CAPACITY BUILDING
in SUSTAINABILITY and
ENVIRONMENTAL MANAGEMENT

2

CapSEM

Rector of NTNU
Anne Borg
Norwegian University
of Science and Technology

Knowledge provides people with opportunities and
influence, as well as a foundation for making wise
choices. Through the United Nations, the world
has agreed on 17 Sustainable Development Goals.
NTNU will contribute actively towards achieving the
Sustainable Development Goals.
The ambition of the CapSEM-project fits excellently
with NTNU’s mission statement and its focus on
advancing sustainability through capacity building
all over the world. With its long-term perspective,
CapSEM has contributed to strengthen the
integration of sustainability into university curricula
and business training in line with the overall goals
of NTNU. The project has reinforced positive bonds
with other universities and research institutions
across three continents and six countries – Uganda,
India, Nepal, Portugal, the Netherlands and Norway.
I would like to thank the researchers, universities,
corporate sponsors and the European Commission
who have made this project possible. I also
encourage the partners to continue working with
the issues addressed, in order to contribute to the
development of sustainability capacity in partner
countries and institutions.
This report is part of the final documentation
from the CapSEM-project.
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Working with knowledge building across research
institutions, universities, expert centres and industry
is very stimulating. Knowledge that transcends
theory is built through collaboration between
people with their backgrounds from different
disciplines and experience from industry, research
and education, nationally and internationally. In
this CapSEM-project the capacity is built through
collaboration across three continents – Europe, Asia
and Africa.
Involvement of students has been a key factor in this
project since they will be the leaders of tomorrow’s
industry and society. The experience they earn
through participation in forward looking projects is
the foundation of a sustainable future.
On behalf of the project team I will thank all who
have contributed to the project through 2016 -2019,
and those who will take this knowledge further into
a sustainable future.

Project Coordinator,
Haley Knudson, PhD Candidate
Department of Industrial
Economics and Technology
Management / Department of
International Business, NTNU

A transregional network for knowledge exchange and capacity building
in sustainability and environmental management between partners in
Europe, Asia and Africa.
The CapSEM Project has contributed to achieving global frameworks for
sustainable development, including the UN Sustainable Development
Goals and the UNFCCC Climate Agreement. Through multi-actor
collaboration and a systematic approach, it has increased educational
capacity and sustainability knowledge to tackle global environmental
and social challenges.
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Ten consortium partners formed a multidisciplinary international project
team, with disciplines ranging from business and economics, to climate
change studies, engineering, architecture and health studies. The span
of disciplines assists the consortium in reaching a holistic systems
perspective that considers all environmental, social and economic aspects
of sustainability within each local context and across global networks.

CapSEM Project and Partners
The project, CapSEM – Capacity building in Sustainability and
Environmental Management, is co-funded by the Erasmus+
Program of the European Union and has been conducted
from October 2016 through October 2019.

Through this multi-regional and transdisciplinary network,
the partners have collaborated to implement qualitative
and quantitative methods for sustainability improvement
across the four levels in the CapSEM Model:

CapSEM’s objectives have been to develop sustainability
and environmental management curricula and industry and
stakeholder training to meet local, regional and international
needs.

•

L1 for process-level improvements,

•

L2 for product-level and value chain improvements,

•

L3 for organizational-level improvements and

•

L4 for systems-level change.

European universities are the “program universities”
and consist of the Norwegian University of Science and
Technology (NTNU), Delft University of Technology (TU Delft)
and Instituto Superior Técnico at the University of Lisbon
(IST). NTNU, TU Delft and IST are all engineering universities
that work with industry to develop innovative strategies
for improved environmental performance and industrial
best practice across global value chains. Expertise and
international collaboration across technologic, economic
and social disciplines, and with a variety of stakeholders,
supported the multidisciplinary perspective essential to the
project.
Consortium partners outside the EU are referred to as
“partner universities,” and consist of seven universities in
Uganda, India and Nepal. In Uganda, partners are Makerere
University (Mak), Makerere University Business School
(MUBS) and Mbarara University of Science and Technology
(MUST). In India, Tata Institute of Social Sciences (TISS) and
Indian Institute of Technology Bombay (IITB) contribute their
perspectives. Kathmandu University (KU) and Tribhuvan
University (TU) collaborate from Nepal. Based on existing
research networks and collaboration, the consortium was
created around the common need for increased sustainability
capacity. Strategies for poverty reduction and inclusive
and sustainable growth are outlined in Uganda, Nepal and
India's national development strategies. The project directly
addresses these strategies, in addition to global frameworks
for sustainable development.

To achieve project objectives, methods and activities have
surrounded a combination of material sharing, curriculum
development, industry visits, workshops, seminars and
direct teaching and training. Each level has been the
basis for its own material package that includes methods,
guidelines and literature for teaching and learning the basics
of the corresponding level. The material has then been
transferred into new or improved bachelors and masters
courses at each partner university, as well as training for
local industry. Collaborative meetings and workshops have
been conducted, resulting in improvements to teaching
material and the production of lecture videos and an open
online course. Partners have developed new curricula that
incorporates new knowledge into existing programs and have
engaged and trained local industry partners on methods
and tools directly applicable to their operations. The result
is a strengthened relationship between universities and
the wider social and economic environment, and relevant
courses that turn students into a new responsible workforce
for sustainable growth.
Seminar reports, working papers and teaching material are
available for download on the project website
www.capsem.wordpress.com
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PhD candidate Rahul Sutar (IITB) and NGO representatives at water treatment beds in Mhaswad, India
show the power of stakeholder engagement.

CapSEM consortium at the industry best practice showcase in Ålesund, Norway 24-25 October 2018.

Project activities were structured to facilitate gradual knowledge sharing and
cooperation, and involve all partners as knowledge providers, instructors
and reviewers. The environmental management & sustainability knowledge
is organized in a stepwise progression through four levels:
1) process, 2) product and value chain, 3) organizational, and 4) systemic.
Knowledge levels span quantitative & qualitative methods; from material
flow analysis & life cycle assessment, to cleaner production strategies and
industrial symbiosis.

