type and
product weight (more information on this provided laterthis chapte). However, wewere
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presented withthe obstacle thatibout 41% of our data lacked a Commodity level category.
Therefore, we sought a wag assigrthe emptyrowsa commality level categories.

Method for Classifying Unspecified Purchases

To classify unspecified UNSPSC fields, help viagesbfrom Ricardo Lopez, a MIT student
studying computeiscience. Together, we used natural language processing of the ECAT data to
classify unspecified purchases. The goal was to populate theidita so that every record

had a complete UNSPS&lethat was specified throughdinmodity.

Lopez created a general algorithm for classification of unknoNSPSC attributes. In addition,
Lopez usedyRhon to write the classifier scripts. First, the program read in a corseparated

values file(.csv)contaning the full UNSPSC taxonomy, or UNSPSC lrafchicalkategories.

The program stored a list of all possible Segment, Family, Class, and Commodity categories as a
tree structure containing hierarchal branches. Next, the ECAT records were assigmesl un

record numbers for identification purposes, and then the records were read in by the program.
Each record contained a specified UNSPSC category or Null for the four UNSPSC hierarchal
levels.

To classifgachUNSPSC level, the classifier selected thatkto determine the category of the
next branch. The method was selected in the following order:
1. Ifthe category iknown(i.e., already specified by the original datage that category.
2. If the category is unknown (i.e., Null), use the following methtmassign a category to
that UNSPSC level:
a. Run theWord-MatchingAlgorithm (described below) to identify the UNSPSC
category that mostly closely matches the product description.
b. Assign aandomUNSPSC category from that branch.
c. Apply ahard-coded classitation rule (described below), created by the author,
to assign a particular UNSPSC category for records that contain particular
product descriptions.

Classification using th&/ord-Matching Algorithm
ThecustomWord-Matching Algorithm involved the followng steps:

1. Process the Product Descriptions. The product descriptions contained messy strings of
text that were inconsistent, which necessitated text processing. First, the product
description strings were parsed into words (based on the location of specssnas,
periods, etc.). Then, neEnglish words werglentified from the product descriptions by
comparing the parsed words to an English dictionary using a dictionary module in
Python. NorENnglish words were removed from the product descriptidisampes of
the most common nofEnglish parsed strings were abbreviations, product numbers, and
proper nouns.

2. Next, numbers and insignificant words, su
removed from theproduct descriptionssince these words are not useffor
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determining a classificatiorhis list of insignificant words was created by Perlman and
Lopez by reading product descriptions and noting the filler words. For example, if the
product description was or ibgpratesdedandre 8 by 1
namedas copy paper.”
3. The script stored the product description tokens. In the example above, the two tokens
would be “copy” and “paper.
4. The program created elassificatiortree with 4levels. Each level correspondexda
level in the UNSBCclassification structure. The highdstrel wasSegment, and bottom
level is Commodity.
The program identifiedll records containing unclassified UNSPSC values.
To classifythe scriptstart at the top level to boose a 8gment.It chose a Segment
from the available list. The choseerdinent waghe Segment that shared the most
tokens with the product descriptiorJsing the same example from Step 2, the algorithm
would choosé P a daterials and Products s i n3egmenshaaes one token with
the product description whichiSs paper . ”
7. The script ontinued classification for Familirhis is the ame process as before, but
now onlyinvolves choosingom the set of Families within the §mentfrom Step 4.
8. The script applied this method to the Class andh@odity branches to complete the
classification.

o g

Applying Natural Language Processing to Compare-Bikeducts
Theclassificatiortree was alsalesigned to store the tokens frofuall classified records. For
example, one record with product descriptiorave “ Ap pl e TownmighihaleanCa bl e B

existing 8gmentclassificationof Domest i ¢ Appliances and Suppl i€
Products,” a Family of *“Consumer electronics,
of “Tel evisitdnys,. i nCornussequeamns si fication algorit

Appliances and Supplies awoddsOethstakens ra ppll ect, r on
“cabl e’ ,' wWilktold nct be gtdrddgince it is not helpfu).The classified Family

Qass, anddommodity would ale store the tokens. Storinpose tokenshelps retain knowledge

of product similarity Instead of only comparing the amiatuof similar tokens betweenggment

titles, similar tokensanbe drawn from previougrainingexamples.

Random Classification

In the minority of cases, the classifier was unable to use the smatthing algorithm because

the product description was sparse or contained unusual words. In these cases, the list of
stored product description tokens containéelv meaningful tokens, and there were zero

tokens that matched the UNSPSC tokens. Consequently, a random classification choice, within
the particular tree branch/level, was chosen usingseuderandom selection functionality

within Python

Hard-coded @assification Rules

A handful of h ar d rutes; dreatkd by Perlman and implemented by Lopez, were
generated to assign specific product descriptions to specific UNSPSC Commblésesrules
were implemented as a redubf the humanverification of he wordmatching algorithm. If the

65



algorithm consistently assigned a particular type of product description incorrectly, a hard

coded rule was created to correct this misidentificatidimese rules superseded any previously
assigned classificatiofable2 shows a small sampling of pairings of Product Descriptions and
UNSPSC Commodities that were matched by Perlman. These matches were incorporated into

the classification script as hambded rules, using conditional statements. Fmtance, the

script implements conditionals | ilksea, ' Itfh etnh e
assign the UNSPSC Commodity to ‘Computer mous

Tablel4: A sampling of pairings of Product Descriptions WthSPSC Commodities that served
as the basis for hardoded classification rules.

Product Description UNSPSCommodity Hentified by Perlman
Apple MouseUsa Computer mouse or trackballs

Moshi Clearguard Cs Keyboard Cevsa Equipment cases

G Tech 12thG-Speed Q Usb3/Fw/Esaaf  Hard disk arrays

Logitech Wireless Solar Keyboard -Gsa Keyboards

Airport Time Capsule 802.11ac Zilsa Network routers
Ipad Air Smart Case Blazkl Notebook computer carrying case
Mbair 13.3/ Notebook computers

Verifying Accuracy of the Classifier

To assess the accuracy of the classifier, a sample of purchase records (rows) were excluded
from the pool of data used for training the classifier, and instead were used to verify the
accuracy of prediction. The classifieaisstested on these records, and the predicted
classification for each UNSPSC was compared to the true classificateacclinacy for
predicting segment was over 90% and the accuracy of predicting commodity was over 70%.

Potential Improvements

The natual language processing method used in classify previously known UNSPSC categories
was effective, butouldbe improved Additional information ould be considered when

creating a classifiein our methodonly the product descriptiorwastaken intoaccourt to

make an identificatiomecision. However, more informatiosuch as supplier, manufacturer, or
pricecould be considered and added dgatures ,in"addition to similarity as quantified by
common tokensThis would require having complete data for saofields, as well as additional
analysis of how those fields function as predictors of UNSPSC categories. In this scackario, e
feature couldpotentially beincorporated probabilistically. With more time, machine learning
technigues could also be appli¢o the classification procesh is possible that machine

learning might produce better inferences than our rulessed classifier.
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Attempt to Assign ECAT Records Material Categories and
Product Weights

Assigning Material Categories

The original gal of the work with Lopez included mapping ECAT purchases to material types
contained in the Universit§gpecific Material Taxonomy (USMT), described in Chapter 2. The
USMT has multiple levels of specificity, similar to the UNSPSC product taxonomy. Ehevefor
tried to apply a modified version of the word matching UNSPSC classifier to the challenge of
material identification. Instead of the identification choices being product types (e.qg., stapler),
they were material types (e.g., steel).

We found that naterial identification was significantly more difficult to accomplish with the
data available. The main problem was that fireduct descriptionsas well as data in other
fields,contained very few words that were related to material ty@ddis gave thelassifier very
little information to use for the decision tree, leading to a high fraction of randomly assigned
material types.

To assesthe classifiers accuracye extracted a sample of 100 purchase records and reviewed
how well the classifier had slted a material type from the material taxonomy. We estimated
that, of the 100 records, only 27 were correctly identified and that 3 records were close to
correct. This verification sample suggests that the material identification classifier was accurate
less than 30% of the timeThe records identified correctly almost always contained the

material name in the Product Descriptietf or i n st a mdusrialOX9genSEe300

Cylindet  &loria‘Jean's Hazeln@bffeeK-Cup Packs, 24/BxDue to Imited resources and

no ability to obtain more detailed information about the products, we halted the effort to

identify the material type of purchases based on ECAT data.

Assigning Weights/Masses

Our method for inferring the mass of products relied arstffihaving relatively accurate material
identification, since we planned on using market prices of materials ($/kg) to infer mass.
However, since we could not consistently identify materials of the purchases, this strategy was
not feasible. Consequentlywe were unable to design an efficient, or automated, method for
estimating mass flows of purchases by simply using the data provided by Procurément.
inefficient alternative would have been to hambde weights per product based on product
description @ UNSPSC.

As a result, thenly wayefficient wayto estimate mass of purchased products would be to use
external data. For instance, it might be possible to gain access to an external data set of
product weights from manufacturers or distributers, an@énmge this data by product number or
product description This might be an avenue of future research for others repeating the MFA
MIT, or for another university that has similar purchase record data.
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Learnings from Dat#rocessg

The purpose of analyzijnthe ECAT purchase records was to characterize purchases made by

the university. Because the data collected on purchases was primarily for Procurement

accounting, we were challenged with the task of creatively processing the data for a new
application.Despite that the original purchase record datasincomplete, the datasetwas

still highly useful for understand product flows. This analysis revealed that data processing of
purchase records is chall engi ng, naterialinpuscessar

Until this study was done, Procurement data was mostly analyzed at an aggregated level. This

di ssertation’s analysis required more dept h,
than has ever been captured. Furthermore, soofieche data required for our analysis is not

typically relevant for processing a financial transaction. Consequently, looking forward, we

need new strategies to incorporate additional data at the source for multiple uses, not only for
financial processing'his would strengthen the relationships between academic, administrative

and operational arms of MIT.

Someuseful lessonsverelearned as a result of the data processing described irctiapter.
First, we demonstrated thatyrchase records collectedlay uni ver sity’s procur
can beuseful fordoing a product flow analysis or a commoesyecific analysis. However, they
cannot easily be usefr material flow characterizationdecause materialelated information

is typically absent. Seconolr analysis showed that even when prodisgiecific descriptions

are mostly filled in, natural language processing is limited in its ability to predict product type.
Even withabout 41%he purchase records having fulpecified UNSPSC classifications, a
classifier utilizing naturdhnguage processing was still often unreliable for inferring the Null
classificationsThird, we found that ppduct weight, or mass, is difficult to infer for purchase
records unless the university collects data on shippingiatedr product weight. These weights
may be obtainable from the vendor.
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Chapter 4: N Material FlowResults

Chapter 4 Abstract

This chaptesummarizeshe estimatedmaterial inputsto, stockswithin, andoutputs of MIT,
which were determined usinthe methods described in the previous two chaptdrglows and
stocks werecharacterized using financial dataychwaste flows were quantified using mass
data. Flows wereharacterized using a combination of product/commodity descriptors and
materials. Material purchases wereharacterized by product category, temporal variation,
purchasing unit/entity, and level of decentralizatiorhe top five purchase categories (by
spend) in descending order are: (1) laboratory supplies; (2) hardware purchaset@naaice;

(3) laboratory equipment; (4) chemicals, reagents & gases; (5) office furnitoeechapter also
reports thelargest stockof durable goods by quantity and dollar value, as well as the average
residence time, or lifetime, of different product3he chapter also catalogues the quantity and
disposal/recycling destinations of different waste streams, including municipal solid waste,
singlestream recycling, hazardous waste, medical waste, and radioactive waste.

Inflows

Overviewof Inflows

As dscussed itChapter 2, this thesis utilizéso different datasets bpurchase records one
coversthe full scope of purthases made in FY16 but providiess déail, and the other only
coverspurchases made via the ElectiorCatalog (ECAT), but contagnsater detail. Neither
dataset had been used before for a material flow analysis, or anything similar.

Based on the centralized procurement datlae tbest emate of total purchased goodsr
FY16s$187.5million. In that one yea 488,238 individugburchasesvere made. Thewerage
purchasepriceper order was $384and he median was $174The largest individual purchase
orders werebetween one and simillion dollars-some of these included purchasesdstigs
and pharmaceuticals and IT hardwaredaretworkequipment.Other large purchases include
research specimens for cancer research, office furnitarehe department of facilitiesand
laboratory equipment.

Specifically within ECAfbtal purchased goods for FY16 wé&&7.5 million In that year,
268,816 individual purchases were made. The average purchase order price wasiii 8%
median was $39. The largest individual purchagese for computers and servers.

MassEstimates for a Selection of Purchased Commodities

As explainedinChapte 2 and 3, estimating mass quantitie
gooswas not possible due t o ptedededlantisasones | i mi t at i
collection of mas$low estimates. Amadl group of commodities that wasequently purchased
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via ECAT were selected and manual calculatdiiseir mass were performed. Because the
process for doing these manual calculations was laborious and #udt rgasnot verifiable, the
resulting mass values should be viewed as gross estimates, andoitesp should be viewed as
a proofof-concept.

Specifically, the method for estimating mass was the following:
(1) Identify a list of commodities that are frequently purchased by the university (in this
case using the electronic catalog).
(2) For each commodityidentify the form factor/unit size/specific product that is most
commonly purchased.
(3) Search for the weight (mass) of a given product by researching the specifications of that
particular form factor/product. Do this by using one or more of the followireghods:
a. UseSt apl es’ product {sforsmanywffice supply pradactsu d e s
b. Searchfor the product weight online bipoking upProduct Numbers or Stoek
keeping Unit (SKU)
c. Use information contained within the product description in ECAT that
references volume or weight
(4) Use the best estimate of mass for the most common product within that commodity
and assign that mass as the average mass for one unit of the commodity
(5) Multiply that mass/unit by the number of units purchased to estimate totalss

This method was used to estimate the mes®f the commodities listed in
Tablel5. For instance, isestimated that in FY16, MIT purchased 132 MT of nitrogen gas, 82.6
MT of printer paper, and 2.66 MT of notebook/laptopneputers.

Tablel5: Mass flow estimates for a sampling of commodities purchased by the university.

ESTIMATEL PERUNIT  TOTAL

COMMODITY TYPE (FREGWIAT) NUMBER ESTIMATEL MASS
OF UNITS MASS (KG) (MT)
Nitrogen (N) 3,299 40 131.96
Oxygen(O) 683 124.5 85.03
Printer or Copier Paper 3,643 22.7 82.62
Argon Gas Ar 590 89.6 52.86
Carbon Dioxide Ga&Q) 746 22.7 16.93
Soft Drinks 1,095 9.35 10.24
Printer Or Facsimile Toner 5,653 1.5 8.48
Paper Pads Or Notebooks 2,766 2.3 6.36
Filter Tip Pipette Tips 1,664 3 4.99
Desktop Computers 801 6 4.81
Organic Halogenated Compounds 3,337 1.33 4.44
Task Seating 168 24.5 4.12
Helium GagHe) 457 9 411
Laser Printers 224 18.2 4.08
Universal Pipette Tips 1,014 4 4.06
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Domestic Disposable iBhes
Folders

Tissue Culture Coated Plates or Dishedrserts
Paper Towels

General Purpose Cleaners
Notebook Computers
Facial Tissues

Ink Cartridges

Protective Gloves

Alkaline Batteries
SeltAdhesive Note Paper
Centrifuge Tubes

Coffee

993
1,541
1,825

861

881
1,662
1,858
1,589
2,940
1,940
1,220
1,348
2,534

2.4
2.0
3.65
3.4
1.6
0.95
0.93
0.45
0.68
0.91
0.59
0.25

3.97
3.70
3.69
3.14
3.00
2.66
1.77
1.48
1.32
1.32
1.11
0.80
0.63
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Analysisby Product @tegory

For the wuni v e resduringFYd6ettpmductdategones aorsiat 8§4% of the
material good spend. The top five spend categories in descending order are: (1) laboratory
supplies; (2) hardware purchases/maintenance; (3) laboratory equipment; (4) chemicals,
reagents & gasegb) office furniture. Théargest spend categories are showrFigurel?2;

spend in each of these categories was at least $758K

Top Spend Categories of Material Goods FY2016

Subcategory
Laboratory Supp!ie: | IR 1. 35%
HW Purchase / Maintenance 18.30%

Labora

y Equipment 14.62%

Chemicals, Re , & Gases 5.68%
Office Furniture | I 7.7 4%
Catering [N, / .23%
Drugs & Pharmaceuticals 5.47%
Meals & Entertainment 3.36%
Electrical Components |G > 53%
Audio Visual Supplies & Services 2.12%

Office Supplies | I 1.90%

General Industrial Su 1.74%

=ns I 1.72%
ng 1.51%
tiona 1.06%
Medical Supplies & Equipment [l 0.82%
Mechanical Components & Services 0.81%
0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 20%
% of Total Amount
% of Total Amount for each Subcategory. Color shows details about Subcategory. The datais filtered on Subcategory (group), which keeps Goods by
subcategory. The view is filtered on Subcategory, which keeps 30 of 124 members

Figurel2: The top categories of spend on material goods in Flgf&sened by percentage of
total spend The largest spend catedes are Laboratory Supplies, Information Technology
Hardware(i.e., HW Purchase/Maintenan¢eind Laboratory Equipment.

Figurel2, above provides themost aggregated viewf the material goods spend by product
type using the full FY16 purchase records (which contain no preghetific detail). In contrast,
Tablel6 shows theinformation aboutpurchased products a highresolution or highly

detailed way;it uses ECAT dato provide the list of commoditievel products with the highest
total spend. These commodities are standard commaodities that can be found in the UNSPSC
database (described in Chapter B)though the ECAT purchase records ontysh subset of
purchase types, this crosection is still revealindt also provides a floor estimate for number

of units of a given product purchased on camputis almost certain that the real total

number of units purchased is significantly higfarproducts that are frequently purchased via
other channels such as credit card and purchase ordeyshown byrablel6, the commodities
accounting for the largest spend are: laptop computers, desktop computers, antibodies, and
printer toner. Given the high cost of computers, the number of purchased units is lower than it
is for some of the other commodities listed. There were a high number (9,962) of individual
purchases of paperbe it reams or cartons. The same is true fanfer toner, protective

gloves, and culture (used for biological experiments).
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Tablel6: A list of the commoditiesvith the highest total spend iECAT in FY16.

Ranking of Expenditurgia Quantity
Commodity ECADuring F16 (Descending  (Number Of
in Order) units)

LaptopComputers 1 2,417
Desktop Computers 2 1,441
Antibodies 3 5,476
Printer or Facsimile Toner 4 7,349
Parts a Accessories Panel System 5 5,006
Enzymes 6 6,356
Docking Stations 7 3,290
Cultures ad Fluids 8 7,393
Hard Disk Drives 9 2,379
Mouse Pads 10 449
Tissue Culture Coated Plates/ 11 3,476
Dishes /Inserts

Proteins 12 1,651
Cross Linking Agents 13 1,525
Protective Gloves 14 7,884
Printer Or Copier Paper 15 9,962
Computer Servers 16 48
Aliphatic Solents 17 2,644
Network Switches 18 79

Figures 1316, below, provide another way to segment ECAT purchasing by product category.
Each of these figures shows purchasing at multiple levels of disaggregation using Sankey
diagrams. These diagrams display ase quantity as lines (or arrows), where the line
thickness is proportional the expenditure for that category. Each of the four figures shows the
types of commodities found in a different general product categbrgurel3 showslaboratory
equipment andsuppliesFigurel4 showschemicals, biochemical, and gasFigurel5 shows
information technology and telecommunications products; &glire 16 shows funiture and
furnishings.
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Laboratory Equipmenand Supplies

General Product Category Commaodity

Figurel3: The clasification of FY16 ECAT purchasiniglmdratory equipmentand suppliesy
specific commodities (e.g., pipette tips, petri dishes, etc.). The width of the stripe is proportior
the expenditure ($).
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Chemicals, Bi@hemicals, and Gases

General Prduct Category Commaodity

Aliﬁhatic and

compounds

compounas

Figurel4: The classification of FY16 ECAT purchasiobgerhicals, biochemical, and gasby
specific commodities (e.g., enzymes, antibodies, etc.). The width of the stripe is propbttdhe
expenditure ($).



Information Technology and Telecommunications Products

General Product Category Commaodity

Network routers

Storage area

- swntches

/I

Figurel5: The classification of FY16 ECAT purchasmgcnfnatlon Technology and
Teleommunications Product®y specific commodities (e.g., notebook computers, hard drives,
servers, etc.). The width of the stripe is proportional to the expenditure ($).
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Furniture and Furnishings

General Product Category Commodity

Figure 16: The classification of FY16 ECAT purchasifgroiture and Furnishingby specific
commodities (e.g., task seating, tables, etc.). The width of the stripe is proportional to the
expenditure ($).

