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Editorial

This Special Edition of the Kenya Aquatica Journal covers the
proceedings of the Workshop on the Solar Cooling and Drying
(SolCoolDry) project and other climate-smart technologies,
including the poster session, as well as the exhibition event
hosted by the local community of Mwazaro. The Workshop
and related events were held on February 71 — 8 2023 to in-
augurate the launch of the SolCoolDry technology in Kenya, a
first of its kind in this region of Africa. The technology uses 100%
solar-powered and off-grid system for cooling and drying fish
and other perishable commmodities including vegetables, fruits
and seaweeds for value addition by local communities.

Community involvement in this technology through a tripartite
collaboration with partner institutions from three key sectors
comprising research, academia and industrial development
will ensure sustainability of the SolCoolDry approach. Further-
more, it promises to be long lasting, with options for replicability
along the Kenya coast and in other localities nationally, where
aquatic systems comprising lakes, rivers and big dams exist.

As the mouthpiece for reporting aguatic research development
in Kenya, the Aquatica Journal of the Kenya Marine and Fisher-
ies Research Institute (KMFRI) creates an ideal platform for re-
porting this functional tripartite of new research development
that addresses an important aspect of Kenya's Blue Economy.
The research is refined through a blend of practical research by
KMFRI, academic knowledge emerging from the Technical Uni-
versity of Mombasa (TUM), while implementing related viable
adaptive technologies from the Kenya Industrial Research and
Development Institute (KIRDI), Fraunhofer Institute for Solar Ener-
gy (Fraunhofer ISE) and INNOTECH Ingenieursgesellschaft mbH
(INNOTECH). The funding of this project was from the Federal
Agency for Agriculture and Food (BMEL), Germany.

The SolCoolDry technology couples the solar-powered pro-
duction of both ice-flakes for cooling and hot air for thermal
drying. The Workshop demonstrated how the innovative ap-
plication of photovoltaic and electrical storage technologies
on the one hand and solar thermal storage on the other hand
can generate and supply the required driving energy for the
technology. Furthermore, the technology opens up new ave-
nues for applied development by KIRDI and new avenues of
electrical technology for students at TUM — a novel and most
applicable possibility to establish new curricula and build ca-
pacity in the academia. One of the emerging outcomes of the
SolCoolDry technology is that KMFRI is able to fulfill one of its key
mandates on the Blue Economy, namely, to conduct research
on fish quality, post-harvest preservation and value addition.

Kenya Aquatica, in collaboration with partners, will continue
to provide the platform for science communication that links
the community, academia and practitioners in the aquatic
environment.
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PROCEEDINGS

SOLAR COOLING AND DRYING (SolCoolDry) PROJECT

Proceedings of the Workshop and Technology Day, 7*" - 8t February 2023,
Mombasa, Kenya

Fostering green innovations and use of renewable energy for food
security, employment and Blue Economy empowerment of grassroot
communities in Kenya
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The SolCooIDry prolect partners and a section of attendees of the workshop held at KMFRI on 7t February 2023 (Source: Anne A).
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FOREWORD

It gives me great pleasure to introduce to you Volume 8 (2) of the Kenya
Aquatica Journal, a special edition featuring the proceedings of the Solar
Cooling and Drying (SolCoolDry) project Workshop and Technology Day
held on 7" and 8" February 2023 respectively. The two-day event marked
a significant milestone in the implementation of the SolCoolDry project,
a collaborative project involving Kenya Marine and Fisheries Research
Institute (KMFRI), Kenya Industrial Research and Development Institute
(KIRDI), and Technical University of Mombasa (TUM), in partnership with
INNOTECH Ingenieursgesellschaft mbH (INNOTECH) and Fraunhofer Insti-
tute for Solar Energy Systems (Fraunhofer ISE) from Germany.

The SolCoolDry project represents a significant step in our journey towards the sustainable ex-
ploitation of the Blue Economy. As the Chief Executive Officer of KMFRI, | have witnessed the pivotal
role that innovative research plays in addressing the challenges faced by our coastal communities.
Post-harvest fish losses have been a persistent issue, impacting the livelihoods of communities that
depend on fishing for their sustenance and income. The project aimed at addressing this challenge
by designing and installing a solar-powered system for cooling and drying fish using solar energy.

At KMFRI, we remain steadfast in our commitment to conducting research in collaboration with
national and international partners, with the goal of sustainable exploitation of Kenya’s Blue Econ-
omy. The SolCoolDry project exemplifies this commitment, as it brings together the expertise and
resources of multiple institutions and organizations, fostering a dynamic exchange of ideas and
knowledge. The success of this project demonstrates the power of collaboration in driving innova-
tion and propelling our fisheries sector towards a more prosperous and sustainable future.

Furthermore, the SolCoolDry project aligns seamlessly with the Government of Kenya's bottom-up
development agenda, which places paramount importance on community empowerment. By re-
ducing post-harvest fish losses, we are not only enhancing economic opportunities for local fish-
erfolk but also contributing to the overall development of coastal communities. This special edition
of the journal serves as a demonstration of our dedication to community empowerment and our
unwavering pursuit of sustainable growth.

This special edition showcases the research, technological advancements, and practical applica-
tions implemented by the partner institutions to foster green innovations for the empowerment of
local communities, promotion of food security and creation of employment opportunities by un-
locking the potential of the Blue Economy in Kenya.

| extend my most sincere appreciation to all the contributors, stakeholders and all participants
who played a crucial role in making the SolCoolDry Workshop and Technology Day a resounding
success. | am confident that the knowledge shared within these pages will inspire further research,
innovation, and collaboration in our collective efforts to unlock the full potential of Kenya’s Blue
Economy.

Prof. James M. Njiru
Chief Executive Officer, Kenya Marine and Fisheries Research Institute (KMFRI)
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PREFACE

This document summarizes the outcomes of the SolCoolDry Project
Workshop and Technology Day on fostering green innovations and use
of renewable energy for food security, employment and empowerment
of grassroot communities in the Blue Economy in Kenya, held on 7" and
8™ February 2023. The first part was a one-day Workshop convened at
KMFRI Headquarters in Mombasa, where presentations from the local
and international project partners were made, while the second part
was the Technology Day and official launch of the SolCoolDry facility in
Mwazaro, Kwale county.

During the one-day Workshop, presentations were received from the following institutions: Tech-
nical University of Mombasa (TUM), Kenya Industrial Research and Development Institute (KIRDI),
Fraunhofer Institute for Solar Energy Systems (Fraunhofer ISE), INNOTECH Ingenieursgesellschaft
mbH (INNOTECH) and Kenya Marine and Fisheries Research Institute (KMFRI), where existing sci-
entific information, capacity needs in research and fish value addition and infrastructure were
presented and reviewed. The Workshop attracted 108 participants drawn from a variety of local
institutions. There were 10 oral and 15 posters presentations made, discussing the research con-
ducted in Kenya in terms of the application of climate-smart technologies utilizing green-energy.
The workshop was officially opened by the Guest of Honour, Eng. Lucy Wanjiku Mutinda, a Board
Member of KIRDI and officiated by KIRDI CEO Dr. Ing. Calvin Onyango, accompanied by his col-
leagues Dr. Linus K‘'Osambo, Dr. George Wanjala and Dr. Arthur Onyuka. From the German team,
representation was by Dr. Alexander Morgenstern (Fraunhofer ISE), Dr. Ing. Albert Esper (INNOTECH),
Dipl. Ing. Norbert Pfanner (Fraunhofer ISE) and Dr. Marcus Schmidt (MRI). TUM was represented by
Dr. Huxley Makonde, Dr. Hamisi Mwaguni and Mr. Thoya Maitha. The consortium appreciated the
contribution of the funders from Germany and hoped that this technology would be replicated to
other areas of the Kenya coast.

On the second day, the project hosted the Technology Day (highlighting food processing, off-grid/
renewable energy-based, Blue Economy innovations) at the SolCoolDry site at Mwazaro in Kwale
County. The local leadership, County Fisheries Officers (CFOs), local communities and other stake-
holders were also invited. The SolCoolDry facility will benefit not only the fish mongers and local
Beach Management Units (BMUs) but also other community members who will use the system
to dry, not only fish, but also other products such as mangoes, pineapples, coconuts and pota-
toes, among other types of agricultural produce, which can be value-added, packaged and sold at
competitive prices. As a result, this will enhance the livelihoods of the local community.

Generally, it was concluded that the there is need for studying, optimizing and adapting the system
for local fabrication, training in the design and implentation of Hazard Analysis Critical Control Point
(HACCP) systems, online marketing on all products and services being offered at the site, develop-
ment of a structured food safety implementation framework for coastal Kenya and more research
to increase the efficiency of the SolCoolDry technology.

M7

Dr. James Mwaluma

Director, Ocean and Coastal Systems & Blue Economy
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1. BACKGROUND

By Dr. Peter Oduor-Odote
Fish production & consumption in Africa

The per capita annual consumption of fish in
Kenya is 4.5 kg whereas for Africa it is 10.0 kg and
20.0 kg for the rest of the world. Kenya there-
fore needs to increase its per capita fish con-
sumption. The fisheries landings in Kenya are
estimated at 140,000 metric tonnes and about
24 metric tonnes from aquaculture. About one
in every three individuals in Kenya is below the
“food poverty” line (i.e., lack of financial capacity
to maintain food consumption that satisfies ad-
equate daily calorific requirements); 24% of the
population is undernourished; and the growth of
26% of children under five years of age is stunt-
ed. Food-insecure people in Kenya are often
vulnerable to malnutrition and, young children
and youth, particularly women of reproductive
age are the most vulnerable.

There is need to increase the production of fish
to reach Africa’s per capita fish consumption
level and to curb any losses from the landings.
Additionally, the fish that is landed from the wild
or produced through aquaculture though in-
adequate, does not still reach the consumer in
total owing to post harvest losses estimated at
30% to 50%, occasioned by lack of proper han-
dling and preservation facilities.

Preservation technologies in the
African fish value chain

The most preferred preservation method for fish
is by cooling. The cold chain in Africa is dotted
with cold stores at the landing sites for mainte-
nance of quality. However, such cold chain ef-
forts are not adequate, have high running costs
and lack technical skill management and are
more often than not closed. In Kenyaq, just like
the rest of Africa, the failures in the cold chain
are repeated, going by the number of fish cold
stores producing ice blocks which are initial-
ly received with enthusiasm, only to be aban-
doned because of high costs of electricity, lack
of technical know-how and responsibility even-

tually leading to most of them either shutting
down or operating below capacity.

Alternative traditional fish preservation meth-
ods are very common and mainly performed by
women. Nevertheless, the quality of the dried fish
is poor, both irregular and uncontrolled. Micro-
bial contamination and insect infestation occur
frequently during drying, storage and market-
ing. The processors lay the fish on the ground
(Fig. 1), on mats on the ground or on sand oc-
casionally covered with fishing nets or hanging
them from frames of raised racks. The disad-
vantage of these traditional drying methods is
that the slow drying process makes it unhygien-
ic and also contributes to partial destruction of
proteins and lipid oxidation. The fish has to be
brought inside every time it rains and each eve-
ning to avoid dew and its consequences such
as moulds. Dust contamination, insect infesta-
tion, and exposure to harmful human and an-
imal handling are the other disadvantages of
natural outdoor drying.

Figure 1. Broadcast drying of sardines on the ground by ar-
tisanal processors (Source: Oduor-Odote P.).

The solar cooling and drying
(solcoolDry) system

Kenya Marine and Fisheries Research Institute
(KMFRI), Kenya Industrial Research Develop-
ment Institute (KIRDI), Technical University of
Mombasa (TUM) and two German engineering
institutions - The Fraunhofer Institute for Solar
Energy Systems (ISE) and INNOTECH Ingenieurs-
gesellschaft mbH (INNOTECH) through funding
by the German Federal Agency for Agriculture

o ity



12|

Kenya Aquatica Journal - Volume 8, Issue No. 02

SPECIAL EDITION

and Food (BMEL) collaborated to design, imple-
ment and roll out a climate-smart innovation
for post-harvest control in fish as well as other
farm produce like meat, vegetables, spices and
fruits to help farmers and fishermen reduce
spoilage and loss of their products and to bring
more superior quality products to the market.
The innovation known as the Solar Cooling and
Drying (SolCoolDry) system (Fig. 2) uses solar
energy to generate flake ice for use in chilling
fish and has a drying component with capabil-
ity of drying in both sunny and damp weather
and at night.

This technology is a 100% off-grid, solar pow-
ered, cooling and drying system for improved
quality and value addition of fish and agricul-
tural produce. This intervention, if up-scaled,
will help improve handling and processing of
fish in other landing sites. It will subsequently
enhance the shelf-life of fish, reduce post-har-
vest losses, contribute to food security, in-
creased income and improved livelihoods of
coastal communities.

The first part of the SolCoolDry system consists
of a 15 kWp photovoltaic system that feeds elec-
tricity into a three-phase, battery-supported,
stand-alone grid, which is used to power the
ice machine and ice collection unit. A maximum
of 700 kilograms of ice can be produced within
24 hours. Excess solar power is fed into batter-
ies with a total storage capacity of 19.2 kWh. The
second part the SolCoolDry system has two solar
tunnel dryers in which air is heated and distrib-
uted by fans over the drying goods throughout
the day. In order to be able to continue drying
throughout the night, one of the tunnel dry-
ers contains heating pipes. These are supplied
with heat from a 12 m? flat-plate collector and a
2,000 L hot water storage tank.

