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Executive
Summary

The COVID-19 pandemic has exacerbated some of the fundamental limitations that the current
development model in Latin America and the Caribbean already had: poverty, inequality, weak
healthcare systems, amongst others. This calls for integrated, sustainable, and locally-driven
solutions based on science.

Guatemala is being affected particularly hard, since the country has the smallest number of
hospital beds per capita in the region, and only 56 mechanical ventilators dedicated to COVID-19
patients. In response to these issues, we launched Respira-Guatemala, in collaboration with Project
Inspiration from TUDelft, in The Netherlands. Together, we developed a mechanically invasive
ventilator that meets the necessary clinical criteria and costs roughly one-tenth of its commercial
counterpart.

Mereover, Respira-Guatemala established production and an assembly line of mechanical parts of
the ventilator in Guatemala successfully producing two working machines, which will be used in
the Roosevelt Hospital, starting the third week of August. A logistics line, including diplomatic
partners, was also established to speed up the import time of electronic compcnents.

Our solution censists of two phases. In the first phase, we aim to produce 96 mechanical
ventilators by the end of the year, and 160 more in the first five months of next year, to supply the
hospitals of Guatemala and other neighboring countries with resources needed to face the
COVID-19 pandemic. At the same time, our team of researchers will be improving the current
model to be more flexible for various emergencies (other than COVID-19). Since the need for
ventilators will not stop with the pandemic, our second phase’s goal is to produce 320 improved
ventilators to ensure that the region can be better prepared for challenges it may face in the future.
Qur estimated cost for the first phase is approximately EUR 1.2 million and EUR 2.5 million for the
second phase (given we expect the price to increase for the more advanced model).
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Locallr produced Mechanically Invasive

Ventilators for critically-ill COVID-19 patients

1.1 The problem

According to the Minister of Health of Guatemala, as of April 4th, there were 56 mechanically
invasive ventilators available for COVID-19 patients in the entire country. This quantity would need
to cater for the country’s population of 17.5 million people. As of August 11th, Guatemala has a total
of 57,966 confirmed COVID-19 cases. Recent studies have shown that around 2% of the total cases
will require mechanical ventilation (Auld et al., 2020). Studies have suggested that Guatemala
required over 700 mechanical ventilators as of the end of July (IHME, 2020). The data above makes
it clear that there is a significant shortage of mechanical ventilators in Guatemala.

Currently, Guatemala is the country with the least amcunt of hospital beds at 0.6 per 1000 pecple
(Haiti and Honduras are at ©.7) (The World Bank, 2020b), and the second largest "Out of pocket
spending”

Figure 3: Number of hospital beds in LAC countries
an% OECD average, latest year available
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Source: OECD Health Statistics 2019; World Bank World Cevelopment Indicators 2012. See Chapter 5.

Figure 2: Out of pocket expenses. Obtained from The World Bank (2020a)
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1.2 Our response: Respira-Guatemala, a

combined effort to tackle the COVID-19 crisis

In April, Acknowledging the emergency that the CCGVID-19 was going to impose in Guatemala,
and seeing the impact that the pandemic had had in more developed nations with better
health care systems, Quantum Energy & Engineering and the local Design Studio DOSIS
partnered up to create the Respira-Guatemala initiative, with the goal of relieving the strain on
the health-care system and provide the critically needed, life saving mechanically invasive
ventilators which we had seen were needed and in shortage. We partnered up with Project
Inspiration, led by the biomedical enginesring Professor Gerwin Smit fromTUDelft, who
developed a ventilator model that meets all the necessary medical criteria (See section 1.4).

The model is based on the East Radcliff Ventilator. This popular design was successfully used
throughout Europe for over two decades, and was capable of fully ventilating critical patients
for over two years without stoping. This model was imporoved upon with state-of-the-art
technology from TUDelft.. After establishing the partnership with TUDelft, we quickly
contacted different actors in our network, including the four largest universities, [ NIEEIN

5.1.2e among cthers
(See the parther network in Figure 1.3). Furthermore, we created different communication
channels e.g., www.respira-Guatemala.com, with the intention of providing accurate and
essential information on COVID-19 prevention, good practices and our ventilator
development work tc the general public.