77



Temporal Variation of Brchasing

A review of annual ECAT spend between FY2010 and FY2016 shows that the university is
spending more on material goods each yearFsirel7 shows, spnd increased from $30.3
million to $37.6 million over six years. This is a 24% total increase. The annual percentage
increase ranged from 0:4.5%, and was often greater than the rate of national inflation during
that time period (which ranged from 0:3.2%). Most of the growth in expenditure over the
seven year period is due to an increase in purchasing of (1) chemicals, biochemical,,and gas
and (2) laboratory equipmenBased on this trend, it can be ex
material goods purchasg willcontinue to increase each year for the foreseeable future, unless
there are major economic or behavioral changes.

ECAT Material Goods Spend by Fiscal Year

Fiscal Year

35M

30M
25M
20M
15M
1om

oM

2010 2011 2012 2013 2014 2015 2016

Figurel7: Spend on material goods via the Electronic Catalog for each fiscal yeard@0a)0

Extended Price

=

At the monhtly scale, ECAT purchases varied viith few repeated patterns. The one
common occurrence was that November and December tended to be months with a lower
spend amountnd lower number of purchase&iven that this dip in spending occurs during
the lastweek in November and the last two weeks of December, the reduced purchasing is
logically associated witholidays and office closes.

When the full “universe” of FY16 purchase dat

variation, a slightly different geern was found. As shown irigurel8, total purchasing was
lower in the months of September, January, and May, particularly for the purchase of catering,
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chemicals, and pharmaceuticalsis unknown why expenditure on purchagedower for these
months.

Monthly Variation in Purchasing of the Top 8 Product Subcategories
14M
12M
10M

8M

Amount

6M

AM

Laboratory Supplies
2M

oM

July 2015 September 2015 November 2015 January 2016 March 2016 May 2016
Month of EXTRACT_DATE

Figurel8: Monthly variation in purchasing of the top eight product subcategories for FY16
(total university spend).

The full scop®f material goods purchgang (including purchase ordeedc.) was &0 analyzed

at the weekly scale during FY2016. As showFignrel9, there are significant variations at the
weekly scale. At the daily scale (not shown), there is a drastic decrease in number of purchases
and spend on weekendag's (Saturday and Sunday), which is unsurprising. However, there is

still someamount of purchasing on the weeken@fthe weekdays, there is slightly more

purchasing on Tuesdays, and slightly less on Fridays.
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Temporal variationin purchasing over FY16

oM

sl

=

AM

Amount
ﬁ

21

=

1

=

[=]
=

Jul 19,15 Aug 30,15 Qct11,15 Nov 22,15 Jan 3,16 Feb 14, 16 Mar 27, 16 May 8, 16 Jun 19, 16

Date over a year (subdivided by weeks)

The plot of sum of Amount for EXTRACT_DATE Week The data is filtered on Subcategory (group), which keeps Goods by subcategory

Figurel9: Weekly pend on material goods for all of MIT during FY2016.

Purchases byniversity Organizational Unit

MIT has over 400dpartments, Labs, and Centers (DLO%)Js a catchall termto indicate an
organizationalunit at MIT.

The organizationalinits that hadthe largest spend on matial goods for FY16 were
operational units (as opposed to academic, research, or administrative).

Purchase Categories by Organizational Units

PC_LEVEL 3 CATEGORY Subcategory
Research Unit, A ISR 1 sucioViusl Supplies Servies
Operational Unit, B I - W Catering
Operational Unit, C | — I chemicals, Reagents, & Gases
Operational Unit, D | In [l Dining & Vending
Operational Uni, I I s 8 Prarmaceuticls
Academic Unit, F I I [ I Electrical Components
Research Unit, G i D 1 General Industrial Supplies
Academic Unit, H I | I | B HW Purchase / Maintenance
Research Unit, | NI EHE I I Laboratory Equipment
Academic Unit, J [l Laboratory Supplies
OM 1M 2M  3M  4M  SM 6M M &M SM  10M  11M Il Weals & Entertainment
Office Furniture
Amount

Il Office Supplies
. Research Specimens

Figure20: M| Torganizational unitsvith the highest expenditure on material goodshe most
prominentproduct categories are shown for each organizasilamit (delineated by color).

The colors ifFigure20i ndi cat e product category of purchas
purchasing is dominated by one single product typés th the case for the twoperational

units which are part of MIT s I nformational T
and Enabling Services), both of which mostly purchasardware. Office furniture ishe
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dominating spend category for tHeepartment of Facilitieghis is likelypecausd-acilitiesoften

procures furniture for campus buildings, especially if there is a rermvéteing done. In

contrast, one interdisciplinary laboratoryegample of an organizational unit with a relatively

di verse “portfolio -otlie cantartbeys a naxture gféabodawry pur c h a s
supplies, electronics, catering, research specimens, and chenkagse20 also shows how

some product categories are bought by a wideiety of organizational units; catering is

purchased by most units, and labpplies and lab equipment afairly ubiquitous between

research groups in the sciences

MI T"s ECAT purchasing by organi z &guredlnwhich uni t
is aSankey diagram showing the relative quantity of purchased goods by MIT purchasing unit.
From this figure, it can be seen that almost all of the schools and large entities buy paper,
furniture, office supplies, and IT equnent, for instance. The majority of lab equipment and

supplies is consumed by tlsehools related to science, engineering, and laboratories

conducting scientific research.
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Spend @tegory within ECAT University Unit

L &§§\\\\\\\\\\\\‘\v

DEENSE and Law Enforcement N

Equipment and Supplies

—— ‘\:\ —

Figure21l: A &nkey diagranshowing the relative quaity of purchased goodén ECAT FY16)
by MITpurchasing unit.
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Level of (De)Centralization

Not only does MIT consume a large diversity of products, but a large number of individuals
make those purchases. In other words, purchasing is done by,mahgr than by a few select
individuals; this indicates that the purchasing process is decentralized

It should be noted that th@urchasemay be different than th@roduct userand therefore the
ECAT dataset is not able to provide information aboutrthmber of users per product
categorybrganzational unit, etc. However, the datsstill useful for inferring behavior relating
to purchasing.

Within the ECAT database, during FY 16, there were 3,436 distinct individual buyers making
purchases at MITThat means over 15% of the 22,500 members of the MIT population made a
purchase through the ECAT systéthe number of total purchass would be even greater if

including the individuals making purchases through other channels (such as credit card or
purchag orders)Pur chases were made from 214 distinct
are organizational units such asagemic departmentsjbraries, themuseum, and the

admissions fiice.

The nature of purchasing can be further characterized by comgdiie number of individual
purchasers within various product categories. The data shows that the number of purchasers
varies between product categories. This data is visualizthure22. In this figure, the Jaxis
shows the anual expenditure for a given product category. Thaxys shows the number of
distinct buyers for a given product category. The plotted points in different colors represent
various product categories (paper, furniture, cleaning supplies).&wmduct caggories in the
upper right corner are ones with high spend and high decentralization of purchasing. Product
categories in the upper left corner are ones with high spend and high centralization of
purchasing.

The product categories purchased by the largesnber of individual purchasers are (1) office
equipment/supplies, (2) laboratory equipment, (3) chemicals, reagents & gases, and (4) IT and
telecommunications. These categories all have between 116800 different purchasers, each;
these are universallcommon purchase categories at MIT. However, not all of these product
categories represent the same magnitude of spergpecifically, the expenditure on office
equipment/supplies is significantly smaller ($1.7M) than the other three ($8113M). In
comparison to the other three categories, office equipment/supplies is a smaller purchase area
by spend, but a large purchase area by number of purchasers. One example of a purchase
category with a relatively high expenditure and low number of purchasdusrnigure &

furnishings. That is, $1.9 million dollas®rth of furniture/furnishings was purchased in FY16

by only 530 individuals.
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Number of Distinct Buyers per Product Category

=
Q
o
[=]

| Laboratory and Measuring and Observing and Testing Equipment
Office Equipment and Accessories and Supplies
Chemicals including Bio Chemicals and Gas Materials

1600 Information Technology Broadcasting and Telecommunications

M Manufacturing Components and Supplies
aper Matema% andplgrocpucts PP

1400
1200 M Power Generation and Distribution Machinery and Accessories

Cleaning Equipment and Supplies

--------> Decentralized (Number of distinct buyers)

1000 n
Defense and Law Enforcement and Security and Safety Equipment and Supplies
800
| M Medical Equipment and Accessories and Supplies
. ]
600 a
|
Furniture and Furnishings
: 400 k= Resin and Rosin and Rubber and Foam and Film and Elastomeric Materials
o
8
— -
= 200 .
S -
c
a
g o B
oM 1M 2M 3M AM 5M 6M M 8M 9M 10M 11M

Spend

Figure22: The number of distinct buyers per product category plotted in relation to the
expenditure within that product category.
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Expenditureper Capita and by School

As mentioned in the section Overview of Inflows (above), the total FY16 expenditure on
material goodwas $187.5 million. The MIT population is roughly 24,000 individualsdingl
students, faculty, and staff. As shownTiablel7, based on population, the average annual-per
capita expenditure on material goods is estimated to be $7,756.

Tablel7: Percapita expenditure on matél goodsfor the MIT population

University Group Campus
Population

Undergraduate Students 4,527
Graduate Students 6,804
Faculty 1,067
Other Academic Staff 4,486
Research Staff 1,766
Administrative Staff 2,921
Support Staff 1,621
Service &ff 841
Clinical/Medical $aff 150

Total Population 24,183

Total FY16 Expenditure on Material Goods $187.6 million
AveragePer-CapitaFY16Expenditure on Material Goods $7,756
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Expenditure on material goods can also be assessed by sésoofE-Y16, MIT hafive schools

within the university Architecture and Ranning;Engineering;Humanties, Arts, and Social
SiencesManagement; ad Kience.As shown irFigurel8, the expenditure varies significantly

by school, as does the material spend per capita. The highest expendithessshools with

the greatest number of students and faculty. Based on the number oeatsdand faculty per
school,School thas the highest expenditure on material goods-papita. Given that MIT is a
technical school with an emphasis on engineering and the sciences, and given that fields within
these domains tend to be laboratp and materialintensive, these results atensurprising.

Table18: Expenliture on material goods shown by MIT School and calculated per capita
student and faculty.

MATERIAL SPEND PER CAP

Expenditure Under Per
MIT School on Material raduate Graduate Facult Per Per Faculty
(anonymized) Goodsin gtudents Students Y1 student Facuty +
FY16 Students
School 1 $7.31 million 58 645 87 | $10,400 $9,254
School 2 $32.6 million 2,451 3,140 390 | $5,824 $5,445
School 3 $2.75 million 74 318 184 | $7,020 $14,956 | $4,777
School 4 $5.66 million 110 1571 115 | $3,366 $49,195 | $3,150
School 5 $25.9 million 706 1,171 280
Total $74,184,473 3,399 6,845 1,056
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Stocks

As described in more detail in Chapter 2, t
Property Ofice to analyze stocks. This work demonstrates that data on assets/minor property,
typically used for taxation and accounting purposes, can be used to characterize some stocks on
campus. By working with this data, the author learned that this data is &speaseful for

estimating campus lifetimes of produasd understanding use patternbut is not necessarily
sufficient for estimating the masses of stocks.

The author obtained the records of activations and deactivations entered during the fiscal year
of 2009 through 2016. Over that period of time, there were 33,914 product activations and
47,415 product deactivations.

Characteristics and Quantities &tocked Products

Each record in the database of tagged property (call&idp) contains a Use Stat attribute

that is classified as: active, disposed, government letter;ingantorial, nonrecoverable,

return on asset, or unable to locate. The author obtained a list of records of tagged items that
were purchased in FY20%r2016. As shown Bablel9, the majority of products purchased

in that timeframe were still active as of 2016; this implies that the majority of property items
have a campus lifetime of at least 1 to 6 years.

Tablel9: Use statuf products purchased 2009 and 2016.

2016UseStatus
Percentage

by Count

(of products purchased between F'
2009 and2016)

Active 86.0%%
Disposec 10.90%
Government letter (pending dispos

) L 0.13%
with permission from governmer

Nonrinventorial 0.04%

Non-recoverable 0.06%

ROA FY 12 0.00%
ROA FY 14 1.78%
ROA FY 16 1.02%
Unable to locate 0.01%
Total 100%
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The set of i1 tems classified as “active” (and
characterize the stocks present on campus it&00ver 60,000 active tagged pieces of

equipment (everywhere, server farms in Holyoke, Germany, Chile telescopes, International

Space Station, etc.) were listed in the data set. Although not all of these items reside on

campus, the majority do.

The total value (at time of original purchase, notluding depreciation) of the active stock
tracked by the Property Office is roughly $301.5 millibable20 shows some of the stock
product types in which MIT has inted the largest amount of money. For instance, MIT owns
many millions of dollars worth of servers, laptop computelesktop computers, and lasers.

Table20: Stock in the form ofactive” tagged productthat. This is gartial lig or sampling
that reflectsthe products that have the highest aggregate dollar vdlisted in descending
order).

Standard Product Bme
Server

Laptop Computer
Desktop Computer
Microscope

Laser

Microscope System
Storage Device
Switch

Laser System

Mass Spectrometer
Analyzer

Network System

Array Processing System
Spectrometer

Scanner

Camera
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Analysis of the Campus Lifetime of Stocks

When a piece of property is tagged, it 1 s ent
item. Iceally, as soon as or soon after when the item is disposed of, given away, sold, or leaves
campus in some other way, the item’ s status i

“Di sposition Type. Di sposition lkzedg,pes are fu
fellowships, deactivated, gift, loss, retired, returned for credit, scrapped, sold, stolen, traded,
transferred to outside oMIT, transferred to sponsorTable21 provides descriptions of the

possible Disposition Types, @sed in this particular database system, calle@r&p.

Table21: Disposition types and their descriptions for products tagged by the Property Office.

Disposition pe

(No Longer

Accountable On Ml DESCRIPTION

Inventory)

Abandonal Government equipment that has been left at MIT, really old things t
government doesn’t wa n tcountmgaky
more in inventory

Cannibalized Taken apart to use the parts for something else. Usually for fabrica

Deactivated End of useful life. Physically réagging. Could be recycled, trashed,
obsolete

Fellowships Purchased on a fellowship award, given usually to recipient of
fellowship

Gift Given away

Loss Lost item

Retired Usually gov’'t equicandiepodepfitas k t

Returned br Credit | Returned for refund

Scrapped Thrown out by user, who did not properly notify the Property Office

Sold Sold

Stolen Stolen, get police report

Traded Traded in to a new purchase, ex. Cars or copiers

Transfer Outgle e.g., researcher moves to another institution, and item goes with

MIT him/her

Transfer To Sponso| Goes back to funding source

The most common form of disposal is vaguely d
number of things. As shown by

Table22, a significant portion of products (25%) are scrapped when they are disposed of, and

13% of products are transferred to a party outside of MIT. It should be noted that not all

products that leave MIT leave as waste; rathenms that are sold or transferred likely go on to

have a “second | ife” at another organization.

Table22: Forms of disposal of products disposed of between FY-EXZD16.
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Disposition Type (no longer

accountable on MIT inventory) Count
Abandoned 18
Cannibalized 204
Deactivated 26,402
Fellowships 62
Gift 426
Loss 3
Retired 1245
Returned for credit 58
Scrapped 11,902
Sold 90
Stolen 210
Traded 357
Transfer outside MIT 6,007
Transfer to sponsor 431

Percentage

0.04%
0.43%
55.68%
0.13%
0.90%
0.01%
2.63%
0.12%
25.10%
0.19%
0.44%
0.75%
12.67%
0.91%

Usingthe Property Office database, the authanalyzedhe campus lifetime of mducts; she

did this bysubtracting the date something was purchased from the date it was despos
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Table23 shows a list of the average age (use lifetimeaaampling oproducts Due to having
several data points per product type, we were also able to assess the variation in use lifetimes,
which is capured by the standard deviation of the product age (last column of Table 4). Some
notable findings regarding electronic equipment include that the average lifetime of laptops
roughly 5 years, while desktop computers have a slightly longer lifetime adr8.y@rinters,
projectors, and copiers, are kept for longer (10, 9, and 8 years respectively).

The average lifetime for furniture is significantly longer than for electronics. The lifetime of
desks is roughly 16 years, 14 years for chairs, 13 yeassflas, 16 years for office cabinets,
and 12 years for lab cabinets.

The lifetimes of lab equipment range greatly between machines, and also within a particular
product type there is large variation in product life time. For instance the lifetime isr3 j@a
pipetters (SD of 2 years), 9 years for centrifuges (SD of 10 years), 12 years for mixers (SD of 8
years), 12 years for spectrometers (SD of 6 years), and 14 years for microscopes (SD of 10
years).
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Table23: The averagefietime (time period while registered as "active")atample of
comnonly purchased, and lateteactivated products.

General Unit Avg. Age Std. Dev. Of
Standard Product Name Category Count  (Years) Age (Years)
Laptop Computer Electronics 9,537 4.9 2.6
Desktop Computer Electronics 8,084 6.3 3.5
Server Electronics 2,073 6.4 2.7
Printer Electronics 1,306 10.1 3.9
Monitor Electronics 1,180 9.0 4.2
Projector Electronics 454 9.0 3.7
Freezer Lab Equipment 448 5.6 5.9
Desk Furniture 243 16.5 5.4
File Calmets Furniture 241 17.8 5.5
Table Furniture 187 13.9 6.6
Centrifuge Lab Equipment 173 9.0 9.7
Refrigerator (Lab) Lab Equipment 160 6.1 6.9
Printer Electronics 159 7.2 2.9
Pipetter Lab Equipment 121 2.9 1.8
Facsimile Machine Electronics 119 10.5 3.9
Exerciser (Fitness Gym Machine Other Equipment 114 9.9 5.0
Sofa Furniture 85 13.3 6.3
Vehicle, Car Automobile 62 11.1 5.3
Overhead Projector Electronics 58 13.4 6.3

Of interest, asmall number of products that aredgged by the property office haweshort

lifetime at MIT.Specifically, 11% of the products purchased in the data time period

(constituting approximately 6% of the dollar value) were also deactivated by the university in

that same time period. This is a relatively short tower period This does show that the
majority of items tagged by the property offi
more). But, the small percentage of products that are high cost but leave campus within the

year are not disposed of, but rathertrdne r r ed out of MI T’ s owner shi

Nevertheless,n FY16, 5,557 items were tagged &ativated) and Bnost all of these items did
havemultiple year lifespans at the University. For context, only 65 of the 5,557 items
(purchased in FY1@)ere also deactivai in the same fiscal year. Most of these were laptop
computers, and were transferred to a sponsor organiza{guch as a governmental office).
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Outflows

Analysiof MI T’ s out f |l ows thansaanalyssrofats isflows aMIg h'tis ow avatr &
mostly handled by the Department of Facilities and the Environment, Health, and Safety Office.

Within Facilities, Custodial Services aggrega
buil di ngs’ bin and pl aces t he measionloading dopgks.t er s a
Facilities or MIT s waste hauler regularly <co

outdoor bins into trucks. Trueloads of material are brought to transfer stations or processors
intheregionMl T’ s Gr o un d t yaBlevastei(gcass<lipmingd, woedy materials,
leaves) from campus for collection by a waste hauler.

More highlyregulated waste streams, such as hazardous chemical waste, medical waste, and
radioactive waste are handled by lab managers, EHS, and tiiected waste processor (e.g.,
Clean Harbors). These categories of waste have special transport and safety requirements, and
more data on the contents and building source is recordedregulatoryrequirements.

It should be noted that the waste flowsgtured in this thesis mostly represent waste
generated from MIJowned buildings; waste generated in buildings leased by MIT are typically
handl ed by other waste vendors, contracted by

Other than waste, MIT generates other materiakitows, such as secordsand items that are

sold, donated, or exchanged. Unfortunataty institutional data exists on the quantity and

types of these recoverable items that leave MIT to go on to have a second, useful life. Identified

channels that assistith the dispersion of secordand goods (leaving MIT) are the following:
1 Book drives and book donation bins

Used clothing collection bins

Donation drives

Choose to ReUse events

MI' T's Furniture Exchange

MI Ts ReUse Emaill l i st

Trash2Treasure clean out evsrirom residence halls

Swapfest monthly events for the exchange of radio, electronic, and computer

equipment

= =4 4 -4 8 -5 -9
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Quantity of WasteGeneratedby Category

In FY16, MIT generated about 5,3Wétric tons of wasteThis number excludenstruction

and demoliton waste MSW,including trash and single stream recyclingade up 88% of the
total waste flows.The metric tons of waste by general category and specific material type are
shown inFigure23. Hazardous chemical waste was 8.3%gdimal waste was 2.5%, and
radioactive waste was 0.8% of the total.

