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LET THERE BE CREATIVITY 
The disruptive innovation of 3D printing technology has 
brought profound change to the way we use information. It 
offers the opportunity to not just consume information, but to 
manifest it in very real ways. For nearly 12 months, we have 
been actively assessing the potential of 3D printing in an 
academic setting. In doing so, we’ve discovered a boom of 
creativity among faculty, students, and staff at UCLA. Members 
across the campus community have demonstrated a need for 
these technologies in a number of pedagogical applications. 

LET THERE BE CONNECTION 
Departments across our campus community are eagerly 
seeking fabrication technology to deepen the interdisciplinary 
work in their curricula. The integrative nature of this 
technology, however, is precisely why it is difficult to support 
on a small, localized scale. This challenge has been answered 
elsewhere with the rising makerspace movement. 

As Patrick “Tod” Colegrove states in his editorial on the 
subject, “Building users’ literacies across multiple domains and 
a gateway to deeper engagement […] are core values of the 
library; one might even suspect that to some degree libraries 
have long been makerspaces.” Indeed, the facilitation of peer-
to-peer work in makerspaces continues activities underway in 
the UCLA Library (such as the Research Commons and 
InqSpaces). By encouraging innovation and capitalizing on 
these technologies at UCLA, we can vitalize the Library as a 
central hub, leading us to the Regents’ vision of an integrated 
and engaged UCLA for the 21st century. 

LET THERE BE TRAILBLAZING 
There is a unique opportunity to answer the call of our 
Centennial Campaign, and redefine UCLA as a global pioneer 
for advancement. Expanding on the Innovation Labs at 
institutions like USC and Harvard University, we could light the 
way for EDUCAUSE’s projection of 2-3 years to adoption for 
makerspaces in higher education. Our vision is to create  a 
groundbreaking campus-wide resource establishing the first 
Innovation Lab on the West Coast to UCLA and founding the 
first large lab for integrative fabrication technology of its kind. 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Our vision is to create a large, multi-room lab which would introduce new and 
meaningful ways of engaging with information at the UCLA Library. This Lab would be 
a campus wide hub for interdisciplinary research and pedagogy, and position UCLA 
as a global leader in technology, innovation, and advancement. In addition to new 

and developing technology, the UCLA Lux Lab would feature: 

Lux carries many meanings for our team. As the Latin root for “light,” it echoes one of the 
greatest motifs in UCLA’s (almost) 100-year history, and harkens to our University motto. In 
this way, it evokes the innovation, enlightenment, and advancement we hope to cultivate 
with this technology. Finally, LUX represents the concept of Library & University Crossroads. 

The Lux Lab is a vision developed out of nearly 12 months of active research and 
applications of 3D printing technology. This pilot program (3D4P) has provided us with a 
wealth of data on the technology, its applications, use-cases on our campus, and costs. 

The fervent interest in this technology across our campus community illustrated a clear need 
for these resources to be provided as a centralized service. To respond to this need, we 
have created three different service models, with the Lux Lab being the largest. While these 
services are scalable, the Lux Lab is the best way to fully answer campus needs for 
fabrication technology. It is the most effective way to support faculty, their curricula, 
extracurricular student activities, and access across our community. Furthermore, a  Lux Lab 
would position the Library to participate in the larger conversation of our Centennial 
Campaign, and help redefine UCLA for the 21st century. 
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Lux Lab

3D PRINTING LARGE FORMAT 
PRINTING

ETCHING & 
ENGRAVING

USE CASES 
Engineering 

Theater (Production & Design) 
UCLA Rocket Project 

Archeology/Anthropology 
MORE

APPLICATIONS 
produce models/prototypes 

replicate artifacts 
create research devices 
gain professional skills 

devise pedagogical tools

COSTS 
initial one-time cost 

$275,000 - $445,000 

annual operating cost 
$8,000 - $45,000

images from page 2 (top to bottom) 
1. an intricate ball designed & printed with 3D printer technology 
2. Prof. Chrisi Karvonides - UCLA professor of costume design, active proponent of 3D printing on campus 
3. a 3D printing in progress 
4. Prof. Aydogan Ozcan - UCLA professor in engineering, holding cell phone microscope devised w/ 3D printing 
5. a 3D print of an artifact in the Smithsonian’s collection