We then moved towards establishing our producticn line in Guatemala. For this, our long time
technology development partner, the workshop Talleres Hernandez, which we knew had
experience working for the pharmaceutical, food, medical, chemical, among other industries.
They agread to support the initiative to help the hospitals by producing all the molds and
mechanical pieces of the ventilator. To get the process started, TUDeflt's Project Inspiration
team, in collaboration with the Process & Energy department donated a full mechanical
system, as well as their technical advice for the specifics of the materials needed to preduce
them. As of today, with the help of Talleres Hernandez we produced two full mechanical
systems, and proceeded to perform a stress test that lasted cover three weeks without any
errors. Thanks to the big head start time, they were able to prepare their workshop to have
enough capacity to produce up to eight full mechanical systems in a week (see the letter in
the Appendix).
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Scme key parts of the ventilator had to be done in other specialized companies, for instance, the
aluminum chambers need to be anodized to pretect them from a high oxygen concentration. In
Guatemala, it seems like this process is rarely done. Nevertheless, we reached out to Procesos en
Aluminio -CMI- S A, to our knowledge, the only company in Guatemala that can perform this
process. They have been keen towards the project and succesfully completed the anodization
process for the first two machines, and stated their willingness to support the scale up.

The auxiliary monitoring system can nct be produced in Guatemala at the moment, nor any other
country in Central America, as far as we know. This requires specialized equipment for multi-layer
electronic board design, testing and production. However, our team members in The Netherlands
together with Project Inspiration have established a sound network of suppliers for all the
electronics, which come from different Switzerland, Germany, the U.K. and several parts of The
Netherlands.

Currently, the electronic board is being develcped by Interarray a Dutch company specilized in this
processes. Their help was key in improving the efficacy and reliability of the circuit boards used in
the ventilator. Furthermore, they have the infrastructure to easily scale up and an existing
inventory of the materials that we need for the ventilator. For the first two ventilators, Global
Initiative from TUDelft provided the resources to purchase them, as well as their technical advice
with cur administrative structure. Once cur team in the Netherlands collected all the pieces, the
company recommended by the Dutch Consulate in Guatemala, Daco Heavy Lift supports us with
the logistics and customs processes.

Finally, once all the mechanical and electronic pieces made it to Guatemala, the company IEGSA
supports us to with space to ensemble, test and clean the machines. As technical advisors, we have
direct daily contact with the Project Inspiration Team and we also have the support from ARA, a
sister company of Interray, who offers advisory in the manufacturing process.

In summary, the collective effort of Respira-Guatemala has been able to transfer critically required
technology and has begun building the local capacity to face our own needs Our goal now remains
to provide sufficient equipment for the local and regional hespitals, for which we need to scale up
and consolidate the local capacity.
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1.3 Our plan

1.3.1 Phase 1:
Meet the current emer, ency needs of ventilators and improve th.e.
current model to meet the standards of “out-of-emergency conditions”

According to our conversation with the ICU director of Roosevelt Hospital, the hospital requires
at least 50 ventilators more to satisfy their demand, as they have been at maximum capacity for
mecnths.

Hence, our goal is to meet the needs of this hospital and the other COVID-19 dedicated hospitals
in the country. We aim to have a total of 96 ventilators in use by the end of the year. With our
current suppliers and production line, we can produce an average of 8 ventilators per week, or 32
per month. With that, our goal until the end of the year is to have 96 new ventilators, fulfill the
requirement of the Roosevelt Hospital, and have some units available to other hospitals in need.
Furthermore, we plan to continue the production into the next year, to have a total of 256
ventilators produced by May of 2021.

Simultaneously, three features can be improved in the current model to meet all the requirements
of a fully commercial device. These are:

® Variable inspiration-expiration ratio (I.E): Which currently is fixed at 1:2. The
current value is sufficient to provide a mechanically invasive ventilator to a sedated
patient, but in some cases, it might be desired to change this relation.

@ Assisted ventilation: This requires measuring the voluntary pressure drop in the
lungs of the patient.

@ Touch-screen: In some cases, it is desired to have a more advanced monitoring
system, for which more work on the electronics is reguired.

To achieve these, a continued partnership with TUDelft is required, to which they are readily
open. In summary, the first phase's purpose is to help relieve the crisis in the short-term and
establish the base for a new model that will allow us to help prepare for future needs.
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1.3.2 Phase 2:

Capacity building and scale-up

Based on the statement by the World Bank, Latin America & the Caribbean countries need to spend
more and better on health to be better able to face a major health emergency like COVID-19 effectively

(The World Bank, 2020c¢), this phase is aimed at increasing the local capacity for production of the
medical devices needed to meet the local needs in the future.

