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1.- INTRODUCTION 

1.1.- Overview 

The purpose of this deliverable is to present the results of the evaluation of the 
performance of the mini-factories demonstration in the form of a public report for the 
industrial sector, focusing on explaining the benefits for the business actors of 

performing as mini-factory agents for the production of personalised spectacles. 
 

1.2.- Scope 

 
This deliverable reports the activity carried out in the demonstrators of Optician2020 to 

validate and evaluate the mini-factories paradigm for personalised spectacles 
production.  

This deliverable is organized as follows: in Section 2 the objectives of the project are 

specified to provide the right context to this report. Section 3 details the metrics defined 
and used to evaluate the demonstration performance, while Section 4 contains the 

results of the validation. 

Results and data used for the elaboration of this report comes from the demonstration 
and validation activities  
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2.- OPTICIAN2020 AND ITS DEMONSTRATION OBJECTIVES 
 

Optician2020 addresses the need for new manufacturing set-ups that perform as 
delocalized mini-factories, for an affordable supply of personalised spectacles. In this 

project, design, manufacturing and supply processes were developed which provided 
the required capabilities for the local production of personalised spectacles. Key to this 

approach is the use of Additive Manufacturing (AM) technologies able to process 
polymeric and metallic materials for the frames production, and the implementation of 
a dedicated business model for the sustainable and profitable manufacturing system 

based on mini-factories. The goal of this project was to demonstrate that this is possible. 

The benefit of the personalisation of spectacles lies in the precise fitting of frame and 

lenses after measurements from the user facial scanned dimensions. The market 
segment of personalized lens is growing exponentially because of the use of new free-
form technologies.  

Conventional stock frames are made in large batches mostly in Asian countries. Stock 
lenses too. Only the spectacle assembly is made at the optician, while some complex 

lenses like progressive addition lenses and the special optical prescription ones are 
made in lens laboratories in European countries. 

Personalisation is the most appropriate choice if the enabling technologies are spread 
through a European network of mini-factories. 

Optician2020 approach consists in virtual factories of distributed manufacturing assets 

clustered near the major market areas combining short series manufacturing 
technologies and ICT tools for design and process automation and on-line real time 

management. Optician2020 wants to demonstrate the sustainability of this novel 
business model.  

Sustainability is the key driver behind the Optician2020 project, understood in terms 

of uniqueness, cost-efficiency, fast delivery and environmentally friendly solutions. 

So, specific demonstration objectives of the project Optician2020 were: 

 To demonstrate the spectacles personalisation flexibility by developing a 

catalogue of at least 12 models to be personalised in spectacles for 450 users 

from different EU cities. 

 To demonstrate the mini-factories flexibility and re-configurability allowing for a 

fast response to market dynamics and achieving a competitive delivery time for 

personalised spectacles. 

 To demonstrate a time to market reduction up to 65% and a production cost 

reduction of 40% with respect to conventional methods.  

 to demonstrate the environmental efficiency of the mini-factories production 

model by a 50% of footprint reduction. 

 
This demonstration exercise was carried out by first setting-up one set of mini-factories, 

the so-called WP5 demonstrator or South-European cluster. Once this cluster was 
operating, a second Central-European cluster was added, having then different possible 
manufacturing routes to choose and demonstrating the potential for effective up-scaling 

the concept. So by adding this second cluster, a second optician shop as the interface 
with a second market area and the second mini-factory cluster are available. This wider 

network allows full validation and demonstration of the management platform 
performance in intelligent production planning and control. 
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At the mini-factory level, the process is started by internal volunteers for a first 
validation of the process with the new production sites and, followed by real end-users 
engaged after the set-up has been validated. 

 

 
Figure 1. Clustered production assets constituting Optician2020 demonstration mini-factories. 

 

The demonstrator in WP5 (corresponding to the South-European cluster) started in 
November 2015 whereas the demonstration in WP6 (or the Central-European cluster) 

started a few months later, in February 2016. Since then, both demonstrators have 
been jointly operated until the end of the demonstration in July 2016. The total number 
of real end-users engaged in the demonstrator was 455. 
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3.- METRICS USED TO EVALUATE THE DEMONSTRATORS PERFORMANCE 
 

A proximity cluster of mini-factories is a supply chain that provides on-demand each 
component of a personalised spectacles.  