Objectives and Goals
CapSEM Primary Objectives:

CapSEM Secondary Objectives:

1) To expand sustainability and environmental management
capacity at universities in Uganda, India and Nepal, in order
to build knowledge and practical experience for sustainable
poverty reduction, development and innovation.

•

Assisting partner universities in the development of
sustainability and environmental management curricula
that meets local, regional and international needs, such
as in the sectors of waste management, agriculture,
energy and infrastructure.

•

Building capacity of professors and faculty at partner
universities that is transferred to students and local
industry partners.

•

Developing new environmental management and
sustainability curricula that provides students with the
knowledge necessary to become a responsible and
informed future workforce.

•

Developing and hosting industry training seminars that
provide companies with practical methods for improved
sustainability, and that bridge the gap between
academia, industry and stakeholders.

•

Facilitating cooperation between program countries
(Norway, the Netherlands and Portugal) and partner
countries (India, Nepal and Uganda), and between the
partner country regions of Asia and Africa through both
physical and electronic methods.

•

Developing innovative teaching strategies /presentation
of materials including an open online course.

2) To respond to recognized national and local needs, and
assist partner universities in the development of curriculum
and training materials that: a) turn students into a new
responsible workforce for sustainable growth; b) engage
and train local industry partners on improved sustainability
methods and practices; and c) strengthen the relationships
between universities, in both program and partner countries,
and the wider social and economic environment.

Barbara R. Naggayi (MUST), Prof. Margarido (IST),
Prof. Tushabomwe-Kazooba & Moses Ntaro
(MUST) discuss curriculum development in
Kathmandu 4-8 March 2018.
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The CapSEM Model
Sustainability Toolbox
Companies are increasingly faced with the challenge of how to
implement sustainability strategies in their business models.
Future business models will need to coordinate technological
and social innovations with system-level sustainability.
As a complex problem, sustainable development must be
approached from a holistic perspective that can combine
the totality of its specialized parts. Systems thinking can
identify the interactions between different parts of a system
and account for more than the sum of its components.
A toolbox for the systematic implementation of sustainability
knowledge can be organized in a stepwise progression
through four levels: 1) process, 2) product/value chain, 3)
organizational, and 4) systemic. The tools referred to in
this model span both quantitative and qualitative methods;
from material flow analysis (MFA) and life cycle assessment
(LCA), to corporate social responsibility (CSR) strategies
and Industrial Ecology (IE) principles. It is important to see
the model as a transitionary process where sustainability
strategies become more holistic and complete as tools at
each level build upon each other.
Level 1 tools target processes and identify potential
improvements through Input-Output analyses (I/O) and
Material Flow Analyses (MFA), in which objectives are
set related to resource use, energy, water consumption,
emissions and waste generation. On this level, efforts are
usually driven by economic incentives since better resource
efficiency can equate to economic gain. This is also the
core of Cleaner Production (CP) principles where source
reduction, ‘getting more from less,’ is the focus rather than
end-of-pipe solutions
Level 2 tools focus on sustainability improvement for
products and their value chains. The most recognized tool
for mapping the potential improvements of a product’s
sustainability footprint is Life Cycle Assessment (LCA). This

tool quantifies material flows across the entire life cycle
of the product, from ‘cradle to grave.’ The results from the
analyses are classified into several environmental impact
categories such as global warming potential, acidification
potential, and eutrophication potential. Based upon a set of
weighted criteria, the results can be applied within Supply
Chain Management (SCM) to set requirements upstream in
the supply chain. Examples could be to replace material
with a high impact factor with one with less environmental
impact, or to change transport means that contribute to
high greenhouse gas emissions. Results from an LCA can
further be used to document the footprint of the product
across all environmental criteria, e.g. through Environmental
Product Declarations (EPD), or on selected criteria, e.g.
quantified Carbon Footprints of the Product (CFP). By
applying principles of Design for the Environment (DFE),
great achievements can be made, also for the end of life
treatment of the products where materiel can be separated
into their recycling loops (design for dismantling-principle).
Similar to Level 1, quantitative information contributes to an
understanding of how to shift to more sustainable material
and design of products. Cleaner Production principles can
also be applied on the product level.
Level 3 tools are concerned with an organization’s
management of its sustainability challenges through,
for example, the implementation of an Environmental
Management System (EMS). The Environmental Lighthouse
Program or an EMS in accordance with ISO 14001 standards
are the most common certification schemes. Small and
medium sized companies are often recommended to use
their Health Safety and Environment (HSE) program as the
first approach to EMS implementation. Other companies may
only want to set up an environmental account of aspects
and impacts for the purpose of internal benchmarking
and for an inhouse Environmental Performance Evaluation
(EPE), using Key Performance Indicators (KPI) for reporting

Level 4
System change/
improvements
Level 3
Organizational change/
improvements
Level 2
Product-change/ value
chain/ improvements
LCA, SCM, CFP, EPD,
DFE

Level 1
Process change/
improvements CP

IE, CSR, SE

EMS, EPE, KPI, GRI, LCM,
SBM
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CapSEM Model
I/O - Input-Output Analysis
MFA - Material Flow Analysis
CP - Cleaner Production
LCA - Life Cycle Assessment
SCM - Supply Chain Management
CFP - Carbon Footprints of he Product