3D PRINTING: 
WHAT WE LEARNED 
everyone is interested 
This is really big! 3D printing is everywhere, and we can safely assume that most disciplines 
are interested, or will be once they've been introduced to the technology. Nearly all 
disciplines seem to have a use for 3D printing at some level. We've been in touch with folks 
from Architecture, Engineering, TFT, DESMA, Anderson, Archaeology, even the Brain 
Mapping Center. We believe we can easily add departments to this list simply by outreach. 
Once we have the service established, it will be very easy to develop use-cases for almost 
every discipline and present those use-cases to faculty. For example, Archaeology students 
have used 3D printing to reconstruct the ruins of Pumapunku. 

• Professor Robert Shaefer teaches MAE-94 and MAE-162, and envisions 540 hours 
of print time during Fall Quarter, 889 hours in Winter Quarter, 740 hours in Spring 
quarter, and 200 hours in Summer Quarter. 

• Professor Aydogan Ozcan teaches MAE-199, an undergraduate research course 
that would benefit greatly from access to 3D printing. Some of the students' 
research includes work on cutting-edge cellphone-based microscopes. 

• Student groups such as Avengineering, the Elfin CubeSat Project, Supermileage 
SMV, and AIAA all currently pay for their extensive 3D printing needs out of their 
own pockets. 

• Professor Alexei Vranich has led an exceptional group of undergraduate 
Archaeology students in mapping, 3D printing, and reconstructing the ruins of 
Pumapunku. 

3D printing & makerspaces are a concept, 
not a collection of equipment 
AKA additive manufacturing! MakerBot is just the most visible consumer-level company. 
People are taking models that only exist digitally and creating physical versions of them. 
This happens on a small scale like printing plastic trinkets with a MakerBot-style desktop 
printer, to large scales where people are literally printing houses out of concrete. In time, 
this will not be a novel concept, so it's important to provide access to the basic tools to our 
students now. 3D printing is already revolutionizing dozens of industries. For example, there 
are printers that print simultaneously in plastic and conductive ink, creating circuit boards in 
a fraction of the time and cost. 3D printers are using all kinds of materials, from nylon and 
kevlar to metal, plastic, and stem cells. 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http://en.wikipedia.org/wiki/Pumapunku
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http://avengineering.github.io/
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3D printing is slow 
FDM (fusion deposit modeling) is the manufacturing method used by MakerBot products, 
and it is very slow. We kept track of models we printed, including print time. The alternative, 
SLA or SL (stereolithographic printing), is even slower overall. The main reason for this is 
that SLA printers always print the model solid, unless the .STL file itself has a hollow model. 
FDM printing, on the other hand, treats each model as hollow, with the standard infill setting 
of 10% being able to be adjusted by the user anywhere from 0% to 100% solid. 

3D printing is loud 
Despite keeping the Replicator away from most of the cubicles in our Research Library 
office space, it was considered disruptive by most staff. A fleet of printers would likely be 
disruptive, so physical isolation is important. 

replacement parts 
We knew that filament and build plate tape are consumable parts, but we learned that the 
extruder itself is, too. We experienced multiple failures and had to wait several weeks for a 
warranty replacement. We need to have spare parts ready to go for any model of printer we 
have, if we want to keep a service running. While a variety of printers is desirable, there 
needs to be much consistency to make it supportable at scale. Service contracts and staff 
that fully understand them will be very important.  

post production and mess 
Scrapers are necessary to remove models from the build plate. Different sizes of cutters are 
necessary to remove the supports on complex objects. A Dremel tool would be useful.  
During the printing process, but especially during post production, many small pieces of 
plastic are generated. A vacuum will need to be on hand! 