Specific metrics have been used to evaluate the performance of the mini-factories as 

well as the different stakeholders implied. These metrics are defined based on 
Demonstration objectives and can be summarised as follows:  

1. Personalisation flexibility and enhanced purchase experience: Throughout the 
creation of a complete catalogue of 12 personalisable spectacles and with a fast 
user data capture system. The metric used are:  

i) number of users that can be fitted with personalised spectacles (Target: 

450 users with a catalogue of 12 spectacles),  

ii) time to scan the users face. (Target: data obtained in less than one 

second). 

2. Time-to-market and cost reduction. Time-to-market is the time-lapse from the 
design of a new personalised spectacles to product available for sale (Target: 
65% reduction in time compared to standard stock frames). The manufacturing 

cost reduction is cost compared to stock frames. (Target 40% reduction). 

3. Mini-factory flexibility allowing fast response to market dynamics by setting up 

mini-factories with flexible processing capacity and short delivery time: the 
flexibility in processing capacity is measured in terms of number of purchase 

orders/day the mini-lab clusters are able to process (Target: maximum peaks of  
25 spectacles/week, 16 in average). The Delivery time is the time lapse from 
purchase order to finished spectacle delivery to the optician. (Target: delivery 

time less than 15 days). 

4. Environmental footprint reduction. Environmental footprint is quantified by 

means of the calculation on an eco-cost of the manufacture and delivery of each 
produced spectacles. This value can be compared with the manufacture of 
equivalent conventional or non-personalised spectacles. (Target: 50% 

reduction). 

 

   
Figure 2. Table: Summary of project objectives, metrics and targets   

Project Objective Metric Target

Number of users fitted with a reduced 

set of personalisable spectacles

450 users  fitted with a catalogue of 12 

personalisable spectacles

Time to capture user's face data and 

produce a 3D reconstruction

Data capture in one second maximum, 

3Davailable in less than 2 minutes

Number of purchase orders the mini-

factories can accept

Peaks of 25 purchase orders/week, 16 in 

average

Delivery time from purchase to delivery Delivery time ( 15 days)

Time to produce new 3D personalisable 

design
-65% reduction vs standard stock frames

Product cost in €/spectacle -40% reduction vs standard stock frames

Environmental efficiency Eco-cost in CO2 kg/spectacle -40% reduction vs standard stock frames

Demonstrate the spectacles 

personalisation flexibility and 

enhanced purchase experience

Mini-factory flexibility allowing 

fast response to market dinamics

Time-to-market reduction for new 

personalised frames
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4.- OPTICIAN 2020 MINI-FACTORY PERFORMANCE AND BENEFITS 
 

4.1.- Personalisation flexibility  

The demonstration in Optician2020 consisted in 2 clusters of mini-factories close to the 
sell point, in our case the optician. During a period of 7 months, the 2 clustered mini-

factories have generated 455 personalised spectacles that have fitted 240 users from 
an optic shop in Portugal and 215 from a second optic shop in Switzerland. Opticians in 

the clusters automatically provided the manufacturing orders to an ICT platform with 
data obtained from volunteer users that were digitalised with a specifically developed 
data-capture device. This user data capture device consists of a head digitizer that 

reconstructs the 3D shape of the face and analyses the relevant data to calculate and 
personalise the spectacles available on a digital catalogue.  

According to one of the objectives of the demonstration, the purchase experience has 
been shown to be very satisfactory since user data capture only takes 0.2 seconds, 
while the whole process of anthropometry and frame creation lasts some 90 seconds. 

The user can then select the personalised spectacles she/he prefers, as well as the lens 
design, material and coatings from a large catalogue choice of spectacles, decoration 

and lenses. Since both the lens and the frame are created at the same time, the perfect 
fitting of the lenses to the personalised frame and according to the frame wear position 
is guaranteed.                

 

 

Figure 3.  (Left) image of the scanner process, and (right) co-design with virtual try on of personalised spectacles as 
selected by the user. 

According to one of the objectives of the project, we have created a catalogue of 12 
spectacle frames that can be adapted to the user morphological needs after 

automatically-modifiable 3D parametric frame designs. Frames can also be decorated 
and finished according to the user preferences. 