The SolCoolDry Workshop and
Technology Day

The climax of the SolCoolDry project was the
Workshop and Technology Day which had one
pre-workshop activity, a workshop on the 7" of
February 2023 at KMFRI and the open day and
launch of the SolCoolDry system on the 8" of

February 2023 at Mwazaro in Kwale County.

Figure 2. The SolCoolDry system installed at Mwazaro in Kwale County, Kenya (Source: K'Osambo L.).
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2. PRE-WORKSHOP ACTIVITIES

By Morine Mukami and Winnie Jefwa

Planning of the SolCoolDry Workshop
and Technology Day

Planning meetings for the workshop were con-
ducted online in December 2022, immediately
after the completion of the SolCoolDry system
installation. Two main committees, the orga-
nizing and drafting committees, were formed
comprising technical experts in different fields
to ensure the successful implementation of
the Workshop and Technology Day. The teams
comprising the committees were drawn from
Kenyan partner institutions, i.e.,, KMFRI, KIRDI and
TUM. The organizing committee (Annex VII) de-
veloped the workshop programme, call for ab-
stracts, exhibits and posters and invited the rel-
evant stakeholders and presenters. The drafting
committee, whose members were mainly drawn
from KMFRI, was formed a few weeks before the
workshop in preparation for the compilation of
the information necessary for developing the
workshop proceedings.

Training of fish processors and traders

A week before the SolCoolDry workshop, experts
from KMFRI, Mombasa, conducted a capa-
city-building program on 28™ January and 3I¢
January 2023 at the Mwazaro BMU site. Six fried

fish processors (Mama Karanga) from Shimoni,
Mwazaro, Fikirini and Kanana areas underwent
the two-day training.

The objective of the workshop was to train the
processors on: (i) identification of critical points
in post-harvest fish handling where contamina-
tion and spoilage of fish occur; (ii) fish preserva-
tion techniques to reduce post-harvest losses
and (iii) fish value addition to produce safe,
high-quality fish products that meet consumer
preferences while increasing the profitability of
artisanal fish processing.

A theoretical training session (Fig. 3) was conduc-
ted on the first day, covering relevant topics in-
cluding good fish handling practices, with an
emphasis on hygiene and sanitation require-
ments at the fish processing site, food handlers,
and food contact surfaces to prevent introduc-
tion of hazards along the fish processing line.
The trainees were also introduced to best prac-
tices in the mitigation of fish post-harvest losses
through application of preservation techniques
such as solar drying, salting, freezing, chilling and
smoking.

Practical sessions (Fig 4.) proceeded on the se-
cond day, where demonstrations of the theory
were done. The trainees underwent a hands-on

session on fish filleting and the production of
fish fingers to enable the Mama Karanga diver-

Figure 3. Theoretical training of Mama Karanga on best practices in fish handling and value addition conducted by Win-
nied Jefwa from KMFRI at Mwazaro in Kwale County, Kenya (Source: Marigu J.).

ity
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Figure 4. Practical training of fish processors on fish value addition conducted at Mwazaro in Kwale County, Kenya, by
Maureen Kinyua (standing far right) and Winnie Jefwa (bending) from KMFRI (Source: Marigu J.).

sity their product range and thus improve their
profit margins. It was expected that the fish pro-
cessors would apply the acquired knowledge
and skills to improve on fish handling prac-
tices thus contributing towards the reduction
of post-harvest losses along the fried fish va-
lue chain and eventually increase their income
due to production and sale of high quality va-
lue-added fish products. With the introduction
of the SolCoolDry system, the skills acquired by
the processors would enable them maximize on
the productivity of the system through acquisi-
tion of for preservation of fresh fish and proper
handling of fish processed using the system.

Moving forward, the SolCoolDry project team
aims at capacity building more fish value chain
actors (fishermen, seaweed farmers, proces-
sors and traders) on fish handling, preservation
and value addition using the SolCoolDry system
available at Mwazaro.

Call for poster presentations, oral
presentations and exhibits

In January 2023, the organizing committee
made a call for submission of abstracts, post-
ers and exhibits (Fig. 5) by experts conducting
research on climate-smart technologies in food
preservation and value addition.

The submissions of posters (Annex 1) and ex-
hibits (Table 1) were received from KMFRI, KIR-
DI, TUM and community members and harmo-
nized into key thematic areas, while abstracts
were received from Kenyan and German proj-
ect partners as well as other researchers for
oral presentations made during the workshop
held at KMFRI (Annex I1). 15 posters, 22 exhibits
and 10 presentations were featured during the
SolCoolDry Workshop and Technology Day.
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SolCoolDry Workshop, Technology and Innovation Open Day
Call for Papers, Posters and Exhibits

Solar Cooling and Drying (SolCoolDry) research consortium will host a dual Workshop and
Technology Open Day in Mombasa and Kwale from 7t-8" February 2023. The events will
be hosted at the SolCoolDry technology site at Mwazaro in Kwale and KMFRI in Mombasa
counties. The events will mark the official launch of SolCoolDry Innovation Hub.

You are invited to submit papers, posters and/or exhibits that showcase renewable energy-
powered food processing technologies and sustainable utilization of Blue resources under
the Workshop theme.

Fostering green innovations and use of renewable energy for food security, employment
and Blue Economy empowerment of grassroot communities in Kenya.

Call for papers, posters and exhibits.

Deadline for submission of papers, posters and sketches of exhibits

Selection of papers, presentations and exhibits for the Workshop and Technology Day
Deadline for registrations and confirmations of attendance

Sharing of the program for the Workshop and Technology Day

Workshop at KMFRI (Mombasa) and Technology Day at Mwazaro (Kwale)

For further information and submissions contact:

linus.kosambo@kirdi.go.ke, jamesmwalujma@gmail.com, huxleymakonde@gmail.com

Figure 5. Call for papers, posters and exhibits for the SolCoolDry Workshop and Technology Day.
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3. THE SOLCOOLDRY WORKSHOP

By Maureen Kinyuaq, Derrick Gitari, Immaculate Kinyua and

Peter Thuo
Overview of workshop events

The SolCoolDry Workshop was held at KMFRI,
Mombasa on 7™ February 2023. Following the ar-
rival and registration of the guests drawn from
different partner institutions, a brief poster ses-
sion was conducted, where the guests appreci-
ated research work relevant to the event’s theme
presented by different experts.

The Workshop then started with the opening
session, chaired by Dr. Arthur Onyuka (KIRDI)
and moderated by Dr. Peter Oduor-Odote (KM-
FRI), who welcomed all the guests and gave a
brief introduction to the Workshop agenda and
program (Annex liI). Dr. Linus K'Osambo then
gave a presentation on the background of the
SolCoolDry project and partnerships followed by
Dr. James Mwaluma’s opening and welcoming
remarks on behalf of the Chief Executive Officer
(CEO), KMFRI. He then declared the Workshop
officially open at 10:20 am.

The first session of presentations, chaired by
Mr. Thoya Maitha (TUM), started at 11:00 am,
and consisted of oral presentations made by
five scientists on the SolCoolDry project back-
ground, evolution of drying technologies and
the research on the development of a Hazard
Analysis Critical Control Points (HACCP) plan for
the SolCoolDry site.

B KvFRI
™ «irDI

TUM

Project
Partners

. Media

[ others

Figure 6a. Institutional affiliations of workshop attendees.

The afternoon session was a continuation of the
oral presentations from five more scientists with
Dr. Melckzedeck Osore acting as the session
chair. The presentations revolved around the
implementation of climate-smart technologies,
using green energy, to enhance the sustainable
exploitation of the Blue Economy. The session
was concluded with a 20-minute plenary ses-
sion where participants gave feedback on the
event and suggested action points.

Sector analysis of workshop
participants

The participants of the Workshop (Annex IV)
were dffiliated to a variety of institutions, with
the host, KMFRI representing the highest propor-
tion of attendees at 75%. Participants from lo-
cal project partners, KIRDI and TUM, accounted
for 13% and 3% respectively; while partners from
Germany and media represented 3% and 4% re-
spectively (Fig. 6a). Researchers drawn mainly
from the partner institutions accounted for 35%
of all participants followed closely by interns
and technologists mainly from KMFRI, repre-
senting 29% and 14% respectively (Fig. 6b).

Youth participation accounted for an impressive
43% (Fig. 7a). The forum thus provided an ideal
platform for young upcoming scientists to inte-
ract with and learn from experienced researchers
on matters related to post-harvest loss mitiga-
tion using climate-smart technologies. In terms of
gender, male attendees were the majority at the
workshop at approximately 60% in comparison to
their female counterparts (Fig. 7b). This is illustra-
tive of the current status of the research landscape
in Kenya, which is predominantly male-dominated.

(b)

. Administration

. Interns

Journalists

Management

[ | Project Partners

. Public relations
officers

. Researchers

[l Technologists

Figure 6b. Designations/roles of workshop participants.
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Figure 7. Disaggregation of the workshop participants by (a) age and (b) gender
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OPENING SESSION

Welcome remarks and agenda by: Dr. Peter Oduor-Odote, Principal Research Scientist, KMFRI
SolCoolDry background and partnerships by: Dr. Linus K’Osambo, P/, KIRDI

SolCoolDry overview by: Dr. Alexander Morgenstern, P|, Fraunhofer ISE

TUM VC address by: Dr. Hamisi Mwaguni, Assistant Registrar - PRI, TUM

Opening remarks by: Dr. (Ing.) Calvin Onyango, Director General, KIRDI

Opening remarks and workshop flag-off by: Dr. James Mwaluma, Director DOSC & BE, KMFRI
Session Chair: Dr. Arthur Onyuka (KIRDI)

Session Rapporteur: Dr. George Wanjala (KIRDI)

Dr. Peter Oduor-Odote, a Principal Research Scientist at KMFRI kick-started the session with a brief
introduction to the workshop agenda and program. He then invited the SolCoolDry Pl from KIRDI and
Kenyan team leader, Dr. Linus K'Osambo who started off the program by welcoming all the guests
and giving an overview of the SolCoolDry project. He highlighted the post-harvest loss challenges
that necessitated the development of a climate-smart fish preservation and processing technol-
ogy to reduce the losses. He introduced the main project partners drawn from KIRDI, KMFRI, TUM,
Fraunhofer ISE and INNOTECH and welcomed the institutional leaders to introduce their respective
team members and give their remarks.

The Director General, KIRDI, Dr. Ing. Calvin Onyango, highlighted the mandate of the Institute,
which is responsible for conducting research, development, and innovation in industrial and re-
lated technologies and disseminating findings to support industrial development. KIRDI conducts
research and development in diverse fields, including civil engineering, mechanical engineering,
electrical engineering, and food technology, among others. The Institute also has a network of
pilot sites throughout Kenya which serve as platforms for technology incubation and feedback
acquisition on emerging technological needs. KIRDI is a strategic partner for institutions seeking
to develop locally-adapted technological solutions to address societal challenges.

Dr. Ing. Onyango explained that the SolCoolDry Project, which aims to introduce a technology pack-
age for 100% off-grid, solar-powered cooling and drying to improve fish quality, was supported
by KIRDI in consortium building, system importation, installation, HACCP system development, and
project coordination, among other areas. He also mentioned that the project will have a significant
impact on the post-harvest handling of fish and reduction of losses, thereby improving food secu-
rity among the technology recipients. The SolCoolDry Research, Innovation, and Business Hub will be
a significant element in the envisaged industrial parks, and it is relevant to the government’s “Bot-
tom-up” approach to development. He concluded his speech by reiterating that the Blue Economy
sector is endowed with huge potential for capture fisheries and aquaculture of fish and seaweeds,
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which can address food insecurity, and KIRDI
plays a significant role in driving the manufac-
turing sector through technology development
and transfer.

Dr. Alexander Morgenstern of Fraunhofer ISE,
Germany, gave an overview of the SolCoolDry
system. He highlighted that the solar thermal
drying and cooling system design consists of
solar thermal collectors, ice machines, an ice
collection unit, plate collectors, solar thermal
dryer and sensors (for controlling and mon-
itoring temperatures and humidity and data
transfer). He explained the process that was
involved in setting up the system at Mwazaro
in Kwale County and expressed optimism that
the system would add significant value to the
community.

The TUM representative, Dr. Hamisi Mwaguni,
gave the Vice Chancellor, Prof Laila Abuba-
kar’'s remarks in which she appreciated all the
partners and collaborators for the hard work,
commitment and determination to make the
SolCoolDry project a success. She highlight-
ed that Kenya faces food insecurity, attributed
to frequent droughts, high cost of food pro-
duction, high post-harvest losses, high global
food prices and low purchasing power for a
large proportion of the population. He then ex-
plained that the SolCoolDry project technology
package is designed to reduce the time tak-
en for fish drying and preservation. Fish cool-
ing and drying will enable fisherfolk to reduce
post-harvest losses and provide fish to local
and national consumers throughout the year,
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with higher quality and longer shelf-life dried
products for better livelihoods. She conclud-
ed by stating that as a university and partner
to the innovative project, TUM was committed
to offering tailor-made short courses that will
help community members in Mwazaro acquire
the requisite skills for maintaining the system
to ensure its sustainability.