EPD - Environmental Product Declarations
DFE - Design for Environment
EMS - Environmental Management System
EPE - Environmental Performance Evaluation
KPI - Key Performance Indicator
GRI - Global Reporting Initiative

purposes. For larger corporations, the Global Reporting
Initiative (GRI) is often used to evaluate performance against
international branch standards. A wider focus through
Life Cycle Management (LCM), is another approach to an
organization’s sustainability management, and can help a
firm translate its business model into one with sustainability
as a core value – a Sustainable Business Model (SBM).
Through these mechanisms, a company will become aware
of their sustainability performance, and will learn how to
monitor and present it according to international standards
and systems.
The highest level in the model, Level 4, represents tools that
facilitate a systemic focus. It should be noted that Levels 1–3
deal mainly with the environmental aspects of a process,
product, value chain or organization. As the stepwise model
moves towards greater sustainability, it is in Level 4, and
the higher degrees of Level 3, that the incorporation of
stakeholders is most prevalent. Stakeholder involvement is
an essential aspect of sustainable and inclusive growth but
can also be one of the greatest challenges in introducing
holistic sustainability solutions. Local stakeholder needs
and traditions must be incorporated for acceptance and
uptake. Apart from technical aspects, a contextualized
understanding of cultural settings is vital for the planning,

LCM - Life Cycle Management
SBM - Sustainable Business Models
IE - Industrial Ecology
CSR - Corporate Social Responsibility
SE - Systems Engineering

design and operation of sustainable systems, or resistance
will be met. Solving technical aspects is therefore only
part of the puzzle, and collaboration is essential for both
developing and implementing holistic sustainability
knowledge. Understanding cultural settings is equally
important in planning, design and operation of systems
thinking. Corporate Social Responsibility (CSR) embraces
the triple bottom line of sustainability and is one approach
to stakeholder engagement. Additionally, principles of
Industrial Ecology (IE) can be embedded into a Systems
Engineering (SE) framework according to the six-step
methodology, a) Identify needs, b) Define requirements, c)
Specify performance, d) Analyze and optimize, e) Design,
solve and improve, and f) Verify and test.
The four-level model can be regarded as the backbone of
many roadmaps and standards for strategic and systemic
innovation and implementation, and as a foundation for
business decisions at different systems levels.

CapSEM
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The CapSEM team on an industry visit to Secil
Cement Factory, Portugal 26 October 2018.

Ass. Professor Gijsbert Korevaar, delivers a
Level 4 video lecture on methods for improving
sustainability in an organization, March. 2019.

Capacity Building in CapSEM
Building capacity begins with building trusted and participative relationships between
partners. To achieve the capacity building objectives of the project, methods and activities
have surrounded a combination of stock taking, material sharing, industry visits, workshops,
seminars and direct teaching and training. This allowed for mutual learning between program
and partner universities along the systematic stepwise model.
Program and partner university professors, researchers and students increased their
competencies across the stepwise model of sustainability through capacity building activities,
new course development and exchanges.
Knowledge built during the project has been formally implemented into the curriculum at each
partner university. There has been at least one new or adapted bachelor’s or master’s level
course developed and tested at each partner.
Activities included:
Capacity building at partner universities:

Industry and stakeholder training:

•

•

Collaborative seminars with program and partner
university professors and researchers

Partner university professors and researchers design
and hold training within or across the stepwise model

•

Internal workshops at partner universities

•

Evaluate and improve upon trainings

•

Identification of focus areas, depending on existing

•

Best practice showcases for project partners

curricula and local needs
•

Partner exchanges

Online course development:
•

New or adapted curriculum development:

Updating material packages and transforming into
video lectures

•

Course design

•

Designing open online course with video lectures

•

Administrative approval

•

Testing course among project partners

•

Course testing

•

Offering online course

•

Course offering
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Prof. Fernanda Margarido delivers a Level 2 lecture on process- Filming industry, Uniper, Rotterdam,
level methods for reducing environmental impact, Feb. 2019.
March 2019, Shannon Truloff (NTNU)
& Espen Gjelsten (Fuglefjellet AS.).

Francisco Capucha filmed in Lisbon, delivering a Level 1 lecture on process-level methods for reducing
environmental impact, Feb. 2019.
Experiences and capacity built during the project have
contributed to the development of a video lecture series and
supporting material that is openly available on our website
and in an open online course. The video lectures and
online course are designed in a modular format along the
stepwise levels. The modules build the model step by step
and illustrate how the toolbox can be applied to transition
between levels toward systemic sustainability. The open
online course is available on the edX edge platform – DelftX:
CSR101x CAPSEM. Filming and production was carried out by
Fuglefjellet AS.
To reach academic staff in partner universities and influence
curricula, capacity building activities have taken place
both in large group interactive settings between partners,
and in smaller-scale more personalized settings. Partner
universities have been able to focus on specialized areas for

national and regional impact and learn from and compare
with others as necessary for sustained expertise and
capacity.
Additionally, by structuring sustainability methods and
concepts within their appropriate level, the potentially
daunting expanse of methods and theories are taught in a
manageable and logical way for practical application and
knowledge transfer. The common model built consensus
on the way forward, consensus that has been sustained in
the level-based modules and videos for continued use. By
building a base level of sustainability and environmental
management capacity, the application of new knowledge
in both academic and industrial settings, helped to break
down barriers between academic and industrial actors in
local communities.
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Capacity Building Seminar Uganda, Kampala 11-12 July 2017, hosted by MUBS.

Barbara (MUST) & Haley (NTNU) at
Prof. Margot Weijnen (TU Delft), Prof. Sushil Bajracharya, Dr.
Capacity building workshop in Lisbon Jagat Shrestha and Dr. Arun Timalsina (TU) at the Midterm
15-17 November 2017, hosted by IST. meeting in Kathmandu 4-8 March 2018, hosted by KU & TU.

Haley and Annik discuss project management at the CapSEM Kick-off meeting 13-15 December 2016,
hosted by Tata Institute of Social Sciences in Mumbai.

12 CapSEM

Midterm meeting and industry best practice showcase 4-8 March 2018, hosted by Kathmandu
University and Tribhuvan University.

Workshops and Seminars
An important part of the CapSEM project has been workshops and seminars
where researchers, students, company and government representatives
and other invited guests have been able to discuss key issues related to
capacity building in environmental management and sustainability issues.