In addition, we have also developed a personalisable lens catalogue. The lenses could 

be chosen from different possible configurations (lens design, lens material, colour and 
coatings). All the catalogue of lenses was available for a wide range of spherical power, 

addition and cylinder covering more than 95% of RX prescription.  

This Optician2020 catalogue can be easily updated when a new element is added or 
deleted or if a modification is made. Modifications are edited from a database where the 

ICT platform is connected to. Co-design devices at the optician shops are automatically 
updated with new versions of the catalogue. Below in Figure 2 we can see an image of 

the personalisable frame designs, and the lens personalisable features. 
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Figure 4. Personalisable frame catalogue, including 12 models grouped in 4 design concepts, two different materials 

(metal and polyamide), colour palette and finishing. Frame dimensions are modified according to user needs. 

 

Figure 5. Personalisable lens catalogue including lens materials, lens type, colors and coating choices 

During the demonstration, the number of purchase orders produced was 240 in South-
EU and 215 in Central-EU cluster, totalling 455 different personalised spectacles, made 
from 12 models. Table 1 lists the number of personalised spectacles per frame model, 

where it can be seen that some models, such as additivesports01 had more success 
than others. 
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Table 1. Number of personalised spectacles per frame model produced in the Optician2020 demonstration. 

Frame models were dimensioned according to the needs of each user after the 3D data 

obtained with the user-data capture device. Despite the large differences detected when 
measuring users’ face parameters like nose width or front width (see a theoretical 

variation in Figure 4(left)), the parametric models could be adapted changing relevant 
frame features (see Figure 4 (right)).  

  

Figure 6. (Left) example of face parameters that are relevant for frame personalisation and (right) equivalent 
modifications corresponding to the extreme in nose bridge and parietal width for a particular frame design. 

Table 2 (left) illustrate the variation measured in terms of weight of the frames of the 
same model when adapted to users during demonstration. Data shows the average, 

minim and maximum weight of spectacles produced for each model in the catalogue. It 
can be noticed that differences in weight for the same model are up to 33% in average. 

 

Frame model

Number of 

personalised 

frames

%

additivesports01 98 22%

biosurfaces01 24 5%

biosurfaces02 5 1%

bracket01 70 15%

bracket02 34 8%

bracket03 49 11%

bracket04 13 3%

bracket05 10 2%

morphing01 18 4%

morphing02 41 9%

morphing03 93 20%

Total 455 100%
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Table 2. Weight of the personalised spectacles designed for the users per model. 

4.2.- Time-to-market and cost reduction 

Conventional spectacle frames have a large time-to-market, typically not less than 12 

weeks. This is because the process of creation conventional spectacles is composed of 
multiple steps that cannot be run in parallel. This processes can be simplified in: 

a) Design (concept, sketches, creation of the 2D blueprints. This takes some 2 

weeks) 

b) Engineering (manufacture of prototypes and validation. This takes another 2 

weeks minimum, it is an iterative process) 

c) Manufacture of the whole batch of finished product in batches from 4.000 to 

50.000 or more identical parts, in most cases in Asian locations. (This is a long 

process; it normally takes a minimum of 1 month) 

d) Shipment of the batch production to a warehouse in EU and distribution of the 

stock to customers (this takes another month, minimum) 

On the contrary, personalised spectacle frames have a quite short time-to-market, since 

the process for generating a new spectacle frame only concerns the design (1 week) 
and engineering (2 weeks). No stock is needed. Frames are manufactured on demand 
by the mini-factories participating in the project after the customer has placed a 

purchase order.  

Concerning the personalised lenses in the Optician2020 catalogue, there is almost no 

difference compared to the RX lenses (only coatings are different) and no significant 
time related to product development is produced in this case.  

So a personalised frame is ready to be commercialised just after only 3 weeks for 12 

weeks a new conventional spectacle frame, so the reduction in time-to-market is 75%, 
so this objective has been clearly achieved. 

On the other hand, production cost could not be reduced, on the contrary, the 
manufacturing cost of personalised spectacles are higher than the costs of conventional 
spectacles. This is because of the Additive Manufacturing technology available for 

producing high quality personalised spectacles (SLS and LM), is not competitive enough 
in terms of costs. 