staffing 
It is fairly easy to train on the basics of MakerBot printers. However, learning to navigate 
different repositories or how to use 3D modeling software is not. The field is very 
interdisciplinary, and no one staff person can be expected to know everything. It will be 
important to have well-documented resources for patrons and student workers, and a full-
time staff member should always be available for managing warranties, writing 
documentation, engaging with faculty, conducting workshops, etc. 

discovery 
Due to the breakneck speed of development in this industry, it seems counterproductive to 
attempt to be well-versed in all the options and use-cases. Instead, we hope to create an 
environment that fosters engagement in the 3D realm by providing equipment and 
compiling resources. A successful implementation will include a comprehensive web 
presence and social media.  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https://docs.library.ucla.edu/display/pm/3D4P+-+Gallery+of+Things


THREE SERVICE SCALES 

SMALL 3D PRINTING ROOM 
a dedicated room with several 3D printers 
The small option would provide individual students a place to experiment with basic plastic 
extrusion 3D printers. Each 3D printer would be paired with a computer to maximize the 
number of people that could experiment at once. 

MEDIUM 3D PRINTING & LASER ETCHING/CUTTING 
serve multiple needs with several 3D printers as well as other 
specialty devices like large format printing 
The medium option would also cater to individuals but offer a higher capacity and more 
variety in printer types, and limited model cleanup tools (dremel, files, etc). Small workshops 
could be taught, but it would probably be difficult to accommodate entire classes. Additional 
devices such as a laser etcher-cutter would be included. 

Lux Lab 
LARGE INNOVATION CENTER(S) 
partial MakerBot-supported center(s), with 45-70 MakerBot printers, 
5-10 other models, at least 1 high-end printer, & specialty devices 
The innovation center(s) would support many different devices and could host workshops 
and support multiple interdisciplinary classes. 3D capture and visualization stations would 
be available in addition to the printers, as well as 3d-model-related makerspace items 
(dremel tool, glue, lego sets). Printers would likely be positioned on racks to save space, and 
there would be about 3x as many printers as computers available in the space. These 
printers could also be spread across multiple library locations. Additional devices such as a 
laser etcher-cutter and a large-format (poster) printer would be included. 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FACILITIES 

small
room size 

medium Lux Lab
Small office, such as: 

- EMS Office 
- Nautilus chamber 
- Tide pool 

Classroom, such as: 
- WEC/EEC 
- CLICC Classroom C 
- Presentation Room  
- SEL Research Commons

Large multi-room area(s) such as: 
- YRL 22484 
- space on YRL A level 
- InqSpaces 
- SEL Research Commons

small
furniture 
medium Lux Lab

A simple set of desks and chairs, 
with each desk large enough for 
a 3D printer and a computer.

A simple set of desks and chairs, 
with each desk large enough for 
a 3D printer and a computer. 

Additionally, we would need a 
rack (something like this) where 
we would put all of the printers 
that wouldn't be attached to a 
computer.

A simple set of desks and chairs, 
with each desk large enough for 
a 3D printer and a computer. 

Additionally, we would need a 
rack (something like this) where 
we would put all of the printers 
that wouldn't be attached to a 
computer.

small
access & security 

medium Lux Lab
All scenarios would require an 
omnilock ($2500) and security 
cameras inside the space. 

Omnilock access in all scenarios 
will be controlled by FTE, since it 
will be tied in directly to the 
certification process.

All scenarios would require an 
omnilock ($2500) and security 
cameras inside the space. 

Omnilock access in all scenarios 
will be controlled by FTE, since it 
will be tied in directly to the 
certification process.

All scenarios would require an 
omnilock ($2500) and security 
cameras inside each space. 

Omnilock access in all scenarios 
will be controlled by FTE, since it 
will be tied in directly to the 
certification process.
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EQUIPMENT 
Although Pegasus printers are significantly more expensive to maintain (see Consumables 
below), the increased versatility and quality of the printers is enough to offset the cost.  