Capacity building seminar in India 11-12 Sept. 2017, hosted by IITB in Mumbai. The two-day seminar
focused on “Enhancement of Environmental Sustainability: The New Horizon of Circular Economy &
Organizational Improvement.”
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Uganda National Level Industry Training 30 April 2018, hosted by Mbarara University of Science and Technology.
Attending the seminar were industrial stakeholders engaged with the academic partners from MUST, Mak and
MUBS. Garbage collection, solid waste management, as well as the sustainable development goals, and practices
and challenges in Uganda, were addressed in this industrial training session.

Industrial Training
An important part of the project has been to develop training seminars for the dissemination of
CapSEM methods into industrial practices. Building upon and utilizing partners’ existing experience
working with companies, training seminars were designed to most effectively reach company
representatives and employees through practical and easy-to-follow guidelines.
Industry impact is an essential component of CapSEM success since the reduction of a nation’s
level of poverty and environmental degradation is dependent on a transformation in local industry
through socially- and environmentally-sound practices and technologies.

To improve the quality of sustainability and environmental
management curricula, and its relevance to the labor market
and local society, partner universities collaborated with their
identified companies and stakeholders.
Industry training seminars were developed and held to
facilitate cooperation between universities and local
industries for practical and case-based learning.
Partners took different approaches, some with open
trainings for multiple companies, and others with more
focused seminars for specific stakeholder groups or local
organizations. Each partner held at least three training
seminars with evaluation and improvement between each.
Strengthened industry partnerships help translate the
sustainability knowledge into practical application.

14 CapSEM

Using the stepwise model as a baseline, relationships
between universities, companies and local policy makers
could be initiated or grown.
In the future, as businesses and industries in partner
countries expand their participation in global value chains,
their appreciation for sustainability training and the value in
meeting certifications & standards, will create a continued
demand for environmental & social best practices in an
increasing number of developing communities.

PhD candidates Lekshmi Nair & Shruti
Sharma (IITB), Lala Lacramoira Telehoi
Nilsen (NTNU) LCA and smart cities
training at NTNU 27 February 2019.

KU and TU partners engage with local industry at a Nepal
industry training, 31 Dec. 2018. Training focused on Level 2
(product & value chain) and Level 4 (system) methods for the
companies’ use.

Prof. Charles Tushabomwe-Kazooba (MUST)
speaks at Industry best practice showcase, India
19-20 September 2018, hosted by IITB.

Bosco Amerit (MUBS) engages with industry
partners at the best practice showcase on
“Circular Economy through water recycling” at
IITB 19-20 September 2018

KU & TU graduate students and Professors with engaged industry at the Nepal National Level Industry
Training Seminar 29 April 2018, hosted by Kathmandu University. The seminar focused on Level 1
(process) and Level 3 (organizational) methods for sustainability improvement.
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In Nepal, the team identified that energy was the point of departure for a transformation of Nepalese society towards
equitable livelihoods through regional developments. Scaling up total energy access on regional levels for Nepalese citizens
aims to increase well-being. TU & NTNU have worked to provide the Nepalese society with qualified professionals, who are
facilitating the design of clean energy solutions to contribute to good energy governance. The Institute of Engineering at
TU initiated a two years M.Sc. in Energy for Sustainable Social Development (MSESSD) in collaboration with NTNU. The CapSEM
project contributed significantly to online learning material used by Master and PhD students in the MSESSD program, and a
new elective course on Sustainable building design & planning now offered to the to the students.

Nepal Case: Good energy governance and clean energy solutions together with TU & NTNU

In India, the team at IITB has conducted a demonstration
project for the circular reuse of wastewater in the rural
town of Mhaswad in the State of Maharastra. Recognizing
the importance of and correlation between the reduction
of hunger and poverty and the empowerment of women,
the team has supported the intervention of sustainable
wastewater treatment technology while insisting on the
participation of the members of the community in shaping
the policy response for transitioning to sustainable futures.
The introduction of constructed wetland beds is therefore
aimed at empowering a group of women through the
production of recycled water. With the conception, design,
support and monitoring from IITB, the plant was constructed
with an NGO, Mann Deshi Foundation, in collaboration
with the Municipal Council of Mhaswad. The project has
demonstrated the benefits of adopting a circular economy
approach (Level 4) while addressing the need of water in
a community and its concurrent socio-economic benefits.
These include the empowerment of 30 local women in
the Women’s NGO, collaboration between the Municipal
Council and local citizens, influence on authorities and
policy makers in the larger State of Maharashtra, as well
a practical solution that avoids pollution in the adjoining
river and provides helpful reuse water in a drought stricken
community.

India Case: Artificial wetland for wastewater treatment together with IITB

In Uganda, transdisciplinary collaboration between program and partner universities and industry practitioners led to
an in depth analysis of a local cement factory and quarry. Applying LCA approaches learned at NTNU’s Department of
International Business, Makerere University’s Department of Geology and Petroleum Studies spent time collecting
impact data from the company related to resource consumption, emissions and waste. Working with the plant manager, its
geologists, electrical and mechanical engineers, environmental officer, quality control manager and production manager,
the Makerere team identified operational, institutional and organizational gaps, and has performed the first two steps of an
LCA. The remaining steps are expected to be completed in Spring 2020. This analysis has already exposed areas to improve
resource efficiency, reduce pollution and improve safety in the factory and quarry.