 

 

Model
average 

weigh (gr)

max weight 

(gr)

min weight 

(gr)

additivesports01 19,51 21,34 16,42

biosurfaces01 20,66 21,77 18,44

biosurfaces02 13,93 14,18 13,73

bracket01 15,25 16,86 13,40

bracket02 12,53 13,64 9,20

bracket03 13,86 15,42 12,40

bracket04 15,65 16,84 14,99

bracket05 12,24 12,59 11,28

morphing01 13,45 14,79 11,80

morphing02 12,16 12,99 10,53

morphing03 15,09 16,89 12,78

Average 15,86 21,77 10,53
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4.3.- Mini-factory flexible set-up and capacities 

One of the advantages of the network of mini-factories in optician2020 is that the 
system implemented allows for an easy up-scaling of its capacity and, at the same time, 

it offers enough flexibility by allowing different manufacturing routes for the same 
product. A purchase order is split in several jobs (i.e. frame manufacture, lens 

manufacture, spectacle assembly) and every job can be assigned to one or more 
components of the mini-factories of the network. The ICT platform of Optician2020 is 
the key element that processes all purchase orders and has the algorithms for 

implementing the routing decisions.  

During the demonstration phase, the Optician 2020 consortium has validated that the 

clusters set-up can deal with the purchase demand in terms of its capacity. At the end, 
what is needed is that the number of purchase orders generated by the opticians (which 
obviously oscillates in time) does not exceed the overall manufacturing capacity and 

that the ICT platform may distribute the charge not only in terms of costs but also in 
terms of available capacity. 

Capacity of generation of purchase orders 

Opticians participating in the demonstrators had to contact potential users and schedule 
rendezvous with them for an eye exam to determine their lens prescription needs prior 

to make the Optician2020 purchase experience. After knowing the lens prescription, the 
user was invited to be digitalised and to make his/her choice with the options proposed 

by the Optician2020 automatic analysis. 

According to one of the project objectives, the average number of purchase orders of 

personalised spectacles per week and per optician is 8, or 16 in total. 

This has been confirmed by the demonstrator, since Opticians were able to provide an 
average of 8 purchase orders per day, which is according to the objective. Table 2 below 

show the weekly and daily averages and table 3 the weekly number of orders generated 
in total and per optician during the whole duration of the demonstrator. 

 
Table 3. Average orders generated per optician during the Optician2020 demonstration 

As expected, opticians did not generate a constant number of purchase orders. On the 
contrary, their number of commands oscillated as it can be seen in figure 5, where total 

weekly orders range from 5 to 28. The mini-factories were able to process this unsteady 
flow of orders because of their flexible capacity, showing the flexibility objective was 
achieved (peaks up to 28 purchase orders/week slightly more than the 25 targeted). 

 

Optician
nº of working days 

in demonstrator

nº of purchase 

Orders

Average 

Orders/day

Average 

Orders/Week

WP5 (PITA) 189 240 1,3 8

WP6 (LENSWORLD) 133 215 1,6 8

TOTAL 189 455 2,4 16
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Figure 7. Weekly number of purchase orders generated by WP5, WP6 and total 

4.4.- Spectacle delivery time 

When a purchase order for a personalised spectacle is received, the ICT platform 
processes the request and generates multiple jobs, each one for a spectacle component 

that is to be produced at a specific mini-factory. We define job delivery time as the 
time span from reception of the mini-factory job order to delivery of the manufactured 
part (not including shipment); and spectacle delivery time as the time span from 

order reception to complete spectacle delivery. 

It has to be noticed that spectacle delivery time does not necessarily correspond to the 

addition of all individual job delivery time (plus shipments), since re-processing may 
occur and the complete spectacle may require the completion of several jobs. 

Default job delivery times were defined for each mini-factory in the network during 

demonstration planning. These times are listed in the following:  

 Metal Frame manufacture:  

o Matt finishing 10 days. This time includes 3D printing time, after treatment 

preparation time and application of the matt finishing.  

o Glossy finishing 12 days.  

 Polyamide frame parts: 10 days. This time includes 3D printing time, polishing 

and dying.  

 Lenses manufactured at the South-EU lens lab: 5 days (valid for any kind of 

lenses, including coatings)  

 Lenses manufactured at the Central-EU lens lab: 4 days (valid for any kind of 

lenses, including coatings) 

 Spectacle assembly made by the South-EU lens lab: 5 days (valid for any kind 

of lenses and any kind pf frames). 