Were we to go with MakerBot printers in this scenario to save on the cost of upkeep, we would 
see an initial savings of $2,000-$4,000, depending on how many printers we buy, and we could 
see annual savings anywhere from $10,368 - $57,769. These numbers of course are rough 
estimations, but it's imminently clear that MakerBot printers will have a substantially lower 
annual upkeep cost. 

It looks as though our small- and medium-sized scenarios would need to have the MakerCare 
purchased separately at full price, meaning an increase of $1,105 per Replicator, $475 per mini, 
$2,365 per Z18, and $500 per 2X. 

For now, all scenarios are priced at full retail value, with the knowledge that the large-scale 
scenario will be slightly discounted. 
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small
3D printing 

medium Lux Lab
5-10 MakerBot Replicator 5th 
Generation: $14,495 - $28,990 

TOTAL: $14,495 - 28,990 

3-5 Pegasus Touch Laser 3D 
Printers: $9,900 - $16,500 
5-10 MakerBot Replicator 5th 
Generation: $14,495 - $28,990 
1-2 Makerbot Replicator Z18 
(larger build volume): $6,499 - 
$12,998 
1-2 Replicator 2X (dual extruders, 
ABS and dissolvable filaments): 
$2,499 - $4,998* 
1-2 Replicator Minis** for 
checking out to students: $1,375 
- $2,750 

TOTAL: $34,768 - $66,236 
+ tax & shipping 
*may be a sale price, marked 
down from $2,799. If it isn't a set 
price, that would translate to an 
increase in cost of $300-$600 + 
tax. 
**Only include if we decide that 
3D Printer Kits will be made 
available.

5-10 Pegasus Touch Laser 3D 
Printers - $16,500 - $33,000 
30-50 MakerBot Replicator 5th 
Gen: $86,970 - $144,950 
5-10 Replicator Z18: $32,495 - 
$64,990 
5-10 Replicator 2X*: $12,495 - 
$24,990 
5 Replicator Mini**: $6,875 - 
$13,750 

  

TOTAL: $155,335 - $281,680 
  
*may be a sale price, marked 
down from $2,799. If it isn't a set 
price, that would translate to an 
increase in cost of $1,500-$3,000 
+ tax. 
**Only include if we decide that 
3D Printer Kits will be made 
available.



EQUIPMENT CONT. 
 

laser etcher-cutter 
The materials and consumables associated with a laser 
etcher-cutter are minimal.     Users would provide their 
own materials (from a list of acceptable) materials to be 
cut or etched.  Staff could also use the etcher to brand 
equipment such as the lending laptops.  The lifespan of 
the laser etcher-cutter is 8-10 years at which time only a 
$900 cost of replacing the laser would be needed. 
 Some materials such as wood or sheets of plastic could 
be made available to users and a future sales-and-
service model could be developed.  However, if users 
are bringing in their own materials, the only yearly cost 
associated with the laser etcher-cutter is the student staff 
time in facilitating the service. 
 
large-format/poster printing 
The large-format printer would require toner and paper. 
  Initial cost estimates indicate that for every 20 posters 
printed, the cost for these supplies would be 
approximately $15 plus any staff time required to process 
the poster printing activity. This cost is relatively small 
and could be set-up as a sales-and-service fund in the 
future to recuperate costs.  Until sales and service fund 
were created and the Library could charge for poster 
printing, the estimated costs for processing 20 posters 
per quarter would be $15,000 in the first year and 
$3,000 in the second and third years for a total 3-year 
investment of $21,000.  We could recommend budgeting 
a minimum of $25,000 for each 3-year cycle.  Costs for 
materials could increase as demand for posters 
increased. Currently, there are campus units that charge 
students between $44-92 per poster. 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EQUIPMENT CONT. 

small
protection plans 

medium Lux Lab
5-10 Replicator MakerCare plans: 
$5,525 - $11,050 
  
  
  
  

  
  
Total: $5,525 - $11,050

5-10 Replicator MakerCare plans: 
$5,525 - $11,050 
1-2 Z18 MakerCare plans: $2,365 
- $4,730 
1-2 Mini MakerCare plans: $475 - 
$950 
1-2 2X MakerCare plans: $500 - 
$1,000 
  