Uganda Case: Makerere University collaboration with Tororo Cement Company

Industry Cases India, Nepal, Uganda
Transdisciplinary collaboration supported the design and uptake of sustainable approaches for
CapSEM partner Universities and related stakeholders both locally and regionally for improved
sustainable development. Focus was mainly on cleaner production (level 1) and environmental
management (level 3) of engineering, agriculture and natural resource management. This reflected
the industries that currently support regional and national development needs. Case-based work
made the biggest impact and brought sustainability management strategies to areas in need of
capacity to better local livelihoods. Stakeholder groups below:
Kampala and Mbarara, Uganda

•
Makerere University
•
Makerere University Business School;
•
Mbarara University of Science and Technology
NGO & CSR initiatives
•
Africa Institute for Energy Governance (AFIEGO)
•
Uganda Chapter for Corporate Social Responsibility
Initiatives Ltd. (UCCSRI)
Government offices
•
Bushenyi District Local Government
•
Mbarara Municipality
•
Office of the Prime Minister Refugee Desk
•
Moyo District
•
Uganda National Planning Authority
•
Petroleum Authority of Uganda
Energy
•
Kakira Sugar Bagasse Power Plant
•
Kalangala Power Plant
•
Tororo Solar Power Plant
•
Electro Max Tororo Power Plant
Cement
•
Tororo Cement Factory
Agriculture
•
Kakira Sugar Works Ltd.
•
Bushenyi Tea Processing Plant
•
GBK Dairy
•
Majorie Fish Farm
•
Uganda Crocs Ltd.
•
Kalangala Oil Palm Growers Trust (KOPGT)
Pharmaceuticals
•
Kampala Pharmaceutical Industries (KPI))
Petroleum
•
Uganda National Oil Company
Wildlife
•
Uganda Wildlife Education Center
•

Kathmandu and Dhulikel, Nepal

•
Tribhuvan University
•
Kathmandu University
Cement:
•
Ghorahi Cement Industry,
•
Maruti Cement Factory
•
Udayapur Cement Factory
Energy
•
WindPower Nepal Pvt. Ltd.
•
Alternative Energy Promotion Centre (AEPC)
•
Gandaki Urja Pvt. Ltd.
Multinational
•
Chaudhary Group (CG Corp Global), Chaudhary
Foundation and Chaudhary Group Industrial Park
Medicinal plants
•
Dabur Nepal Pvt. Ltd
Telecom
•
Nepal Telecom Company

Mumbai, India

•
Indian Institute of Technology Bombay
•
Tata Institute of Social Sciences
NGOs
•
Mann Deshi Foundation (MDF)
•
All India Women`s Conference (AIWC) Mumbai Branch
Government offices
•
Maharashtra Pollution Control Board
•
Mhaswad Municipal Council (MMC)
•
Municipal Corporation of Greater Mumbai
Environmental technologies
•
Ecotex Environmental Technologies (Blr) Pvt. Ltd.
•
Ecotex Pte. Ltd. Singapore
•
Ion Exchange (India) Ltd.
•
Kwan Environmental Solutions
Waste management
•
All Plastic Recyclers Association (APRA)
CapSEM
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CapSEM partners at the Industry best practice showcase in Ålesund, Norway 24-25 October 2018,
hosted by NTNU. Clockwise from top-left: Partners at the historic Devold Textile Factory, A glimpse of the
operation at Dyrøy Cement Factory, Handling waste at ÅRIM’s Bingsa waste collection and management
site, On tour of Fiskerstrand Shipyard.

A visit to Uniper Benelux during the Industry best practice showcase in Delft 22 October 2018, hosted
by TU Delft. The energy company illustrated a case if industrial symbiosis and provides electricity, heat
and steam to the Netherlands.
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The CapSEM team visits the Secil Cement Factory and Quarry in Setúbal, Portugal 26 October 2018. With
their location in a National Park, Secil has worked hard to restore the natural ecosystems of their old
quarry areas.

Industry Cases Europe
Trondheim and Ålesund, Norway

Delft, the Netherlands

•
Norwegian University of Science and Technology
Cement
•
Dyrøy Cement
Waste management
•
ÅRIM
Energy
•
Tafjord Energy Company
Maritime
•
Fiskerstrand Shipyard
•
Norwegian Maritime Competence Center

•
Delft University of Technology
Knowledge ecosystems
•
The Green Village at TU Delft
•
DSM Biotech Campus
Energy
•
Uniper Benelux
Greenhouse technology
•
Priva De Lier

Lisbon, Portugal
•
Institito Superior Técnico at the University of Lisbon
Cement
•
Secil Group
Environmental consultant
•
3drivers
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Partners from Mak, MUBS, MUST and TU visit the waste water treatment and recycling plant of the
Trident Hotel & Oberoi Sheraton Hotel in Mumbai during the Indian Industry best practice showcase
19-20 September 2018, hosted by IITB.

Partner Exchanges
Partner exchanges allowed students, professors and researchers to spend time at other universities
in their own areas of interest, and to help facilitate a collaborative synergy in the consortium. The
consortium’s wide range of sustainability focus areas and industry sectors could be broken down
into specific areas of focus and concentrated knowledge exchange. Partners could then directly
compare the strategies and activities of another region to those of their own. More personal activities
than large group meetings and workshops help to secure longer-term collaborative partnerships
and project sustainability.
Dr. Arun Timalsina (TU), Prof. Shyam Asolekar and PhD candidate Rahul Sutar (IITB) with professors and
researchers at NTNU in Ålesund 14-16 March 2019.
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Celebrating International Women’s Day 2018 at the Midterm meeting in Kathmandu.

Prof. Annik Magerholm Fet (NTNU) and Dr. Arun
Timalsina (TU) visit the Tafjord waste incineration
plant in Ålesund 14 March 2019.

A visit to the Norwegian Maritime Competence
Center (NMK), Ålesund Campus, 14 March 2019.

14-16 Jan 2019: MUST and Mak representatives visited NTNU
in Ålesund for training in LCA and EMS for further curriculum
integration and industry training programs.

14-16 March 2019: Dr. Timalsina (TU) and Prof. Asolekar and
Rahul Utar (IITB) visited NTNU in Ålesund for an exchange
on topics of energy, plastics recycling and wastewater and
sanitation projects in the region and visited local industry in
these sectors.