Dr. James Mwaluma, the Director, Ocean and
Coastal Systems and Blue Economy, KMFRI and
SolCoolDry project Pl gave opening remarks, on
behalf of KMFRI CEO, Prof. James Njiru. He be-
gan by appreciating the dignitaries and work-
shop attendees present. He then expressed
concern about the decline in fish stocks and
high post-harvest losses, which threaten food
and income security. The issue of post-harvest
losses is particularly problematic in the coastal
areas of Kenya during peak landings when un-
favourable weather conditions also hinder tra-
ditional sun-drying. He explained that to com-
bat this challenge, KMFRI partnered with KIRD],
TUM, INNOTECH and Fraunhofer ISE to develop
the SolCoolDry system, which utilizes solar-driv-
en cooling & drying, energy storage materials,
and food processing technologies for fish pres-
ervation and value addition. In addition, KMFRI
believes that this innovative approach will intro-
duce new technology to local communities and
improve their livelihoods. He concluded that the
Institute is committed to supporting technology
transfer to local communities and hopes to rep-
licate the success of the project in other coun-
ties with significant fishing activity, such as Tana
River, Kipini, and Vanga.
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PRESENTATIONS SESSION 1

Session Chair: Mr. Thoya Maitha (TUM)

Session Rapporteur: Mr. Kassim Ziro (TUM)

SolCoolDry Research, Innovation & Business Hub: - Installation and
recommendations for processes engineering for sustainability

Dr. Linus K’'Osambo, a Senior Research Scientist, KIRDI PI
and coordinator of the Kenyan SolCoolDry project team
gave an overview of the Mwazaro BMU self-help group, its
composition and the activities undertaken by the group.
He expounded on the background of the SolCoolDry proj-
ect, including its justification based on the high post-har-
vest losses encountered by the artisanal fisherfolk, site se-
lection for the project, material purchase & delivery and
installation of the system. He shed light on the importance
of the SolCoolDry system as a Research, Innovation and
Business hub for the Mwazaro community and the Blue
Economy in Kenya. From his presentation, he stated that
the SolCoolDry hub would be important for several func-
tions including production of ice for fish preservation, fish
handling and processing, drying and packaging; an out-
door recreational space; onsite research, training and ed-
ucational tourism platform; leveraging local innovations and resources; marketing of value added
products and promotion of the sustainable exploitation of the Blue economy.

Solar ice production and drying in an off-grid system in Mwazaro, Kenya -
Project review

Dr. Alexander Morgenstern from Fraunhofer ISE, Germa-
ny commenced by giving a brief history of the project idea
and system design. He explained that the initial idea of the
project focused on the cooling and drying of mangoes due
to their high demand in the export market. However, cooling
and drying of fish was adopted later owing to its higher nu-
tritional value and reliance on fishing as a main livelihood
for local coastal communities in Kenya. He described the
operation of the system, including how the system makes
use of off-grid power supply by utilizing solar energy and
how the components of the system work together to dry
fish & farm produce and generate ice flakes for chilling of
fresh fish. Dr. Morgenstern highlighted the preparative work
done in Germany leading up to the setup of the SolCoolDry
system in Kenya, emphasizing that the materials used to
fabricate the system were of the best quality to ensure the longevity of the system. He mentioned that
this might have contributed to the relatively high cost incurred in setting up the system and advised
that for subsequent projects, modifications could be made to accommodate budgetary constraints,
while maintaining high quality of materials. In addition, he shared some of the shortcomings expe-
rienced during the implementation phase and how a test setup enabled the team to identify and
troubleshoot challenges during installation of the system. Finally, he expressed confidence that the
SolCoolDry system would benefit the local community at Mwazaro and its environs by improving their
livelihoods and reducing post-harvest losses.
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The evolution of dry chain technologies in Kenya

Dr. Peter Oduor-Odote, a Principal Research Scientist from
KMFRI and project co-PI highlighted the cold chain preser-
vation technologies and gave an indepth account of the fish
preservation technologies, namely fish smoking, fish frying
and fish drying used by artisanal fishermen and fish trad-
ers at the Kenya coast. He explained that over the years,
KMFRI has developed a variety of climate-smart innova-
tions to support different fish value chains in the reduction
of post-harvest losses. These include improved fish smoking
ovens with higher production capacity and less fuelwood
consumption to reduce the carbon footprint, while enabling
the production of high quality smoked fish. He, however, em-
phasized that more research is required on the variation of
size of the smoking oven and the smoking time in order to
maintain optimal fish quality. He then highlighted the improved fried fish display boxes used by fried
fish traders (Mama Karanga) which consists of a food-safe display shelf which is lit using a solar-pow-
ered lamp. Dr. Oduor-Odote explained that the innovation has reduced the exposure of fried fish to
contaminants and lowered the incidences of respiratory health conditions among the female traders
while mitigating against climate change by eliminating the use of the conventional kerosene lamps
(korobois) used for lighting. He also gave an overview of improved drying technologies innovated by
KMFRI researchers such as rack dryers, solar dryers, solar tunnel dryers and the hybrid windmill solar
tunnel dryer. The hybrid dryer is designed to dry to dry during damp weather conditions, produce ice
and generate electricity for use in the neigbhourhood. These innovations have improved the dried fish
value chain and significantly contributed towards the production of high quality dried fish products by
artisanal coastal communities. He concluded that these innovations are evidence of the strides that
have been made in post-harvest technologies research in Kenya and provide support in other areas
where the SolCoolDry system is yet to be installed.

Future perspectives of drying

Dr. Ing. Albert Esper from INNOTECH, Germany gave an
overview of his organization and stated that it acts as a
link between universities, research institutions and prac-
tical application. He explained that INNOTECH is one of
the companies worldwide leading in the utilization of
renewable energy for food processing, including rolling
out dryers powered by solar energy. He went ahead to
explain how Artificial Intelligence (Al) and the Internet of
Things (loT) have been embraced and incorporated in
some of the drying equipment to ease monitoring and
data collection.
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Situational analysis on establishment of a Hazard Analysis and Critical Control
Point (HACCP) plan for the SolCoolDry fish processing facility at Mwazaro Beach

Management Unit self help group

Dr. George Wanjala, a Senior Research Scien-
tist from KIRDI, explained that HACCP is a sys-
tematic approach to the identification, assess-
ment and control of hazards in food operations.
He gave a brief overview of the recommended
procedures for conducting an HACCP analy-
sis and the prerequisite programs. Dr. Wanjala
then described the methodology for the devel-
opment of a HACCP plan for the SolCoolDry fish
handling and processing facility at Mwazaro. He
explained that an assessment on fish sourcing,
handling and processing had been done at five
landing sites in Kwale County i.e., Kibuyuni, Kiji-
weni, Bati, Gazi and Shimoni.

He reported that the focus of the intervention
for the first four sites was to enhance safety and
quality of fish from capture, at the landing sites
and delivery to market while at Shimoni land-
ing site the intervention’s focus was to enhance
hygienic practices, repair of facilities, and ca-
pacity development of personnel. He argued
that according to the study findings, there were
significant food safety risks in the fish handling
and processing value chain, with most landing
sites lacking basic preservation and handling
facilities. Additionally, capacity gaps among
fishermen and traders on basic food safety

further exacerbate the risks. However, he stat-
ed that the development and implementation
of the HACCP plan for the SolCoolDry site at the
Mwazaro BMU would serve as a model for the
development of the same in other landing sites
along the coast of Kenya.

The PowerPoint presentations of all the oral pre-
sentations made during the first session are an-
nexed to this document (Annex I).
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PRESENTATIONS SESSION 2

Session Chair: Dr. Melckzedeck Osore (KMFRI)

Session Rapporteur: Dr. George Wanjala (KIRDI)

KIRDI fostering industrial research in the Blue Economy: - Opportunities and
perspectives in the new horizon

Dr. Linus K'Osambo of KIRDI commenced his presentation
by stating that Kenya has a huge potential in the Blue Econ-
omy, considering the underexploited resources present in
the country’s Exclusive Economic Zone (EEZ). He explained
that products such as seaweeds have multiple uses, from
food to cosmetic and pharmacological applications. Oth-
er materials like fish skin could also be used in the tanning
industry to produce leather products. On the other hand,
products like algae can be used to generate energy and
manufacture fertilizers. He stated that KIRDI has been ac-
tively involved in contributing towards the sustainable
exploitation of the Blue Economy through the design and
fabrication of marine cages that are used for Integrat-
ed Multi-Trophic Aquaculture (IMTA) of seaweed and fish
farming. In addition, KIRDI has contributed towards the establishment of the Kibuyuni seaweed pro-
cessing facility and trained the seaweed farmers in value addition of seaweed into a variety of prod-
ucts for improved livelihoods. He finalized by highlighting some research projects and development
initiatives including Co-Marifish project, SolCoolDry project, Sea-Fort project and Blue-Empowerment
project which have all been implemented by KIRDI to improve the livelihoods of coastal communities
and enhance food & nutritional security in Kenya.

Seaweed- and sweet potato-based nutritious food alternatives for sustainable food
systems in Kenya and Indonesia through solar powered innovations (NUTRI-KI)

Dr. Marcus Schmidt of the Max Rubner-Institut in Germany
gave a brief overview of the Institute and its structure. He
explained about an ongoing pilot plant project that focuses
on processing of French fries and sweet potato crisps for
the production of high quality products. The resultant prod-
ucts are passed through a series of tests including organ-
oleptic testing to ensure they meet the required standards
for human consumption before they are packaged for sale.
He highlighted the key projects that MRl is currently running
and those that are already completed. He also explained
some improvements that have been made on sweet po-
tato frying equipment, including the use of a vacuum fry-
er. He argued that such improved technologies are highly
suitable for frying sugar-rich fruits and vegetables, unlike
traditional ways of frying that usually leads to browning of
the end-products, rendering them organoleptically unacceptable. He stated that such vacuum fryers
reduce the oil absorption rate of potato chips significantly as compared to traditional frying. As a way
of reducing wastage in the processing plant, Dr. Schmidt concluded by highlighting the utilization of
side streams from sweet potatoes and seaweed where by-products from sweet potato and seaweed
wastes are re-introduced into the plant and upcycled into finished products.
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Renewable Energy and Climate Change Research Center at the Technical
University of Mombasa

Mr. Thoya Maitha gave a presentation on behalf of Dr.
Huxley Makonde, a Senior Lecturer and Dean, School of
Health and Applied Sciences at TUM. He gave a brief over-
view of the University’'s Renewable Energy and Climate
Change Research Centre, its vision and objectives. He
explained that the Centre is currently running a research
project about a hybrid solar-assisted biogas production
plant that seeks to supply green and clean energy to the
University’s kitchen. He stated that the purpose of the ther-
mosyphonic solar water heater in place is to utilize the so-
lar energy to heat water for use in the University’s kitchen.
This reduces the cooking time by over 50%. Dr. Huxley's
presentation was an illustration of the diverse sources of
renewable energy that are being explored through the
innovation of climate-smart technologies to reduce the
carbon footprint, while reducing overheads associated
with the use of conventional sources of energy.

Techno-economic assessment of a hybrid solar-biogas system to mitigate
environmental impact of cooking with fossil fuels at the Technical University of
Mombasa kitchen

Mr. Thoya Maitha, a Teaching Assistant and Researcher
from TUM presented highlights on a project utilizing biogas
at the University and stated that it is a collaborative proj-
ect between TUM and Hasselt University, Belgium, funded
by the VLIR-UOS South-South Initiative. He stated that the
main objective of the project was to design, model, simu-
late and construct a green energy cooking system consist-
ing of a hybrid solar production system coupled with a so-
lar water heating system for generation of energy required
for cooking in the university’s kitchen. The objectives of the
project included conducting a technological and ecologi-
cal analysis of the system based the Life Cycle Assessment
(LCA) method and performing an economic assessment
of the system using the Discounted Cash Flow (DCF) mi-
cro-economic assessment method.

Mr. Thoya explained that the shift from using fossil fuels to adopting biogas in the University’s kitch-
en was due to the unhealthy soot, expensive costs and environmental impacts that come with the
use of firewood and coal. The findings of the DCF analysis projected savings of up to 45.56% when
biogas is used in comparison to fossil fuels; while the Net Present Value (NPV) analysis projected
economic profitability of approximately 120%. In the LCA analysis, Mr. Thoya projected that an en-
ergy saving of 45.36% and a forest cover saving of 55.56% would be achieved. He stated that the
average payback period of the project is six years, making it a worthwhile investment, considering
that the average lifespan of the system is 25 years. He recommended the use of such a system in
learning institutions as it is a worthwhile economic and ecological investment.
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Profiling the status of direct SolCoolDry technology recipients in Kwale County,
Kenya and their perspectives on fish preservation technologies

Ms. Morine Mukami and Ms. Josephine Marigu of KM-
FRI gave an overview and preliminary results of a study
conducted in Kwale County in January 2023. The study
aimed at understanding the status of the direct recip-
ients of the SolCoolDry technology, evaluating the pro-
duction potential of raw resources and obtaining feed-
back from the locals who have utilized the system and
their perspectives. Ms. Mukami explained that the study
used questionnaires for collection of data in Gazi, Shimo-
ni, Mwazaro and Kibuyuni

According to the preliminary results, it was established
that the technology recipients were mainly organized into
Beach Management Units (BMUs) and several other com-
munity groups that are actively involved in capture fisheries and aquaculture. It was reported that
62.5% of the recipients use community-owned land/fishing grounds. The recipients of the SolCool-
Dry system acknowledged that the system has played an important role in preservation of their
products, due to the ease of access to and constant availability of ice.