Total: $8,865 - $17,730

30-50 Replicator MakerCare 
plans: $33,150 - $55,250 
5-10 Z18 MakerCare plans: 
$11,825 - $23,650 
5-10 2X MakerCare plans: 
$2,500 - $5,000 
5 Mini MakerCare plans: $2,375 
  
Total: $49,850 - $86,275

small
computers 

medium Lux Lab
6-11 HP EliteOne 800 All-in-One 
PCs: $7,200 - $13,200 
(One service desk computer) 
  

Total: $7,200 - $13,200

4-6  HP EliteOne 800 All-in-One 
PCs: $4,800 - $7,200 
(One service desk computer) 

1-2 CLICC laptops for the kit: 
$1,800 - $3,600 

Total: $6,600 - $10,800

6-11 HP EliteOne 800 All-in-One 
PCs: $7,200 - $13,200 
(one service desk computer) 
  
1-2 CLICC laptops for the kit: 
$1,800 - $3,600 

Total: $9,000 - $16,800

small

one-time purchase cost 
(excl. furniture & facilities) 

medium Lux Lab
$28,000 - $54,000 

+ tax & shipping
$81,000 - $125,000 

+ tax & shipping
$275,000 - $445,000 

+ tax & shipping
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MATERIALS & 
CONSUMABLES 

To calculate annual costs associated with the filament and resin, we used MakerBot's and 
FormLabs' free desktop software to estimate various STL files, all set at the same resolution. 
Across several STL files, the results were consistent enough for us to apply this approach more 
generally. For the MakerBot printers, one hour of printing would use roughly 10 grams of 
filament, which translates to roughly 100 print hours per spool of filament (1 spool = 1kg). The 
Pegasus printers use about 30mL per hour of printing. Thus, one liter of resin nets about 33 
hours of printing. 

For scenarios that incorporate both resin and filament use, we would defer the bulk of print jobs 
to the MakerBots, as they are faster and use less expensive materials. As such, the annual cost 
of resin for the Medium and Large scenarios are somewhat up to our discretion. Initially, we 
recommend a total of 4L per printer, to give each printer about 132 hours of print time per year. 
To calculate the bare minimum total annual print hours we can anticipate, we referred to 
Professor Shaefer's email where he provided an incredibly detailed quarterly breakdown of how 
many hours his classes would use 3D printers. As such, these numbers are a bare minimum 
estimate and do not account for any use other than his. His annual total comes to 2,369 hours 
per year. 

Maximum usage was calculated as each printer working for 8 hours per day, 7 days a week. 
Printers can and will print for more than 8 hours per day (overnight prints), but this approach 
accounts for days when some printers may not see any use. 

For the Medium and Large scenarios, which have both Pegasus printers and MakerBots, we 
calculated the minimum and maximum with the assumption that the MakerBots would be doing 
the lion's share of our print jobs. To represent this, we calculated the maximum hours by using 
only the MakerBot printers (as in, only the MakerBots are working 8 hours a day, 7 days a week). 
To calculate the cost of the Pegasus printers in this scenario, we are using Professor Shaefer's 
estimate as a baseline, with no minimum or maximum. 

The build plate tape and miscellaneous tools should be considered as consumable items. The 
extruders, on the other hand, would be under warranty and therefore would only be considered 
"consumable" once the warranty runs out. Even then, extruders could last months if not years 
before needing to be replaced. 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MATERIALS & CONSUMABLES CONT.

small
filament & resin 

medium Lux Lab
Min: 2,369 hours/year 
Max: 2,920/printer/year (14,600 
hours - 29,200 hours) 
  
2,369 hours = ~24kg 
24kg @ $16/kg = $384 

14,600 hours = 146kg 
146kg @ $16/kg = $2,336 
  
29,200 hours = 292kg 
292kg @ $16/kg = $4,672 
  
  