Table 1.1: Number of ventilator
requirements in the last 6 years'

Year Number of events Cost

2020 7607 7.064,388.07 EUR
2019 1067 545C,414.63 EUR
2018 1426 5,963,779.41 EUR
2017 944 4,651614.84 EUR
2016 750 3,588,15520 ELR
2015 590 2,286,896.85 EUR

During our conversations with different doctors in Guatemala, we learned that the country had a
mechanical ventilatcr deficit before the COVID-19 crisis started, to the point where doctors freguently
had to provide manual ventilation for their patients. After some further research into the topic, we found
more evidence of this need through the great demand of such devices, as shown in Table 1.1. Moreover,
this information is also accurate for many (if not all) other countries in Latin America.

Latin America produces only 4% of all the medical technologies used in the region. For the remaining
96% of the supplies, the countries are fully dependent on the international market. As a team, we believe
that other countries should be able to benefit from a ventilator that costs less than a tenth of what they
normally would.

For this reason, building on the research from phase 1, phase 2 is about continuing the production and
distributing ventilators to other neighboring countries that would benefit from them. The pandemic will
eventually be over, but we need te grow our inventory to better prepare for future challenges.

'Data obtained from www.guatecompras.gob.gt. Here, the number 1067 means that the
country leased ventilators 1067 times, with centracts that lasted as little as 1 day, up to a
few months, Similarly, this applies for every other line.

*Up to August 11th
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1.4 Technical Specifications of the Ventilator

The ventilator developed by Project Inspiration is designed based on the Rapidly Manufactured
Ventilator System (RMVS) of the Medicines & Healthcare products Regulatory Agency.

Figure 1.7:
Project

Inspiration
Ventilator

The technical specifications are:

» Plateau Pressure regulated by moving/adding/removing weights: up to 30 cm
H20O. In an exceptional case, up to 70 cm H20 is possible by adding more weight.
* Nearly constant pressure achieved by weighted bellow flow generation.

« PEEP pressure mechanically adjustable: 5 cm H20 to 25 cm H20.

« Safety valve in inspiratory 70 mbar.

* Tidal Volume: results from lung compliance, pressure setting and breathing rate.
* Mechanical valve control, fixed |:E ratio: 1:2 (expiration longer than inspiration).

« Breaths per minute: adjustable between 10 and 40 breaths per minute.

» Only mandatory/forced ventilation possible.1

« Humidifier and heater optional second system: controlled to 35-37AFC inflow air
and high (90%+ Rel Humidity).

L] L ]

Alarms: Monitoring:
* Low battery. * Current achieved PEEP.
« Plateau pressure (too high/low); adjustable limits. i E!?)tgau Pressure.
- x 5 . " a. L] | L
5 A e o OO + VT and Breathing rate(BPM).

idal volume (too high/low); adjustable limits. « Temperature of inspired air.
* Minute volume; adjustable limits + Humidity of inspired air.
» Oxygen fraction (Too high/low); adjustable limits. +» Battery full/low.
« Sensor failure + Real-time plots possible with cennected

laptop (USB).
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1.5 The Quantum Energy & Engineering +

Studio Dosis = Respira-Guatemala
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1.5.2 Finances
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The support v've are
seeking will cover the
finances behind
helping Guatemala

breath again



596788

® Bibliography

Afshari, A., Matson, U., and Ekberg, L. E. (2005). Characterization of indoor sources of fine and
ultrafine particles: A study conducted in a full-scale chamber. Indoor Air, 15(2):141-150.

Auld, S. C, Caridi-Scheible, M., BEE&A, J. M,, Rebichaux, C., Kraft, C., Jacob, J. T., Jabaley, C. S.,
Carpenter, D., Kaplow, R., Hernandez-Romieu, A. C., Adelman, M. W, Martin, G. S., Coopersmith, C.
M., and Murphy, D. J. (2020). ICU and Ventilater Mortality Among Critically Il Adults With
Coronavirus Disease 2019. Critical Care Medicine, Publish Ah:1-6.