21-25 Jan 2019: PhD candidate Bosco Amerit (MUBS) visited
TU Delft for an introduction to ongoing reasearch at the Dept.
of energy systems and services. Bosco’s PhD has stemmed
from capSEM activities, methodology and experiences and
his supervisors Dr. David Katamba (MUBS) & Dr. Gijsbert
Korevaar (TU Delft).
25-28 Feb 2019: PhD candidates Lekshmi Nair & Shruti
Sharma (IITB) visited Tu Delft and NTNU for training in smart
villages and life cycle assessment, respectively.
11-13 March 2019: Three staff and two students from TISS
visited TU Delft to foster collaboration on energy systems
and modelling. The visit included lectures, an introduction
to energy modelling tools & methods used at TU Delft, and
insight into industry partnerships in the netherlands.
11-15 March 2019: MSC student Ujwal Pradhan (KU) visited
NTNU in Ålesund for training and exchange related to waste
management. His visit included shadowing at Årim, the
municipal waste cooperative in the Ålesund region.
12-13 March 2019: Prof. Asolekar and PhD candidate Rahul
Sutar (IITB) traveled to TU Delft for an exchange of experience
in research projects and methodologies on energy and
wastewater management.

20-26 March 2019: IITB & TISS hosted 11 MUBS staff members
for an exchange visit focused on waste & wastewater
management (at IITB) and energy economics and modeling
(at TISS). A PhD seminar was planned for the Sept. 2019
meeting in Uganda.
16-18 April 2019: Two staff and two students from Mak
traveled to KU to share knowledge for improving the Mak
course sustainability & environmental practices in mineral
processing. The visit included a trip to two cement factories
in the nepal.
28 April – 1 may 2019: PhD candidates Richa Singh & Shruti
Sharma (IITB) visited MUST to exchange knowledge on
wastewater and sanitation in the region and engaged with
the local Mbarara municipality.
24-26 June 2019: Representatives from KU visited Mak to
continue their discussions on sustainability in mineral
processing and energy generation. The trip included
industry visits to a cement factory & quarry, bagasse power
plant, thermal power plant and solar PV power plant.
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Future Leaders & Learnings
Impact on students will grow after CapSEM is finished, as
newly established courses are maintained in the years to
follow, allowing more students to participate.
Knowledge built during the project has been formally
implemented into the curriculum at each partner university.
There has been at least one new or adapted bachelor’s or
master’s level course developed and tested at each partner.
Company and stakeholder engagement and the relevance
and implementation of methods for local industry are
inherent to the design of each of the courses, no matter the
level or levels upon which they focus. For example, one of
the newly improved courses has also incorporated a casebased project where students are required to undertake a
small development project on their campus. This requires
collaboration and discourse with professors, PhD students,
university bodies and local industry for implementation.
Courses are based on the greatest perceived need at
each partner, determined through the gap analysis and
capacity building phases, and consistent with regional and

national priorities. This approach optimally helps students
learn to identify and apply the most relevant sustainability
approaches to future operations and projects in their
country.
A workshop on course development also supported this
effort, and all partners applied for formal course approval
and implementation at the respective universities.
Administrative and bureaucratic challenges have slowed
down the formal implementation in some cases, but all
partners are confident that formal offering is in sight. Some
partners have even performed full Master and Bachelor
program reviews to identify how sustainability principles can
be better implemented throughout.
Students that take CapSEM related courses will eventually
become the backbone and workforce of their communities,
and will demand, and know how to practically implement,
responsible management of industrial activities that
minimizes negative environmental & social impacts.

"It has been a meaningful learning experience for our graduate students and faculty members.
Our team could gain first-hand experience of the environmental sustainability being practiced in
European, Indian, African and Nepalese industries. The interactive programs of CapSEM helped to
improve our graduate and undergraduate curricula by incorporating the sustainability concepts
in environmental management. Kathmandu University has been able to connect with the local
industries and our students have started to realize the importance of collaborating with them. "
Professor Subodh Sharma - Kathmandu University

"We at MUST are so excited at the wealth of knowledge and skills we attained while
participating in the CapSEM project. The capacity to teach and apply the different Environmental
management and sustainability levels was built among the MUST community. In addition, the
industrial linkages that were created during the project life span further strengthened our
community engagement. Interactions between CapSEM partnering Universities and institutes
resulted into spinoffs, for example in our case at MUST we further partnered with Indian
Institute of Technology at Bombay to write a grant which is under review."
Associate Professor Charles Tushabomwe Kazooba - Mbarara University of Science and Technology

Ivan Ssewannyaga Mukiibi (Mak) in Ålesund 24 October 2018.
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Students are future leaders
Students have benefited from CapSEM through the availability of extended curricula. They also played a role in developing
capacity at their home university during the project. Students participated in the testing of newly developed courses and
provided suggestions and feedback to their professors on course structure and content. Students also participated in
exchanges to other partners to observe and learn from the existing programs, contexts and priorities at other institutions.
These experiences were then incorporated into course development at their own university and to their future research.
Students joined in for industry best practices showcases in partner countries and gained relevant experience through casebased learning and knowledge uptake.

PhD Student

University and Title

Mr. Bosco Amerit

Makerere University Business School

Ms. Barbara R. Naggayi

Mbarara University of Science and Technology: Institutional Interplay in Community based
Maintenance System for Rural Point - Water sources in Kabarole District, Western Uganda

Mr. Moses Ntaro

Mbarara University of Science and Technology: Community Led Total Sanitation: An Assessment
of a Student led Intervention through a Community Based Education program in South Western
Uganda

Ms. Richa Singh

Indian Institute of Technology Bombay: Solidification and stabilization of hazardous wastes for
gainful applications

Mr. Rahul S. Sutar

Indian Institute of Technology Bombay: Studies in enhancement of wastewater treatment efficiency
using constructed wetland

Ms. Lekshmi B. Nair

Indian Institute of Technology Bombay: Studies on removal of emerging contaminants in
wastewaters using constructed wetland