 Spectacle assembly made by the Central-EU lens lab: 3 days. 

According to these figures, we can expect having a delivery time that ranges from a 

minimum of 15 to 22 working days when only one attempt is needed to produce the 
spectacles (no re-processes needed). Successive attempts could impact at different 
extent the delivery time depending on the kind of defect and where it was produced in 

the supply chain.  
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During the demonstrators, delivery times were monitored. The Figure below plots the 
distribution of delivery time all of produced spectacles using intervals of 5 days. It can 
be observed that the majority of the spectacles were delivered after 20-29 days (24.3 

days is the average), with some of the orders delivered in just 10-14 days (13 days is 
the absolute minimum), while some others suffered a long delay (up to 119 days) 

because of multiple re-processing failed attempts. 

It has to be noticed that differences in spectacles delivery time between clusters is not 
significant, since the largest source of delay is the time spent in re-processing the 

frames (not the lenses, which have a shorter process time).  
 

  

Figure 8. Plot of the delivery time of the spectacles produced in the Optician2020 demonstrator. Most of the 
spectacles were delivered in less than 25 days. 

4.5.- Environmental footprint reduction 

In this section we present the results of the environmental study for Optician 2020 
spectacles and we compare their carbon footprint (eco-cost) to similar conventional 
(non-personalised) spectacles available in the market. 

The eco-costs are calculated through a specific project tool (called Eco-tool) developed 
to assess the Climate Change impact of Optician 2020 models, as this is the most 

reported category in environmental studies. It may also be called Global Warming 
Potential or carbon footprint and results are expressed in CO2 eq. emissions. The Eco-
tool is based on a simplified Life Cycle Analysis (LCA) and it has been integrated into 

the on-line management platform. 

LCA is a methodology to assess the environmental impacts and resources used 

throughout a product’s life cycle, i.e., from raw material acquisition (cradle), via 
production and use phases, to waste management (grave). As defined in ISO 14040/44 
standards, the LCA includes different phases: 1) goal and scope, 2) inventory analysis 

(LCI), 3) impact assessment (LCIA) and 4) interpretation of the results that provide 
conclusions and recommendations.  

The developed Eco-tool is based on a detailed calculation including all manufacturing 
steps, from raw materials extraction up to delivery to the opticians. Main steps 
considered are the following: 
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 Packaging raw material manufacturing and transport to assembly site 

 Frontal raw material and auxiliaries manufacturing, and transport to frontal 

production site 

 Temples raw material and auxiliaries manufacturing, and transport to temples 

production site 

 Lenses raw material and auxiliaries manufacturing, and transport to lenses 

production site 

 Frontal production 

 Temples production 

 Lenses production 

 Spectacle assembly 

 Transport for frontal, temples and lenses to the assembly site 

 Transport from the assembly site to opticians 

As regards Optician 2020 spectacles, eco-costs have been calculated for all spectacles 
produced in the demonstration phase. In the following we will provide an analysis of the 
resulting data. Figure 7 shows the resulting eco-costs for each spectacle model 

produced in both mini-clusters (Southern and Central Europe demonstrators)1. The eco-
cost depends, among other parameters, on spectacles weight; therefore, because of 

customisation, it is a specific value for each pair of spectacles. In Figure 9, the resulting 
eco-costs correspond to average manufactured weight for each model. Results show a 
carbon footprint between 3.04 and 4.43 kg CO2 eq. per spectacle. 

 

Figure 9. Mean eco-costs for the main 11 Optician models manufactured in the two first mini-clusters 

We can observe that cluster configuration has not a large impact on the overall eco-
cost. However, important differences appear among the models. Also, the frontal 

material has an appreciable influence, showing Titanium spectacles a lower Global 
Warming Potential than Polyamide spectacles. 

                                                           
1 Please note the tool is prepared to perform multiple scenarios. 
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In order to assess how the frames weight is affecting the spectacles eco-cost, in Figure 
10 we present the eco-cost results2 for minimum frames weight and maximum weight 
for the three “best-seller models”. Results show that variability of eco-costs remains 

below 10% of average value. 