Campus Waste Generation by Material Type

(FY16)
General Category Material Type
on-Housin aste
B Non-Housing W
Single Stream Recycling
4500 . Housing Waste
Yard Waste
4000 . Toxic
Food Waste
B other Regulated Medical Waste
3500

B (gnitable (D0OO1)
. Electronic Waste
2000 B rathological / Chemical Waste

P Dry Active Waste
% _— 1,269 B Corrosive (D0O2)
% Scintillation Vials
= White Goods
2000 B cooking Ol
Batteries & Broken Bulbs
1200 . Toners
Tires
B Reactive (DO0O3)
1000 Contaminated Sharps
. Other
500 563
350
0 L
Hazardous Medical Waste Municipal Solid  Radioactive
Chemical Waste Waste Waste

Figure23: Campus waste generation in metric tons for FY16 shown by material type
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Processing Methods/Destinations of Waste

As shown byigure24, MI T’ s trash is incinerateltlesat wast

are typically withihiMa s sachusett s. MI Ts single stream
recovery facilities in Charlestown, MA, where it is sorted for recycling.

Yard waste is taken to several MA farm and of@ncompositing facilities, and much is re
processed into nutrientich loam.

MIT collects food waste from about 20 locations (mostly at dining facilities) on campus. During
the year 2016, food waste that wasource segregateslascomposted. More recently, as of

2019, MIT began sending food waste to be slurried in Charlestown; then that slurry is trucked
to a codigestion plant that anaerobically digedtsth food waste and sewagé. small quantity

o f  Mbokingil is collected by a Nengland based company for chemical upgrading to
biodiesel for diesel engines or home heating furnaces.

Most of MI T’ s -wdste)dstecyoledioraefurbished by redioaal facilities. Some

additional regulatediurable goods such as white goods (appliances), batteries, and used
lightbulbs are also recycled at specialized facilities.

Destination of MIT’s Waste by Processing Method (FY16)

Processing Method Material Type
. Non-Housing Waste

ncineration (WtE) 1,069 1,576 u } S

Single Stream Recycling
Single stream recycling 1,269 Housing Waste
M Yard Waste
Composting 181 563 B Toxic
Food Waste
Special Incineration 350

W Other Regulated Medical Waste
Ml ignitable (DO01)

Autoclaving and/or incineration .
Electronic Waste

E-waste recycling B Pathological / Chemical Waste
. Dry Active Waste
Compaction, incineration, landf.. M Corrosive (D002)

. . Scintillation Vials
Refurbishment and/or recycling | 17 Seintiiation via
White Goods

Specialty scrap recycling M Cooking Oil
Batteries & Broken Bulbs
Upgrading to biodiesel | 8 B Toners

500 Tires
W Reactive (DOO3)

Contaminated Sharps

1000 1500 2000
Metric Tons
Other

Figure2&Wa st e or materials processing destinat
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More Information about Hazardas and MedicalWaste

Medical waste may be autoclaved or incinerated; autoclaving is alteesdd treatment that
uses higkpressure steam to destroy microorganisms and spores. MIT categorizes medical
waste into three subcategories, and the generation pdrcategory for FY16 are as follows:
pathological/chemical waste (25.9 MT), contaminated sharps (1.4 MT), and other regulated
medical waste (106.8 MT).

At MIT, hazardous waste is typically consolidated in a drum or-gdeked. Bottles of

hazardous liquls are packed (by hazard class and compatibility) into drums with an absorbent
material. The original | abel of the container
Wastes with enighBTU valudthat can serve as fuedre pouredoff into 55-gdlon drums for

incineration.

Much of MIT'"s hazardous waste is disposed of
hazardous waste combustors; waste is injected, spun, and burned, generating hazardous ash
that must be landfilled. Much of the hazards waste is sent to a facility in Colorado. These
combustors usually operate at temperatures over 1,800 degrees Fahrenheit, and these

processes and emissions are regulated under the Clean Air Act

(

Figure25: Photo of labpacled bottles. Photo source: MIT EHS.

According tcEHS, the breakdown of processing/disposal methods of hazardous waste is: 78.5%
is incinerated, 8o is bemicaly landfilled, 5%is blended for fuels6.3%s processed fooll

recovery, 0.3%s processed fometal recovery, 1.5%oes towaste water treatment, 0.29%oes

to filtration, and 0.2%s processed witlother methods.
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Within the broad category of haardous waste, five major hazardous waste categories exist:
corrosive, ignitable, toxic, reactive, and eth These categories were identified with the help of
EHS staff. MIT’ s generation vol umesTalde24d maj or

Table24: Generation of hazardous waste by major hazardwaste category.

Major Hazardous Waste Generation

Category FY16 (MT)
Corrosive (D002) 22.7
Ignitable (D001) 68.4
Toxic 349.8
Reactive (D003) 2.2
Other 0.6

When subdivided even furthethe followingspecificmaterial streamsnake up theop flowsof
hazardous wastéy mass:

Flammable solvents consolidatiaBO(6 M)

Labpacled flammaHles for incineration (25.9 MT

Waste debris with solvents (14.0 MT)

Garnet slurry (8.2 MT)

Non-hazardous salts, sugars, buff¢és9 MT)

Labpacled acid and acid aopatibles for incineration (6.4 MT)
Labpacled organics for incineratiof6.4 MT)

Waste 0il(5.6 MT)

. Antifreeze(5.3 MT)

10.Flammable acidic was{®.2 MT)

©o N O ~WNE

Of this list, the two streams that incur the highest waste managementaresthe waste debris
with solverts and the labpacked flammables for incineration.

Temporal Variation of Municipal Solitvaste Generation

By working with MIT"s Office of Sustainabilit
to obtain multipl e yenaatas AnnwabgenteratiorobbtwesraFY 2040 ge n e
2018 is shown iifrigure26. There is a general downward trend in total waste generation, which

is encouraging as an indicator of sustainability and waste reduction efforts. The propairtion

single stream recycling to trash (housing and-hanising) has also increased, which is a

measure of progress. Food waste collection, on the other hand appears to be decreasing over

time, which likely reflects the fact that the scope of materials aldwn the food waste bin has

become more restrictive over time. Originally, napkins, cardboard, and biodegradable PLA were
allowed in the bin for composting; however, per the request of processors, food waste became

the only permissible material for compirsy.
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Quantity of MIT's Waste Generated Annually between FY

2010-2018
Fiscal Year Material
6K . Non-Housing Waste
. Housing Waste
B single Stream Recycling
5K . Yard Waste
. Food Waste
. Wood
K . Ewaste
. Metal
Planet Aid (Clothes Reuse)
b Batteries & Broken Bulbs
¥ o White Goods
Shredding
. Toners
2K . Baled Cardboard
Got Books
Tires
1K . Mattresses
Kitchen Grease (Bio Diesel)
M Piastic Bags (Baled)
OK

2010 2011 2012 2013 2014 2015 2016 2017 2018

Sum of Tons for each Fiscal Year Year. Color shows details about Material. The view is filtered on Fiscal
Year Year and Material. The Fiscal Year Year filter has multiple members selected. The Material filter keeps
19 members.

Figure26: Quantity of municipal solid waste generated annually by MIT between F¥ZI18)

In addition to comparing generation by yearmonth to month comparison is shownkhigure

27. Generaton does indeed vary by month. These averages are based on nine years of data
(20102018). Average generation (for the aggregate of all MSW categories) is lowest during the
monthsof JanuaryFebruaryand July, and@re highest during the months of Mapa June.

Waste generation idanuary is likely particularly low due to the absence of many

undergraduate and graduate students, who travel or return to their family homes for that

mont h, which is MIT" s | ndepende roablypatticulanyi t i es
high in the month of May due to moweuts from residential dorms and office clean outs that
typically go along with “spring cleaning.
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Average Monthly Generation of Municipal Solid Waste

Month Material
. Non-Housing Waste

500 [ | Housing Waste
[ | Single Stream Recycling
. Yard Waste
400 . Food Waste
. Wood
. Ewaste
. Metal
g 400 [0 Planet Aid (Clothes Reuse)
; Batteries & Broken Bulbs
- . White Goods
200 [ | Shredding
. Toners
. Baled Cardboard
. Got Books
100 Tires
. Mattresses
. Kitchen Grease (Bio Diesel)
0 B Plastic Bags (Baled)

Average of Tons for each Month. Color shows details about Material. The data is filtered on
Fiscal Year Year, which has multiple members selected. The view is filtered on Material, which
keeps 19 members.

Figure27.Aver age generation of MIT'"s MSW by mont h.
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Composition of Trasland Recyclingbased on Véste audits)

As described in Chapter 2, the composition of
determined empirically by the author with waste audits. Those average compositions are listed
again, below, imable25.

Table25: Thecomposition(by weighto f t he waste i n MIT" s single
on the campus waste audit&reen = compostable, blue = recyclable in single stream recycling,

and red = tsposable or recyclable using specialty recycling services. (This is the same as Table

10, duplicated here for convenience).

Average Average

WASTE CATEGORY Composition of Composition of
Campus TRASI Campus RECYCLI

Food waste 29.2% 3.9%
Yard waste 0.3% 0.0%
Soiled paper products 20.2% 6.9%
PLAbioplastic 4.5% 2.5%
High grade copy paper 1.9% 5.1%
Mixed paper 4.6% 9.7%
Boxboard 2.3% 1.9%
Paper cartons (e.g. Tetra PAK 0.4% 0.0%
Corrugated cardboard 2.3% 22.4%
PET @Gntainers (#1) 2.3% 20.0%
HDPE @ntainers (#2) 1.4% 5.0%
Misc. recyclable plastic containers (#3) 6.0% 5.6%
Aluminum 1.2% 4.4%
Steel 0.5% 0.4%
Glass containers 4.2% 3.0%
Film plastic 2.3% 4.6%
Multilayer packaging 0.5% 0.3%
Polystyrene foam (i.e., tgrofoam) 0.0% 3.3%
Batteries 0.5% 0.0%
Small electronics 2.2% 0.8%
Other / miscellaneous waste 13.0% 0.0%
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Revised Waste Quantities (based dvaste Audits)
The averages from above were used in combination with the total masses of trash and recycling
to edimate mass flows of each of those 21 material categories. The full set of waste flows by
highly specific categories are presented able26. As shown by the table (which has larger
mass flows highlighted with darker blues), tlaegest flows are believed to be:

(1) Food waste

(2) Soiled paper

(3) Yard waste

(4) Cardboard

(5) Toxic hazardous waste

The full wast e nisplayegireFgerel8 whiclk dortaing & Sankey diagram
showing general wste categories, specific waste flow categories, and the processing method.
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Table26: Waste flows (in MT) by highgpecific categories. These figures are based on a

combination of institute data and empirical waste audits.

Specific Waste Flows (MT)

Based on Waste Audits

General Cat.. Material Type

MSW

Bulk
Materials

Hazardous
Chemical
Waste

Medical
Waste

Aluminum

Batteries

Batteries & Broken Bulbs

Boxboard
Cardboard

Cooking Oil

Ewaste

Film plastic

Food Waste

Glass bottles

HDPE containers (#2)
High grade office paper
Misc. plastics (#3-7)
Mixed paper
Multilayer Packaging
Other Waste

PET bottles (#1)
PLA "plastic”

Small electronics
Soiled paper

Steel

Styrofoam
Tetrapack

Tires

Toners

White Goods

Yard Waste

Metal

Wood

Corrosive (D002)
Ignitable (DO01)
Other

Reactive (D0O03)
Toxic

Contaminated Sharps

Other Regulated Medical ..
Pathological / Chemical W..

86.5
1.1
8.4

85.9

8.5
61.0
180.1
970.0
206.4
101.7
123.6

61.5

79.3
11.6
S577.7
23.4
554
10.8
2.7
6.3
9.4
569.1
13.2
77.5
22.7
68.4
0.6
2.2

14
106.8
25.9
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General Waste Category Specific Waste Category Processing Method

eries
3atteries &
Broken Bulbs

Upgrading o~
Redigsghment
and/or recycling

Figure28: A Sankey diagram showing general waste categories, specific waste flow categories, and the processing method.

103



Chapter 5Estimatingsreenhousésas
Emissionfrom Inflows and Outflows

Chapter 5 Abstract

This chapter gs out the method and resultsof estimating greenhouse gas emissions for
purchases and wast®anagement from MIT material streamBo estimate the embod GHG
emissions from purchases, spend data was used avithconomic inputoutput life cycle

assessmet (EIGLCA)The product categories with the largest embodied emissions were found
to be laboratory supplies, chemicals/gases, office furniture, and electrofietotal embodied
greenhouse gas emissioosmaterial goods purchased in FY2016 was founbletroughly

78,800 metric tons of C&&g. This isignificant compared toc®pe 1 and 2missions

Emi ssions from waste management were estimate
WARM model; the results indicate that the greenhouse gas impact faste is muclsmalker

than that from procurementThe methodused in thisanalysignay serve as a starting place for
other universities to follow in estimating the materials portion of Scope 3 emissions. The results
serve to provide a point of comparisaand answer the question of how importarttis

accounting is by magnitudd.astly, the chapter provides recommendations for how others

might do further analysis of greenhouse gas emissions and other environmental metrics

Introduction

Beyondquantifyingthe material commodities entering and leaving the university, it is valuable
to quantify theenvironmental impacbf those flows and identify those that are largesdne
relevant environmental impact of product/ material flows is the associated globahing

impact, or carbon footprint. For waste, this impact is the greenhous@gi&s emissions
associated with waste management of those flows. For purchases, this is the embodied
greenhouse gas emissiookthose products or material&missions from kb these categories

fall into Scope 3 greenhouse gas accountihigiversities often report their Scope 1 and Scope 2
emissions, but do not report Scope 3 emissions, due to lack of information and the complexity
of accounting of upstream and downstream egss.

Because of the diversity and quantity of individual products/materials consumed by the
uni versity in a year's ti me, -otendilifscydelamalysisl y not
for every single product. Instead, this analysis sepayaassesses GHG emissions from
purchasegurchasing and from waste management using modifications oegigting tools.
The tools used for this analysis were selected based on the following criteria:

(1) Allowing for the estimation of GHG emissions for a dreat of material/product

categories, including those consumed by a university campus

(2) Opensource or available for a small cost

(3) Relatively upo-date platform and/or data

(4) Designed and maintained by a reputable academic/scientific institution
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(5) Recommended bgxperts in the field that were consulted

Estimating the Embodied Greenhouse Gas Emissions from

Purchases

To estimate the embodie@HG emissions from purchase$pan of economic inpubutput life
cycle assessmellEIGLCA)as usedEIOLCA is a methodhat estimates the materials and
energy resources required for, and the environmental emissions resulting from, economic
activities. These economic activities are categorized at the industry level. The model pairs
nation economic inpubutput models withpublicly-available resources use and emissions data
to provide environmental assessmenEOLCAools, which use aggregated industwide

data, differ significantly fronproductbased life cycle tools (e.g., Ecoinvent or GaBi), which
require specific prduct information.

Method for estimating embodied greenhouse gas emissions from purchased
material goods

The specific EMDCA tool used in this project was USEEIO, an environmeexsdigded input
output model of the United States that is publically gadle. USEEIO is suited for performing
streamlined life cycle assessment of goods and services and uses relatively current data, with
mostenvironmental impactiata representing 2018nd the economic data representing 2007

(Yang et al., 2017) As stated by Yang, “USEEI O mel ds da
389 industry sectors with environmental dat a
greenhouse gases.. to build a Icesfe cycle model

Some modifications were made to the USEEIO model to tailor the methods to best reflect the
nature of data and conditions surrounding the particular parameters in this study. Generally,
the fundamental processvolved matching purchase categorieswielevant emissions
factors.Outlined below are the specific steps usedegiimate Global Warming Potential (or
GWP)using data on expenditures of material goods

1. Obtainalloftheni ver si ty’ s phbiscal iear2@l6.r ecor ds f or
2. Categorizehe purchases into three major categories:

(1) Material Goodswithin the Scope of Study
(2) Material Goodsoutside ofthe Scope of Study
(3) Servicesoutside the Scope of Study
3. Selectall Material Goods withithe Scope of Study and segmehem into product

caegories. Matcheachuniversityproduct category with one of the 383SEEIO codes.
USEEIO codes are relatively similar to specificity of NAKZ® American Industry
Classification Systermapdes. USEEIO codes are all US spebiig §ssume manufacture
takes place in the US).
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4. The goal waso prepare the data to be used with the USEEIO model, which is an input
output life cycle assessment tool thastimates embodiedsHGemissions of various
industries. Since the USEEIO model is base2D07 dollars, covert all 2016 dollars to
2007 dollars using the Bureau of Labor Statistics' Consumer Price Index
Inflation/Deflation calculator, which can be found at
https://www.bls.gov/data/inflation_calclator.htm.

5. UseOpenLCA software to run the USEEIO model to estimate the Global Warming
Potential (in MT of CG&q) for each MIT product categorg.§.,laboratory equipment).
Call these outputs the original USEEIO GWPs.

6. It must be acknowledgethat USEE)-calculated industry emissions are usuatyhe
point of manufacture e. g. , “ Pl ast i,catherthanatthmpomtwfsalee t ur er
However, the dollar valuesvailable to the author are based on purchase records, and
therefore represent the anount spent orpurchased goods; these prices paid include
distribution costs, shiping costs, and retailer markupl hereforean adjustment needs
to be made to match the boundaries. USE&MY has producer prices, amibes not
have purchaser priceheefore, it was necessary to calculadjustment factors by
using another economic inptgutput life cycle assessment tool, ELGA, developed by
Carnegie MelloriGan & Matthews, 2018)
a. For a given material category, find itdosest match in EKOCA.
b. Then, usehe 2002 US National model to find t&NVP per 1 milliodollars. The
exact dollar amount is arbitrary, singds used to calculate a ratia (a)
Producer Price Model and (b) the Purchaser Price Model.
c. Findthe ratio of GWP from Purchaser Price divided by the GWP from the
Producer Price. Ehratios were typically <1, with an average of 0.9. This ratio,
associated with each category, served asrthdtiplication factor to ajust for
purchaser priceThis adjustment method was used for all codes used in the
analysis, exswetrkecet abiamised which was
on purchase areas like catering and dining. For any category matched as a
limited-service restaurant, the purchasproducer adjustment ratio was kept as
a factor of 1, because tAsampleofthesdata o
used for calculations is shownTable27.

at
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Table27: Sample of data and calculations used to estimate GHG emissions from purchases
using a modified version of the USEEIO model.

EIOLCA US 2002 EIOLCA US 2002 Adjustment ratio
Associated EIOLCA (CMU) PRODUCER GHG per PURCHASER GHG per for purchaser

MIT purchase category Relevant USEEIO code code $1M (MT CO2-eq) $1M (MT CO2-eq) price

Laboratory Supplies Plastics; at manufacturer - US 32619A: Other plastics proc 904 748 0.827
HW Purchase / Maintenance Computers; at manufacturer - US 334111: Electronic Comput: 284 276 0.972
Laboratory Equipment Analytical laboratory instruments; at n334516: Analytical laborato 335 337 1.006
Chemicals, Reagents, & Gase¢ Chemicals (except basic chemicals, agr 325188: All Other Basic Inoi 2180 2060 0.945
Office Furniture Institutional furniture; at manufacture 337127: Institutional Furnit 647 613 0.947
Catering Limited-service restaurants - US KEEP RATIO 1 1.000
Drugs & Pharmaceuticals ~ Pharmaceutical products (pills, powde 325412: Pharmaceutical Pre 336 304 0.905
Meals & Entertainment Limited-service restaurants - US KEEP RATIO 1 1.000
Electrical Components Electronic capacitors, resistors, coils, t 334417: Electronic Connect 586 582 0.993
Audio Visual Supplies & Serv Audio and video equipment; at manuf: 334300: Audio and video ec 549 446 0.812
Office Supplies Office supplies (not paper); at manufac339940: Office Supplies (ex: 535 391 0.731
General Industrial Supplies Printed circuit and electronic assembly 334418: Printed circuit asse 400 390 0.975
Research Specimens Animal farms and aquaculture ponds (1112A00: Animal production 3620 3440 0.950

7. The asumption of manufacture origin country/ region can significantly alter the global

warming potential of manufactured goods, due to the differing carbon intensities of
regional electricity grids. The USEEIO model calculates emissions based on the
assumptia that all goods are manufactured in the US. Howeiveshould be
acknowledgedhat many prodicts commonly purchased by Mdife manufactured in
other countries. In order to make besstimates on region of origin for each MIT
product category, export ahimport data by product type weranalyzed using an
existing online tool called the Observatory of Economic Complexity (developed by the
MIT media lab). The tool can be accessed via atlas.media.mit.edu. The product
categories on this tool align with theg®dard International Trade Classification system.