Brakema, E. A., van der Kleij, R. M., Vermond, D., van Gemert, F. A, Kirenga, B., Chavannes, N. H.,
An, P. L., Anastasaki, M., Akylbekov, A., Barton, A, Bertsias, A., Binh, P. D. U,, van Boven, J. F,,
Burges, D, Cartwright, L, Chatzea, V. E,, Cragg, L., Dang, T. N., Dautov, |, Emilov, B., Ferarrio, .,
Hedrick, B., Thi Cam Hong, L. H., Hopkinson, N,

lsaeva, E., Jones, R., de Jong, C., van Kampen, S., Katagira, W., Kjsergaard, J., Kocks,

J.Lan, L. T. T, Linh, T. T. D, Lionis, C., Loan, K. X., Mademilov, M., McEwen,

A., Musinguzi, P., Nantanda, R., Ndeezi, G., Papadakis, S., Pinnock, H., Pooler, J.,

Poot, C. C., Postma, M. J,, Poulsen, A., Powell, P, Quynh, N. N., Reventlow, S., SifakiPistolla, D.,
Singh, S., Sooronbaev, T, Correia de Sousa, J., Stout, J., Stubbe @stergaard, M., Tabyshova, A.,
Tsiligianni, |, Tuan, T. D., Tumwine, J., Van, L. T., Vinh, N. N., Walusimbi, S., Warren, L., and Williams,
S. (2020). Let’s stop dumping cookstoves in local communities. It's time to get implementation
right.

European comission on Energy Climante and Environment {2020). Reducing emissions from
aviation — Climate Action.

Gifford, M. L. (2010). A Global Review of Improved Cookstove Programs. In Salzburg -
Energy Reform Conference 2010, pages 2-31.

Global Alliance for Clean Cookstoves (2013). Guatemala Cookstoves and Fuel Market Assessment.
(July)1-102.

Gunther, M. (2015). These cheap, clean stoves were supposed to save millions of lives. What
happened? - The Washington Post.

IARNA-URL (Instituto de Agricultura Recursos Naturales y Ambiente de la Universidad Rafael
Land 1var) (2012). Perfil Ambiental de Guatemala 2010-2012. Vulnerabilidad local y creciente
construcci’on de riesgo.

IHME (2020). COVID-19 projections.

International Energy Agency (2019). SDG7: Data and Projections.

IPCC (2018). Summary for Policymakers. Technical Report 9.

Kelz, J., Brunner, T., Obernberger, |, Jalava, P., and Hirvenen, M.-R. (2010). Pm Emissions From Old
and Modern Biomass Combustion Systems and Their Health Effects. 18th European Biomass
Conference and Exhibition, (May 2010):1231-1243.

Khandelwal, M., Hill, M. E, Greenough, P., Anthony, J,, Quill, M, Linderman, M., and

Udaykumar, H. S. (2017). Why Have Improved Cock-Stove Initiatives in India Failed?
World Development, 92:13-27.



596788

Khandelwal, M., Hill, M. E., Gresnough, P., Anthony, J., Quill, M., Linderman, M., and
Udaykumar, H. S. (2017). Why Have Improved Cook-Stove Initiatives in India Failed?
World Development, 92:13-27.

Lam, N. L., Chen, Y., Weyant, C,, Venkataraman, C., Sadavarte, P., Johnson, M. A, Smith, K. R., Brem, B. T.,
Arineitwe, J,, Ellis, J. E., and Bond, T. C. (2012). Household light makes global heat: High black carben
emissions from kerosene wick lamps. Environmental Science and Technology, 46(24):13531-13538.
Martinez, M. (2003). La demanda por combustible y el impacto de la contaminacién al

intericr de los hogares sobre la salud: el caso de Guatemala. Revista Desarrollo y sociedad,
7760(51):129-174.

Ministerio de Energia y Minas (2017). indice de cobertura eléctrica 2016.

Naciones Unidas, CEPAL, FAO, and ALADI (2016). Seguridad alimentaria, nutricion y

erradicacion del hambre Celac 2025. Elementos para el debate y la cooperacion regionales. (sd):9.

Our World in Data (2019). COACC and Greenhouse Gas Emissions - Our World in
Data.

Prensa Libre (2020a). Crisis del coronavirus: Desnutricion y el hambre que agobia a varias familias del
Corredor Seco.

Prensa Libre (2020b). Salud reduce presupuesto a programas contra la desnutricion y traslada los fondos
al combate del covid-19.

Ritchie, H. and Roser, M. (2019). Access to Energy. Our World in Data.