However, Ms. Josephine stated that the system also had
its shortcomings, which include inadequate drying racks
especially when the products such as sardines and sea-
weeds are harvested in bulk. The price of ice was also
seen to be prohibitive and the recipients proposed a re-
duced price of KES 6-7 per kg from the current KES 10 per
kg. The recipients suggested the introduction of similar
systems in multiple landing sites in the region as this
would help reduce the significant post-harvest losses
experienced during transportation of fresh products from
areas further away from the system. It was recommend-
ed that there should be increased capacity building for
the direct technology recipients of the SolCoolDry system
to ensure the project’'s sustainability. Sensitization was
also encouraged as a way of creating awareness of the presence of the SolCoolDry innovation
and increasing the uptake of the technology by local communities within the region.

PowerPoint presentations of all the oral presentations made during the second session are an-
nexed to this document (Annex II).
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PLENARY SESSION

Session Chair: Dr. Melckzedeck Osore (KMFRI)

Feedback analysis and comments

In the plenary sessions, participants aired their
views on the way forward to ensure the sus-
tainability of the SolCoolDry system beyond
the project lifetime. The main suggestions
raised were: -

« Continuous capacity-building of the lo-
cal community in Mwazaro on the use and
maintenance of the facility;

- Diversification in the use of the system
beyond drying of fish products to include
value addition of crop produce for enhanced
food security and livelihood improvement;

» Ensure direct involvement of the commu-
nity members in the day-to-day running
of the facility to foster a sense of ownership
of the system, which will guarantee proper
stewardship;

* Involve a broader variety of stakeholders
such as county governments in the planning
and implementation of subsequent phases
of the SolCoolDry project for the achieve-
ment of a greater impact;

» Involve communities in such forums where
research outputs are being discussed since
they are the direct users of the information
being disseminated, hence it would be very
beneficial to them;

« Translate the project information into the lo-
cal Kiswahili language to ensure consump-
tion of the findings by the user communities
and increase awareness on all project acti-
vities;

+ Encourage small and medium enterprises
to adopt the developed technologies since
it benefits more people than when done on
a larger commercial scale;

+ Build capacity for utilization of green energy
in coastal towns and local areas to reduce
Greenhouse Gas (GHG) emissions and miti-
gate against climate change.

Dr. Osore, the Chief Editor of Kenya Aquatica,
mentioned that a special edition of the Kenya
Aquatica Journal covering the Workshop Pro-
ceedings would be published.

Dr. Nina, the Assistant Director of the Marine
Fisheries Research Department in KMFRI en-
couraged the workshop attendees to join the
Western Indian Ocean Marine Science Associa-
tion (WIOMSA), which consists of a wide network
of professionals undertaking marine research in
the Western Indian Ocean (WIO) region.

Dr. Mwaluma thanked the participants for their
active participation in the workshop and de-
clared the workshop closed. A closing prayer
was then led by Mr. Alexander Fulanda of KMFRI.
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Figure 8. A cross-section of posters illustrating the various aspects of SolCoolDry project and other climate-smart inno-
vations presented during the Technology Day held at Mwazaro Grounds, Kwale County (Source: Dr. Osore M.).

Poster session contamination of fried fish and lowers the

carbon footprint by replacing the conven-
During the workshop, stakeholders includ-

ing KMFRI, KIRDI and TUM were invited to pres-
ent the results of relevant research inform of
posters. All poster presentations highlighted
research-based innovations which contribute
towards the improved livelihoods of coastal * Sustainable aquaculture techniques to

tional kerosene lamp used for lighting with
a solar-powered lamp. The hybrid dryer uti-
lizes green, renewable energy to power fish
preservation by drying and ice production.

communities, in line with the theme of the Work- maximize on the benefits of the Blue Eco-
shop “Fostering green innovations and use of re- nomy through production of alternative in-
newable energy for food security, employment sect-based feeds and capacity building of
and Blue Economy empowerment of grassroot communities on the best practices in ma-
communities in Kenya”. The posters highlight- riculture.

ed the themes, background information, results
and recommendations of each study. A total of
fifteen posters were displayed, illustrating re-
search conducted to develop diverse technolo-

« Green energy production and utilization to
reduce carbon emissions while using food
waste in a total utilization concept model.

gies geared towards improving livelihoods and Here biogas production and solar energy
enhancing food security, particularly among technologies were featured by different pre-
coastal communities. The key thematic areas senters.

that were presented in the poster sessions were: | 14 design of the SolCoolDry system and its

applications in fish value addition and pre-

» Climate-smart innovations designed to mi- servation; drying of fish and vegetables and

tigate against post-harvest losses particu-
larly among artisanal fishermen and fish
processors. These included the improved All the presented posters are appended to this
fried fish display box and the hybrid windmill  document (Annex I).

production of ice for fish preservation.

solar tunnel dryer. The improved box reduces
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Figure 9. Dr. Linus K’Osambo from KIRDI (a) and Mr. Raymond Ruwa from KMFRI (b) explain concepts presented in their
respective posters displayed during the Technology Day at Mwazaro (Source: Anne A.).
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4. TECHNOLOGY DAY

By Josephine Marigu & Winnie Jefwa

Session 1: Arrival and registration of
guests

The SolCoolDry Technology Day was held on 8t
February 2023, at the SolCoolDry system site
in Mwazaro, Kwale County. The guests arrived
from 8.00 am, registered and proceeded to
view the posters (Annex I) and exhibits (Table 1)
displayed by KIRDI, TUM, KMFRI and community
members from Mwazaro, Shimoni, Gazi and Ki-
buyuni (Fig. 10).

Session 2: Introduction and opening
remarks

Several representatives of the project partners
gave their opening remarks to kick-start the
event (Fig. 11). KIRDI Pl and coordinator of the
Kenyan SolCoolDry project team, Dr. Linus
K'Osambo officially opened the event by welco-
ming all the guests and giving an overview of the
SolCoolDry project. He highlighted the post-har-
vest challenges that necessitated the develop-
ment of the climate-smart fish preservation and
processing innovation to reduce the losses. He
introduced the main project partners who were
drawn from KIRDI, KMFRI, TUM, Fraunhofer ISE and

Figure 10. Community members drawn from Mwazaro and adjacent communities participate in the Technology Day held
at Mwazaro in Kwale County (Source: Anne A.).
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Figure 11. Representatives of local and German project partners give their welcoming remarks and introduce their teams
during the Technology Day held at Mwazaro in Kwale County. From top left, (a). Dr. Mwaluma J. (KMFRI); (b). Dr. Ing. Cal-
vin Onyango (KIRDI); (c). Eng. Lucy M. (KIRDI, BoM member; (d). Dr. Hamisi Mwaguni (TUM); (e). Dr. Linus K’Osambo (KM-
FRI) and (f). Dr. Alexander Morgenstern (Franhoufer ISE) (Source: Anne A.).
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Figure 12. Dr. Alexander Morgenstern (with microphone) gives distinguished guests and event attendees a guided tour of
the SolCoolDry system at Mwazaro during the Technology Day (Source: Anne A.)

INNOTECH. Thereafter, he invited each institu-
tional leader to introduce their respective team
members and give their remarks. Dr. Alexander
Morgenstern, the overall Project Coordinator,
gave an overview of the SolCoolDry equipment
assembly and installation process. Dr. Alexan-
der highlighted the technical components of
the system, detailing the process that was in-
volved in designing the system, fabricating the
different components, importing the equipment
and assembly at the site. He mentioned that the
system had been fabricated using the materials
of the highest quality and optimized based on
the Kenyan conditions to ensure efficiency in its
functionality and guarantee its longevity.

Representatives of the local SolCoolDry partner
institutions and local administrations gave brief
remarks in which they appreciated the pro-
ject implementers and urged the community
members to take full ownership of the SolCoolDry
system and ensure its success beyond the pro-
ject’s lifetime. Dr. Arthur Onyuka (KIRDI) and Dr.
Hamisi Mwaguni (TUM) reiterated that their ins-
titutions are committed to capacity-building
the community members on basic skills that will
enable them to effectively operate and main-
tain the system. The DCC, Kwale County, Mr.
Alexander Mativo finalized by urging the deve-
lopment partners to consider setting up similar
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projects in other areas within the country that
have conducive environments and are impac-
ted by significant post-harvest losses.

Session 3 : Guided tour of the
SolCoolDry system

The project team from Germany led by Dr. Alex
ander Morgenstern gave a guided tour of the
SolCoolDry system to the Chief Guest and oth-
er distinguished guests (Fig. 12). The experts de-
scribed the design and operation of the three
main components of the system viz, the solar
power harnessing and storage system, the tun-
nel dryers and the ice production and storage
unit. Dr. K'Osambo then highlighted the Pub-
lic-Private Partnership (PPP) framework and how
diverse partnerships had been leveraged to work
towards the development of the research-based
innovation and production of high quality, mar-
ket-ready, value-added products using the cli-
mate-smart system for reduction of post-har-
vest losses and improvement of livelihoods.

Session 4- Guided tour of other
exhibits

After the detailed tour of the SolCoolDry system,
the guests were guided through the exhibition
area where tangible products obtained from the
SolCoolDry system were displayed together with
other related value-added products and exhibits
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Table 1. Exhibits displayed by different participants during the technology day held at Mwazaro in Kwale County

Thematic area

Post-harvest loss reduction in crops | Dried mangoes

Nature of exhibits

Exhibitor

Dried, shredded coconut

Dried, shredded sweet potatoes

Virgin coconut oil

KIRDI

Seaweed, amaranth and wheat bread

Seaweed and amaranth cookies

Seaweed and millet cookies

Post-harvest loss reduction in fi- Dried fish

Mwazaro BMU

sheries Dried seaweed

Kibuyuni seaweed farmers

Climate-smart innovations

Improved Mama karanga box

Hybrid wind solar tunnel dryer model

Drying racks models

Dome dryer model

KMFRI

container

Light-weight, insulated cold-chain

Value addition in fish and seaweed.

Fish value added products (fish fillet,
fish fingers and fish kebabs)

Seaweed value added products
(shampoo, shower gel, lotion, soap)

Kibuyuni seaweed farmers

Biowaste treatment for sustainable
fish feed production.

Black soldier fly farming.

KMFRI

Fish feed formulation

Fish feed formulation

presented by different institutions and commu-
nity members (Table 1). Two community groups
presented their exhibits in line with the event's
theme, “Fostering green innovations and use of
renewable energy for food security, employment
and Blue Economy empowerment of grassroot
communities in Kenya”. Kibuyuni seaweed farm-
ers showcased a community-based seaweed
value chain, from farming to value addition for
production of diverse products including soap,
lotion, shower gel and hair food from dried sea-
weed. Fish processors from Mwazaro exhibited
fish and agricultural produce dried using the Sol-
CoolDry system at Mwazaro. The exhibits present-
ed by community members illustrated the direct
role that research-based technologies and inno-
vations have played in contributing towards the
sustainable exploitation of Blue resources to im-
prove community livelihoods and enhance food
security.

KIRDI and KMFRI exhibited a variety of cli-
mate-smart innovations designed to mitigate
post-harvest losses in fisheries and agricultural
value chains and ensure the production of qual-
ity products. KIRDI researchers displayed a wide
variety of value-added products developed us-
ing the SolCoolDry system, including fish prod-
ucts and plant produce (including mangoes,
sweet potatoes, pineapples, cassava and co-
conuts), value-added baked products such as
cakes and cookies made from seaweed and oil
extracted from fish and coconuts (Fig.13). These
exhibits illustrated the system’s potential to en-
able the diversification of the fish and agricul-
tural product-range for food security and liveli-
hood improvement of coastal communities.

The KMFRI research team showcased a variety
of relevant exhibits aligning with the theme (Fig.
14). These included innovations such as an af-

32 |



W e T U e,

SPECIAL EDITION

’/w.

A o == n

Kenya Aquatica Journal - Volume 8, Issue No. 02

Figure 13. Scientists and technical staff from KIRDI exhibit a wide variety of value added products developed using the Sol-
CoolDry system to distinguished guests and attendees during the Technology Day at Mwazaro, Kwale County (Source: Anne. A)

fordable, lightweight, insulated cold-chain con-
tainer for storing ice used for fish preservation
and the Mama Karanga box, an improved, food-
safe, fried fish display shelf designed for fried fish
processors to reduce post-harvest losses in the
fried fish value chain. The improved shelf also
includes a solar-powered lamp, which replaces
the kerosene lamp, which is conventionally used
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by the processors for lighting. It, therefore, also
reduces the carbon footprint associated with
burning kerosene. KMFRI also exhibited models
of climate-smart post-harvest technologies
(Fig. 14) used in the dried fish value chain includ-
ing drying racks for the sardines and seaweeds.
A model of the hybrid windmill solar tunnel dryer
which utilizes wind and solar energy to dry fish

T
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and farm produce, generate ice and provide
electricity for adjacent homesteads was also
exhibited. The KMFRI mariculture team demon-
strated black soldier fly breeding to produce an
alternative protein source for the formulation of
affordable aqua feed and to manage biowaste.

These processing and preservation technologies
displayed the capacity present within Kenya's
research and academic platforms to design cli-
mate-smart innovations for improved food se-
curity and socio-economic development.