Countryspecific electricity emission factors for all countries identified above were
researched. Emission factors fraiaometricavere usedBrander et al., 2011)AGWP
adjustment factor was obtained by dividing the coryd emission factoby the US
specificemission factor. For instance, since China's emission factor was found to be
0.973 kg Ce&per kWh, and the U8mission factor was 0.547 kg £&r kWh, the
emission adjustment factor for a product made in China was 0.973/0.547 =Thi&3.
adjustment assumes that all of the energy used to manufacture these products is
electricity-based energy. Further work couddtempt to segregateroducts that use
non-electricity energy sources, and adj@shission factors acconagly

107



9. Toobtain the adjusted GWP contributiofor each product categorysethe following
equation, developed by the author:

TF:r}. *+‘-Mﬁ"11r- ﬂ‘ﬂ%%%% 8

=7 [ By 1T -
Where:

f "YO "Y&Qk» U= Global warming potential for the sum of pibduct categories
(Metric tons C@eq)

1 Y =2016 spend on product category c ($)
1 Q = deflation factor tacconvert $2016 td2007 (dimensiofess)=0.8543

1 "O0"& Greenhouse gas emission factor for product category ¢ obtained from
USEB model (kg CG&q / $2007)

1 1 = adjustment factor to account for the difference in purchagece vs
manufacture price for category ¢ (dimensi&ss)

1 'Q = adjustment factor to account for the carbon intensity of the electricity in the
countryof origin for product category c (dimensidess)

108



Results

The global warming potentials by purchase categories are showgime29; only thetop

contributing categoriesre shown in this graph. The product categories thattigbate most to

the university’ s GWP of materi al purchasing a
reagents, and gases, (3) office furniture, (4) IT hardware, and (5) laboratory equipment.

Global Warming Potential (MT CO,-eq) and Spend ($) by Purchase Category

GWP in MT CO,-eq

(=]

5000 10000 15000 20000 25000 30000

Audio Visual Supplies & Services
Mechanical Compaonents & Services
General Industrial Supplies

Drugs & Pharmaceuticals FY16 Spend ($)

Meals & Entertainment B GWP in MT CO2-eq
Electrical Components
Catering

Research Specimens
Laboratory Equipment

HW Purchase / Maintenance

Office Furniture

Chemicals, Reagents, & Gases
Laboratory Supplies

5 $5,000,000 $10,000,000 $15,000,000 $20,000,000 $25,000,000 $30,000,000 $35,000,000 $40,000,000

FY16 Spend (S)

Figure29: The Global Warming Bmntial (n MT COzeq)and FY16 snd by purchase category
for the most carborintensive product categorie§&WP is shown in dark blue, and spend in
dollar is shown in green.

When summed, the total GHG emission from purchased goods for FY16 is 78,806-84 CO

When compared to MIT's Scope 1 and Scope 2 em
proportion of total emissions. As shownkigure30, GHG emissions from purchased goods are
estimated to represent 28% of total emissiofisthe full span of purchasesncluding services

—were evaluated for their GWP contribution, Scope 3 emissions would likely be much larger.
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Scope 3 GHG Emissions (MT COz-eq) from
Purchased Goods vs. Scope 1+2 Emissions

202,468,
72%

SCOPE 1 + 2 emissions (from building heat & electricity, fugitive
gases, and fleet vehicles)

B SCOPE 3 emissions from ALL PURCHASED GOODS

Figure30: Comparison of GHG emissions from purchased material gpadisof Scope) to
Scope 1 and 2 emissions.

To help validate the accuracy of the GWP estimate calculated above, albowed reference

value of GWP was compute@d.ne of the i ndustry codes in USEE
junior colleges, and professional schoeldS.  Emi ssi ons were esti mate
total expenditure on material goods fell under this general college/university category, and no

other model modifications were used. This resulted in the vallgE3gE75 MT C&eq. The fact

that this secad estimate is smaller, but on the same order of magnitude as the above estimate

of 78,806 MT C&keq, strengthens the legitimacy of the original estimate. It should be expected

for the second estimate to be smaller, because it represents a general Fedgieation

industry that would typically use fewer energitense materials consumed by a technical

engineering university, like MIT.

Problems/Limitations

Given limitations on time and daiavailability, and given the complexity of the task, this

p r o js estintate of GWP from material goods purchasing is believed to be reasonable.
However, there are potential sources of error and opportunities for improving emission
estimates. Potentially, the largest source of error may come from situations wheregsgrch
categories did not match well with USEEIO categories. The purchase categories specified in the
MIT data were often significantly more specific than the industry codes, which left the author to
make relatively subjective matches based on best approxima
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The following are other potential sources of error that might have made the GHG estimates
larger or smaller than their true value:
1 Aninaccurate ratio of manufacturer price to purchaser price
1 Inaccurate adjustments based on country of origin andbga intensity of the electricity
grid
1 Inherent heterogeneity of the specific purchases that is not captured by the general
product category or industry category

Estimating the Greenhouse Gas Emissions from Waste Flows

Method for Estimating Greenhouse Gd&missions from Waste Flows

To estimate the GHG emissions from waste management, the US Environmental Protection
Agency’ s WARM nmMadteReduttionrModel) was isdiAecessary cases,
when a material category or processing method was represein WARM, life cycle emission
values from published studies were usédc c or d i n g WARM talubateEandiiotals”
[greenhouse gas emissions and emission reductifsog} baseline and alternative waste
management practicessource reduction, recyinig, anaerobic digestion, combus,
composting auIEndirenmahtaliPloteabnrAgehcy2019)

WARM uses global warming potentialues from IPCC Fourth Assessment AR4 (200i0h is

the generallyaccepted standard. WARM can be used with Microsoft Excel and requires
specifying the waste material and the processing type passil type. In implementing WARM,
default transportation distances were used. The authsedi WARMo calculate GWPs for all

flows where there was a close or exact matBbr casesvhere a better match could be found,

an external emissions factor was usd®lblished estimates of GWP for a few wasdtegories

and processes could not be found, and obtaining an estimate would have required conducting a
life cycle analysidn these cases, the waste stream was excluded from the emissions analysis.
This was tb case fotwo relatively small streams:-&aste recyclingf* Bat t eri es and
B ul b sthe cenwerdsion of used cooking oil bodiesel
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Results

The estimates of GWP by waste stream are presentd@iie28. “ N e gWRsiwkhdlle G

bars represent avoided emissions, and “positi
emissionsThe net emissions from the management of all waste streams is an avoided 2,898

MT of C@-eq. The waste streams with the largest GHG contrilmuti@re found to be film

plastic, miscellaneous plastics (#B and Styrofoam, all of which are mostly incinerated after

leaving MIT. The waste streams that appear to have large avoided emissions are cardboard,
aluminum, and mixed paper, all of which aresamed to be recycled. This is a reasonable

assumption, given that the year of study was 2016; this preceded most of the problems with

finding outlets for certain recycling streams due to thational Sword policy of China.

Negative emissions do not refiecaptured emissionsit is only showing avoided emissions in a
scenario where there is an assumption (made in WARM) that the statasises 100% virgin
material. The emission assumptions contained in WARM reflect an extreme scenario that is not
representative of the real worldand probably underestimate true environmental impact (or
overestimate environmental benefit).
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Table28: The Global Warming Potential Bfl Twaste management listed by waste stream.

Global Warming Impact for management of MSW generated by MIT during FY:

Global Warming Potential (MT US Tons of Waste

Waste Stream Bl CO2-eq) per WARM model [j@ Generated

Aluminum 95.40
Batteries 1.18
Boxboard 94.71
Cardboard 410.21
Ewaste 19.22
Film plastic 198.58
Food Waste 1069.19
Glass bottles 227.53
HDPE containers (#2) 112.05
High grade office paper 136.26
Misc. plastics (#3-7) 247.02
Mixed paper 288.55
Multilayer Packaging 67.80
Other Waste 372.37
PET bottles (#1) 350.30
PLA "plastic" 87.45
Small electronics 12.79
Soiled paper 636.81
Steel -42§05 25.83
Styrofoam 971 61.09
Tetrapack -6.92 11.90
Tires -1.11 2.96
Wood 2112 85.45
Yard Waste 91§98 627.30
Grand Total 96 5241.94

The same emissioralues are presented in a different wayRigure31, but are presented by
waste processing type (as opposed to waste material). This figure highlights the fact that the

streams with the largest mass of material are not alwaysathes with the largest (by

magnitude) GWP. Most of emissions generated come from specialty incineration of hazardous
waste and incineration of MSW. Relatively large emission reductions come from single stream

recycling.
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Figure3>:The Gl obal Warming Potential of MIT s was
processing typeThe bars in orange represent the tons of waste, and the bars in blue represent

the MT of C@eq.

Discussion about Global Warming Impacts

One important takeaway from the above analysds that the global warming potential from
purchasing is far larger than emissions from waste management. Even if the net emissions
from waste management resulted in being positive, instead of negative, they would likely be
much snaller in magnitude than those from purchasing. This result has an important
implications: it means that if MIT is prioritizing methods for reducing its GHG emissions, it
should focus more on reducing its purchasing (especially of carttensive materi¢s) than it
should focus on directly reducing waste management emissions. This is also a wise choice
because reducing the quantity of purchased goods will have the secondary impact of reducing
waste generation. However, a university may have other matigateasons to spend time and
money on reducing wastefor instance, waste streams can have problematic impacts other
than global warming, such as toxicity or negative health consequences for humans.
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Chapter 6 Organizational and Behavioral
Factors Impeting Purchasing

Chapter 6 Abstract

This chaptereports the findings from sixteen{person interviews conductedith MIT

community members thamake purchasedach interview went into depth and the findiag
provide valuable insight abotite aultural mntext of purchasing at MIThe interviews were
highly informative for understanding behavioral drivers of purchasing, level of interest in and
ability to make sustainable purchasing and disposal choices, and receptiveness to potential
policies and progmas. Among other findings, the interviews revealed that purchasers currently
have a high level ohdividual agency and freedom. Purchesalso reported that they would

like easily accessibleformation and gidelines forhow to purchase sustaably, as &ll as
formalizedincentives for buying more sustainalagd conservingnaterials

Interview Methods

To better understand how purchasgj works, in practice, at MIThe author intervieweda
diversity of MIT community members that regularly make purchaesaterial goods. The
intention was to learn about the personal experienaf people who make purchases. These
human perspectives could enhance understanding of the system, beyorabjbetive
purchase record datarhese subjective responses could addrimation important to adding
depth and revealing unexpected elements about the purchasinggg®and purchasing
behavior. The authotonducted inperson, semstructured interviews that lasted between 20
minutes to 1 hourBefore conducting the interviesy the author underwent humasubjects
research training and obtained approval for t
Humans as Experimental Subjects (COUHEBS)authorfollowed the interview guide provided
in the Appendix.

SxteenMIT communly members(n = 16)were interviewed in this projeciThe number of
interviews conducted was not sufficient for conducting statistical analyses on purchasing
behavior or to definitively characterize purchasing habits across the university. However, it was
sufficient to gather irdepth understanding of the cultural, organizational, and behavioral

factors influencing purchasing at MIT.

The interviewed individualthat selfidentified as people that makgurchasewith MIT funds

to be used by part of the MIdommunity. In each interview, | confirmetthat each interviewee

makes some material goods purchases for the UniverSpgcifically, the participants ranged

age from23 to 65 years old. Ten were woman, and six were men. Their time working/studying

atMI T ranged from 1 to 32 years. The individual
following: sixadministrative assistants (of various levetyee scientifidtechnology laboratory

managers, twacademic administratoronegraduate studentonesafetyengineer one
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stewardship assistanbneinstructor/ associate directoof a research centerand oneprogram
coordinator. Collectively, thearticipants reported that thgbuy a range of products including:
food (catering, coffee),@mputers and electroic peripheralsoffice supplies (printer toner,
notebooks, folders, & pens), printer papeisdues bottled water, &b equipmentmicroscopes,
ovens), &b suppliegpetri dishes, pipettes, gloveshemicals gas cylindes, personal protective
equipment,audio-visual equipment (cameras, lenses), clothing, cleaning supplies, disposable
cutlery, and furniture.

Interview Findings

Logistics of purchasing

When asked abduvhy they buy the kinds of products they buy, multiple participants reported

that they buy repeatedly from a vendor they like. For some, an important quality in vendors is

good customer service. Othesglectedv endor s and purchasing method

mul tiple individuals said they fawenrerme using
factor mentioned by one purchaser was that sh
purchases into one order."” Many al so reporte
simply replace supplies that run out, and they lanyidenticalproduct as before. One

individual stated, “We order the same thing w

t r o u bhis sentiment was expressed by other interviewees, who said:
T a{2YS LINRB2SOGa | NB NBLISI G§SR Yaxthiimelahd (A YSa
NBLX F OS GKSY ¢6KSyYy GKSe& NYzy 2dzioé
T aLF L KIFI@S dzaSR a2YSGKAYy3a o60ST2NB FyR tA1S
GKSY®E
T aL f2291INBFEINANBR LINRRdzOG a @ L GSyR G2 2adzai

The reported frequeng of purchasing ranged from twice a day to once a montte

participants said that the following events determine when they buy: supplies running out,
something breaking, someone requesting something they need. For the most part, the timing
of purchasingvas not driven by the fiscal year.

When asked about the purchasing platform the participants most commonly used, they said

they mostly use the online catalog (where they buy from preferred vendors); outside of that,

the most common purchases are creditrd purchases of catering and Amazéimost all
purchases are made online. One persgad even a
because | hate talking to people and getting

Fifteen of the sixteen participants said they purchaseamat goods for others, and seven said
that sometimes others (superiors, colleagues, etc.) buy products for these purchasers

are only sometimes the endsers of the products they buy. This has implications for disposal,
which discussed later in thehapter.
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Major Considerations

To identify the pur chiaflseadng purchaseidetisiang;thec onsi der a
purchasers were asked to explain the major factors they consider when selecting items to

purchase. The most commonlynentioned factor wa product qualitywhich was referenced

by ten of the participantsand was frequently described as the most important consideration

The nextmost reported considerations were affordability/value (n = @ljiwery time (n=5), and

suitability of theproduct to fit the required purpose or specifications (n=blhe views on the

importance of cost variedignificantyFor i nst ance, one participant
big part of it, because we are so | aan.” The

partici pant Ceskigpirhpartam o the, bulhlaldn't sacrifigaality orconsistency

for cost.” T h i s amother partigpant thass an tdr, a S tPed cwi tils not

factor, because we can usually find the money for sometbimgquest extra money-for
instance, we don’t c¢ompar Additiohakconpmentsctrats of di f f
demonstrate the prevalence dhe above factors are listed here:
f avdzZrfAde A& ydzYoSNI m® { KALIWAY3I GAYS Aa I|fa
f avdzZl f A0& NBYRKS2&2a0G AYLRNIIFYyG® YR GAYS A
T a¢KS Y2aid AYLRNIUIYG GKAYy3 Aa 0KIFIG GKS LINERR
be used for a task repetitively, the manufacturing quality is import&tizNJ 6 A f A (1 & dé
f aCANROG LINKte thpirgoseAltneedskd dd whati$ needed. The two next
important features are that it is either durable (because it will get used by many
aGdz2RSy G avz 2NE AG aK2dzZ R 0S NBFazylofé LINR
f aCANRG 2FF> GKS AGSY ySSReansdods, sa Sdesx& A (& LJdz
f 26 SN LINAOSa ¢
T daz2aid AYLRNIIYyd A& GKFEG A0 FAGa GKS ySSRk g
-F2NIAYAaAGEHYOSs L €221 F2N LI LISNIGKFEG A0 Aa
Gzl fdzS 6RSOSRER Rj daINRAOBE T2ANIYI2AG AYLERZNIFYy G dé
a! 20 2F gKIFG 6S o0dz2 A& NBLIFOSYSyiuszx az2 ¢
0STF2NBP® ¢KS o0A3I3Sad FILOG2NI Aa GKEFEAG AG FAGaA
f a¢KS Y240 AYLRZNIFYG GKAPITA&OIpdzZr tAGED L g1

1
1

Other factors mentioned by multiple participants included convenience (n=4), vendor reliability
or trust (n=3), habit (n=3), durability (n=3), sustainability (na@§ithe vendor being an MT
preferred vendor (n=2Regarding vendor selectionne purchaser expressed her strong

preference for preferred vendorssaying “ 1t has to be something rea
me to have to go outside of [the online cataldgynother participant liked preferred vendors

because she consideredthempreet t ed; she said, “I tend to go
much as possible. |l trust [MIT has] done t he

vendor s.

Customer service, wordf-mouth recommendations, and the ergonomics of design were each
mentioned by only one participanRBurchasers for laboratories had some concerns specific to
their field. For instance, one | ab manager m
products as part of their deci sAnahertelevahten t hey n
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consideration for purchasers of large equipment was shipping logistics; a lab manager explained
t h &or bi§ equipment, I look at who is going to pay for shipment, and who is going to be

liable for the product from the moment it gets to theading dock to when it gets into the lab.
Especially for big equipment, the logistics and shipment need to be worked out in advance to
make sure that it gets into the ldb.

As expected, most of the factors that were mentioned related to practical vestes.

However there was only one person that brought anything related to the pleasure products

can give users; she said, *“Ilt’s iIimport+ant tha
something as simple as a brightly colored pad of papercdénena s omeone happy. "’

Freedom

The participants were also asked how much freedom they have in making purchase decisions.
Generally, the participants reported that they have a high level of freedom in cases when they

are buying from a preferred vendor. Sones ponses i ncluded comments
tot al laamtdi t heee” i s “Complete freedom; |l can s
individual said, “Sometimes | feel |ike we ha
out for spendingtoomah money.” Another comment was “I1In
do, as |l ong as they get what they want indivi
instance, stating, “There is an established p

”

judgement .

Personal vs. University Purchases

In response to being asked how purchasing for MIT was similar or different from personal

purchases, the participants said that their priorities were somewhat similar in both situations.

Some reported that they do more oné purchasing for MIT than they do at home. There

were, however, mixed views on how price impacted walated versus personal purchase
decisionsOne individual saithat in contrast to her purchasing behavior at MITAt home, i f
can do withoutit,t won’' t Amugt her "per son said, “As a per sc
sales, which isn’t al wahatss, ppcessfar prodacts fromfMéTr  MI T p
preferred vendors are praegotiated, and are usually not subject to discourtshird view

voiced was, “IlI treat money at both work and h
here at MI T, bec aUlseserasponsésshow that theneys hetevogenaity iri

the level of concern over price for personal versus universitgimses.

Relating Purchasing to Disposal

About midway through eacimterview, the particignt wasasked about how disposal of

products factors in to the purchasing proce@s.the sixteen interviewees, eleven said that they

are, at least sometimes, respsible for making the disposal decisions for the materials they

buy at MIT. They mentioned items suchtagged equipmentchemicalsshipping packing,

printer cartridges, and batteries as products that they are responsible for disposing. For
instance,one mpl oyee said, “1 oversee disposal of be
near the stockroom.” Another participant stat
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equipment. | make the request for pickup. A lot of it is tagged property, so ¢ ma&quest for

deactivation through the Property Office.” On
do with items they don’t need.. there is a gen
person.’” However, parti ceyrmpakecersmin guictthseg manyai i n t

these products are used and disposed by others. For instance, one individual explained that

“ dr chemicals after use and gloves after use, the actual students/researchers within the lab

make the disposal decisionsandcdled e i f somet hing is hazardous. '’
Moreover, the participants were asked what they do with materials thegdto discard or get

rid of. They were also asked if they were ever unsure about how to dispose of certain products.

A wide range of experiences veereported. Staff members involved in sustainability efforts or

scientific laboratories were more aware of disposal rules and programs. For instance, one

empl oy ee rlessgilyknow,esidce | am part of EHS. Or |l knowwhotbask | ab
manager ad a research scientist both explained that if they are unsure how to dispose of

materials they will ask the EHS department. Multiple participants mentioned that they will post
unwanted durable goods on the Reuse email gste away extra food from cated events, and

bring lightbulbs and batteries to collection bins at mailrooms. There were multiple allusions to

the |l earning curve involved in disposal and r
started working in thedstadboflceftmngnat erdiatt s”t akdo
said she didn’t know what to do with batterie
a battery collection area. Confusion about sousegregation of trash and recycling also came

up. Thischallengerefleds the larger societal ssies around recyclingnd the common

confusion about recycling rules, whichartge over time and are specific to each municipality or
processor.

