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Temario

* A. Las necesidades de la formacion en y para
una sociedad global.

e B. Una vision integrada para obtener
resultados valiosos y pronto.



A. Necesidades de la formacion paray
en una sociedad global.

Calidad y efectividad de la ingenieria para los proyectos relevantes de desarrollo de Chile. Necesidad
de calidad global aplicada en casa.

— Variedad de proyectos de ingenieria con problemas: Los analisis del Instituto de Ingenieros.

Cumplimiento de los acuerdos y entendimientos internacionales. Equivalencias y movilidad
profesional.

— Paises: Canada y otros.
— Comunidades: APEC, Unidn Europea.

Renovacidn de las industrias radicadas en Chile: Necesidad de aumento significativo de la
productividad y de nuevas formas de trabajar.

— Mineria - Industrias acui-agro alimentarias y forestal - Logistica
— Energia - Infraestructuray construccion - Industrias de servicios.

Participacion mas activa en los proyectos de inversion en Chile y en la region LA. La necesidad de
ampliar la vision de participacion y la capacidad de evolucion agil.
— Inversiones similares en AL y la actualizacion de industrias e infraestructuras. La vision de la CBC.

Desarrollo de nuevas industrias. Necesidad de mas innovacion, calidad y productividad.

— Realizacién de Servicios Globales de Ingenieria. Analisis del Instituto: la proyeccién chilena, al exteriory la
proyeccion extranjera a Chile.

— Manufactura Avanzada. El surgimiento de una nueva vision (CORFO, empresas, universidades).
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ASIA-PACIFIC ECONOMIC COOPERATION
HUMAN RESOURCES DEVELOPMENT WORKING GROUP

The APEC Engineer
Manual

THE IDENTIFICATION OF SUBSTANTIAL EQUIVALENCE

| APEC Engineer Coordinating Committee I

July 2009



THE APEC ENGINEER REGISTER

AUSTRALIA

Department of Education, Training and Youth Affairs (DETYA)
The Institution of Engineers, Australia (IEAust)

CANADA

Canadian Coundcil of Professional Engineers (CCPE)

CHINA

National Administration Board of Engineering Registration (Structural)

HONG KONG,
CHINA

Educsation & Training Units, Works Bureau, the Government of Hong
Kong Special Administrative Region
Hong Kong Institution of Engineers (HKIE)

INDONESIA

Ministry of National Education

Ministry of Manpower

Badan Akreditasi Nasional (BAN)

Construction Services Development Board (CSDB)
Persatuan Insinyur Indonesia (Pll)

JAaPAN

Ministry of Education, Culture, Sports, Science and Technology (MEXT)
Ministry of Land, Infrastructure and Transport (MLIT)

Ministry of Economy, Trade and Industry (METI)

The Insutution of Professional Engineers, Japan (IPEJ)

Japan Architectural Education and Information Center (JAEIC)

KOREA

Ministry of Construction and Transportation
Ministry of Labor

Ministry of Science and Technology

Human Resocurces Development Service of Korea
Koreza Construction Engineers Association

Korea Professional Engineers Association

Horea Research Institute For Vocational Education
Ministry of Commerce Industry & Energy

Ministry of Education & Human Resources Development
Ministry of Foreign Affairs & Trade

Korean Scciety of Civil Engineerning

Korean Engineering Services Association

MALAYSIA

Board of Engineers, Malaysia
The Institution of Engineers, Malaysia

NEW ZEALAND

Ministry of Economic Development
The Institution of Professional Engineers. New Zealand

PAPUA NEW
GUINEA

The Institution of Engineers, Papua New Guinea

PHILIPPINES

Professional Regulation Commission (PRC)

Commission on Higher Education (CHED)

Philippine Technological Council (PTC)

Technical Panel for Engineering, Architecture and Maritme Education
(TPEAME)

SINGAPORE

Institution of Engineers Singapore
Professional Engineers Board

THAILAND

Ministry of University Affairs

The Engineenng Institute of Thailand under H.M the King's Patronage
(ELT)