Sedighi, M. and Salarian, H. (2017). A comprehensive review of technical aspects of biomass cookstoves.
Renewable and Sustainable Energy Reviews, 70.656-665.

Simoen, G. L, Bailis, R, Baumgartner, J,, Hyman, J,, and Laurent, A. (2014). Current
debates and future research needs in the clean cookstove sector. Energy for Sustainable Development,
20(1):49-57.

Scovacool, B. K. (2012). The political economy of energy poverty: A review of key challenges. Energy for
Sustainable Development, 16(3):.272-282.

Thakur, M., Nuyts, P. A, Boudewijns, E. A, Flores Kim, J,, Faber, T., Babu, G. R, Van

Schayck, O. C, and Been, J. V. (2018). Impact of improved cookstoves on women's and child health in low
and middle income countries: A systematic review and meta-analysis. Thorax, pages 1-15.

The World Bank (2020a). Going green after COVID-19 will help MENA economies recover better,

The World Bank (2020b). Health at a Glance: Latin America and the Caribbean 2020.

The World Bank (2020c¢). Latin America & the Caribbean countries need to spend more and better on
health to be better able to face a major health emergency like COVID-19 effectively.

The World Bank (2020d). Will COVID-19 Reshape the Global Economy?

Torvela, T. (2015). Fine Particle Formation in Biomass Morphological Features and Toxicity. PhD thesis,
University of Eastern Finland.

United Nations (2020). The Impact of COVID-19 on Latin America and the Caribbean. pages 1-25.

Venkata Ramana, P., IEEEEM, T., Sumi, M., and Kammila, S. (2015). The State of the
Global Clean and Improved Cooking Sector. ESMAP and GACC, pages 1-179.



596788

GOBIERNQ / MINISTER{IO DE “
| SOBIERNO . | SaLUo pBLica ospital
or. aLezanoro ciammatTel | SOCIAL ==00sevel‘

Guatemala, 10 de Abril del 2020

Dandole continuidad a nuestra conversacion de hoy, quiero solicitarte por este
medio que comuniques al equipo de la Universidad Tecnologica de Delft que trabaja en
el proyecto “Inspiracion”, que en el Hospital Roosevelt de Guatemala estamos
interesados en el equipo de respiracidon mecanica asistida que han desarrollado, dado
que en la situacion actual no contamos con la capacidad necesaria para asistir la
cantidad estimada de pacientes criticos de COVID19 que vendran en las préximas
semanas.

Estamos en la disposicion de probar el equipo y evaluar si logra superar las pruebas
clinicas de los parametros criticos que necesitan controlarse durante una intervencion
en un paciente, para su posterior implementacion.

De antemano agradecemos el esfuerzo.

Sin otro particular, se despide.

Atentamente,

Hospital Roosevelt de Guatemala

Cc. Archivo

Calzada Roosevelt Zona 11, Guatemala, C.A.

Bl e

o @HRooseveltGT www.Hospital Roosevelt.gob.gt



Guatemala, April 10th 2020

exint [T

Continuing our conversation from today, 1 want to ask you by this means that you communicate
to the team at Delft University of Technology working on the “Inspiration” project, that at the
Roosevelt Hospital in Guatemala we are interested in the assisted mechanical ventilation equipment
they have developed, given that in the current situation we do not have the necessary capacity to assist
the estimated number of critical COVID19 patients who will come in the next weeks.

We are in the position to test the equipment and evaluate if it manages to pass the tests critical
parameters that need to be monitored during an intervention in a patient, for its subsequent
implementation.

We appreciate the effort in advance.

Without another particular, he says goodbye.

Sincerely,

Roosevelt Hospital from Guatemala

cc. Archive
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Toda Clase de Trabajos para la Industria Farmacéutica y Alimenticia,
Especialidad en Trabajos de Acero Inoxidable.

Guatemala, 17 de Agosto del 2020

A quien corresponda,

El motivo de la presente carta es para comunicar la disposicion en apoyar la iniciativa de “Respira-
Guatemala” en la construccion del sistema mecanico de los ventiladores invasivos urgentemente
necesarios en los hospitales de Guatemala, dada la emergencia causada por el COVID-19 y la
‘saturacion de las unidades de cuidados intensivos.