Furthermore, the participants were asked if, during the purchasing process, theideonvhat

happens to that product at the end of its lfen other words, do they factor in disposal

cons@uences at the time of purchaseResponses to this question were highly variableur

people said this is not at all a consideration. Four pespld this is only occasionally something

they consider. Six peopsaid this is sometimes a consideration. Only two pedalab

manager and a safety managesgid that this is frequently a consideratioApart from their

reporting on the frequency ofuxh considerations, the diversity of attitudes surrounding the

perceived relevance of disposal to purchasing emerged in responses. For instance, one
purchaser said that disposal “itembsgireporeantal |y no
thing is thatthe product does the jol. A n ot hNorit's acha factor. It'is important to get

what people want. Everything comes in packaging, but | can't changé @rathe other end

of the spectrum,oné a b ma n ages, I almost alvehys consider disph especially if it is

toxic! We are dealing with some hazardous products, we work with carcinogens, so | think

about it. | care bout the health of my lalma t drgernfediate levels of attention to disposal

were also voicedone person mentioned sheawr k ed wi th the university’
get ridof Keurig disposableoffee pods to reduce daily waste generation.
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Importance of Sustainability

The participants were alsaskedhow, if at all, environmental sustainabilityjpacts their

purchase deisions at MITAbout half of respondents saithat sustainability or material
conservation plays little to no role in their purchasimgile the other said it does play a role
Some also provided reasons for why sustainability is not a consideratiemerson explained
that there is no option to purchassustainable alternativefor the chemicals theyeed.

Another person felt that she was not provided enough information to know what products are
mor e sust ai nlatdkésdme tosfiguee o Wait ptoducts might be more
sustainable, and | haven't taken the time to that. It is something | wish NI would do.

Maybe they could dgreen labeling in the catalog whenysue ar ch f or cert ain
different participant explained that one baer to buying more sustainable products was price;
when referencing printer paper, e a i | think tie paper we buy has a recyclezhtent, but |
don't s eRedycled prodocts tn general tendlioe  p r These guotatidns reflect the
emergentthemethat the current purchasing process does not facilitate sustainailignted
behavior.

Others who said thydo think about sustainabilitjmentioned that as a result, they select
products such as paper with recycled content, soap and cleanirdypte that are more
natural, disposable items that are recyclable or compostable, appliances that are £targy
certified, and chemicals that have a longer shelf Tieisdiversity of responses is indicative of
the diversity of interpretations of whatustainability means for material goods.

The interviewees were also asked how strongly they feel about material conservation and
recyclingoutside of workand to provide exampleg&leven participants described feeling
strongly about material conservatiand recycling, while the other five described a low or
medium level of commitmentMost, but not all, individuals that reported a high interest in
conservation also said they dbink about product sustainability in their MIT purchasiiige

less conserv#on-minded individuals reported conflicted feelings on the topic. For instance,
one per s onlweuldput myself il the category of wanting to do the right thing, but
not always knowing how to do it, especially if it seems complicatedT w ors & it di teere’ |
is there not a large burden or cost associated with it, | will make the environmeritab i c e, ”
“We try to be aware of it, but it's not the erall-be-all decision for u§. Fourteen people
referenced recycling and composting as exésf their conservation efforts. Seven people
mentioned reusde.g., washing and reusing Ziploc bag®j opting for reusable items (mugs,
shopping bags, etc.) as examples. Only four individuals mentioned waste reduction efforts,
which included such betvior as discontinuing the purchase of plastic straws and awpid
packaging.

Potential for Reduction in Purchasing

To understand the purchasers perception of
they were asked if they could purchase a derajuantity of products, or use products more
carefully or for a longer period of time to extend the usable lifetime. There was a mix of

positive and negative responses to this question. Multiple people reported there was little to
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no room for reductionespecially when they an@sponsible for purchasiigor ot her s
research/work needs On e p er s dinereéshgdlyaoomte meduce, as little goes to
waste. Before buying, especially if | only need a small quantity of a something, | email out to
other managers to see if they have extr@thers expressed that some purchases simply are
required and cannot be reduced, such as gases. One instructor said that he buys extra
mat eri al s on Redundanoysissimportara pecansg studénts area@hort

timeline; by buying extra, there are spare parts in case a student loses one or blows one up.
Anything that goes unused | keep and stockpile for future’use.

Some purchasers explaiti¢hat they feel the culture is thenain obstacle inhibitinghem from
conservatiom efforts.One par t i lcam fryng tb gespaapld to feusable plates/forks
with limited succs s . It takes a culture changkwish | n a
some things were culturally common, like refillablenpeButpeople like their specific peris.

A few different people brought up purchasing in bulk, but had differing opinions abdDné.
personmentionedthats he doesn’t have sufficient room t
bulk. Anotherindividualsaid,“We are careful in that we buy in bulk to save money, but not

buy so much that we don't use’itHowever, othersndicatedthat the economic incentive to

buy in bulk was counteproductive for sustainability in that it encourages purchasing mor@ of

given productOne participant said'l also don't always want to buy a smaller quantity,

because it is cheaper in larger quantities.

When asked if they ever buy used or secoaith products for MIT, about twthirds of the
interviewees said no, and erthird said yes. The products they mentioned buying secondhand
included scientific equipment, furniture, glassware, cameras, and lefibese isstill significant
opportunity for purchasers to increase the percentage of goods they purchase used, rather
than new.

In addition, interviewees were asked if they knew of any-bff€red incentivego eliminate
excessie consumption or reduce wasté.he intention of this question was to learn how aware

of existing programs purchasers akalf of them said nahey did not think such incentives
existed. The other half mentioned various programs and practices such as the MIT reuse email
list, the Furniture Exchange, composting in dining hadger bottle refill stationsand

electronic recycling collectionThe only mention of an incentive related to purchasing was that
the university suggests that they buy recyclable toner cartridges.

Opinions on Sustainable Materials Management Initiatives

The patrticipants were asked what would best enable them or thgyadenent to respond to
incentives for materials conservation (such as buying only as mumteaseeds, reusingor

recycling. Six of the purchasers mentioned they would like more information on
environmentallypreferred vendors and/or products. Foringt&a e, one pulr chaser
would help to have simplified information, such as a buying or recycling guide. Ideally it would
be concise and have general principles. O tsiminrresponses includetl, would like
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information on what is environmentallyreferred. And recommendations greferred
sustai nabl e lwoadlikethescongdct teamtadtagitems as preferred on [the
online catalog]f it is more sustainable, and then | would just buy it

Another purchaser mentioned that more infoation on how to manage products at their end

ofl i fe woul d al s o whneguidamde prfhaw to propdnlyedead vaith ittms  “ |

bought with MIT money, because | feel responsible for anything our office uses that is MIT

owned.” Aside from informaibn, there was also mention (by a different participant) of wanting

MI'T to more strongly encourage a “repair cul't

Furthermore, i was noteworthy that three individuals said they would like some system for

top-down recognition for materials conservatn e f f o r t $laving aCknosvledgemerd , “

that you saved department money does a lot to motivate pedple.An ot her per son sa@
“Having direct incentives gbme sort walld helpme-pr i zes o Adifferentuses. ”
purchaser made a related, but slightifferent suggestion; she saitMIT is so stats driven. It

would be great to get feedback and a monetary reward for reduction. Measured feedback. A

tangble incentve would help the [Principahvestigatorlenforce and pay attention to

environmental séety.”

Other ideas mentioned related to logiséil improvements. One scientista i | Buy a 16t of
nitrogen gas, which takagp a lot of space. Wwould be even cheaper if there was a midrolk

in the building that could supply higburity gas: S tplaineé tkat this would cut down on

the number ofgascylinders and deliveriethat labs in the building would order. Another
purchaser responded sayirng,would like there to be stockrooms on campus. Having minimum
order sizes can be limiting, so it wdwe convenient to be able to buy one or two small things
from a stockroon.

The participants were asked whether they would or would sugpport a policy in which MIT

required that staff/faculty purchase a certain type of prodtmt the purpose of impreingthe

feasibility of ecycling, refurbishment, and repair to extend the life of such potsl Seven

people said they would support it, two people said they would not, and seven people said they

would support such a policy for some, but not all, prodeategories. The individuals with this

third opinion mentioned that prodctssuch asomputers, which involve technical choices

would notbe well suited for that type of policyHowever policies limitingor standardizing

purchases of furniturevere viewed as more acceptable. Multiple individuals specified that

such a policyf standardizatoowoul d be reasonabl e, as |l ong as
negative consequences. One person said, long as it doesn't interfere with quality,

convenience, angrice, | would be okay withit. Anot her “pAesr 4 ®wm gs aisd,t he f
of the product i s g ®otte othér hand) thdselthabde nod sugpprto r t 1 v e
the hypothetical policy made comments, such‘@n a campus like this, | think gae

automa i cal ly r esi st ltisHanid fogre tolsuppos it, bebaase it limasn d  “
creativity”

122



Additionally, participants were asked if they would drop off unwanted durable products for
recycling, repurposing, or reuseMiiT offered a spcificdrop-off location intheir building.
Fourteen people saiges and one person (a staff member within EHS) said that their building
already has this type of designated spot in the basement and it works well. Some comments
about such asysteminclude t h e f bldvihgoawedicaged space is important. Rigpw

t here i s a | dtbikkaphlysical lpcatorewolld ba evdn easier than an online
list” The only part i csaipthatpeopld immhertdepartnent carkeetigtdrei ¢ a |
unused equipment in the basement, and suggested another system would not be néeded.
few participants mentioned existindtarnative methods for getting rid of unwanted goods,

such as th&reuseemaillist, Atlas requestor pickup of large electran waste and donations

t hr o Ghpdsetb Reuse event s.

The participants were also asked whether or not they would use a univevilty online

platform in which theycould notify the university thathey had unwanted durable good® be
picked up. Fitten of the sixteen participants said yes, and only one said riew people
mentioned that they would prefean online platfornto a physical dropff location Others
described specific features of a Yesedthohiat f or m
would be logistically important that | don't have to be there for the actual pick Apother
personsaid,“There would need to be a graphic user interface and be user friéridigtly, one
person said;If | found out it was reliable | woultbntinue to use it. If it wasn't reliabléwould
stop.” The fact that the idea of an online platform for sharing durable goods was viewed so
favorably among this group suggests that the larger MIT population would probably make use
such a system.

Findly, & the end of the interview, each participant wasked if they had anguggestions for

how MIT could helphem or others make purchasing and/or disposal decisithia$ were more
sustainableThe most common recommendation was for MIT to flag sustdear
environmentallypreferable products on the online catalog. Five people suggestedAlsieine

person said;| wish [the online cataloglkould show which options are more sustainable. |

would like to see some pepp window, symbols, and suggestiofa substitutions about what

is environmentally preferred.Si mi | ar | y, another purcdieerser sai d
product indicators combined with asearchfi er f or s u s tTheiinteavibWwse pr oduc
revealed that several purchasers do nelthat it is currently the purchasérs r esponsi bi | i
researchvendors and productsOn e par t i ¢twopldiliketProsugeinent,andthe

contracts office to do the research and leg work to identifynparable sustainable products

and ensure thewre good quality ”

One participant pointed out that having information on sustainable produasldnot be
sufficient; the university alsneeds tosignal to purchasers that sustainable procurement is a
priority. Tig=bhallengexipthatithermerd sustdinable product was more costly,
| would feel it is important that we get the gghead from senior leadehnsi fpecause only then
would | feel comfortable spending the extra moreyhis comment draws attention to the
importance ofsynchronimg messaging and incentives across different institute levels when
creatingpolicies and programd$?urchasers will be more likely to select environmertally
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preferred items if they (1) have the information to make such a choice, and (2) if there is a
diredive explicitly encouraging the more sustainable option.

Another suggestion for encouraging sustainable purchasing and disposal was to incorporate
information on the topic i nt dheHRwdlcbmetpaclkei ni ngs
should have iformation on recycling, for instance on where to put batteries, so they can learn

from the getgo when they startajobhere. Si mi | ar | vy, swslmneedada el se s ¢
training once a year or something like that about sustainability resour&dber suggestions
included having more space for storage, <creat
“circulation of unwanted goods between departmerits.

Conclusions from the Interviews

The sixteen interviews conducted with MIT purchasers werklhigformative for
understanding behavioral drivers of purchasing, level of interest in and ability to make
sustainable purchasing and disposal choices, and receptiveness to potential policies and
programs.

The interviews demonstrated that purchasing befor is impacted by a variety of factors and
systems, including:

Office/university culture

Personal values

Purchasing mechanisms

Habits

Budgets

Incentives

Demand

Knowledge

= =4 4 -4 -8 -4 -2 -9

Some of the most important findings from the interviews include:

1. MIThasastrongcul ture of choice” in which purcha
accustomed to being able to select any product they want odn&eth very few
restrictions.Purchasers generallgélthey have a high level of freedom in the
purchasing process.

2. Purchasersr@ accustomed taand comfortablewvith making purchases from MAT
preferred vendorsThey view these purchasersrafiable and vetted.

3. The most important factors purchasers consider when making a purchaspradeict
quality, affordability, delivery timeandt h e p r swithhility fof tise required task

4. Purchasers are ofteut not alwaysresponsibleor disposing of the items they buy.
Manywish they had more information about aoto disposeof or get rid of items in an
environmentally favorable marar.

5. Purchasergenerally value sustainability amde accustomed to recycling, but want
more information on how to make more sustainable choid¢éswever, purchasers had
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mixed levels of receptiveness to the idea of having limited purchasing options for the
sake of sustainability.

6. Purchasers woultlike to havegreendisposal guides, gredruying giides, and
sustainable products tagged on the online catalog interface.

7. Purchasers would be motivated by instituta departmentwide recognition for making
sustanable purchases or conservation efforts

8. Purchasers want the university lmve an explicitlirective dictatingsustairable
purchasing is a priority, since this would allpurchasers to makpurchase decisions
on the basis of sustainatli evenit ismore costy.

As is the case with many intervidvased studieshe findings mightoe strenghened by a

larger sample size of interviewee$hat said if this interviewbased study were to be repeated
at another university or organization, the priority shddde placed on interviewing a diversity
of purchasers with different roles and from different departments (administrators, scientists,
instructors, students, operations staff, etc.). This is likely more important than simply
interviewing a large number giurchasers.

Additional conclusions from the interviews can be found in Chapter 7 (Discussion and
Conclusions). Specifically, that is where the reader can find recommendations pertaining to the
design of programs, incentives, and policies for helping @sefs make more sustainable
choices.
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Chapter 7: Discussion and Conclusions
Chapter 7 Abstract

This chapter contains a discussiortloé resultsof this dissertationincludingidentification of

the most meaningful implications from the material floweadysis and greenhouse gas
estimates. The chapter also includes methodological lessons learned from conducting this
research, and th@redictedgeneralizability of the methods of analysis. Additionally, it provides
recommendations for how MIgan increas¢he sustainability of its materials management
through purchasing policies, organizational changes, and progfEmschapter also provides
recommendations for how to improve data collection and management for the purpose of
conducting an MFAShortcoming of the study, opportunities for improvements, and
recommendations for future work are also discusdeastly, the author reports personal
thoughts and reflections on the proceskconducting the project and itsnplications

Revisiting the Research Gigjtives

The original research objectives from Chapter llmsted below, andare revisited to briefly
address how each objective was met in this thesis.

O1:Characterize thenaterials flow profileof the campus, revealing consumgti patterns

for various material groups

Outcome:This goal was achieved by gathering a diverse collection of data sets, which when
pieced together were useful for cataloging the material flows of different material groups.
Significant time was spent normalizing product andfuaterial categories to allow for

analysis by category. Consumption patterns were assessed by different lenses, such as
temporal variation, purchasing entity, dollar expenditure per category, etc.

02: Quantify the material inflows, stocks, and outflowgénms of dollar value or mass
Outcome:This objective was accomplished. Inflows were primarily quantified by dollar
value, and a proebf-concept was used to estimate the mass for a sample of purchases.
Stocks were quantified by dollar value at their timfgpurchase, as well as by the number of
units, which are vary in mass per unit. Outflowsostly waste-were quantified by mass,
since such data had been collected by the hauler and the Department of Facilities.

O3:1dentify the universityprocesseiactivitiesthat have thelargest material cost
Outcome:Material cost was measured the following ways(1) expenditure by product
category, (2) material spend by organizational wgtg., dollars spent on material goods by
research group, (3) greenhceigas emissions of purchasing and waste management,
allocated by product category.

O4:Characterize therganizational structur€including the degree of centralization) of
materialspurchasing and disposal decisiars campus
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Outcome:The organizationatructure of materials purchasing and disposal was
characterized first by conducting-person interviews, which revealed important qualitative
features of the environment, platforms, and values that influence purchasing. The degree of
centralization in prchasing was measured by the number of distinct buyers per a given

time period of product category. The degree of centralization of disposal decisions was
made apparent through discussions with wastéated stakeholders within the university.

O5:Recomnend institutional opportunitiego increase materials sustainability via

institutional policy, organizational changes new programs

Outcome:A set of recommendations is provided in this chapterd waglirectly provided

to key university decisionmakes , such as MI T's Officegheof t he
Office ofProcurement and Sourcing, and the Office of Sustainability. These

recommendations were also summarized in the public dissertation defense, which occurred

on March 6, 2020.

MethodologicallLearnings andContributions

This research demonstrates that MFA can be applied at the univéesi®y, and provides a

general procedure for howo do sa To carry out the MFAmaterial flows were characterized

using a combination of product and neaital categories, and a new, universgigecific material
taxonomy was created. This case study demonstrates that an MFA of a university requires the
use of a portfolio of diverse methods, which deliver different outcomes that then must be
pieced together.

Specifically, the collection of methods used in this study were the following:
1 GeneralData Analysis:
o Statistical analysis
o Data visualization
1 OrganizationdBehavioralAnalysis:
0 In-person interviews
o Coding of interviews
9 Categorization of flows
o0 Developmat of a custom material taxonomy
1 Analysiof Material Inflows
o Natural language processing
1 Analysiof Material Stocks
o Calculation of product lifetimes
1 Analysioof Material Outflows
o0 Waste audits
1 EnvironmentalmpactAnalysis
o0 Adapted version of Econominput Output Life Cycle Assessment
o0 EPA Waste Reduction Model (WARM)
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While these exact methods are not required to conduct an MFA of a university, it is clear that a
systemsoriented approach and a set of interdisciplinary methods are needed to characterize
the material flows of a complex institution.

This study illustrates thataerying out an MFA for a universitampus can be challenging.
Below are some of the most significant challenges, along with strategies implemented by the
author to overcome the obsicles to performing an MFA of a university.

Data Sharing Concerns

Challenge:University administrators and operations #tavere reluctant to share data,
due to concerns about data security and potential misuse.

Strategy:The author formectonnectionswith operational and administrativentities

within the university that were involved in the collection and management of

institutional data. It was also mutually beneficial ttevelop a working partnership with

the relevant entities guiding sustainalylicommitments including academic research

groups andtheuniveri t y’' s Of f i c €&urtkefmor§,ths author fomndit | i t y .
helpful to inform senior financial administrators about the project getherate

excitement about the researchthese admimstrators werethe individualsvho were

positioned to approve the sharing of data with the researcher and implement
recommendations arising from the project’s

Lack of Data Governance

ChallengeThere were no existing procedures and rules esnimg the collection and
use ofdata(coming from several different offices and departments) for academic
research. Despite there beirggclear presence of data, tteevnership of and policies for
sharing that datavere unclear(i.e., lack of data governae)

Strategy:The author worked with administrators and university lawyers to develop a
Memorandum of Understanding (MOU) that outlined a contractual agreement for data
sharing and use. An MOU enabled the author to do her research, but came at significan
cost in terms of time and bureaucratielays. In additionthe author maximized

security by accessing the data via passworcktected databases that were stored on
secure, MIT servers. She avoided storing data locally. To easily access the data, she
utilized a webenabled platform for analyzing and visualizing data (Tableau). This
platform also allowed for easy sharing of findingth colleagues

System Complexity

ChallengeMeasuring material inflows is especiallyngplex, because there are multiple
ways to purclase goods for/at the universitand because MIT does not collect product
weights.
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Strategy:One lesson learned from this project is that quantifying the mass and material
flows from inflows and stocks is much more difficult than it is fatiflows. In order to

cope with the limited data and complexity of the system, the author decided to
streamline the data collection process as much as possible. She prioritized (1) using
centralized data sources over decentralized, (2) capturing largerrabti®ows over small
flows, and (3) normalizing the flows by dollar value instead of mass.

Data Quality

ChallengeThe data sets were in a variety of formats, incomplete, difftcult to
process

Strategy: The author recruited help from other individis with useful data
manipulation skills. For instance, she hired an undergraduate majoring in computer
science as a research assistant to help with data processing. This interdisciplinary
collaboration resulted im novelapplication of natural languagegessing, and also
allowed for more efficient division of labor.

Generalizability of Methods of Analysis

SpecifiaMFA findings of this study wilkely be most similar tother technical universities with
large science and engineering programs. Havghe methods are relevant faa wider set of
institutions. Although thestructure of every university somewhatdifferent, the primary
methods utilized in this studganbe appliedto any university campus seeking to do an MFA.
Undoubtedly, there are@ne universally purchased material streams (such as paper, furniture,
printer toner, and computers) among colleges and universiiesthermore, the analysis used

in this study naytranslate well for analyzing the material flows of corporate campuses.