Natonal Science & Technology Development Agency

Council of Engineers Thailand

UNITED STATES OF

United States Council for Intematonal Engineering Practice (USCIEP),

AMERICA with assistance from the National Council of Examiners for Engineering
and Surveying {NCEES), the Accreditation Board for Engineering and
Technology (ABET), and the National Society of Professional Engineering
(NSPE).
VIET NAM National Institute of Educational Development
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AEROSPACE ENGINEERING
BIOEMNGINEERING

BUILDING SERVICES ENGINEERING
CHEMICAL ENGINEERING

CIVIL ENGINEERING

ELECTRICAL ENGINEERING
ENVIRONMENTAL ENGINEERING
FIRE ENGINEERING
GEOTECHNICAL ENGINEERING
INDUSTRIAL ENGINEERING
INFORMATION ENGINEERING
MECHANICAL ENGINEERING
MINING ENGINEERING
PETROLEUM ENGINEERING
STRUCTURAL ENGINEERING
TRANSPORTATION ENGINEERING



Appendix | - Attachment 4

EXAMPLE OF DETAILED DESCRIFTION OF TWO YEARS EXPERIENCE IN RESPONSIBLE CHARGE
OF SIGNIFICANT ENGINEERING WORK

(Reference: Tabled by Japan at Expert Advisory Group Meeting in Japan, July 1999)

Concerning “Experiences in the execution of engineering work under complicated conditions, or
engineering work requiring new concepis, or engineering work involving a plurality of different
disciplines™, the contents of more realistically presumed experiences are described below.

A Experiences as chief or higherposition engineer (not in assisting engineer position) in
charge of engineering work executed under complicated conditions

Complicated conditions

The site is topologically complicated.

Other structures are located close to the planned structures.

There are sirict safety and environmental regquirements.

The construction schedule is tight

There are many authorities concemed among which coordination is required.
Public relations are difficuli.

2. Experiences as chief or higherposition engineer (engineer not in assisting position) in
charge of engineering work requiring new concepis._

New concept

New technologies
New working methods
New solutions

New technigques

3. Experiences as chief or higherposition engineer (engineer not in assisting position) in
charge of engineering work involving a plurality of different disciplines.

= Engineering work requiring expertise covering various disciplines;

= Engineering work in which a plurality of different disciplines is involved or engineering work
reguiring coordination among thie engineers of different disciplines._

a_ Experiences in engineecering work equivalent to 1 through 3 above



EDUCATION PROGRAMS AND TYPICAL MANAGEMENT SKILLS

The APEC Engineer recognises that the responsibilities undertaken by engineers often evolve
during their career, reflecting an increasing emphesis on management roles as well as
professional development based upon appropriate engineering education.

Education Programs

A balance of theoretical and applied content is expected in higher education programs to enable
APEC Engineers to engage in an area of engineering practice upon graduation. The Discussion
Paper December 1997 proposed that all recognised programs cover the following principal and
supplementary fields of study:

Principal Fields

= Mathematics & Physical Sciences
= Engineering Sciences
= Engineering Analysis and Design

Supplementary Fields

=« Communication
= Management
= Ethics

Typical Management Skills and Activities Applicable to Engineering Disciplines

Managerial skills and activities associated with experience in an engineering discipline and
practiced in an engineering environment might typically include:

= General management

= Project management

= Quality assurance and total quality management
= Marketing of engineering products or services

= Financial or human resource management

= Design and delivery of training programs

= Policy development

= Regulation development

These activities will normally involve leadership, teamwork, oral and written communications,
presentations, and interpersonal skills in the practice of all engineerning disciplines.



SITUACION ACTUAL DE LA MATRIZ DE GENERACION ELECTRICA EN CHILE VS
COMPOSICION DE LA CARTERA DE PROYECTOS EN BASE CBC (MW)

Situacion actual
17.585 MW potencia Neta.