Session 5 - Official launch

A brief session of speeches presented by repre-
sentatives of the project partners preceded the
official launch of the SolCoolDry Research, Inno-
vation and Business Hub. Representing the KM-
FRI CEO, Dr. James Mwaluma (DOCS & BE, KMFRI)
lauded the project partners for the collaboration
and cooperation throughout the implementa-
tion of the project and urged the community to
take advantage of the innovation to improve the

Figure 14. Researchers and technical staff from KMFRI showcase a variety of exhibits on different post-harvest mitiga-
tion technologies developed by the Institute and value added seaweed products developed by communities in Kibuyuni
with the technical support from KIRDI and KMFRI (Source: Phionalorna N.).
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preservation and processing of fish and agricul-
tural products. Dr. Mwaluma then invited Dr. Ing.
Calvin Onyango, the DG, KIRDI, who commented
on the benefit of integrating research and inno-
vation into the process of developing tangible
solutions to address the many challenges that
affect the artisanal fish and agricultural value
chains. He invited Eng. Lucy Wanjiku Mutinda, the
Chief Guest and a member of the KIRDI Board of
Management, who emphasized on the need for
the local community to empower the upcoming
generation, particularly girls, through education
to ensure sustainability of development projects
such as the SolCoolDry system. She urged the
community to empower their youth to develop
solutions that will address future challenges. The
representative of TUM, Dr. Hamisi Mwaguni read
a speech prepared by the Vice Chancellor, TUM,
Prof. Laila Abubakar. She reiterated the impor-
tance of education, particularly in Science, Tech-
nology, Engineering and Mathematics (STEM), in
fostering commmunity development. She em-
phasized that the government was focused on
providing affordable education for all Kenyans

N

and therefore communities ought to take ad-
vantage of the available opportunities to ensure
that their children are educated for guaranteed
advancement of the society. Speaking on be-
half of the Governor, Kwale County, the Deputy
County Commissioner (DCC), Mr. Alexander Ma-
tivo appreciated all the partner institutions that
had participated in the implementation of the
project for the benefit of the local community.
Taking note of the different Beach Management
Units (BMUs) that were represented at the event,
the DCC called upon the community members
to own the project and utilize it to draw maxi-
mum benefit. With much pomp and excitement
from all in attendance, Eng. Lucy Wanjiku Mutin-
da, in collaboration with Mr. Mativo unveilled the
plague and conducted the ribbon-cutting cere-
mony, symbolizing that the project had officially
been launched (Fig. 15). This marked the conclu-
sion of the event, at which point the guests left
at their own pleasure after a brief vote of thanks
from Dr. Peter Oduor-Odote and a closing prayer
led by one of the community members.

Figure 15. Engineer Lucy Mutinda from KIRDI (left) and Mr. Alexander Mativo the DCC, Kwale County officially launch the
SolCoolDry system with onlooking project partners and community members during the SolCoolDry Technology Day

at Mwazaro (Source: Phionalorna N.).
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5. MEDIA CONTRIBUTIONS AND STAKEHOLDER INTERVIEWS

By Immaculate Kinyua, Maureen Kinyua and Josephine Marigu lihood improvement. In the electronic media, pro-
minent broadcasters: Citizen TV, Kenya Television
Media coverage Network (KTN) and Radio Maisha gave an over-

view of the SolCoolDry project launch, covering the
comments of Dr. Linus KOsamlbo, Dr. James Mwa-
luma, Dr. Ing. Calvin Onyango, Eng. Lucy Wanijiku
Mutinda and Dr. Alexander Morgenstern. They all
emphasized the project’s significance in reducing
post-harvest losses and advancing the govern-
ment's bottom-up development agenda which,
aims to improve the livelihoods of communities at
the grassroot levels through the sustainable ex-
ploitation of the Blue Economy (Fig.16).

The information from the SolCoolDry Workshop
reached a wide audience through coverage by lo-
cal media outlets which included Royal Media Ser-
vices, the Standard Media Group and Mediamax
Network. During a press conference held at KMFRI
before the workshop, the key stakeholders empha-
sized on the benefits of the SolCoolDry project to
the community, particularly in reducing post-har-
vest losses and promoting food security and live-

s‘ s FISH SOLAR DRYING TECHNOLOGY
TECHNOLOG
B | SOLAR FOR FISHERMEN

NEWS NIGHT
SOLAR PLANT TO PREVENT POST HARVEST LOSSES

Fig. 16. Coverage of the SolCoolDry Technology by Citizen TV and KTN showing interviewed representatives of project part-
ners giving their views on the expected impact of the project. From top left, clockwise, Eng. Lucy W. Mutinda (KIRDI), Dr. Alex-
ander Morgenstern (Franhoufer ISE), Dr. Linus K'Osambo (KIRDI), Mr. Waihiga Mwaura (Citizen TV), Dr. Ing. Calvin Onyango
(KIRDI) and Dr. James Mwaluma (KMFRI) (Source: https://twitter.com/citizentvkenya/status/1623037025342394378?t=7_
gSUIhBR2Gs3gfP4Y5pdQ&s=08 and https://www.youtube.com/watch?v=Dv6dFQYz25Q)

NJIA MBADALA YA KUHIFADHI SAMAKI

MRADI UNATUMIA MIALE YA IUA KUHIFADHI SAMAKI

Fig.17. Coverage of the SolCoolDry Technology by Citizen TV and KTN showing interviewed representatives of project partners
and community members giving their views on the expected impact of the project. From top left, clockwise, Ms. Salim Abdal-
lah (Mwazaro BMU), Dr. Peter Oduor-Odote(KMFRI), Mr. Mshemanga Hamisi Riziki (Mwazaro BMU), Dr. James Mwaluma (KM-
FRI), Mr. Aloise Musyoka (K24)and Dr. Linus K’Osambo (KIRDI) (Source: https://www.youtube.com/watch?v=TFwmv28YNOO).
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Solcool Dry project changing lives of Kwale fisherfolks

Initiative undertaken in Mwazaro in Lunga Lunga is helping the community to reduce fish post-harvest losses
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Figure 18. Excerpt of The Star newspaper article on the SolCoolDry project, its background and impact
on community members (Source: https://www.the-star.co.ke/counties/coast/2023-02-09-solcool-dry-

project-changing-lives-of-kwale-fisherfolks/).

The Technology Day at Mwazaro received co-
verage from Citizen TV and K24, featuring inter-
views with various stakeholders including pro-
ject partners and community members (Fig. 17).
The partners primarily emphasized on the anti-
cipated impact of the SolCoolDry system on the
Mwazaro community and surrounding dreas.
They further elaborated on the challenges in-
volved in post-harvest fish handling that neces-
sitated the implementation of the project. Com-
munity members expressed great gratitude for
the system and expressed optimism that its use
would greatly enhance their livelihoods by ad-
ding significant value to their fish and agricultu-
ral value chains.

Comprehensive newspaper articles (Figure 18; An-
nex VI) were published by The Standard and The
Star, providing detailed information on the back-
ground, implementation and potential impact of
the SolCoolDry project on food security and eco-
nomic empowerment of coastal communities.

Stakeholder interviews

1. Fishermen representative

Mr. Mshemanga Hamisi Riziki (Fig. 19), a fisher-
man who also doubles as the Project Coordi-
nator at the Mwazaro BMU expressed appre-
ciation for the installation of the one-of-a-kind
SolCoolDry system at Mwazaro by the partners
from Germany and Kenya.

, Tuna imani kuwa tumepata bahati kubwa,
bahati adimu ambayo haijapata watu wen-
gine Pwani na Kenya. Tumepata mtambo huu
wa kwanza wa aina yake Kenya. We feel so

much priviledged. Huu mradi umetuodolea dharu-

bu za kula samaki ambao wameoza.

Translation: The Mwazaro community feels so pri-
vileged to host the SolCoolDry system, which is the
first innovation of its kind at the Coast and in Kenya.
Thanks to the SolCoolDry system, we no longer

consume low quality, rotten fish. - Mr. Mshemanga

Figure 19. Mr. Mshemanga, the Mwazaro BMU Project Co-
ordinator expounds on the many benefits that the com-
munity has gained from the installation of the SolCoolDry
system at Mwazaro (Source: Phionalorna N.).

137

Dt



38|

Kenya Aquatica Journal - Volume 8, Issue No. 02

A e L

A W S

SPECIAL EDITION

He explained that in comparison to traditional
outdoor fish drying, which takes up to 7 days,
using the SolcoolDry system now takes only 18
hours and the end product is of high quality due
to the significantly reduced contaminants such
as flies and maggots, characteristic of conven-
tional open-air sun drying. Speaking of the ver-
satility of the system, he gave examples of drying
other non-fish products such as fruits, sweet po-
tatoes and coconuts (for extraction of pure co-
conut oil) as other value-added products that
have been produced using the system.

Further, he said that the fishermen who use tra-
ditional fishing methods without ice, spending up
to 6 or 7 hours at seq, always end up with spoiled
fish. However with the SolCoolDry system now, the
fishermen who purchase and use the ice during
their fishing trips have fresh fish of higher quality
at landing time. He also mentioned that the sys-
tem has contributed significantly towards the re-
duction of quality losses in fresh fish since fish tra-
ders from neighbouring towns such as Kibuyuni
and Shimoni travel all the way to buy ice at the site
at KES 10 per kg for the preservation of fish while on
transit and at the market.

Mr. Hamisi emphasized that the all-inclusive no-
vel fish drying and cooling system has improved
the quality of fish along the entire value chain,
from harvesting to the final consumer, by redu-
cing spoilage and ensuring high quality products.
He concluded by mentioning that the project was
geared towards improving community livelihoods
and that the funds received from the sale of ice
and drying of fish were being channelled back to
the maintenance of the system to ensure its sus-
tainability beyond the lifetime of the project.

2. Fish processors’ representative

Ms. Salim Abdallah (Fig. 20), a member and
treasurer to the Mwazaro BMU, expressed the
community’s appreciation for the SolCoolDry
system and highlighted its potential benefits for
the community. She engages in seaweed far-
ming and occasionally sells fried fish. She stated
that the system would bring significant value to
the community by providing ice to fish proces-
sors, enabling them to preserve their purchased
fish until more fish could be obtained. This is be-
cause fishermen use traditional fishing methods

(dugout canoe) that result in delays during fi-
shing. The SolCoolDry system would ensure that
the quality of the fish is maintained, and prevent
fish spoilage before processing, which would re-
duce the losses incurred by the fish processors.

Additionally, Ms. Abdallah mentioned the po-
tential benefits of the system’s drying capabili-
ties, particularly during periods of high fish yields,
when the fresh fish market is often oversaturated
and prices are low. Therefore, by enabling the
drying of fish, the system would increase its shelf
life, enabling traders to sell it later when demand
is higher in the market. She explained that the
local market currently offers lower prices for the
dried fish. However, prices at distant markets are
significantly higher. For instance, while the local
market offers a price of KES 120 per half a kilo-
gram of dried fish, other distant markets such as
Kikoneni can offer up to KES 200 to 300 per half a
kilogram. Ms. Abdallah also mentioned that dried
fish would also be much easier to transport to
distant markets without encountering the high

Huu mradi wa SolCoolDry utatusaidia sana
, , kwa upande wetu kama wanajamii kwa jumia
kupata barafu ya kuhifadhi samaki na mvuke
wa kukausha samaki na kuwauza soko za nje ili

tupate hela, tujisaidie kuwaelimisha watoto wetu.

Translation The SolCoolDry system will provide us
with ice to preserve fresh fish and also enable us to
dry fish especially when the harvest is in plenty. The
sale of dry fish will improve our livelihoods and help
us educate our children. - Ms. Saumu Abdalla

Figure 20. Ms. Saumu Abdalla gives her input on the benefit
of the SolCoolDry system to the fish processors in Mwazaro
(Source: Phionalorna N).
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losses associated with fresh fish. She concluded
that the community will benefit from increased
income by utilizing the SolCoolDry system to dry
more fish, which can be transported to distant
markets for higher prices. This additional inco-
me can then be directed towards improving the
community’s livelihood, such as investing in edu-
cation for their children.

3. SolCoolDry Kenyan Coordinator and PI, Dr.
Linus K’'Osambo (KIRDI)

Dr. Linus K‘Osambo (Fig. 21), a Senior Research
Scientist from KIRDI mentioned that the aim of
the SolCoolDry system is to help in cutting down
post-harvest losses to take care of the fish defi-
cit of over 300 tonnes in Kenya. He explained that
the system has two 24-metre-long drying beds,
each with 24 trays. Each tray can carry 5-10 kgs
of fish, depending on the type of fish being dried,
thus each dryer has the capacity to dry a maxi-
mum of 240 kgs of fish at a go. Thus, 480 kgs of
fish can be dried in a day using the system. Ad-
ditionally, he stated that the SolCoolDry system

, , The SolCoolDry system has the capacity of
drying approximately half a tonne of fish dai-
ly. We are targeting mainly the inland markets
where the demand for dried fish is high. The

system will provide direct employment for a mini-
mum of 50 individuals and improve the livelihoods
of many more through the reduction of post-har-
vest losses. - Dr. Linus K"Osambo

J
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Figure 21. Dr. Linus K'Osambo, the project PI and Senior
Research Scientist at KIRDI explains the challenges in the
fish value chain associated with post-harvest losses and
the aim of the SolCoolDry project in mitigating against the
losses to ensure food security and improved livelihoods
(Source: Phionalorna N.).

is beneficial to the fishermen since the ice pro-
duced is sold to them for the preservation of fish
harvested nearshore and in the deep sea. When
there is a surplus of fish exceeding the market’s
demand, the excess fish is preserved by drying.
The fish is washed, split, gutted, washed and
rinsed again and spread out in the dryer to dry.
The solar-powered system can thus extend the
shelf-life of fish to more than a year, which gua-
rantees zero food losses during harvest, transit
and storage.