It is possible that there i@ minimum set of activities that characterize universitgterial
consumption storage of materialsand dispersion of wastesHowever, since this dissertation is
primarily a case study of one university, it cannot identify éxact set of activities, aylobal
indicators of material intensity.

To maximize chances of success; aniversityconducting thisa project of this sizehould
ideally have cooperation frortne following stakeholders:

1. The group(s) working on sustaindéityi of campus operationg.g.,0Office of
Sustainability
The group that oversees procuremem@or sourcing of products
A project lead wha@an dedicate time and energy to getty to know the campus system
An organization or individual comrtetd to funding for theproject
Highlevel administrators, who will prade authority for data sharing

arwbd
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Recommendations and Opportunities for Improweent

This section offers two general categories of recommendatione relating to data collection
and management, andnother relating tanstitutional behaviorand policies. The diversity of
these recommendations stems from the fact thhtg¢ work not only advanceaicademic
researchput also served agpportunity to use auniversitycampus as a living lab, tastbed

Recommendations for Data Collection and Management

1. Start the process of data collection early, as there mag lage lead time to acquire
purchase record data. It may also take titoedeveloprelationships with different
departments/entities on camps.

2. The following purchase record attributes will likely beralue forcarrying out arMFA
with an environmental impact analysis

Product Description

Quantity

Purchase Date

Product Categorye(g., UNSPSC or SKU)

Supplier

Manufacturer

Purchasing entity

Price

Shipping and/or product weight

Packaging weight and material

Manufacturer origin and shipping method

If available product material or bill of materials

1 Product certifications for stewardship / sustainability

3. Identify an individual or small group afdividuals to nanage all of the MFA data.
Having a dedicated data manageill improve consistency, maintenance of privacy, and
ease of sharingFurthermore, it wilmake it easier to repeat a project like this in an
attempt to measure change over time.

4. Camnect with suppliers, as they often hold more specific information on material goods
purchases than the university. However, the university may not receive that highly
detailed information unless it requests it.

= =4 4 4 -4 -5 5 -5 -5 -5 -9 -9
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Recommendations for @anizationalPoliaes and Materials Management
Strategies

The | i st below are the author’s recommendati o
management strategies based on her findings from the MFA. While these recommendations are
based on t he c ateralflevs, many of thdm aid likély applicalzle to other

universities.

1. Improve and increase resource sharimighin the university

1 Encourage the use @inline sharing orguse platform These platforms might
require a university login and might lmeanagel by a university committee or
existing office (e.g., Property Office or EHS)

1 Crate a webbasedintra-universitychemical inventoy. Having a organized,
up-to-date digital chemical inventory systemould better enablesafe chemical
sharing.Such a systemwould allow labs to first check to see if another lab or
group has a surplus ofgarticular chemical before making a purchase.
Increasing chemical sharing not only avoids unnecessary purchasing, but would
reduce the quantity of hazardous waste due to thisposal of expired chemicals.

1 Establish better communication between departments regarding
material/productinventories At present, material resource sharing between
departments and within departments/units is not formalized. Currently, at MIT,
inventory information is only maintained at thdepartment orgroup level This
is likely due to the fact that departments or labs have sapmbudgets because
of the institutional financial structurelf the university creates formal
mechanisms to encourage dafiments to consider the larger community as a
resourcefor materials sharing, the entirgystem can achieve more efficient
material allocation/use.

2. Establish antractswith major suppliers hat include sustainability language and require
the provision othigh quality data

T The specific sustainability | anguage in
priorities relating to material consumption and environmental impacts.

1 This language might be developed by a committee including: lawyers,
procurement and sorcing staff, staff from the Office of Sustainability,
researchers with relevant expertise, and purchasers familiar with the purchasing
system.

3. Incentivize sustainabilitpriented purchasing

1 Labelenvirormentally preferred products on thentine purchasig platform
1 Make it easier to purchase secohdnd and refurbished products
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1 Enable lnlk purchasindaggregated for multiple purchases) of ubiquitous items.
Bulk purchasing should only be encouragedpi@mducts that ardrequently
purchased anare oftenused in large quantities. Bulk purchasing should only be
encouraged for products that have long shelf lives andeaigly storede.g.,no
refrigerationneeded. Bulk purchasing would avoid repeated purchases that
consumeenergy from shipping.

Vet prodicts / suppliersvith environmental stewardship

Subsidize or mandate produdtsat are environmentally preferable without
compromising quality / function

= =4

4. Reduce packagimy purchased goods.

1 Establish or expandnecampus stockroomfor the distribution d commonly
purchased products. There might be a few types of stockrooms strategically
located on campus near the eadser. For instance, a university like MIT might
have a lab supply stockroom that carries lab gloves, pipette tips, petri dishes,
etc., as well as an office supply stockroom that carries printer paper, staples, and
printer ink.

5. Maintain better data on material stocker the purpose of tracking and sharing.
1 Createandrecordd chai n of ¢ u s-intendve purcliases, everaift er i a |
thoseproducts ardow in dollar value. Givetat the individual making a
purchase may not be the end user of the productyould be helpful to track
whichindividuals are responsible for storing and disposing of a product.

Future Research

Ideally, conduahg an MFA of a university would involve high quality dsignificantfinancial
resources, andubstantial time. Such conditions might allow for more detailed and/or
extensive MFA results. For instancethna greater budget, morevasteauditscouldbe carried
out using paid labor or waste consulting servicEsis might increase the accuracy of
composition averages and provide highresolution material categories as needed. With
additional data on donations and resale, one could estimatenlags of meerials leaving the
universityas donations or items for future reuse outside the instituféese goods include
collected items from book drives, student meweand moveout days, and other reuse
channelsLastly, and most importantly, if the universitiere to require its vendors to provide
more information on the products purchased by MIT, researchers could much more efficiently
conduct an MFAIn particular this would be made easier with specific information about
product type, product weight, and nberial type and/or bill of materials.
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There are many opportunities for future research that would expand on or complement the
body of work presented in this dissertation. Some of these possible opportunities are listed
below:
1 Establish methoslfor identifying material typeof procured products
1 Establish a method for estimating the mass/weights afqoired productghaving
shipping weights makes this much easier)
1 Estimate the quantity of material stocks on campus for purchased goods that are not
tracked bythe accountingaudit office
1 Analyzeother environmental impactfrom material consumption (e.g., human toxicity)
1 Repeat the MFA for MIT for another year (e.g., 2022)
1 Conduct MFAfor a diversity of colleges andiversitiesand compare thento learn
how material consumptions varies by technical/ntechnical, urban/ural,
research/liberalarts
1 Conduct ase studiesmboutspecific material categories (e.g., paper products, lab
equipment). This might better enab&ecuratelife cycle analyses @ilow for
researchers to identify more specific products that are problematic.

Conclusios

Measuring Impact

This researcimeasured the environmental impact of purchasing and waste disposal using
global warming potential, or greenhouse gas emissions. Although taisimportant metric of
environmental impact, it is only one of many possible metrics one might use. Going forward, it
will be important for MIT and other universities assessing their materials footprint to determine
which metrics are more relevant to theand the vaiety of materials they consume.

Some examplesf other environmental metrics that might bd celevance are listed below.

Each metric is also labeled as either negative or positive. A negative measure is one that we
aim to minimize. A positermeasure is one that we aim to maximize.

Embodied energy (negative measure)

Quantity of waste generated (negative measure)

Percentage of outflows recycled, reused, resold (positive measure)

Use lifetimes of products by type (positive measure)

Percentage bwaste reduced (positive measure)

Percentage of purchases made from renewable materials (positive measure)
Percentage of purchases made from recycled content (positive measure)

Use of fossil fuels or other nenenewables (negative measure)

Toxic im@ct onhumans(negative measure)

Toxic impact on ecosystems and organisms, known as Ecotoxicity (negative measure)

= =4 8 -4 -4 5 5 4 9 -9
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Selection of these environmental metrics may be overwhelming, due to the quantity and
specificity of data needed to measure them.ll|Stiniversiies can narrovthe scope of their
impact assessment by first identifying their own priorities. For instance, a university might
benefit from going through the exercise of prioritizing the following environmentalgted
goals, so as to then better setaneaningful metrics:

1 Eliminate unfavorable (e.g., toxic, noenewable, scarce) materials
Improve recovery infrastructure
Increase recycling / source segregation
Improve material efficiency
Increase resource sharing
Minimize local environmental impacts.¢g, air pollution)
Minimize global environmental impacts (e.g., climate change)

= =4 4 5 -8 -4

It should be noted that, &yond environmental impact, there are other potentially important
metrics available for assessing social and economic is$iggsnstance, niversties might be
interested in(a)analyzing purchasing from the perspectivea@men and minorityowned
businesseg)b) sourcing from local businesses,(ojavoiding childabor through responsible
sourcing.

In addition to identifying the metrics of iatest, a university conducting an MFA should also

take time to consider what material flows they are most able to realistically change. The

research group should think about what materials/products areldaest essentiahnd/or

unimportantto theuniversiy ° s mi ssi on &vedthodgh MIThas&longct i ons.
standing culture of choice with regard to purchasing, for some less essential products that have
basic functions, a policy for purchasing a particular type or quantity might have minimal impact

on purchasers and i nst shouldtalso identifjnthesnsmter@lristreanish e uni
they believe are most problematic (be it for cost, environmental impact, etc.). It may be most
useful for the research group to perform this exercise at thetstad end of the MFA process.

This process can help to shape the focus of the MFA, as well as the policy recommendations

that come out of the study.

Perspective of the Researcher

Conducting a material flow analysis of my home university was a giant @hilggt | learned
how the institute collects and manages data, how it functions organizationally, and how
operational and academic priorities differ. After four years of working on this project, | have
learned that conducting an MFA of a university campguhallenging if sufficient data it
available.

A few of my findings and observations have generated some pessimism. It became clear to me

t hat t he waeuiemeatrarsdiwasie managemestare disconnected and do not have

sufficient incentiveso connect for the sake of efficient materials managemefdditionally,

the university’ s |l ack of commitment to coll ec
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disappointing-especially given that MIT has such vast technical resourckanscience
Furthermore, | noticed that there were competing interests among different stakeholders and a
prevailing priority of cossavings among different groups. This suggests that there needs to be
a directive and prioritization of sustainable materials managemeanhfthe highest level
administrators of the university.

However, g ner al | vy, I am optimistic about the futur
MIT has a long way to go to becoming efficient in its material consumption, | believe there are

paths forward to improvement. University purchasers care about sustainability and want to

know how to change their behavior via environmentadlyented purchasingnd disposal.

FurthermoreMI| T' s Of f i c e otle Ef/woaneatal Bokutionslinitidtiyeaver n d

shown strong interest in and dedication to sustainable materials management. Thiswetles

for the recommendations being implemented BYTin the near future

The Way Forward

The qualitative and quantitative data, as well as anecdotal observatiodigate that MIT has a
linear economy. In other words, most materials are purchased, used, and thrown away. For
MIT to achieve a more sustainable system of materials management, it must transition toward
a circular economy. In a circular economgterials are in use for as long as possible and their
value is maximizeduring this use phase. Then at the end of their useful life, the materials are
recoveed andrecycled and/or remanufactured into new products. Reuse, resource sharing,
and the utilizatiorof secondhand markets are crucial to such a system.

Figure32 shows a vision of what material flows might look like in a university campus aspiring
to transition toward acircular economy. In this more sustainable scenario uhieersity

reduces its inflows and outflows, and increases the quality (and perhaps size) of its stocked
resources. By keeping this stock wellentoried, the university can keep trla of what it

already has andhaximize the utility of each product. Istuniversity reuse and resource

sharing would be emphasized. Whererpossible unwanted materials would be sent back to
manufacturers that have Extended Prasu Responsibility programs. Alternativetpme

waste streams might be managed locally via aeidized waste management (e.g., sredhle
anaerobic digestion of food waste).
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Manufacturer take-back programs

Reuse

Manufacturers
and Material Inflows
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Figure32: A system diagram of a university campus that more closely resembles a circular
economy of materials management.

With adequate data, d@aboration between stakeholders, and knowledge of baseline material
flows, | believe MIT and other universities can make substantial improvements in the
sustainability of their materials management systems.
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Appendices

Below are a set of appendice’hey intude large tables, more detailed information, photos,
and full versiorof methods used in this thesigrhich were too large or cumbersome to include
in the main body of the thesis.
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1. Material Taxonomy

This is the full material taxonomy created by the authts categories use a hybrid of product and material descriptions. It was
designed specifically to characterize the material flows of a university campus. This taxonomy can be digitally prokigled by t
author, Rachel Perlman, by request.

Code Level 1 Title Level 1 Code Title Level 2 Code Level 3 Title Level 3 Code Level Title Level 4 Code Level 5 Title Level 5
Level 2 4

MF.1 Biomass MF.1.1  Crops MF.1.1.1 Cereals

MF.1 Biomass MF.1.1  Crops MF.1.1.2 Roots, tubers

MF.1 Biomass MF.1.1  Crops MF.1.1.3 Sugar crops

MF.1 Biomass MF.1.1  Crops MF.1.1.4 Pulses

MF.1 Biomass MF.1.1  Crops MF.1.1.5 Nuts

MF.1 Biomass MF.1.1  Crops MF.1.1.6 Oilbearing crops

MF.1 Biomass MF.1.1  Crops MF.1.1.7 Vegetables

MF.1 Biomass MF.1.1  Crops MF.1.1.8 Fruits

MF.2 Biomass MF.1.1  Crops MF.1.1.9 Coffee

MF.3 Biomass MF.1.1  Crops MF.1.1.10 Tea

MF.4 Biomass MF.1.1  Crops MF.1.1.11 Chocolate

MF.5 Biomass MF.1.1  Crops MF.1.1.12 Candy

MF.1 Biomass MF.1.1  Crops MF.1.1.13 Fikers

MF.1 Biomass MF.1.1  Crops MF.1.1.14 Tobacco

MF.1 Biomass MF.1.1  Crops MF.1.1.15 Cotton

MF.1 Biomass MF.1.1  Crops MF.1.1.16 Flax

MF.1 Biomass MF.1.1  Crops MF.1.1.17 Hemp

MF.1 Biomass MF.1.1  Crops MF.1.1.18 Jute

MF.1 Biomass MF.1.1  Crops MF.1.1.19 Kenaf

MF.1 Biomass MF.1.1  Crops MF.1.1.20 Famie

MF.1 Biomass MF.1.1  Crops MF.1.1.21 Sisal

MF.1 Biomass MF.1.1  Crops MF.1.1.22 Other crops (excluding flaer crops)

MF.1 Biomass MF.1.2  Crop residues MF.1.2.1 Straw

(used), fodder
crops, grazed
biomass
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MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1

MF.1
MF.1

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

Biomass

MF.1.2

MF.1.2

MF.1.2

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.3

MF.1.4

MF.1.4

MF.1.5

MF.1.5

MF.1.5

MF.16
MF.1.7

Crop residues
(used), fodder
crops, grazed
biomass

Crop residues
(used), fodder
crops, grazed
biomass

Crop residues
(used), fodder
crops, grazed
biomass

Wood or wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wood a wood
derived products
Wood or wood
derived products
Wood or wood
derived products
Wild fishcatch,
aquatic plants and
animals

Wild fish catch,
aquatic plants and
animals

Live animals and
animal products
Live animals and
animal products
Live animals and
animal products

MF.1.2.2

MF.1.2.3

MF.1.2.4

MF.1.3.1

MF.1.3.2

MF.1.3.3

MF.1.3.4

MF.1.3.5

MF.1.3.6

MF.1.3.7

MF.1.3.8

MF.1.3.9

MF.1.3.10

MF.1.4.1

MF.1.4.2

MF.1.5.1

MF.1.5.2

MF.1.5.3

Products mainly from biomass

Food waste (mixed)

Other crop residues (sugar and fodder beet leaves, etc.)

Fodder crops

Grazed biomass

Wood (solid)

Plywood

Cork

Paper

Cardstock

Cardboard

Boxboard

Paper towels

Toilet paper

Paper tissue or napkins

Wild fish catch

All other aquatic animals and plants

Meat and neat preparations
Dairy products, birds, eggs and honey

Animal fibers, skins, furs, leather, etc.
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MF.1
MF.1
MF.1
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.2
MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

Biomass
Biomass
Biomass
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Metals
Nonrmetallic
inorganics
Norrmetallic
inorganics
Nornrmetallic
inorganics
Nonrmetallic
inorganics
Norrmetallic
inorganics
Nonrmetallic
inorganics
Norrmetallic
inorganics
Norrmetallic
inorganics
Non-metallic
inorganics
Norrmetallic
inorganics

MF.1.8
MF.1.8
MF.1.8
MF.2.1
MF.2.1
MF.2.1
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.2
MF.2.3
MF.2.4
MF.2.5
MF3.1

MF.3.2

MF.3.3

MF.3.4

MF.3.5

MF.3.6

MF.3.7

MF.3.8

MF.3.9

MF.3.1

Yard waste MF.1.8.1 Grass clippings

Yard waste MF.1.8.2 Leaf waste

Yard waste MF.1.82 Branches and other debris
Ferrous metal MF.2.1.1 Iron

Ferrous metal MF.2.1.2 Steel

Ferrous metal MF.2.1.3 Stainless Steel
Nonferrous metal MF2.2.1 Copper

Nonferrous metal ~ MF.2.2.2 Nickel

Nonferrous metal  MF.2.2.3 Lead

Nonferrous metal  MF.2.2.4 Zinc

Nonferrous metal  MF.2.2.5 Tin

Nonferrous metal MF.2.2.6 Gold, silver, platinum and other precious metals
Nonferrous metal ~ MF.2.2.7 Aluminum

Nonferrous metal  MF.2.2.8 Uranium and thorium
Nonferrous metal ~ MF.2.2.9 Other nonferrous metals

Products mainly from metals
Mixed scrap metal
Unspecified metal

Marble, granite, sandstone, porphyry, basalt, other ornamental or building stone (excluding sl
Chalk and dolomite

Slate

Chemical and fertilizer minerals

Salts

Limestone and

gypsum

Clays and kaolin

Sand and gravel

Other nonmetallic minerals

Excavated earthen materials (including soil)
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MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.3

MF.4

MF.4

MF.4

MF.4

MF.4

MF.4

MF.4

MF.5

MF.5
MF.5
MF.5
MF.5
MF.5
MF.5
MF.5
MF.5

Non-metallic
inorganics
Norrmetallic
inorganics
Non-metallic
inorganics
Non-metallic
inorganics
Norrmetallic
inorganics
Non-metallic
inorganics
Norrmetallic
inorganics
Fossil energy
materials/carriers

Fossil energy
materials/carriers

Fossil energy
materialskcarriers

Fossil energy
materials/carriers

Fossil energy
materials/carriers

Fossil energy
materials/carriers

Fossil energy
materials/carriers
Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

MF.31

MF.3.1

MF.3.1

MF.3.1

MF.3.1

MF.3.1

MF.3.1

MF.4.1

MF.4.1

MF.4.1

MF.4.1

MF.4.2

MF.4.2

MF.4.3

MF.5.1

MF.5.2
MF.5.3
MF.5.4
MF.5.5
MF.5.5
MF.5.6
MF.5.7
MF.5.8

Products mainly from nemetallic minerals

Glass MF.3.12.1 Glass containers
Glass MF.3.12.2 Glass windows
Glass MF3.12.3 Glass mirror
Glass MF.3.12.4 Glass lenses
Glass MF.3.12.5 Other glass
Water

Coal and other solid MF.4.1.1
energy

materials/carriers

Coal and other solid MF.4.1.2
energy

materials/carriers

Coal and other solid MF.4.1.3
energy

materials/carriers

Coal and other solid MF.4.1.4 Peat
energy

materials/carriers

Liquid and gaseous MF.4.2.1
energy

materials/carriers

Liquid and gaseous MF.4.2.2
energy

materials/carriers

Products mainly from fossil energy products

Lignite (brown coal)

Hard coal

Qil shale and tar sands

Crude oil, condensate and natural gas liquids (NGL)

Natural gas

Acrylonitrile butadiene styrene
(ABS)
Polyamide (PA)

Polypropylene (PP)

Polyethylene terephthalate (PET)
Polyethylene (PE) MF.5.5.1
Polyethylene (PE) MF.5.5.2
Polyvinyl chloride (PVC)

High density polyethylene (HDPE

Polystyrene (PS)
Polylactide (PLA)

Low density polyethylene (LDPE), including film plastic



MF.5
MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.5

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics

Plastics
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas

Chemicals and
compressed gas

MF.5.9
MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.1

MF.5.2

MF.5.2

MF.5.2

MF.5.2

MF.5.2

MF.5.2

MF.5.2

MF.6.1

MF.6.2

MF.6.3

MF.6.3

MF.6.3

MF.6.4

Polyhydroxybutyrate (PHB)
Epoxy

Polyester

Phenolic

Natural rubber (NP)

Butyl rubber (BR)
Ethylenevinyl acetate (EVA)
Polychloroprene

(CR)

Nitrile

Latex

Silicone

Neoprene

Chloroprene

Trionic

Acrylic

Polyurethane

Thermoplastic

Unspecified Plastic oo/mer
Pyrophoric

Water-reactive

Explosives MF.6.3.1
Explosives MF.6.3.2
Explosives MF.6.3.3

Acute toxic
chemicals

Potentially explosive compound classes

Explosive Salts

Potentially explosive chemical
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MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicés and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas

MF.6.5

MF.6.6

MF.6.6

MF.6.6

MF.6.7

MF.6.7

MF.6.7

MF.6.7

MF.6.7

MF.6.7

MF.6.7

MF.6.7

MF.6.8

MF.6.9

MF.6.1

MF.6.1

MF.6.1

MF.6.1

MF.6.1

MF.6.1

MF.6.1

MF.6.1

MF.6.1

Acute toxic gas
Peroxide Formers  MF.6.6.1 Class 1
Peroxide Formers  MF.6.6.2 Class 2

Peroxide Formers  MF.6.6.3 Class 3

Corrosives MF.6.7.1 Strong acids
Corrosives MF.6.7.1 Strong acids
Corrosives MF.6.7.1 Strong acids
Corrosives MF.6.7.1 Strong acids
Corrosives MF.6.7.2 Strong bases
Corrosives MF.6.7.2 Strong bases
Corrosives MF.6.7.2 Srong bases
Corrosives MF.6.7.2 Strong bases

Oxidizing agents

Reducing agents

Regulated

carcinogens

Antibodies

Enzymes (polymerase, ligase etc)
Cultures and fluids

Cross linking agents

Cytology reagents or solutions or stains (bio)
Eucariotic transfection reagents
(bio)

Polymerics (for making gels,

columns)
Media ingredients

MF.6.7.1.1

MF.6.7.12

MF.6.7.1.3

MF.6.7.1.4

MF.6.7.2.1

MF.6.7.2.2

MF.6.7.2.3

MF.6.7.2.4

Nitric acid

Sulphuric acid
Hydrochloric acid
Acedic acid

Sodium hydroxide
Potassium hydroxide
Ammonium

hydroxide
Ammonia

144



MF.6

MF.6

MF.6

MF.6

MF.6

MF.7

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas

MF.6.1

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

Carbohydrates
Lipids

Proteins

Nucleic Acids
Ligands

Buffers

Organic Solvents
Organic Solvents
Organic Solvents
Organic Slvents
Organic Solvents
Organic Solvents
Organic Solvents
Organic Solvents
Orgaric Solvents
Organic Solvents
Organic Solvents
Organic Solvents
Organic Solvents
Organic Solvents
Organic Solvents
Organic Solvents

OrganicSolvents

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.1

MF.6.25.2

MF.6.25.3

MF.6.25.4

MF.6.25.5

MF.6.25.6

MF.6.25.7

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Alcohols

Ketones

Aldehydes

Glycol ethers

Esters

Glycol ether esters

Aliphatic

MF.6.25.1.