991

6% O
| ’

Energia Renovable No convencional ® Energia Renovable convencional

M Energia No renovable

FUENTE: CORPORACION DE BIENES DE CAPITAL- CBC, A PARTIR DE
INFORMACION DEL LA COMISION NACIONAL DE ENERGIA -CNE AL
31 DE DiciEmBRE DE 2013. VVALORES EN MW

Cartera de proyectos en Base CBC
12.101 MW potencia Neta.

Energia Renovable No convencional ® Energia Renovable convencional

M Energia No renovable

FUENTE: CORPORACION DE BIENES DE CAPITAL- CBC, SEGUN CATASTRO DE PROYECTOS
CON CRONOGRAMA DEFINIDO AL 30 DE JUNIO DE 2014. VALORES EN MW



Panorama General
Perd, Argentina, Colombia y Ecuador

Mineria, Energia e Hidrocarburos

Perv
Colombia US$ 78.859 MM
US$ 47.220 MM 116 Proyectos

69 Proyectos Argentina

US$ 63.553 MM
83 Proyectos

Ecuador
US$ 42.752 MM
98 Proyectos

Chile
US$ 86.734 MM
221 Proyectos

Cartera de

Inversion Total
USS 319.118 MM
587 Proyectos




SCIENCE & ENGINEERING (S&E)
UNIVERSITY E

First university degrees, by selected region and country/economy: 2010 or most recent year

DUCATION

Field of first university degree

Physicalf Mathematics/ Social/ Nafural

biclogical computer Agncultural behaviora S&E sciences  Engineering
Region/country/economy All felds All SEE fiekds sciences sciences sciences sciences  Engineersing Non-S&E° {%) (%) (%)
Japan® 541,428 321,168 18,413 NA 17,071 196,061 89,623 220,260 593 6.6 16.6
China 2,590,535 1,288,999 269,053 NA 48,442 158,286 813,218 1,301,536 498 123 314
South Korea 308,162 123,658 15,732 16,476 3,743 13,937 73,770 184,504 40.1 117 239
Taiwan 227174 88,294 7,118 17,235 4,154 7,322 52,465 138,880 389 125 231
Gemany 369,058 138,583 30,047 27,954 2918 28,653 49,011 230,476 3re 16.5 13.3
France (2008) 286,450 100,118 17,196 16,420 2198 23,033 41,201 186,332 35.0 125 14.4
United Kingdom® 350,855 117,705 32,690 20,730 3,035 39,295 21,955 233,150 335 16.1 6.3
Sweden 40,702 13,114 1,303 955 170 3,958 6,728 27,588 322 6.0 16.5
Spain 197,890 63,046 6,336 10,070 3,005 12,500 31,135 134,844 319 93 15.7
United States 1,668,227 525,374 112,818 56,939 20,400 260,817 74,398 1,142,853 315 114 45
Colombia 161,330 46,176 5,507 8,051 1,103 11,102 20,413 115,154 2896 a1 127
Switzerland 28,622 7916 1,437 785 120 2,494 3,080 20,706 7 82 10.8
Argendina (2009) 85,925 22,905 2,603 2,771 1,801 8,543 7,187 63,020 26.7 84 34
Chile 68,461 17,991 1,011 1,512 1,352 5,563 8,553 50,470 263 57 125
India (2003) 2,052,197 463,186 327,775 NA 7,801 NA 127,610 1,589,011 26 16.3 6.2
Brazil 850,787 121,465 14,912 20,261 10,462 29,261 46,569 729,322 143 54 55

WWW.NSF.GOV/STATISTICS/SEIND14

May 2016



ElIngreso y la densidad de Ingenleros
en varlas economias selecclonadas, 1900

;

|
:

Ingen ke ros por 100000 traba jadores
=]
{

Srazl
Colombia . * Argorting
M: Ll Ow .I ]

0 1
60 65 70 75 80 85 90
Logaritmo del PIB per capita (US$ en 1900)

Fuerte Maon2y y Valenca Calceco 2002
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> aplicacion de Importancia de
omportamiento ienci I rson I . .
éticopdemostrado acfc:tlJzTicz:da ascz(remsjcr)mic?:dy a Orlentacpn intensa
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multiculturalidad
Pensamiento
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plazos Capacidad de
+D
Dominio del
estado del arte
tecnoldgico Uso del idioma
inglés
Dominio de las
herramientas vigentes Dominio de gestién _ Mentalidad
de la Ingenieria de la Ingenieriay la e efect~|vo global
, de Disefio
Tecnologia

Las competencias relevantes para el desempefio del Ingeniero en la sociedad global.
Las competencias se modelan en forma diferente en funcidn de los ambitos y contextos.