Dr. K'Osambo explained that the SolCoolDry sys-
tem can also be used to preserve other food pro-
ducts, other than fish, either through drying or by
chilling using the ice produced. He explained that
in terms of business, the system can either be
used to dry fish or other food products for the lo-
cal communities at a small fee or the team ma-
naging the system can buy fish or food products
and then dry, package and sell them to the bigger
markets which are located in dry areas or inland.
He added that the project’s long-term goal is to
install the SolCoolDry systems in off-grid areas
that lack electricity and build systems for all the 48
coastal BMUs from Lamu to Vanga. This will ensure
the production of high-quality fish that meets the
recommended quality standards. He also men-
tioned that there were plans to install a water pro-
cessing and purification plant at the SolCoolDry
site in order to utilize the available space and
provide clean water for fish processing. Further,
he stated that the project would also focus on ca-
pacity building the community on fish handling in
order to enable the sale of fish from Kenya in high-
end markets. Dr. KOsambo concluded by saying
that the SolCoolDry system has offered a source
of direct employment to around 50 youths.

4. SolCoolDry PI, Dr. James Mwaluma, (KMFRI )

Dr. James Mwaluma (Fig. 22), the Director of
Ocean and Coastal Systems, & Blue Economy in
KMFRI indicated that the SolCoolDry project was
launched at the ideal time since the Government
of Kenya is keen on advancing the sustainable
exploitation of the Blue Economy. He explained
that various institutions are collaborating to pro-
vide data or suggest interventions for sustainably
utilizing the underexploited Blue resources wit-
hin Kenya’'s 142,400 km? Exclusive Economic Zone
(EEZ) and the coastline whose length is 640 km.
Dr. Mwaluma reported that research shows that
the nearshore fishery has been overfished and
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The SolCoolDry system could not have come
at a better time, given that the Government
is now focusing on the exploitation of the Blue
Economy, which is poised to increase catch-
es from the deep sea. KMFRI is also devel-
oping a marine hatchery, which will increase the
productivity of local fish farmers. The system will
therefore support the preservation of both wild-
caught and farmed fish for enhanced food secu-
rity and improved livelihoods. The project should
be upscaled to other counties such as Tana River
where the post-harvest losses are extremely high.
As KMFRI, we are proud to be associated with the
climate-smart SolCoolDry project. - Dr. James
Mwaluma

Figure 22. Dr. James Mwaluma, the Director, Ocean and
Coastal and Blue Economy at” after Systems, KMFRI and
SolCoolDry Pl emphasizes an important point on the rel-
evance of research in the development of innovations to-
wards the mitigation of fish losses for improved livelihoods
and enhanced food security (Source: Phionalorna N.).

thus efforts are underway to find ways of exploi-
ting deep-sea fisheries and boosting aquaculture
production. He stated that KMFRI is constructing a
marine hatchery at Shimoni and once it is com-
pleted, it will produce fish seeds that will help the
48 BMUs located along the Kenya coast to sus-
tainably engage in aquaculture. He reported that
some farmers are culturing prawns in the ponds
and the seeds will also enable them to enhance
prawn production. The SolCoolDry system will the-
refore come in handy when drying the additional
fish produced from fish farming and deep sea fi-
shing. The system will help with the prevention of
fish post-harvest losses by drying the harvested
fish and preserving them with ice produced by the
system. He reiterated that the solar-powered sys-
tem would help preserve fish for more than a year

and eliminate food losses during the harvest. The
products from the system will have a longer shelf-
life hence local communities will be able to supply
their products to far-off markets.

Dr. Mwaluma highlighted counties like Tana Ri-
ver, which experience a significant scale of prawn
spoilage of about 50-70%, especially during the
high yield seasons. This is mainly due to the lack
of preservation equipment that can enable the
transportation of fresh products to distant mar-
kets. He also explained that in April, a lot of sar-
dines are landed in Gazi and Vanga areas in
Kwale County, thus the system can be used to dry
them and hence preserve them for consumption
during the low-yield seasons. He mentioned that
an additional advantage of the project is that it
is an off-grid system, meaning that it can ope-
rate in areas without electricity. He highlighted
that beside preserving fish, the solar panels can
be used to generate energy for pumping water for
use in agriculture and for lighting in adjacent ho-
mesteads. Additionally, the system will help in the
drying of seaweed farmed by communities in the
South Coast of Kenya. Dr. Mwaluma concluded
that the project will significantly contribute towar-
ds enhancing food security and the socio-econo-
mic development of coastal communities.

5. SolCoolDry PI, Dr. Huxley Makonde, (TUM )

Dr. Huxley Makonde (Fig. 23), a Senior Lecturer
and Dean School of Health and Applied Sciences
at TUM explained that TUM is responsible for the
quality control component of the SolCoolDry pro-
ject. The role of the team from the University was
to ensure that the SolCoolDry production system
meets the requisite health and safety standards
for the consistent production of quality food that
is safe for human consumption. This was done
by identifying potential food safety hazards and
implementing mitigation measures to address
these hazards throughout the SolCoolDry pro-
cessing system. He acknowledged the impor-
tance of academic institutions in training future
experts who can further develop and scale-up
systems such as SolCoolDry. He concluded by
urging the Kwale County Government to adopt
similar innovative technologies to address high
post-harvest losses, improve food security, and
enhance community livelihoods.

g —— — ——— -
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99 1he SoicoolDry hub is a model that will be
used to create awareness and demonstrate
the utilization of climate-smart technologies
to mitigate against post-harvest losses. We

call upon County Governments to adopt such pro-

jects to ensure its sustainability and scaling up to

other coastal regions. -Dr. Huxley Makonde

Figure 23. Dr. Huxley Makonde, a lecturer at TUM explains
the role of academia in supporting the research and de-
velopment of innovative technologies. He calls upon
County governments to adopt innovative projects such as
the SolCoolDry hub (Source: Phionalorna N.).

6. SolCoolDry Co-PI, Dr. Peter Oduor-Odote,
(KMFRI)

Dr Peter Oduor-Odote, a Principal Research Scien-
tist at KMFRI, stated that the main objective of the
SolCoolDry project is to improve the preservation
of fish. He stressed that fish preservation is im-
portant because the spoilage process starts im-
mediately after the fish is caught and hauled out
of the water at the fishing grounds. He stated the
different ways of preserving fish, including cooling,
smoking, frying and sun drying. In the SolCoolDry
system, drying and cooling through flake ice pro-
duction is made possible.

He then gave a background about fish drying at
the coast, ranging from sardines to bigger fish.
Dr. Odote stated that in Vanga, sardines are tra-
ditionally dried on the sand and the challenge
of this method is in the eating quality, where you
find sand particles when eating the dried fish.
He highlighted that the “ng'onda” (bigger fish
that are dried when split open) are sometimes
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dried on rooftops, stones and some rudimentary
racks. He explained that the challenge with such
traditional drying methods is that it takes a lon-
ger time for the fish to dry because the ambient
drying temperatures are low. Fish requires around
50°C to dry. He highlighted the various benefits of
drying fish at 50°C including reduced drying time
and elimination of insect infestation during drying.

Dr. Odote then explained how the drying system
would ensure all-season drying for the produc-
tion of high-quality products, which would pe-
netrate high-end markets for the benefit of the
community members. He said that since the
drying will be on raised racks, the dried pro-
ducts from the system would be free of sand
and other contaminants that are common in
fish dried conventionally on the ground in open
spaces. The system would also ensure that the

Fish preservation is imperative because fish

spoilage begins immediately after harvest. We

must embrace sustainable, affordable tech-

nologies that rely on renewable, green energy
to ensure efficient preservation of fish along the
entire value chain for reduced losses and produc-
tion of high quality products to reduce poverty
among coastal communities. If you want good re-
sults, you must invest in sustainable technologies.
- Dr. Oduor-Odote

e/ ’ e

Figure 24. Dr. Oduor-Odote, a Principal Research Scien-
tist at KMFRI explains a key point on the dynamics of fish
drying using the SolCoolDry system vis-a-vis conventional
drying methods (Source: Phionalorna N.).

99 he intention of this project is to reduce
post-harvest losses which occur whether it is dry
or wet. This system ensures all-season drying by
using UV-treated polythene to concentrate so-

lar insolation and a water system for drying when
the weather is damp.- Dr. Oduor-Odote
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drying process occurs faster due to sustained
high temperatures within the drying racks in
comparison to ambient drying conditions. These
drying conditions would further guarantee the
production of dried products with extended shelf
lives due to the reduction of moisture levels to
the recommended levels beyond which spoilage
agents such as microbes would not grow.

He gave an insight on how the thickness of the
fish determines the drying period. He said that
the recommended thickness is half an inch or
one inch. He then explained that if the fish is a
half inch thick, two days of drying at 50°C are
enough to complete the drying process and to
reduce the moisture content to 15 - 20%. He
stated that if the dried fish is of higher quality,
they will be sold in the supermarkets. He also
mentioned that since the HACCP system is also
being introduced at the SolCoolDry site, the fish
would even penetrate the more lucrative ex-
port markets. These markets with higher income
prices will have a trickle-down effect back to the
fishermen for improved livelihoods.

Dr. Odote explained that most landing sites lack
operational ice production infrastructure due to
the high costs associated with meeting the power
requirements for running such systems. The Sol-
CoolDry system would therefore provide a reliable
source of flake ice, which would be run on green
energy, ensuring the sustainability of the system. He
finalized by remarking that due to the high demand
for ice and drying systems along the Kenya coast,
there would be need to scale up the project and/
or replicate the system at other sites to address the
challenge of high post-harvest losses and improve
the livelihoods of coastal commmunities.

7.KIRDI Board of Management representative,
Eng. Lucy Wanjiku Mutinda

Eng. Lucy Wanjiku Mutinda (Fig. 25), a Board
member of KIRDl, who was present at both
Workshop at KMFRI and Technology Day at Mwa-
zaro expressed elation at the launch of the Sol-
CoolDry system. She explained that the system is
aimed at reducing post-harvest fish losses, which
occur due to inadequate preservation infrastruc-
ture along artisanal fish value chains. She pointed
out that during bumper harvest, fishermen en-
counter a significantly high proportion of losses.
Additionally, delays during artisanal fishing and the
lack of ice for the preservation of fish immediately

, , The importance of multi-stakeholder collabo-
rations is that the SolCoolDry project will realize
greater impact; not only increasing the income
of fisherfolk but also as a training site for up-

coming technicians to learn how to maintain and
scale up such innovations. - Eng. Lucy Mutinda

43 ‘&X\ FY

Ay

ENNVANE

Figure 25. Engineer Lucy Mutinda, a member of the KIR-
DI BoM explains the role of strategic multi-stakeholder
collaborations in implementing innovations geared to-
wards addressing challenges affecting local communities
(Source: Phionalorna N.).

after harvest result in the spoilage of fish harvested
early in the fishing trip, making it unfit for the mar-
ket. She mentioned that when fishermen use the
ice flakes provided through the SolCoolDry system
to preserve the fish directly in the cooler boxes while
fishing, the post-harvest losses will be reduced.

Eng. Mutinda explained that KIRDI implemented
the multi-stakeholder project as part of its man-
date to innovate, design and develop techno-
logies that can be disseminated to industries
and communities towards tangible impacts.
She acknowledged the local and international
partners that had collaborated to implement
the project, noting that the partnership would in-
crease the project’s impact by providing a pilot
training site for learners to build capacity in the
maintenance, design and development of such
systems to ensure sustainability and scalability
of such projects. She reiterated the importance
of having collaborations with capable partners
like KMFRI, Fraunhofer ISE, Innotech and TUM in the
project. Eng. Mutinda summed up her remarks by
noting that the project would enhance food se-
curity, create employment opportunities for the
youth and improve livelihoods while contributing
towards the realization of the sustainable deve-
lopment goals through promoting the utilization
of green energy and building a circular economy.
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shop equipped with modern computer numerically controlled
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Development of milkfish (Chanos chanos) and Kimarawali (Stelo-
phorus delecatulus) Solar Drying-Cooling Technology, value addi-
tion and quality assurance

A pilot project to introduce renewable energy and reduce environ-
mental pollution by using a solar collector in Kenya

Design and implementation of a hybrid biogas plant to reduce en-
vironmental pollution and food waste

Climate smart dehydration and value addition technologies for in-
digenous fruits and vegetables in Kenya

Climate smart agriculture as a novel approach in the valorization
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Development of milkfish (Chanos chanos) and Kimarawali (Stelo-
phorus delecatulus) Solar Drying-Cooling Technology, value addi-
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Aquaculture of seaweeds and fish: Opportunity for Blue economic
empowerment and covid-19 resilience of fisher women in Kenya
(Blue empowerment project)
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The evolution of drying technologies along the Kenyan Coast
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THE IMPROVED MAMA KARANGA
FRIED FISH DISPLAY BOX

OTHER CHALLENGES ASSOCIATED WITH THE USE OF TRADERS % (N=36)
CONVENTIONAL DISPLAY CONTAINERS AFFECTED
Accidental dropping of the fish (Quantity losses) 17 47%
£ | Predation by rats, cats, birds and other predators (Quality losses) 14 39% 25
:‘—‘;E Contamination by dust and vehicle exhaust fumes (Quality losses) 18 50% =
:7 Infestation by ﬂieand other pests (Qualit losse _ : Lo __ 61% z:g

— e e o e N —
e

Reduction of quality and quantity losses of the product by minimizing contamination
Carbon footprint reduced due to elimination of burning kerosene burning for lighting
Attracts more customers due to sanitary food handling; Customizable to suit user needs
100% smoke elimination has led to reduction of respiratory illnesses among the traders
Less operational costs: Lamp is solar powered hence replaces kerosene/battery purchases

Future applications: Other small-scale food vendors e.g pastry vendors need the display box .
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HYBRID WINDMILL SOLAR TUNNEL DRYER WITH AN
INTERGRATED ICE PRODUCTION UNIT
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Uninterrupted 24 /7 production: All weather drying

Higher quality, higher value products for high end markets e.g. supermarkets

Ice production for upstream maintenance of high quality fish during harvesting

Purely operated through clean renewable energy hence affordable and pollution-free

Electricity supply to power home appliances and support small scale community shops

Future applications: Production of ice flakes: Better than ice cubes for preservation of fish
Drying high value micro algae eg spirulina (Ksh.20,000/kg dry prdct)
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COMMERCIALIZATION POTENTIAL & ENERGETICS OF HYBRID WINDMILL SOLAR TUNNEL DRYER

Initial cost (Kshs) 1892000

Drying capacity 100 kg fillet (200 pieces)
Drying time 2 days

Thickness % inch to 1 inch

Cost of fresh 100 kg fish (Kipini) in Kshs 15,000

Sell 200 pcs @150/= (Gross) 30,000

Drying times in a month for 3 days for 6 months (15000 900,000

by 10 by 6)

Equaling cost of equipment and no maintenance 2-3yrs

Dry other farm produce-mangoes, spices etc

Extra income all year

Dry high value fish hydrolysates and bipetides

High value low volume products

Energy value of innovation

Surface area of collector

6.6m?