Minimum Annual Cost 
$383 

Maximum Annual Cost 
$2,336 - $4,672

Min: 2,369 hours/year/printer 
Max: 2,920 hours/year/printer 
(23,360 hours - 46,720 hours) 
  
2,369 hours = ~72L 
72L @ $100/L = $7,200 
  
2,369 hours = ~24kg 
24kg @ $16/kg = $384 
  
23,360 hours = 233kg 
233kg @ $16/kg = $3,728 
  
46,720 hours = ~467kg 
467kg @ $16/kg = $7,472 
  
Minimum Annual Cost 
$7,584 

Maximum Annual Cost 
$10,928 - $14,672

Min: 2,369 hours/year/printer 
Max: 2,920 hours/year/printer 
(131,400 hours - 219,000 hours) 
  
2,369 hours = ~72L 
72L @ $100/L = $7,200 

2,369 hours = ~24kg 
24kg @ $16/kg = $384 

131,400 hours = 1,314kg 
1,314kg @ $16/kg = $21,024 
  
219,000 hours = 2,190kg 
2,190kg @ $16/kg = $35,040 

Minimum Annual Cost 
$7,584 

Maximum Annual Cost 
$28,224 - $42,240

small
3D printing supplies 

medium Lux Lab
5-10 packets of build tape: 
$50-$100 

2-3 spare extruders: 
$350 - $525 

$100 worth of miscellaneous 
tools (scrapers, files, clippers, 
etc.)

8-16 packets of build tape: 
$800 - $1,600 

3-5 extruders: 
$350 - $875 

$100 worth of miscellaneous 
tools (scrapers, files, clippers, 
etc.)

45-75 packets of build tape: 
$4,500 - $7,500 
  
15-20 extruders: 
$2,625 - $3,500 
  
$200-$300 worth of 
miscellaneous tools (scrapers, 
files, clippers, etc.)
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STAFFING 
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small
full-time 
medium Lux Lab

SET-UP: minimal 
Once furniture was installed, a 
single FTE could get the space 
ready for use within a week. To 
save time, we could image the 
computers prior to the 
installation of furniture. 

OPERATIONS: would require 
50-75% of a FTE's time. Time 
would be split between 
maintaining supplies, starting 
print jobs, maintaining the 
printers and computers, as well 
as doing outreach to faculty 
and departments.

SET-UP: significant 
Workstations with computers 
and 3D printers would take 
about a week to set up, but 
given the number of 3D 
printers, it would take a bit 
longer for the FTE to unbox, 
network, and level build plates. 
Process estimated to take two 
weeks of dedicated time. 

OPERATIONS: would require 
50-75% of a FTE's time. Time 
would be split between 
maintaining supplies, starting 
print jobs, maintaining the 
printers and computers, as well 
as doing outreach to faculty 
and departments.

SET-UP: one month 
Presumably across multiple 
libraries. Moving equipment to 
where it will end up would take 
at least a week. Estimated set 
up time would be anywhere 
from three to five weeks. 

OPERATIONS: would require a 
dedicated FTE whose hired 
purpose was the maintenance 
and promotion of the space. 
The promotion component 
would be important, as this FTE 
would spend a significant 
amount of time doing outreach 
to various departments, 
collaborate with Library staff 
(Teaching & Learning Services), 
and consult with faculty on how 
to use the space.

small
student staff 

medium Lux Lab
NEED: student staff on hand 
4 hr/day, M-F 
($15/hr @ 20 hr = $300/week, 
$15,600/year) 

FUNCTION: occasionally assist 
workshops as needed

NEED: student staff on hand 
40 hr/week total 
($15/hr @ 40 hr = $600/week, 
$31,200/year) 

FUNCTION: assist the FTE in 
maintaining the space and 
training new users on the 
equipment.

NEED: student staff on hand 
40 hr/week total (per location)* 
($15/hr @ 40 hr = $600/week, 
$31,200/year) 

FUNCTION: assist the FTE in 
maintaining the space and 
training new users on the 
equipment. 

*Student staffing would need to 
be on hand at each location, 
which may necessitate multiple 
student employees working.