B. Una vision integrada para obtener
resultados valiosos y pronto.

Numeros de ingenieros por ambito.
Renovacion de perfiles y de curriculos.

Bateria de metodologia y tecnologia de
ensenanza-aprendizaje.

Articulacion de la formacion con las otras
funciones y misiones universitarias.

La digitalizacion como plataforma tecnolodgica
fundamental.



Formacion de Ingenieros (Pre y Postgrado)

NuUmeros por ., Competencias
. L. Vocacion real .
ambito efectivas

Contribucion
total ala
sociedad

Facultades y Escuelas
de Ingenieria.

Contribucidn directa a la sociedad

/ 4D | Innovacisn Transferencia VcM, Extension,
tecnoldgica EC, Servicios.

Formacion de Ingenieros en el contexto integrado.



El desafio integrado de la educacion
en Ingenieria.

D= (Mas ingenieros e ingenieras) y (mas y mejores
competencias) y (insercion laboral temprana) y
(progresion laboral apoyada por Postgrados y
Educacion continua).

e Superando la tirania del «o».

* Es necesaria la simultaneidad (concurrencia,
convergencia) de logro de objetivos.

e Asumir este desafio demanda nuevo Diseno,
Implementacion y Operacion de las unidades
académicas.
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Trabajadores,
comunidad

Necesidades individuales
y sociales

Objetivos
¢Qué es mejor?

Experiencia:
determinacion de
las mejores
Reallfjaq de las luminarias para una . EV|den.C|a
fabricas éPor qué no esta fé brica Conocimiento de actores internacional
resuelto el problema? Comprensién del marco
éQué experiencias han Benchmark
tenido?
¢Qué buscan?
* Proyectos * Protocolo de trabajo de campo * Trabajo colaborativo internacional
* Protocolos de experimentos * Esquemas de analisis y evaluacidon. * Adopcidon de innovacion.
* Planes efectivos * Esquemas de sintesis y diseno * Generacion de innovacion.

Ejemplo de actividad docente y su impacto en la formacion de ingenieros.




EANUP “‘

The Ocean Cleanup foundation

FOUNDED 2013 STARF 40+ HQ DELFT
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Boyan Slat Allard van Hoeken Ruben van Veen Julia Reisser
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Anna Schwarz Arjan Boezeman Arjen Tjallema
Research Assistant Innovation Advisor Concept Development Lead R&D Intern



A\

L

- Gerard van Lsa Hannah Maral lanthe Dickhoff Ivan Soares
Aurore Levivier Bart Buijsmen Bénedicte Dommergues Bruno Sainte-Rose Nechank ' " SoLs s Mo PHRUPPADL T
Becaasch Ansicts taleion Encings Maiting Enoneedio bt Laad Computational Modiie "
"I * (‘
= ‘ .
‘|
\ /[
. . )
Femke Hoes Francesco F. Ferrari JanWillem Damsteeg Jean-Sebastien Verjut Jeremy Nijk Joost Dubois
Leoal & Frarcs Cooedinas T L t = & 3! £ f o wcal b Y He 4
/
.
Julus Lein Laurent Lebreton Lourens Boot Roberto Brambini Serena Cunsolo Simone Krislen
TR “ .
’
)

Qo

s
Norbert Fraunholcz Pavia Debeljak Reijnder de Feijter Rick Martini Sjoerd Drenkelford Steven Bink Willem van Schoten
| a3aE ¢ B W 8 a ahs - at P ™ - & Coarat M = (% 3 3| F foa T 3 H 3 A £