Average daily heat output of collector

24kWHrs

Power supply from wind generator

3 phase. 1000w. 41 amps

24 batteries each 500 Ah, 2V Connected in series

1000ah @ 24 V

Wind turbine generates 900Watts per hour;

Equivalent to 450Amps in 12 hrs
and enough to fully charge the
batteries on a windy day

Wind /solar hybrid system powers electronic systems

With consumption not exceeding
650 amps with constant wind
flow

Power consumption at the site in Kipini

Heater elements 4pcs. 300W (50Amps) , 2 Fan 50W (4
Amps), Water pump 50W (4 Amps) and community lighting
system at home; Lighting in office; mobile phone
charging; radio TV

These items consume about
650amps in a day less. Excess
power available is 100 amps

Drying capacity 100 kg in 2 days for fish less than an inch
thick; Dry other farm produce;

Use/advantages of electricity is wide. Drying capacity can
be increased by expanding the drying chamber upwards

Beneficiaries

Women, youth (Better product,
higher income, easy to use
equipment

Solar Ice Maker 96w @ 24v 4amps.

Produces 10kgs of ice cubes per
day

Further research on optimization

RECOMMEDATIONS;

1. Increase production of power by doubling up the size of wind turbine and increase no.s of
solar panels.

2. Re-locate the wind mast — to Increase power efficiency and for security reasons.

Increase size of ice maker, to produce more ice cubes.

4. Solar water tank requires construction of shade to avoid direct sunshine and increase its life
span

w
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Blowaste treatment using BSFL(Jermertia illucence)
to produce fish, poutry and pig feed

and organic fertiliser.

Thuo, P, Holeh G.M.*, Kimanga, F.
Kenya Marine and Fisheries Research Institute, PO Box 81651-80100, Mombasa, Kenya

The high increase in global population has consequently
led to increase in waste. An average kenyan produces gfu
90Kg organic waste per year which ends up in ladfills
and udersignated diposal areas.

Black soldier fly lavae (BSFL) provides a solution to ¢
treat organic waste, produce organic fertilisers as well §
as providing alternative source of protein whose
availability is limited.

Kongowea Market

Why Black Soldier Fly(BSF)?

b 1. Quickly and efficiently converts organic waste into high quality
protein food for fish , pigs and paultry as well asorganic
Sfertilizer.

2. Reduces greenhouse gases emmision_from landfills.

; i 3.Does not transmit diseases.
gy BSF life cycle and products

BSFL eggs

Comparing growth performance of Nile tilapia fed on BSFL and fish meal

4

35

s /t » 1.The growth rate in BSFL fed tilapia was
/ //// significantly higher than fish meal.
gn 25 P
=, / / 2.BSFL s also cost effective.
3 / —o—fish meal - Producing 1000 kg of fish feed using BSFL
315 ’/ / —e—bsfl reduces the ammount of protein cost
1 — by 1/2 (from 133,200 to 66600).

e
03 ?* i 3. BSFL feed shows higher palatability.

0
0.00 10.00  20.00  30.00 40.00 50.00  60.00

culture days

For more information contact: Director KMFRI, holegladys@gmail.com or
petethuo520@gmail.com
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' “GO BLUE, GROW BLUE"

* Building a vibrant mariculture zector

Morise Mukami, Anthony Mzioka, Dr. lames Mraalima, De David Mirera, Do Esthes Walrimu, Miriem Waisaina, Abes Kimathi, Hincano Mdeomba aed Gladys Peaka

Thea EMFRI Mariculiune department & involved in hamessing the Blue Economy through a “Go Biue, Grow Blue” srategy:

spemneading reseanch and technoiogical innowafions, promating public-private parmerships, engoging broader
collaborafions (donor & project pariners), providing county linkoges and enbancing community mmersentions

Fesearch Interventions Public Private Partnerzhi

bereficiary of manc
research = Mlolihmm Farmm,

hlﬂ'riu lob — Krystolline salt fanm

: ; z@& % Gongoni, Kl Courdy
*Marine” Thapla L Rabk
fish Coge Culture,
Kibokori, Kiifi Courty f
Sl . .. ¢ ‘“Go Blue, Grow Blue” %'% !
Tl Towards attaining Packaged Atemia i
Sustainable
Development
Goals
(SDG's) T
Dabaza, Mda eyl

Creek, Kiifi County

Societal/Community Benefits

Community Interventions

5 A W
Irternaticna ard lecal tounst:
a'l'hd:-n.lq: 'Eruh Shm:h.

innovaded racks by
Kl uyunl 'Women Group
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© Marculture Department
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KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

Engineering and ICT Research Center

Industrial Entrepreneurship Support by EICT-RC Engineering workshop
equipped with modern Computer Numerically Controlled (C.N.C)
machines for the production of high precision and standardised
products.
Justus Kithuka, Stephen Midega, Linus K‘osambo M.D.0
Intervention Partners
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Strategic Technology Intervention:

Capacity building and partnerships with industrial entrepreneurs
to develop high quality and reproducible industrial products and
services to support the manufacturing sector and national
development.

a;

KIRDI Engineering Workshop — CNC laser cutter, press break, pipe cutter, pipe bending,
rolling, power coater, & other machines {milling, lathe, drilling, etc.)

Gasfier Sloves SolCool Dricr System Installation

FOCUS: DESIGN AND DEVELPMENT OF MACHINES
& PLANT INSTALLATION

P.O. Box 30650 - 00100, NAIROBI, Kenya
Tel: +254 (20) 2388216 or +254 (20) 2393466, Mobile: 0724 214 092

%4 directorgeneral@kirdi.go.ke / info@kirdi.go.ke & www.kirdi.go ke
€) @xirdi_kenya @) kirdikenya & kirdi kenya @) kirdikenya

Research | Innovate | Commercialize
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Development of Milkfish (Chanos Chanos) and
Kimarawali (Stolephorus delecatulus)
Solar Drying-Cooling Technology,

Value Addition and Quality Assurance

GERSITY

General Hazard Analysis and Critical Control Points (HACCP)
plan for Fish Processing using the SolCoolDry System at Mwazaro

Solar Panels

= Current
converters
'I

3
Fig.I: SolCoolDry System [
Rain H20 (*CCP
Sorting of fish at Fish Fish sorting & Fish Processing
e (e " organoleptic stages
landing site (*CP) reception prnbrAn g
For B/M size fish | |For small fish
Ice product for use/sale
(*CCP) No ice handling control
Fish scaling & Pre-cooking at
gutting (*CP) H,0 BP
Rain H20 (‘CCP)

| Washing (*CCP) | Coolmg |

Fish Drying (*CCP)
e e ey

Packaging & Labeling (*CCP)
No designated area

Dried fish storage (*CCP)
No designated area

Storage and distribution/ marketing
No designated area

Fig.2: Fish Processing flow chart at the SolCoolDry system

Potential identified hazards

(i) Microbial hmvds Mycobacterium SpP-
p., Vibrio p Vibrio

cholerae, ECnI; Salmonella spp., Staphylococcus

aureus, Clostridium botulinum

(ii) Heavy Metals: Mercury, Lead, Cadmium

Introduction
HACCP stands for Hazard Analysis Critical Control Point. It is an effective tool of ensuring
food safety. It prevents food safety problems from developing rather than testing food after
production. There are two major parts to HACCP; Hazard analysis and the critical control
point for that hazard. A hazard is a biological, chemical or physical agent in, or condition of,
food with a potential to cause an adverse health effect. All sections of the SolCoolDry
processing operation were examined for hazards including raw materials, processing steps,
and storage. A hazard analysis was conducted and for each hazard, critical control points
were identified where the potential food safety problem can be controlled. In addition, pre-
requisite programs essential for the HACCP plan were considered.

Objectives
* To identify and document a typical fish handling and processing system

* To identify key hazards, critical control points and limits for the HACCP System.
* To review and recommend processes to control of hazards

Pre-requisite programs
* Sanitation standard operating procedures (SSOPs) (Not available).
* Good manufacturing practices (GMPs) (to be improved).
* Sanitation*- the site status is not meeting the right standard. (Needs to be improved).
« Personal hygiene (To be improved via training of staff).
* Personnel/public training (Yet to be conducted).
* Supplier control* (Not available but needs to be implemented in future).
* Receiving and dispatch storage areas/units* (Needs to be designated).
* Pest/ insect/ rodent control program* (Needs to be established).
* Recall procedure* (Not available but highly recommended).

Acknowledgements
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A pilot project to introduce renewable energy and
reduce environmental pollution by using a solar
collector in Kenya

Leon Vandenberghe

Khawla Khalid

Kjel Van Schijndel

. . John Maitha
Salsabila Abdulhalim

Figure 1- Technical university of Momibasa
This master's thesis is conducted in collaboration with the nonprofit organization
Students for Energy in Africa [1]. This non-profit organization realizes annually
recurring projects in function of sustainable energy in Africa.

This Master's thesis consists of two parts and includes the placement of renewable
energy sources to reduce environmental pollution. These energy sources are
placed in the kitchen of the Technical University of Mombasa (TUM) (Figure 1)
in Kenya [2].

In this kitchen, 3 meals a day are served for the students. Because of these meals,
there is a high consumption of hot water. This hot water is now heated 70% by

wood and 30% by LPG.

Every kitchen of large institutions require Iarge amounts of boiling water. In
the Technical University of Mombasa, this water is heated in large kettles up to
50 liters. To get these amounts of water to a hﬂ“, large amounts of energy
are needed. In the kitchen of TUM (Figure 2), this energy is provided by a
combination of firewood and LPG. The use of these fuels poses following
problems:

= high energy costs;

» harmful atmosphere for kitchen staff;

= wood usage leads to deforestation;

= fossil fuels emit greenhouse gasses.

The shortcomings occur not only at the economic

level, but also at the logical and er ic level.
Ultimately, the goal is to heat the water to 70°C.

This temperature must be reached at the end of the day.

Figure : The kifchen

The main objective of this master thesis was to
reduce the energy costs of the kitchen with a solar
collector. The intended goal was to preheat the water
needed for cooking to 70 °C. This would reduce the
needed energy by 65%. From the results on figure 5,
the actual situation reaches a temperature of 70 °C
so this goal has been achieved.

Figure 6, 7 and 8 give the actual solar collector
installed at the Technical University of Mombasa.

Figura &: Salfie with Sofatok and the collectar

Figurn 7: Th solar callactos an the rae, sid view

Based on the literature review, a flat plate solar collector is chosen, and it
is placed at an angle. Throughout the matrix structure (Figure 3) of the
collector, an intermediate fluid consisting of 30% glycol and 70% water
flows. Due to this percentage, the boiling point is higher than the beiling point
of water. The intermediate fluid heats up uniformly due to the absorption of
the sun's rays. This heated intermediate fluid releases its heat into the
storage tank filled with water. The cooled intermediate fluid is returned to
the collectors so that the cycle can start again. This cycle is powered by
natural convection (Figure 4). By repeating the cycle, the water in the tank
heats up. This warm water can be used in the university's kitchen.

okt rnsrmacions st

Figure 3 Matrix structure Figare 4: Schematic rapresentation naturl convection

To get a better idea of the effectivity of the installation
before it is constructed, simulations were done in
Python. These simulations take in account the design
parameters, as well as the environmental conditions
of the location, Mombasa. Together with the actual
measurements we can see of the simulations are correct
and if they gives us a qualitative result. Figure 5 gives an
example of the simulations and measurements.
B jcon day Chanday 1001

The temperature of the water in the storage
tank reaches a temperature of 80°C
according to the simulations. The actual
situation reaches a temperature of 70°C.
These are slightly different, but they align
perfectly between 10 AM and 3 PM.
The deviation from the simulation is due to
usage of hot water for cooking around 12
PM. This is not yet impl ted in the - - - - -
simulation. - .
Figure §: The temperature vanation trough the day

Prof. Dr. Ir. Wim Deferme
Dr. Michael ]1. Saulo

Supervisors / Co-supervisors / Advisors

[1]: . . e. |. Afrika. [Online].
February 20211,

[2): T. u. 0. Mombasa. [Online]. Avallable: https://www.tum.ac.ke/. [Accessed February 2021].
[3): G. maps. [Online]. . [Accessed May 2021].

https://st rergyinafrica.com/nl/. [Accessed

https:// geogle.be/map:
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Design and implementation of a hybrid biogas plant
to reduce environmental pollution and food waste

Daan Vanhoudt

Tobias Corthouts

John Maitha

Salsabila Abdulhalim

Khawla Khalid

7~ R - ™

Situation g Method

The Technical University of Mombasa (TUM) provides hot meals To begin with, an extensive literature study on the different types of biogas digesters took place. The

for about 2,000 students per day. To achieve this, 800 kg of selected digester was Iy | and di d. On site in Mombasa the plant was

wood and 120 kg of LPG per month is needed. expanded to a hybrid biogas installation. Finally, the biogas plant was implemented in TUM.