Ms. Shruti Sharma

Indian Institute of Technology Bombay: Significance of value-added products for enhancing the
sustainability of constructed wetland for wastewater treatment

Mr. Aravindhan Nagarajan

Tata Institute of Social Sciences: Industrial sustainability and plastic recycling

Mr. Sandeep Mahato

Tata Institute of Social Sciences: Climate modeling and the impacts of climate variability in
agricultural production

Ms. Sreeja Jaiswal

Tata Institute of Social Sciences: Socioeconomic impact assessments of large scale infrastructure
projects

Ms. Juhi Chatterjee

Tata Institute of Social Sciences: Energy modeling and energy use in agriculture

Masters Student

University

Masters Student

University

Mr. Hillary Mwogyeri

Makerere University

Ms. Shrija Tuladhar

Kathmandu University

Mr. Busiku Maseera Geofrey

Makerere University

Ms. Olina Shahi

Kathmandu University

Ms. Brendah Akankunda

Makerere University Business School

Mr. Atul Silwal

Kathmandu University

Mr. Abbey Mutumba

Makerere University Business School

Ms. Sadiksha Rai

Kathmandu University

Ms. Flavia Grace B. Lamuno

Makerere University Business School

Mr. Ujwal Pradhan

Kathmandu University

Mr. Dennis Tumuramye

Mbarara University of Science & Technology

Ms. Susmita Sharma

Tribhuvan University

Mr. Noel Tumwebaze

Mbarara University of Science & Technology

Mr. Suresh Pokharel

Tribhuvan University

Mr. Ronard Tushabe

Mbarara University of Science & Technology

Mr. Anurag Singh

Indian Institute of Technology Bombay

Mr. Harsh Bansal

Indian Institute of Technology Bombay

Mr. Sachin Gurung

Indian Institute of Technology Bombay

Mr. Prashanta Sarkar

Indian Institute of Technology Bombay

Ms. Budarayavalasa Sarwani

Indian Institute of Technology Bombay

Mr. Goutham R.

Tata Institute of Social Sciences
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CapSEM courses at partner universities
University

Course Title

Level

Department

Program/ Degree Enrollment

Kathmandu
University

Sustainable Industrial
Systems

New
-Masters
-(L1, 2 & 4)

Department of
Environmental Science
and Engineering

MTech Environmental
Eng., MSc Environment
& Natural Resources,
other graduate programs
School of Science & Eng.

10-20

Tribhuvan
University

Sustainable Building
Design and Planning

New
-Masters
-(L1-4)

Department of
Architecture

MSc Energy for
Sustainable Social
Development

10-20

Mbarara
University of
Science and
Technology

Sustainability and
Environmental
Management
Knowledge

Improved
Department of
-Bachelor/Master Community Health
-(L1-4)

Makerere
University

Sustainability and
environmental
practices in mineral
processing

New
-Bachelor
-(L1-4)

Department of Geology
and Petroleum Studies

Research Methods in
Physics

Improved
-Masters
-(L1-4)

Department of Physics

Photovoltaics

Environment, Health
& Safety Aspects of
Petroleum Exploration
and Production

Department of Geology
and Petroleum Studies

Makerere
University
Business
School

Principles of Corporate Improved
Sustainability and
-Master
-(L3 & 4)
Social Responsibility
(CSR)

Department of Marketing
& International Business

Tata Institute
of Social
Sciences

Ecosystems & Habitat

Centre for Climate
Change and
Sustainability Studies

India
Institute of
Technology
Bombay

Energy Modeling

Improved
-Master
-(L1 & 2)

Technical Skill in
Environment and
Sustainability

Improved
-Master
- (L1, 2 & 4)

Environmental Change Improved
and Sustainable
-Bachelor
Development
-Master
-Doctoral
-(L1-4)
Environmental Law
and Policy
Pollution Prevention &
Clean Technologies
Industrial Wastewater
Management & Reuse

24 CapSEM

20 postgrad

BSc Petroleum
Geoscience & Production,

Department of Physics
Department of Geology
and Petroleum Studies

Introduction to
Sustainability Studies

MSc in Public Health

100 undergrad

BSc in Geology

Environmental
Petroleum Geophysics

Improved
-Master
-(L4)

BSc and MSc
Environmental Sanitation,

20

BSc and MSc Marketing

150

M.A./MSc Climate Change
and Sustainability

10-30

Centre for Environmental
Science and Engineering,
Department of
Environmental Science
and Engineering

Undergraduate,
Postgraduate & Doctoral
students: Depat. of
Environmental Science
& Eng., Resources Eng.,
Energy Science & Eng.,
Rural Development,
Hydrology & Water
Resources, Technology &
Industrial Management,
Chemical Eng., Civil Eng.
& Metallurgy & Materials
Eng.

30

10-25

15

10-15

Prof. Subodh Sharma receives an award from NTNU Rector Gunnar Bovim on behalf of Kathmandu
University in May 2019.