En Talleres Hernandez, tenemos mas de 60 afios de experiencia en la construccion de maquinaria para
casi todo tipo de industria, incluyendo: farmacéutica, médica, quimica, alimenticia, azucarera, que ha
sido utilizada en varios paises del mundo.

En este momento tenemos la capacidad de construir entre 4 y 8 sistemas mecanicos, con intension de
expansion. Hemos construimos 2 sistemas basados en el disefio de TUDelft de manera exitosa, que han
probado funcionar de manera correcta, ademas, en creamos maquinas auxiliares para agilizar la
produccion en serie, como inicialmente planificado con el equipo de “Respira-Guatemala™.

Desde ya ponemos a la disposicion nuestros servicios para apoyar al pais y la region en esta crisis.

Se despide atentamente,

TALLERES

13 Avenida 4-27, Zona 1

596788
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T Guatemala, Guatemala, C A
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TALLERES
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Toda Clase de Trabajos para la Industria Farmacéutica y Alimenticia,
Especialidad en Trabajos de Acero Inoxidable.
Guatemala, August 13, 2020

To whom it May concern,

The motive for this letter is to communicate the willingness to support the initiative of "Respira-
Guatemala" in the construction of the mechanical systems of urgently needed invasive ventilators in the
Guatemalan hospitals, given the emergency caused by COVID-19 and the saturation of intensive care

units.

At Talleres Hernandez, we have more than 60 years of experience in the construction of machinery for
‘almost every type of industry, including: pharmaceutical, medical, chemical, food sugar, which has
been used in various countries around the world.

At this moment we have the capacity to build between 4 and 8 mechanical systems, with the intention
of expansion. Based on the TUDelft design, we have successfully built 2 systems that have proven to
work correctly and we have tailored auxiliary machines to speed up serial production, as initially
planned with the “Respira-Guatemala” team.

From now on we make our services available to support the country and the region in this crisis.

TALLERES
HERNANDEZ
mecania industial

13 Avenida 4-27, Zona 1
Tels 5.1.2e

Sincerely,

Tallerez Hernandez

Tel. 51.2e
- Guatemala, Guatemala, C.A.

-mail. (AT @paginas amarillas.com

13 Avenida 4-27, Zona 1+ Telffax:



]
TUDelft

Delft University of Technology

R&D by Delft University of Technology
Based on the feedback from the clinicians and their priorities, we will improve the ventilator system and
add additional functionality. We expect that the following features can be added or improved:

Software and user interface

The current software provides basic processing of the sensors signals (airway pressure, air flow,
breathing rate, airway temperature, oxygen level). Although the displayed values are within the required
boundaries, it is desired to improve the data processing, to increase the accuracy and of the displayed
values, to facilitate the reading for the medical personnel.

Furthermore, it is desirable to be able to display not only the pressure and flow values, but also
graphically display the pressure and flow profiles. This can be realized by adding a touchscreen, or a
display to the system, which requires redesign of the electronics system. Lastly, it would be desirable to
add an external data output, which enables the recording of the measured data.

I:E ratio

The current ventilator has a fixed inspiration-expiration-ratio (I:E of 1:2), which is determined by a cam
shaft. This means that the expiration is two times longer than the inspiration. Although this will suit
most cases, in some cases it is desirable to have other I:E-ratics. Other ratios could potentially be added
to the ventilator, by enabling the camshaft to rotate at a variable speed. This requires redesign of the
electronics of the motor controller setup.

Breathing assist mode

The current ventilator model provides mandatory ventilation only. This means that ventilater imposes
the breathing speed to the patient, which is sufficient for emergency situations like the COVID-19 crisis.
The patient is not allowed to counteract the ventilator, and therefore needs to be sedated sufficiently. It
would be desirable to add a breathing assist mode, in which the ventilator assists the patient, at the
initiative of the patient, who breaths at a self-selected breathing speed. In this way, the patient needs to
be less sedated. Adding a ‘breathing assist mode’', could be achieved by using pressure signals, to drive
the motor controller. In this way, the camshaft can open and close the inspiration and expiration valves
at the breathing initiative of the patient.

EMC testing

To ensure that the new developed electronics of the ventilator works well when they are exposed to
electromagnetic interference, the machine needs to be subjected to EMC-tests. One EMC-test costs 10-
15k. It is expected that 2-5 tests are necessary.

Technicians
The software programming requires one to two software engineers, working 12 months on the project.
The modification of the electronics can be done by one electrical engineer.
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