 

Figure 10. Eco-costs variability for the three most manufactured models, according to minimum and maximum frame 
weights. 

If we analyse in detail one model with PA frontal (Additive sports 01) and one with Ti 

frontal (Bracket 05), we can appreciate some differences in the impact sources (Figure 
11). For both models, lenses production is the most impacting step; whereas the second 

impacting step is the frontal production (when the frontal is in PA) and the temples 
production (when the frontal is in Ti). 

  

Figure 11. Carbon Footprint for two representative Optician models, split into production steps (cluster South EU) 

                                                           
2 Calculated as if produced in the South EU mini-cluster 
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Optician models have been compared to available products in the market3. For this, the 
information used comes from Environmental Product Declarations (EPD). EPD 
information is aggregated; thus, different assumptions may have been taken and this 

hinders strict comparison among results.  

With the available information, Optician 2020 model Bracket 05 achieves a carbon 

footprint reduction between 16% and 42% comparing to other commercial products, 
while Additive sports 01 is in line with other products (Figure 12). 

 

Figure 12. Carbon Footprint of two Optician models and other commercial products 

    

Optician 2020 manufacturing model has also other advantages in terms of saving 
resources. In order to quantify it, we have considered an approach based on “sold 

spectacle” instead of previously considered “produced spectacle” approach. 

When a pair of customised eyeglasses is sold and delivered to the user, Optician 2020 
model has benefits in terms of stock and manufactured lenses in comparison to 

traditional manufacturing and logistics model. 

We need to take into account that between 20%-40% of conventional spectacles are 

not sold and they are returned to the manufacturers, who will then try to resell them if 
possible, donate to an NGO or eliminate them. To assess the environmental impacts of 
this scenario, we assumed that 1.2 conventional spectacles (20% of stock, to be 

conservative) are produced per 1.0 Optician 2020 personalized spectacles. 

In addition, conventional manufacturing of eyeglasses includes producing 4 lenses per 

each pair of eyeglasses sold out (one pair for trying purposes and one pair to be 
delivered to the customer). 

When considering these parameters, we can observe that Optician 2020 models have 

an important reduction in terms of Global Warming Potential (Figure 13). Especially, 
Bracket 05 model has a carbon footprint reduction between 50% and 62% of 

commercially available models. 

Results of the environmental study show that the carbon footprint of manufactured 
Optician 2020 spectacles can save up to 50-62% of CO2 eq. emissions in the 

best case when comparing to commercial products. Despite this is an indicative figure 
based on the available data, we can highlight that Optician 2020 manufacturing model 

                                                           
3 Note that comparison has been made for products with publicly available EPD. 
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offers important benefits in terms of saving of resources and transport, and 
corresponding reduction in associated emissions. 

 

Figure 13. Carbon Footprint of two Optician models and other commercial products considering 20% stock not sold 
and overproduction of lenses for eyeglasses 
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5.- CONCLUSIONS  

For the first time, a complete set of 2 clustered mini-factories has been demonstrated 

with real production of personalised spectacles for more than 450 users in Portugal 
and Switzerland. 

A catalogue of personalisable spectacles (including 12 frames and personalisable lens 

types) was adapted according to the user’s dimensional facial needs and according to 
their aesthetical preferences. This was done with an innovative purchase 

experience, with user face scanned in only 0.2 seconds and a user friendly co-design 
environment for spectacle personalisation. 

The demonstration has also proven that the mini-factories can deliver the personalised 

spectacles in a competitive time frame; the average delivery time of the Optician2020 
personalised spectacles was 24.3 days for the overall production. It has been proven 

that the delivery time can be reduced down to 14 calendar days when all operations 
run perfectly.   

The clustered mini-factories demonstrated a high level of flexibility, adapting their 

manufacturing capacity to the market demand. 

The time-to-market of new personalised spectacle frames has been reduced up to 

75% when compared to stock conventional frames. 

The demonstration has also proven that the mini-factories can reduce the eco-cost 
up to a significant 50-62% in the best case when compared to conventional 

spectacles 

Nevertheless, the production cost could not be reduced and it is still higher than 

conventional mass production spectacles.  This is because of the current higher costs 
of the additive manufacturing technology. This technology is evolving very fast and it is 
expected that the costs will be considerably reduced in the coming 2-3 years. 

 