Project Contributions
The CapSEM Consortium is grateful to everyone that has contributed to the project. A special thanks goes to the many
industry stakeholders which contributed their own time in meetings, discussions and guidance to our students. Also a special
thanks to the ERASMUS+ program that made this project possible. CapSem team also thank filming and production team,
Fuglefjellet AS: Iver Bostad, Espen Gjelsten, and Toivo Nilsen for their work in creating the online video teaching package.
CapSEM also thanks current and past staff for their project contributions. A special thanks goes to the wider team:
KU: Prof. Subodh Sharma, Prof. Bibhuti Ranjan Jha, Dr. Kundan Lal Shrestha, Dr. Rijan Bhakta Kayastha, Dr. Rijan Bhakta
Kayastha, Dr. Bed Mani Dahal, Dr. Kumud Raj Kafle, Dr. Smriti Gurung.
TU: Dr. Arun Timalsina, Prof. Sushil Bajracharya, Dr. Jagat Shrestha, Prof. Bhola NS Ghimire, Prof. Isway M. Amatya, Prof. em
Amrit Nakarmi, Prof. em Pramod Shrestha, Prof. em Bhakta Ale.
Mak: Dr. Karidewa Nyeinga, Dr. Wilson Musinguzi, Dr. John Mary Kiberu, Dr. Ivan Mukiibi, Dr. Denis Okello.
MUST: Assoc. Prof. Charles Tushabomwe Kazooba, Miss. Barbara R. Naggayi, Mr. Moses Ntaro, Dr. Imelda Kemeza, Dr. Manasseh
Tumuhimbise, Mr. Hannington Odongo, Assoc. Prof. Dr. Grace Birungi, Mr. Amos Baryashaba, Mr. William Wasswa, Mr. Dennis
Tumuramye.
MUBS: Dr. David Katamba, Dr. Stephen Nkundabanyanga, Mr. Bosco Amerit, Mr. Douglas Ssenoga, Mr. Denis Kikonyogo,
Charlotte Nyangoma.
IITB: Prof. Dr. Shyam R. Asolekar, Mr. Rahul S. Sutar, Ms. Richa Singh, Ms. Lekshmi B. Nair, Ms. Shruti Sharma.
TISS: Dr. T. Jayaraman, Dr. T. Kanitkar, Mr. Aravindhan Nagarajan.
IST: Prof. Dr. Fernanda Margarido, Dr. Paulo Ferrão, Dr. Samuel Niza, Dr. Carlos Silva, Mr. Andre Goncalves, Mr. Francisco Capucha.
TU Delft: Prof. Margot Weijnen, Assoc. Prof. Gijsbert Korevaar, Tessa van Doesburg, Joost Groot Kormelink, Wiebe Dijkstra.
NTNU: Prof. Annik Magerholm Fet, Haley Knudson, Shannon Truloff, Arron Wilde Tippett, Børge Heggen Johansen, Prof. Martina
Keitsch, Dina Margrethe Aspen, Kristine Wold, Marianne Fostad, Rachel Lørum.
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Figure: Making the stepwise change with the SDGs

The CapSEM Project contributes to achieving
global frameworks for sustainable development, and helps to combat
climate change and global poverty from a transregional perspective.
Collaborative partnerships and increased educational capacity in
sustainability and environmental management have been created for
application in universities and industries.
Using a structured step-wise model for taking stock of existing capacities,
strengths and gaps, the consortium worked together to develop and
implement sustainability and environmental management curricula
at partner universities that meets the identified local, regional and
international needs.
For initiatives like the SDGs to shift the global system onto a sustainable
path, there is an increased need for transdisciplinary thinking and action.
The CapSEM-model can therefore be further utilized as an approach for
work toward the SDGs across different systems levels.

CapSEM also impacts consumers over the long-term. Just as informed
students will become members of a responsible labor force, they will also
be consumers that are more responsible and increase the demand for
sustainable products, services & technologies.

SDGs and Stepwise Change
Since their adoption in 2015, the United Nations Sustainable
Development Goals (SDGs) have become a prominent
guiding framework for governments, universities and
companies. Academia, industry and governments must
interact to create and implement sustainability strategies
that drive changes in local contexts and toward global goals.
The SDGs can therefore be placed along the same stepwise
model used to guide the CapSEM project.
Achievements on Level 1, such as by reduction of inputs to
and outputs from a process, will contribute to a reduced
impact on nature, air, water and soil, hereby represented
by SDGs 6 (Clean water and sanitation), 13 (Climate action),
14 (Life below water) and 15 (Life on land). Recognizing
the systemic foundation and interrelations of the SDG
framework, one must note that the division of goals across
levels helps to illustrate areas of improvement at a specific
level, although they are all also applicable on the remaining
levels.
On Level 2, SDG 12 puts attention on the entire value chain
of products through its targets for achieving responsible
consumption and production. The potential improvements
can be analyzed and implemented by means of the life
cycle and value chain related tools, with an ultimate goal
of transforming linear production and consumption models
into circular ones. SDG 7 (Affordable and clean energy) can
also be placed on Level 3 since the reduction in negative
environmental impacts of a product or service is often
dependent on energy supply systems. Additionally, transport
along the value chain also depends on energy price and
availability.

infrastructure) and 10 (Reduced inequalities). Goals 5 and 6
represent the social aspects related to inequalities among
employees in an organization. SDGs 8 and 9 represent
the economic aspects of sustainability with their focus on
economic growth, industry, innovation and infrastructure.
The transition towards more sustainable solutions and
business practices can be achieved by the progression
toward sustainable business models through the appropriate
application of other Level 1–3 tools.
At the highest level, Level 4, the remaining SDGs are placed
because they are both the drivers for and foundation of
systemic change. Here, we find SDGs 1 (No poverty), 2 (Zero
hunger), 3 (Good health and well-being) and 4 (Quality
education), as they are concentrated on the basic needs
and livelihoods of society. Without their fulfillment, systemic
change towards sustainability will neither happen nor last
over time. Arguably, goals 13, 14 and 15 could also be placed
on Level 4 as they represent the planetary boundaries and
Earth life support system imperative to human existence.
SDG 11 (Sustainable cities and communities) represents
the living conditions for people in both rural and urban
communities. SDG 11 powerfully exemplifies the stepwise
model, as SDGs 6, 7, 8 and 9, for example, are all essential
for sustainable city and rural infrastructure. In addition,
SDGs 16 (Peace, justice and strong institutions) and 17
(Partnerships for the goals) are placed on the highest-level
illustrating that without peace and partnership, it will be
difficult to foster the justice and strong institutions for a
sustainable global society. Goal 17 also specifically calls for
collaboration through, among others, its targets on multistakeholder partnerships for sharing knowledge, expertise,
technology and financial resources (targets 17.16 and 17.17).

The SDGs that are most related to Level 3 – the business
organizational level, are goals 5 (Gender equality), 8 (Decent
work and economic growth), 9 (Industry, innovation and
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