1

MF.6.25.1.

2

MF.6.25.1.

3

MF.6.25.1.

4

MF.6.25.1.

5

MF.6.25.1.

6

MF.6.25.1.

7

MF.6.25.1.

8

MF.6.25.1.

9

MF.6.25.1.

10

MF.6.25.1.

11

Ethyl Alcohol (hand sanitizer)
Ethanol

Methanol

Isopropyl

Propanol

Butanol

Polyvinyl

BDH

Benzyl

N-propyl

OtherAlcohol
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MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF6

MF.6

MF.6

MF.6

MF.6

MF.6

Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressedjas
Chemicals and
compressed gas
Chemicals and
compressed gas
Clemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

Organic Solvents
Organic Solvents
Organic Solvents
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas

Compressed Gas

MF.6.25.8

MF.6.25.9

MF.6.25.10

MF.6.26.1

MF.6.26.2

MF.6.26.3

MF.6.26.4

MF.6.26.5

MF.6.26.6

MF.6.26.7

MF.6.26.8

MF.6.26.9

MF.6.26.10

MF.6.26.11

MF.6.26.12

MF.6.26.13

MF.6.26.14

MF.6.26.15

MF.6.26.16

MF.6.26.17

MF.6.26.18

MF.6.26.19

MF.6.26.20

Aromatic

Chlorinated hydrocarbons
Brominated hydrocarbons
Acetylene
Compressed Air
Ammonia

Argon

Carbon dioxide
Carbon monoxide
Deuterium

Ethane

Ethylene

Helium

Hydrogen

Krypton

Methane

Mixture

Nitric Oxide

Nitrogen

Nitrous Oxide
Octafluorocyclobutane
Oxygen

Propane
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MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

MF.6

Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas
Chemicals and
compressed gas

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.6.2

MF.62

MF.6.2

MF.6.3

MF.6.3

Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Compressed Gas
Dry ice

Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Cleaning agents
Paints

Medication

MF.6.26.21

MF.6.26.22

MF6.26.23

MF.6.26.24

MF.6.26.25

MF.6.28.1

MF.6.28.2

MF.6.28.3

MF.6.28.4

MF.6.28.5

MF.6.28.6

MF.6.28.7

MF.6.288

MF.6.28.9

MF.6.28.10

MF.6.28.11

MF.6.28.12

MF.6.28.13

MF.6.28.14

Semiconductor materials

Propylene

Sufur Dioxide

Sulfur Hexafluroide

Sulfur Hexafluroide / Argon mix

Other compressed gas

Hand soap

Detergent

Ammonia

Liquid bleach (sodium hypochlorite)
Powdered bleach (calcium hypdatite)
Borax

Sodium bicarbonate

Vinegar

Polishes

Carpet cleaners

Degreasers

Floor cleaners

Glass cleaners

Other cleaners
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MF.6

MF.7
MF.7
MF.7
MF.7
MF.7
MF.7
MF.7

MF.7
MF.7
MF.7
MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

Chemicals and
compressed gas
Electronics

Electronics
Electronics
Electronics
Electronics
Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

Electronics

MF.6.3
2
MF.7.1

MF.7.1
MF.7.1
MF.7.1
MF.7.1
MF.7.1
MF.7.2

MF.7.2
MF.7.2
MF.7.2
MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2

Other chemicals

Batteries
Batteries
Batteries
Batteries
Batteries
Batteries

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electronic Products

Electonic Products

Electronic Products

MF.7.1.1
MF.7.1.2
MF.7.1.3
MF.7.1.4
MF.7.1.5
MF.7.1.6
MF.7.2.1

MF.7.2.2
MF.7.2.3
MF.7.2.4
MF.7.2.5

MF.7.2.5

MF.7.2.5

MF.7.2.5

MF.7.2.5

MF.7.2.5

MF.7.2.5

MF.7.2.5

Leadacid batteries

Nicketcadmium batteries

Mercury-containing batteries

Alkaline batteries

Otherlithium or lithium ion batteries

Other batteies

CRT or flat screen

Fridges and freezers

White goods (&., washing nachines, dishwashers, and tumble triers) with hazardous components

Small household appliances (toasters, coffee makers, hairdryers)

Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and
telecommunicatio
n equipmen
Information
technology and

MF.7.2.5.1

MF.7.2.5.2

MF.7.2.5.3

MF.7.2.5.4

MF.7.2.5.5

MF.7.2.5.6

MF.7.2.5.7

MF.7.2.5.8

Desktops

Laptops

Mobile phones

Tablets

Printers

Photocopiers

Servers

Computer MF.7.2.5.8.1

components

Hard drives
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telecommunicatio

n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.2 Solid state drives / flash
technology and components memory
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.3 Graphics cards
technology and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.25.8.4  Networkcards
technology and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.5 Chassis
technology and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.6 Power Supply
technolog and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.7 Central Proessing Unit (CPU)
technology and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.8 Computer MF.7.2.5.8.8 Printed Circuit Board
technology and components
telecommunicatio
n equipmen

MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.9 Computer peripherals (keyboard,
technology and mouse)
telecommunicatio
n equipmen

MFE.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.1  VOIP phones

technology and 0
telecommunicatio
n equipmen
MF.7 Electronics MF7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.1  Projectors
technology and 1
telecommunicatio
n equipmen
MF.7 Electronics MF.7.2  Electronic Products MF.7.2.5 Information MF.7.2.5.1  Other IT
technology and 2
telecommunicatio
n equipmern
MF.7 Hectronics MF.7.2  Electronic Products MF.7.2.6 Consumer electronics (stereos, electric toothbrushes, digital camera)
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MF.7

MF.7

MF.7

MF.7

MF.7

MF.7
MF.7
MF.7
MF.7
MF.7
MF.7
MF.7
MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.7

MF.8

MF.8

MF.8

MF.8

Electronics
Electronics
Electronics
Electronics
Electronics

Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics

Electronics
Electronics
Electronics
Hectronics
Electronics
Electronics
Electronics
Electronics
Electronics
Other products
Other products
Other products

Other products

MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2

MF.7.2
MF.7.2
MF.7.2
MF.7.2
MF.7.2
MF.7.2
MF.7.2
MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.7.3

MF.8.1

MF.8.2

MF.8.2

MF.8.2

Electronic Products
Electonic Products
Electronic Products
Electronic Products
Electronic Products

Electronic Products
Electronic Products
Electronic Products
Electronic Products
Electronic Products
Electronic Products
Electronic Products

Electronic
Hardware
Electronic
Hardware
Electronic
Hardware
Electronic
Hardware
Electronic
Hardware
Electronic
Hardware
Electroric
Hardware
Electronic
Hardware
Electronic
Hardware
Multilayer
packaging
Composites and
foams
Composites and
foams
Composites and
foams

MF.7.2.7

MF.7.2.7

MF.7.2.7

MF.7.2.7

MF.7.2.7

MF.7.2.8
MF.7.2.9
MF.7.2.10
MF.7.2.11
MF.7.2.12
MF.7.2.13
MF.7.2.14
MF.7.3.1

MF.7.3.2

MF.7.3.3

MF.7.3.4

MF.7.3.5

MF.7.3.6

MF.7.3.7

MF.7.3.8

MF.7.3.9

MF.8.2.1

MF.8.2.2

MF.8.2.3

Lighting MF.7.2.7.1  Incandescent Lamps
equipment

Lighting MF.7.2.7.2 Compact Fluorescent Lamps (CFL)
equipment

Lighting MF.7.2.7.3 Halogen Lamps

equipment

Lighting MF.7.2.7.4 LED Lamps

equipment

Lighting MF.7.2.7.5 Fluorescent Tube

equipment

Electrical and electronic tools (handheld drills, saws, screed)v
Toys, leisure and sports equipment

Medical equipment systems

Monitoring andcontrol instruments

Automatic dispensers

Miscellaneous lab equipment

Otherelectronic products

Diodes

Capacitors

Electrical Relays
Electrical Connectors
Electrical Cables
Fuses

Resistors

Terminal Blocks

Other electronic hardware

Carbon fiber reinforced polymer (CFRP)
Glass fiber reinforced polymer (GFRP)

Sheet molding compound
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MF.8

MF.8

MF.8

MF.8

MF.8
MF.8
MF.8
MF.8

MF.8

Other products
Other products
Other products
Other products

Other products
Other products
Other producs
Other products

Other products

MF.8.2

MF.8.2

MF.8.2

MF.8.2

MF.8.3
MF.8.4
MF.8.5
MF.8.6

MF.8.7

Composites and
foams
Composites and
foams
Composites and
foams
Composites and
foams
Adhesives

Printer ink or toner
Wax

MF.8.2.4

MF.8.2.5

MF.8.2.6

MF.8.2.7

Waste for final treatment and

disposal
Unknown material

Bulk molding compound
Furanbased composites
Rigid polymer foam

Flexible polymer foam
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2. Purchase Records

The categorization of purchase subcategories into three larger categgaeds within study
scope, services (or negoods purchases), and goods outside of study scope. All analyses in the
thesis only include goods within the study scope, and exclude the latter two categories.

GOODSVITHIN THE STUDY
SCOPE
Adhesives, Sealants & Tape

Audio Visual Supplies & Servic

Books
Catering
Chemicals, Reagents, & Gaseg
Dining & Vending

Drugs & Pharmaceuticals
Electrical Components
Equipment Acquisition
Event Planning Services

Event Signage/Banners
Finishing/Binding Services
Fleet- Vehicles Acquisition
Flooring & Carpeting

Flowers, Gifts & Misc
General Hardware

General Industrial Supplies
Hw Purchase / Maintenance

Inter-University
Janitorial Services
Janitorial Supplies

Laboratory Equipment
Laboratory Equipment
Maintenance & Repair
Laboratory Supplies

Material Handling Equipment

SERVICES (OR NGR@MS
PURCHASES)
Accounting & Auditing

Airfare

Auto Rental

Berefits Administration
Charitable Contributions
Clinic Doctors
Computational Services
Corporate Insurance
Creatve Services

Data Storage &
Management

Database Developer
Design Services
Diagnostic Services
Document Management &
Shreddig

Dues/Fees

Electrical Services
Electricity

Electronic Payment
Processing

Electronic Security
Elevator/EscalatoBervices
Employee Insurance &
Benefits

Employee Payroll & Taxes
Engineering Services

Equipment Maintenance &
Repair
Equipment Rental

GOODS OUTSIDE OFI3YL
SCOPE

Architectural & Interior
Design Services

Building Construction &
Repair

Fuel (Oil & Gas)

HVAC

Natural Gas

Plumbing
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Meals & Entertainment
Mechanical Components &
Services

Medical Supplies & Equipment
Office Equipment

Office Furniture
OfficeSupplies

Pest Control

Postage & Postage Equipment
Printers

Prizes & Awards

Promotional
Reprints/Copyrights

Research Specimens

Rfid Equipment

Safety Supplies

Servers & Networking
Equipment

Shipping Supplies

Student Recreation Equipment|
& Sevices
Telecommunications Equipmer
Test Instruments

Uniforms & Uniform Laundry
Vehicle Maintenance & Parts

Executive Search
External Lab Services

Facility/Property Rent
Financial Consulting
Financial Research
Fleet- Vehicle Rental
Fleet Management
General Consulting
General Travel Expenses
Ground Transportation
Hotel & Conference Cente
Inspection Services
Interest/Debt Payments
Internal Transfer

IT Consulting
Landscaping & Snow
Removal

Legal Services
Locksmith

Medical Services
Mileage Reimbursement
Mktg & Comm Services
Other Publishing Services
Other Student Services
Parking Manageent
Parking, Tickets & Tolls
Patent & Copyright Legal
Services

Photography Services
Relocation Services
Royalties

Security Personnel
Subrecipient Agreement
Subscriptions

SW Purchase /
Maintenance

Taxes & Fees
Temporary Labo
Training

Translation Services
Uncategorized

Union Dues

153



Video Services

Voice & Data Services
Waste Disposal
Water & Sewer

Web Development
Wireless

Writing Services
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3. Property Datag Stock Analysis

The average lifetimeifne period while registered as "active") pfoducts tagged by the
Property Office.

General Category (Categorized b

Standard Product Name Rachel speaking with Property Avg. Age Std. dev. of
Office) (Years) Age (Years)

COMPUTER, LAPTOP Electronics 4.9 26
COMPUTER (desktop computer Electronics 6.3 35
COMPUTER SYSTEM, MICRO .

(desktop computer) Electronics 7.8 2.9
SERVER, EDP Electronics 6.4 2.7
(c::(gnl\gztﬂ—)ER’ BIGRO ez Electronics 5.2 2.5
PRINTER, EDP Electronics 10.1 3.9
MONITOR, EDP Eledronics 9.0 4.2
UPGRADE, EDP N/A 8.6 4.2
POWER SUPPLY Lab Equipment 17.4 6.9
THERMAL CYCLER Lab Equipment 4.5 3.8
PROJECTOR, EDP Electronics 9.0 3.7
FREEZER Lab Equipment 5.6 5.9
COPIER Electronics 7.9 3.3
OSCILLOSCOPE Lab Equipment 22.1 7.4
COMPUER SYSTEM, LAPTOP Electronics 4.7 2.2
PART OF, EDP N/A 6.7 3.4
PART OF, LAB & SCI N/A 9.1 5.8
SWITCHnnetwork, server room) Electronics 7.1 3.8
DESK Furniture 16.5 5.4
FILE (file cabinets) Furniture 17.8 5.5
INCUBATOR Lab Equipment 7.9 8.0
PUMP LabEquipment 135 8.6
TABLE Furniture 13.9 6.6
CENTRIFUGE Lab Equipment 9.0 9.7
UPGRADE, LAB N/A 11.0 6.7
REFRIGERATOR, LAB Lab Equipment 6.1 6.9
PRINTER Electronics 7.2 2.9
MICROSCOPE Lab Equipment 141 9.9
CHAIR Furniture 14.5 4.6
ANALYZER Lab Eqpment 11.7 8.4
TELEVISION Electronics 4.8 4.2
CAMERA (mostly lab imaging) Lab Equipment 10.8 6.1
DISK DRIVE Electronics 13.9 3.8
PLUGN, MEMORY (RAM, etc) Electronics 18.4 1.4
PIPETTER Lab Equipment 2.9 1.8
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FACSIMILE MACHINE
CONTROLLER
CENTRIFUGE, MICRO
EXERCISER (fitness gym
machines)

PUMP, VACUUM
AMPLIFIER
COMPUTER SYSTEM
TAPE DRIVE
DISPENSER
BALANCE

LASER

HARD DISK

SOFA

TABLET, DATA
SCANNER
SPECTROPHOTOMETER
SCANNER, EDP
METER

OVEN

SHAKER
CAMCORDER
NETWORK LINK
PART OF, SERVICE
READER

SWITCH (for internet network)

BATH, WATER

CABINET, LAB

MONITOR, VIDEO
VEHICLE, CAR

PCB (printed circuit boards)
RA®, EDP
CENTRIFUGERDTORS
SENSOR

DETECTOR

PROJECTOR, OVERHEAD
CAMERA, CCD

MODULE

ARRAY PROCESSINGTEM
CABINET, OFFICE
MEMORY

RECORDER
SPECTROMETER

CONTROLLER, TEMPERATUR

POWER SUPPLY, EDP

Electronics
Lab Equipment
Lab Equipment

Other Equipment

Lab Equipment
Electronics
Electronics
Electonics

Lab Equipment
Lab Equipment
Lab Equipment
Electronics
Furniture
Electronics
Electronics
Lab Eqipment
Electronics
Lab Equipment
Lab Equipment
Lab Equipment
Electronics
Electronics
N/A

Electroncs
Electronics
Lab Equipment
Furniture
Electronics
Automobile
Electronics
Furniture

Lab Equipment
Lab Equipment
Lab Equipment
Electronics
Lab Equipment
Lab Equipment
Lab Equipment
Furniture
Electronics
Lab Equipment
Lab Equipment
Lab Equipment
Electronics

10.5
16.5
11.6

9.9

13.9
14.1
7.5
13.0
2.9
14.7
14.2
11.3
13.3
6.3
9.2
12.0
10.2
154
12.5
9.7
9.6
10.3
16.6
3.4
8.6
8.3
12.0
14.4
111
16.1
7.6
7.0
9.8
17.0
134
13.6
5.2
7.1
15.9
16.3
18.7
12.1
15.7
13.2

3.9
9.1
6.8

5.0

6.9
7.8
4.1
3.8
2.8
10.7
7.5
4.3
6.3
2.5
6.0
6.5
4.4
8.2
8.7
8.9
4.1
3.4
10.5
2.6
4.1
7.4
7.5
6.2
53
5.5
53
7.0
7.0
8.7
6.3
4.9
59
3.6
8.5
7.1
7.2
6.3
4.3
4.3
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MODULE, EDP
PROBE

POS DEVICE (credit card machi

VALVE
BLOCKER

PROJECTOR, VIDEO

DEWAR
MIXER
ENCODER

NETWORK SYSTEM
GENERATOR, FUNCTION
UPGRADE, SERVICE
LASER SYSTEM

PUMP, TURBOMOLECULAR

STACKER

VIDEO TELECONFERENCING

SYSTEM
MOTOR

PLUGN (to analyzer)
BATH, CIRCULATING

CIRCULATOR
ICE MAKER
MONITOR, LAB
ROTOR
FURNACE

LIQUID HANDLING STATION

DIGITIZER

MICROSCOPE SYSTEM

BENCH, LAB
GOLUMN
LENS

ROBOTIC DEVICE
ANALYZER, LOGIC

DATA ACQUISITION DEVICE
(same as data acquisition syster

RECEIVER
TABLH,AB

TELEVISION SYSTEM

VIDEO CASSETTE RECORDEF
CART, SERVICE
CHROMATOGRAPHIC SYSTEN
DATA ACQUISITION SYSTEM

GENERATOR
SAMPLER

VACUUM SYSTEM

Electronics
Lab Equipment
Electronics
Lab Equipment
Lab Equipment
Electronics
Lab Equipment
LabEquipment
Lab Equipment
Electronics
Lab Equipment
N/A

Lab Equipment
Lab Equipment
LabEquipment

Electronics

Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Lab Equipment
Furniture

Lab Equipment
Lab Equipment
Lab Equipment
Electronics

Lab Equipment

Lab Equipment
Furniture
Electronics
Electronics
Furniture

Lab Equipment
Lab Equipment
Lab Equiment
Lab Equipment
Lab Equipment

154
14.0
5.3
16.0
4.7
7.4
17.0
11.9
24.5
3.1
14.9
5.1
151
155
3.4

8.1

13.7
19.8
18.5
14.0
10.0
9.0

10.6
16.3
18

22.3
10.0
5.1

12.7
14.0
6.7

19.8

10.0

11.2
6.5

13.2
17.4
5.9

10.6
9.3

13.3
10.6
10.2

11.6
8.8
2.4
7.1
3.1
2.8
6.5
8.4
8.5
3.9
6.8
6.7
6.1
5.8
15

3.1

6.6
9.9
6.9
10.1
48
5.8
7.3
7.1
0.3
10.3
54
51
54
6.6
55
3.7

29

4.2
5.2
1.8
5.8
4.3
8.3
6.5
7.5
9.1
8.2
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4. \Waste Audits

Photos of the waste audit station sap and bins at various locations:
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Photos of the waste audit sorting process:
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Photos of the waste alit weighing process:
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MIXED TRASH COMPOSITION IN UNDERGRADUATE DORMITORY
(AUDIT REF #1, 1/30/17)

Batteries
) Other / misc. waste
Polystyrene foam (i.e.,

Styrofoam)
Small electronics
Multilayer packaging

Film plastic

Food waste

PLA bioplastic

Yard waste

Soiled paper products
High grade copy paper

Mixed paper

Boxboard

\Paper cartons (e.g., Tetra

Pak)

Glass containers

Corrugated cardboard

LPET containers (#1)
HDPE containers (#2)

containers (#3-7)

Notable elements about the audit from the undergraduate dormitory (Audit #1):
1 Food waste (23%) substantial in the waste stream

1 Soiled paper was mostly paper towels
1 At this point in time, almost half of the waste (blue coldm@e-chart wedges) sampled

was recyclable in single stream recycling, but was going to trash
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Waste composition from Audit #2 (8/23/2016) and Audit #3 (6/30/2016).

TRASH BIN RECYCLING BIN

Material Categories Audit #2 Audit #3 | Audit #2 Audit #3

TRASH Bin TRASH Bif RECYCLINC RECYCLINC

Bin Bin

Food waste 33.40% 12.29% 2.65% 0.15%
Yard waste 0% 1.11% 0% 0%
High grade copy paper 2.13% 1.70% 18.24% 10.37%
Mixed paper 3.71% 6.04% 21.63% 11.89%
Boxboard 0.73% 5.82% 2.65% 2.92%
Paper cartons (e.g., TetPak) 0.32% 0.03% 0.00% 0.10%
Corrugated cardboard 0.58% 1.15% 6.28% 54.59%
PET containers (#1) 2.25% 2.01% 13.68% 2.00%
HDPE containers (#2) 0.32% 3.56% 2.16% 4.04%
Misc. recyclable plastic 6.67% 3.41% 7.70% 4.12%
containers (#37)
Aluminum 2.40% 0.90% 1.42% 0.28%
Steel 0% 0.99% 0% 0.05%
Glass containers 0.79% 1.24% 0.64% 4.69%
Soiled paper products 32.83% 17.91% 17.70% 1.66%
PLA bioplastic 0.53% 0.15% 0.69% 0.02%
Film plastic 1.81% 7.65% 1.86% 1.19%
Multilayer packaging 1.32% 0.81% 0.78% 0.28%
Polystyrene foam (i.e., 0.03% 1.55% 0.05% 0.25%
Styrofoam)
Batteries 0.03% 0.02% 0% 0%
Small electronics 1.84% 0.12% 0.10% 0%
Other / misc. waste 8.31% 31.52% 1.77% 1.40%
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TRASH Bin composition, percentage by mass.
Average of Audits #2 and #3

Small electronics

Polystyrene foam (i.e.,

Styrofoam) _\

Multilayer packaging Yard waste

High grade copy paper
Film plastic

PLA bioplastic Mixed paper

Boxboard
Paper cartons (e.g., Tetra

Pak)
Corrugated cardboard

PET containers (#1)
HDPE containers (#2)

Misc. recyclable plastic
containers (#3-7)

Average composition of the trash bin contents in the academic part of carhfigis quantity of
soiled paper from paper towels, 4go-lunch containers, paper coffee cups
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RECYCLING BIN composition, percentage by mass.
Average of Audits #2 and #3

Multilayer packaging

i i Other / misc. waste
PLA bioplastic

Film plastic Food waste
Soiled paper products

High grade copy paper

Glass containers

Aluminum

Misc. recyclable pl;
containers (#3.

Mixed paper

PET containers (#1)

Boxboard

Corrugated cardboard

To obtain our best estimate of the average co
bin contents, we took an average of the recycling bin audits faonfits #2, 3, 4, and 5. These

recycling audit results may skew slightly toward the recycling composition found in kitchen,
dining, and eating areas.
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Recycling Audits used to determine average campus recycling composition

WASTE STREAM

FOOD WAET
YARD WASTE

HIGH GRADE OFFI
PAPER
MIXED PAPER

BOXBOARD
TETRAPACK
CARDBOARD
PET BOTTLES (#1)

HDPE CONTAINER
(#2)

MISC. PLASTICS-(#
7)

ALUMINUM

STEEL

GLASS BOTTLES
SOILED PAPER
FILM PLASTIC

MULTILAYER
PACKAGIG
STYROFOAM

BATTERIES

SMALL
ELECTRONICS
OTHER WASTE

PLA "PLASTIC"

Scientific
research
buildings
Recycling
(6/30/16)

0.15%
0.00%
7.32%

12.29%
3.02%
0.10%

56.45%
2.07%
4.18%

4.26%

0.28%
0.05%
4.85%
1.72%
1.23%
0.29%

0.25%
0.00%
0.00%

1.45%
0.02%

Business
school
Area
Recycling
(8/23/16)

2.65%
0.00%
18.24%

21.63%
2.65%
0.00%
6.28%

13.68%
2.16%

7.70%

1.42%
0.00%
0.64%
17.70%
1.86%
0.78%

0.05%
0.00%
0.10%

1.77%
0.69%

Café Front
Of The
House
Recycling
(8/22/2017)

13.96%
0.00%
0.00%

11.04%
1.30%
0.00%
8.77%
2.27%

12.99%

11.04%

19.48%
0.00%
0.00%
8.44%
0.97%
0.00%

0.97%
0.00%
0.00%

0.97%
7.79%

CafeKitchen
Recycling
(8/22/2017)

2.65%
0.00%
0.00%

3.79%
0.00%
0.00%
38.26%
3.41%
1.52%

4.92%

0.76%
0.00%
2.27%
6.82%
16.29%
0.00%

15.15%
0.00%
0.00%

0.00%
4.17%

Undergrad
Dormitory
Kitchen
Recycling
(5/18/2017)

0.00%
0.00%
0.00%

0.00%
2.72%
0.00%
2.33%
78.50%
4.15%

0.00%

0.00%
2.07%
7.25%
0.00%
2.59%
0.39%

0.00%
0.00%
0.00%

0.00%
0.00%

Average
Composition
Of Recycling

3.9%
0.0%
5.1%

9.7%
1.9%
0.0%
22.4%
20.0%
5.0%

5.6%

4.4%
0.4%
3.0%
6.9%
4.6%
0.3%

3.3%
0.0%
0.0%

0.8%
2.5%
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Multiplication factor to account for
adjusting the GHG for producer to
the GHG for puchaser - university GWP per dollar from USEEIO (ki Adjustment to

Relevan .
spend is a purchaser - (based on co2/dollar) account for region o
ratio of EIOLCA purchaser ghg / origin

Emission Factor

Spend in 2

Purchase Category FY2016 Spend2 USEEIO code Assumed region GWP in MT CO2-eq

Dollars2
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5. Greenhouse Gas Estimates from Purchased Goods

producer ghg)

Laboratory Supplies $ 33,800,000 $ 28,900,000 0.83 Plastics; at manufacturer - US 1.12119US 1.00 26,758
HW Purchase / Maintenance $ 31,900,000 $ 27,300,000 0.97 Computers; at manufacturer - US 0.14585China (60% of impo 1.78 6,860
Laboratory i it $ 25,500,000 $ 21,800,000 1.01 Analytical laboratory instruments; at irer - US 0.22847US 1.00 4,997
Chemicals, Reagents, & Gases $ 16,900,000 $ 14,500,000 0.94 Chemicals (except basic chemicals, agrichemicals, polymers, paints, 0.70929US 1.00 9,655
Office Furniture $ 13,500,000 $ 11,600,000 0.95 Institutional furniture; at manufacturer - US 0.43554China 1.78 8,442
Catering $ 12,600,000 $ 10,800,000 1.00 Limited-service restaurants - US 0.33377US 1.00 3,589
Drugs & Pharmaceuticals $ 9,600,000 $ 8,200,000 0.90 Pharmaceutical products (pills, powders, solutions, etc.); at manufact 0.18626US 1.00 1,371
Meals & Entertainment $ 5,900,000 $ 5,100,000 1.00 Limited-service restaurants - US 0.33377US 1.00 1,671
Electrical Components $ 4,500,000 $ 3,800,000 0.99 Electronic capacitors, resistors, coils, transformers, connectors and of 0.29745China 1.78 1,978
/Audio Visual Supplies & Services $ 3,700,000 $ 3,200,000 0.81 Audio and video equipment; at manufacturer - US 0.22474China 1.78 1,022
Office Supplies $ 3,400,000 $ 2,900,000 0.73 Office supplies (not paper); at manufacturer - US 0.3571US 1.00 739
General Industrial Supplies $ 3,100,000 $ 2,600,000 0.98 Printed circuit and electronic assembly; at manufacturer - US 0.29079China / Hong Kong 1.78 1,303
Research Specimens $ 3,100,000 $ 2,600,000 0.95 Animal farms and aquaculture ponds (except cattle and poultry) - US 1.47898US 1.00 3,605
Dining & Vending $ 2,700,000 $ 2,300,000 1.00 Limited-service restaurants - US 0.33377US 1.00 752
Promotional $ 1,900,000 $ 1,600,000 0.99 Books, r magazines, and other print media; at manufactu 0.47177US 1.00 740
Medical Supplies & Equipment $ 1,500,000 $ 1,300,000 1.01 Analytical laboratory instruments; at manufacturer - US 0.22847US 1.00 279
Mechanical Components & Services $ 1,500,000 $ 1,300,000 0.94 Custom metal rolls; at manufacturer - US 0.94079US 1.00 1,060
Event Planning Services $ 1,200,000 $ 1,100,000 1.00 Limited-service restaurants - US 0.33377US 1.00
Student Recreation Equipment & Service$ 1,200,000 $ 1,100,000 0.74 Sporting and athletic goods; at manufacturer - US 0.35553US 1.00
Books $ 1,200,000 $ 1,000,000 0.88 Books; at publisher - US 0.08436US 1.00
Computational Services $ 1,000,000 $ 900,000 0.94 Computer storage device readers; at manufacturer - US 0.17039China (60% of impo 1.78
Test Instruments $ 1,000,000 $ 800,000 1.01 Analytical laboratory instruments; at manufacturer - US 0.22847US 1.00
Flooring & Carpeting $ 900,000 $ 700,000 0.63 Carpets and rugs; at manufacturer - US 0.75142Us 1.00
Janitorial Supplies $ 800,000 $ 700,000 0.70 Soap and cleaning compounds; at manufacturer - US 0.53816US 1.00
Office i it $ 800,000 $ 600,000 0.91 Computer terminals and other computer peripheral equipment; at mai 0.25597China / Hong Kong 1.78
Telecommunications Equipment $ 700,000 $ 600,000 0.99 Telephones; at manufacturer - US 0.2188€China / Hong Kong 1.78
Laboratory Equipment Maintenance & R $ 700,000 $ 600,000 1.01 Analytical laboratory instruments; at rrer - US 0.22847US 1.00
Uniforms & Uniform Laundry $ 600,000 $ 600,000 0.78 Other textiles; at manufacturer - US 0.50703Asia excluding China 1.70

i it isition $ 500,000 $ 400,000 1.01 Analytical laboratory instruments; at rrer - US 0.22847Europe / Germany 1.23
Finishing/Binding Services $ 500,000 $ 400,000 0.88Books, r pap magazines, and other print media; at manufactu 0.47177US 1.00
Fleet - Vehicles Acq i $ 500,000 $ 400,000 0.87 Automobiles; at manufacturer - US 0.37669US 1.00
General Hardware $ 400,000 $ 400,000 0.94 Metal hinges, keys, lock, and other hardware; at manufacturer - US 0.41007US 1.00
Material Handling $ 400,000 $ 300,000 0.94 Metal hinges, keys, lock, and other , at rer - US 0.41007US 1.00
Printers $ 400,000 $ 300,000 0.99 Computer terminals and other computer peripheral equipment; at mai 0.25597China / Hong Kong 1.78
Flowers, s & Misc $ 300,000 $ 300,000 0.69 Greenhouse crops, mushrooms, nurseries, and flowers; at farm - US 1.08714US 1.00
Creative Services $ 300,000 $ 300,000 0.88 Books, newspapers, magazines, and other print media; at manufactu 0.47177US 1.00
Servers & Networking Equipment $ 300,000 $ 200,000 0.97 Computers; at manufacturer - US 0.14585China / Hong Kong 1.78
Janitorial Services $ 300,000 $ 200,000 0.70 Soap and cleaning compounds; at manufacturer - US 0.53816US 1.00
Event Signage/Banners $ 200,000 $ 200,000 0.88 Books, newspapers, magazines, and other print media; at manufactu 0.47177US 1.00
Inter-University $ 200,000 $ 200,000 1.00 Limited-service restaurants - US 0.33377US 1.00
Prizes & Awards $ 100,000 $ 100,000 0.99 Books, r , magazines, and other print media; at manufactu 0.47177US 1.00
Shipping Supplies $ 100,000 $ 100,000 0.97 Cardboard; at manufacturer - US 1.28247US 1.00
Safety Supplies $ 100,000 $ 100,000 0.59 Other textiles; at manufacturer - US 0.50703China 1.78
/Adhesives, Sealants & Tape $ 100,000 $ 100,000 0.98 Adhesives; at manufacturer - US 0.88922U. 1.00
Pest Control $ 100,000 $ 100,000 0.83 Other plastic products; at manufacturer - US 0.65091US 1.00
RFID Equipment $ 100,000 $ 100,000 0.91 Computer terminals and other computer peripheral equipment; at mai 0.25597US 1.00
|Vehicle Maintenance & Parts $ 100,000 $ 100,000 0.94 Automobiles; at manufacturer - US 0.37669US 1.00
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6. Interview Guide

FullInterview Guide Used for Interviews with Purchasers

O Go msert formaral obtain signature
Date: Time of Interview:

Demographic Info

Name: (later anonymized)

Gender: M F

Age:

Position/title/role:

Affiliation with department, lab, center:

Number of years individual has worked at MIT:

Purchasing Decisions and Process
1. Do you purchase material goods for a sutit of MIT or all of MIT? What kinds of
purchases?
If subject needs prompting, ask about cgteies such as:
- Food & beverage, or catering
- Paper and paper products
- Disposable cutlery
- Office Supplies
- Furniture and furnishings
- Computers or other electronics
- Laboratory supplies of equipment
- Chemicals
- Other? Specific

2. How often do you make a purchases?

169



4. What platform do you use to make these purchasesC&Ealog, Buy to Pay;dard,
Purchase Order? Other?) What vendors/suppliers?

5. What are common items you buy? Why these items? Why specific brand/type? Where
do you purchase these items from?

6. Are therecases when you specify the product you want, but then someone else makes
the actual purchase? OR vice versa?

7. What is the magnitude of purchasing (in quantity and/or cost) for various categories? If
you are unsure, would you be able to look up this infation in your records after the
interview?

8. How much freedom do you have in making a purchase decision? How much of the
decision is predetermined or influenced by others, such as your superior at work? Who
influences their buying decisions? sales reps, &ther students, other labs?

9. When do they buy? End of fiscal year, when something breaks, when get new grant,
etc?

10.What are some of the major factors you consider when selecting these types of items to
purchase? Factors could include budget/cost, avditghbconvenience, habit,
knowledge of options, durability, lifeme of the product.

11.How is purchase for work/MIT different from a personal purchase you would make at
home?

12.1f you think back to a time you recently made a purchase, what were the steplyéal

in the process? (Gather details about each of the following steps)

A need for the product is identified/there is a problem

Product specificatior brand, material, technical specifications

Supplier search and selectietfinding the appropriate @ndor/store, cost

Ordering/Purchase- method, online, delivery, proximity

End of life-how much is known about where the product ends up; is it disposed of and

how, and who makes that decision; what cost considerations are taken regarding

disposal

= =4 -4 -4 -4

Digposal and Conservation Considerations

13. Are you responsible for making the disposal decisions for the materials you buy at MIT?
Are there instances when you have overseen the disposal of these products as part of
your job at MIT?

14.What do you do with mateals that you want to discard or get rid of? Are you ever
unsure as to what to do with each of these products when you want to get rid of them?
If you are not the one who disposes of the product, do you know what happens to the
product when leaves their gup/organization/MIT?

15.When making a purchase of one of these products at MIT, do you consider what
happens at t he -emotherwdrdsphemna how it i5 disposad bfe
Why or why not do you consider how the product is handled at the eriis piroduct
lifetime?

16.How does material conservation or environmental impact factor in, if at all, to your
purchase decision at MIT? If not, why does this not matter very much? If you do factor
in sustainable, what specifically do you consider (mightigeelenvironmental health
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hazard, recyclability, product lifetime)? Do you weight these in the same way you would
for a personal purchase?

17.1n your life outside of work, how strongly do you feel about material conservation and
recycling? Can you give me seexamples?

18. At MIT, do you feel you could purchase a smaller quantity (or less frequently) of
products? Do you feel you could use these products more carefully or for a longer
period of time to extend the usable lifetime? What constraints do you feebinjou
from such conservation efforts?

19.Do you ever buy used or secondhand products for MIT?

Effectiveness of Incentives/Hypotheticals/ Opinion Questions

20.What would enable you and your department/organization within MIT to eliminate
excessive consumptioor waste? What would best enable you to respond to incentives
for materials conservation (such as buying only as much as you need, reusing,
recycling)? In what ways would you personally be willing to help eliminate excess
consumption or increase the amotiof recycling?

21.Does MIT offer any incentives that you know of to eliminate excessive consumption or
reduce waste?

22.Would you support or not support a policy in which MIT required that staff/faculty
purchase a certain type of product, so that it couldrmeasily coordinate recycling,
refurbishment, and repair to extend the life of such products? What are the pros and
cons of such a policy?

23.1f MIT offered an online platform in which you could notify the university that you had
unwanted durable goods toigk up would you use it? Why?

24.Do you have any suggestions for how MIT could help you or others make more
sustainable purchasing and/or disposal decisions (lessening our materials footprint)?
Are there any purchasing or disposal programs or policies yaldnike to see put in
place at MIT?

For those who buy lab equipment
25.Would you consider buying preventative maintenance for equipment if it could extend
the life? If MIT provided, would they like it? (ie. filters, coils)
26.Do you buy chemicals in bulkow common?
27.How do you track lab inventory? Chemical Inventory System?

Debrief participant on fullpicture motivation for study, and explain my interest in
sustainability

“Thank you for taking the time to talk to me. As you may have observed from sorme of t
guestions, | have a specific interest in sustainability. This intervaesed study is part of my
larger dissertation project, which aims to understandoth quantitatively and qualitatively
what MIT as an institution purchases and disposes. haenasted in knowing the materials
consumption profile so that | can carry out analyses on the environmental impact of our
consumption and identify opportunities for reducing this impact. The interview portion of the
research focuses on the behavioral amganizational drivers associated with consumption,
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which will help me better understand the full picture of how things work at MIT, and hopefully
provide some insight that helps identify opportunities for improvement at the purchbese. |

am happy taanswer any questions you have. In the meantime, if you would like more
information on how to make sustainable purchases (higher recycled content, less toxic, ethically
manufactured), please let me know and | would be happy to email you some resourstly, La

as a thank you for your participation, once this research is finalized, you will receive an email
with my full dissertation, which will contain the anonymized results of this study.
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