Problem definition @ o Cooking

Bi —

The use of fossil fuels is expensive and contribute to greenhouse gas l ogas \ - m

emissions and climate change. Providing hot meals every day in the : Digestate —

university results in 100 kg of organic (food) waste per day, while these food o \

residues could be used as an energy source, ¢ I I

ObJECtIVES The organic matter that is part of the feed material is converted

This master's thesis focuseson designing a biogas plant that converts food waste into biogas. The food by various micreorganisms into biegas and a mixture of bacterial

waste from TUM will be converted as efficiently as possible into biogas which will be used for cooking. biomass ond inert organic matter. The biogas consists mainly of methane and

F ApEe : carbon dioxide. The digestate is a good organic fertilizer.

\, N o

(a): Fixed-dome digester (c): Flexi biogas installation  (e): Floating-drum gasholder

installation can withstand high external loads and high internal
pressure, resulting in a lifespan of up to 25 years.

* Underground construction
* Low efficiency (= biggest disadvantage)
* Building materials: bricks and cement

= Making the installation more interesting for educational o

purposes
Properties (b} Covering the overflow tank
* Robust design = Eliminate gas losses in the overflow tank
= No moving parts = Reducing greenhouse gas emissions

I< Expansion with a flexi biogas installation
= |Improve efficiency
= More complete digesting process

{b): Covered overflow tank (d}): Digestate storage (f): Biogas stove
& ) N\ [ " ~
(@) Fixed-dome digester Hybrid biogas installation 1®) Floating drum gasholder
The fixed-dome digester is one of the simplest and most Purpose of the hybrid installation Properties
common digesters in developing countries. A well-founded * Eliminating the disadvantages of the fixed-dome digester + Provides constant pressure

Adjustable pressure by placing weight on the drum
+ Buffer difference between consumption anc production
* Visual representation of gas content by height of the drum

A simulation shows that a total gas storage of 15,09 m? is
required. Considering a safety margin of 20% and the other gas
storages, 10,4 m* should be stored in the floating

drum gasholder.

The size of the gasholder depends on;

* Size of the gas storage in the other digesters
* Production = 11,88 m¥day

*  Consumption

. . - E o

University and elsewhere too.

Conciusion By the beginning of the month of June the plant was completed (as shown in figure 4) and started functioning. As the plant goes through the first steps of innoculation, fermentation
and rotting some amount of gas can be seen produced as evidenced. The project is considered a pilot plant for research on studies of how to enhance use of similar plants in the

!

Supervisors / Co-supervisors / Advisors

Prof. dr. ir. Wim Deferme
Dr. Juma Saulo Michael

[1]¥. Végell, C. Riu Lohri, A. Gallardo, 5. Dierer and C. Zurbrigg, Anacrobic Digestion of biowaste in Developing
Countries, Dibendord,: Exwag, 2014.

12]S. Ludwig, K. Christopher and K. Ainea, Impreved Biogas Unit for, Eschborn: Deutsehes Zentrum fur Technische
Zusammenarbeit, 1991.

3] E. €. Bensah, Technical evaluation and standarisation of biogas plants in Ghana, Kumasi: Kwame Nkrumah
University of Science and Technalogy, 2009,

B i

»» |UHASSELT

|53




RN R

Kenya Aquatica Journal - Volume 8, Issue No. 02 SPECIAL EDITION

oy

REPUBLIC OF KENYA

KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

CLIMATE SMART DEHYDRATION AND VALUE ADDITION
TECHNOLOGIES FOR INDIGENOUS FRUITS AND VEGETABLES IN
KENYA
George Wanjala, Shadrack Makori, Linus K'osambo M.D.0, Stella Wanjiku,

Intervention Partners
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Technology Intervention: Working with communities and partners at
the Coast to respond to climate change and socio economic barriers
by embracing solar drying of fruits and vegetables

Fruits Opportunities for fruits and
and vegetables challanges vegetables
» Growing demand for dehydrated products

+ Unique applications for culinary and health
applications

* High postharvest losses

« Seasonal production resulting in glut and
scarcity (unreliable supply)

« Low value addition

Objective: Enhance quality and safety of fruits and vegetables for
production of higher value products

Approach: (Solar processing 100% off grid) optimizing on climate smart energy
hence reduce GHG emissions

FOCUS: Industrial Research on dehydration and new product development for increased
productivity, income generation, food and nutrition security and reduction in postharvest lossess

P.O. Box 30650 - 00100, NAIROBI, Kenya
Tel: +254 (20) 2388216 or +254 (20) 2393466, Mobile: 0724 214 092

B4 directargeneral@kirdi.go.ke / info@kirdi.go.ke & www kirdi.go.ke
© @kirdi_kenya €9 kirdikenya @ kirdi_kenya ()kirdikenya

Research | Innovate | Commercialize
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KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

CLIMATE SMART AGRICULTURE AS A NOVEL APPROACH IN THE
VALORIZATION OF FRUITS AND VEGETABLE WASTES AS
SUSTAINABLE ECO MATERIALS FOR HIGH VALUE ADDED

PRODUCTS.
Shadrack Isaboke Makori, George Wafula Wanjala, Linus K'osambo M.D.0

Intervention Partners

LTS R
# ' ik I;;:‘Lum & "W\ S INNOTECH
S ' = Z Fraunhofer
iy Degitken ol ha. \ ISE

SemanBudeilig

Strategic Technology Intervention:
Working with farmers, marketers, Industrial processors and partners
at the Coast to utilize the high amounts of wastes generated from
fruits and vegetable for sustainable socio economic development

Concept: Circular Bioeconomy

@ | | -

Stem iurt
&Pa

Leat

o=
B
- B

1]

T e

X WASTE
: VALORIZATION
CONVENTION APPLICATIONS:

Solar Driad Frult
& Veg. Waste iriquatting Lanefilks

&=

EMERGING OPPORTUNITIES:

. & L&

Pharmecoutical  Supplesnents i & Food
ingadiants #ockoging  Nanocomplexes

Required Inputs Design:
+ Fruits and vegetable wastes
« Valorization station
» Product development Research, Technology and Innovation concept
= Sustainability for the production of Eco friendly innovative products

Expected Qutput

+ Natural Eco friendly products
« Industrialization and employment creation

P.0O. Box 30650 - 00100, NAIROBI, Kenya
Tel: +254 (20) 2388216 or +254 (20) 2393466, Mobile: 0724 214 092

B directorgeneral@kirdi.go.ke / info@kirdi.go.ke & www.kirdi.go ke
Q@kardi_kenya ﬁknrd].kenya (gp kirdi_kenya Okirdikenya

Research | Innovate | Commercialize
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KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

Development of Milkfish (Chanos chanos} and Kimarawali

iStolephorus delecatulus) Solar Drying-Cooling Technology,
Value Addition and Quality Assurance

Linus K'osambo M.D.0, Jackis Auka, Sarah Kwach, Winston Asuge, Staphan Midega, James Mwaluma, Petar
Odate, Marine Mukam, Huxley Makende, Alber Esper, Narbert Pfanner and Alexander Margenstern

Intervention Partners
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Technology Intervention: Improving Pre and Post Harvest Handling
and Processing of Agri Produce through 5olCoolDry System

Diagramatic representation of the SolCoolDry System

L

S theeml | r.'"ll e |
LELT: i TES L /
g
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B Thermra dryer

| attoat acatatner ol Racan. bac paceselne aned e pred. e

| I-etaled Soltoci Dy

Zyslom oz Wmazre
n A amm

FOCUS: High Impact renewahble energy-powered
food procassing technologies

SolCoclDry Innovation Objectives: 100% Off-Grid Solution
8 Develop a model salar powered hybrid coeling and drying system
B Establish fish handling and processing centres
u Establish quality system and recommended good production practices
u Produce longer shelf-life milkfish in Coast and Inland Markets

SolCoolDry System Components and Functionalities
® Splar powered system equiped with battery storage units.
s Can produce ice for fish and agro-produce cold-chain.

®Solar Thermal collectors connected to calorimeter for heat storage
for night time drying.

® Has two tent solar dryers equipment with solar powered ventilators
and sensors

m Each solar dryer is 22 metars can run in rainy days.
H Integrated Solar Diryer is designed to operate day and night

# 5alCoolDry System ta he operated as an Industrial Research, Innovation and
Business Hub

m Leverage public-private sector partnership for sustainability and profitability.

PO, Bax S0650 - 00100, NAIRQEI, Kenya
Tel: +254 (20} 2388216 or +254 (20) 2393466, Mobile: 0724 214 082

B directorgeneral@kirdi.go.ke finfo@kirdiga ke 88 www kirdi.go.ke
Q@kirdi kenya ﬁ kirdi.kenya @, kirdi_kenya kirdikenya

Research | Innovate | Commercialize
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KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

AQUACULTURE OF SEAWEEDS AND FISH: OPPORTUNITIES FOR
BLUE ECONOMIC EMPOWERMENT AND COVID-19 RESILIENCE

OF FISHER WOMEN IN KENYA (BLUE EMPOWERMENT PROJECT)
Linus K'osambe M.L.0, Justine Anyange Ochieng, Stella Wanjiku, Eva Kemba, Fatuma Usi. Tei Usi, Merine

Mukami, Caraling Wanjim, Josephine Obondo, Elsie Wajiku, Victor Opondo, Cathering Kilelu and Joel Onyango

Intervention Partners
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SEA MOSS CORPORATION LTD  bresnbswelabarivabezd,

Technology Intervention: Working with community members and
partners at the Coast 1o respond to climate change and
socio-economic barriers that limit access to the sea by embracing
insert Integrated Multi-Trophic Aquaculture
(IMTA} innovation of seaweed and fish

Fabricaton af an Innovative Fish Fingesling Transpore Unit:
wplimizing low caraon lechnology promosing reslorslive
biolegica d'wvessty. ’_

PaITEIpaTary cage ConSTructic:
andlauachinto the seawth
CoRImURIRY memnbers at
WowEzara - ieale County

PETEEnE———

and new horlzons for Blghor
produtivity in the inland and
maring Elus Econmnmy sectars

A BN T

Chjaclive: Lnkance higher
aroduction of cottanii ane
« spinosum seaweed
i AT syslers

P.0. Bax 30650 - 00100, NAIRQEI, Kanya
Tel: +254 (20} 2388216 or +254 (20) 2393466, Mobile: 0724 214 082

B dircctargeneral@kirdi.go.ke [ info@kirdiga ke G www kirdigo ke
ﬁ@kirdi kernya ﬂ kirdi.kenyea @, kirdi_kenya @kirdikenya
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HEPUCOYA
KENYA INDUSTRIAL RESEARCH AND DEVELOPMENT INSTITUTE

REFRACTANCE WINDOW DRYING TECHNCLOGY FOR PRODUCTION
OF HIGH QUALITY BIOPRODUCTS;
INTERGRATION IN THE SOLCOOLDRY SYSTEM

Dr. George Wanjala, Prof. John Muyonga , Prof. Arnold Onyango, Eng. Joseph Kamau,
Mr. Nicholas Ngetich, Linus K’osambo M.D.0, Dr. Shadrack Makori and Ms. Stella Ndungu

Intervention Partners
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INTRODUCTION: The utilization of Refractance Window Drying { in production

of high value bio products RWD uses Refractance energy to drive the

dehydration process This reduces postharvest loss that causes food insecurity,

livelihoods loss and malnutrition Many drying mechanisms are slow,
expensive, inefficient and not easily adaptable

PROBLEM STATEMENT

+ High postharvest losses results food spoilage
« Dehydration technologies for sensitive products are expensive poorly
adaptable
= RWD retains nutrients, bicactive compounds, colour, flavour and aroma
= It is versatile, innovative for flexible operations and 100 off grid
compatibility

RWD TECHNOLOGY ADAPTATION AND DEPLOYEMENT IN KENYA

CONCLUSION AND RECOMMENDATIONS

« Designed and fabricated a two station RWD
« Reduced drying time from 8 hours to 2 hours indigenous vegetables,
mango puree, herbs and ripe avocado puree
= Current interests Fruits cooperative, Agro processors and Agro enterprises
+ RWD can be integrated with the SolCoalDry system 100 off grid

P.O. Box 30650 - 00100, NAIROBI, Kenya
Tel: +254 (20) 2388216 or +254 (20) 2393466, Mobile: 0724 214 092

B4 directorgeneral@kirdi.go.ke / info@kirdi.go.ke & www kirdi.go.ke
G@k:rdi_kenya ﬁklrdi.kenya (gp kirdi_kenya Oi(irclikenya

Research | Innovate | Commercialize
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KENYA MARINE AND FISHERIES RESEARCH INSTITUTE
¢ A Centre of f in Marine, Fisheries and the Biue Economy for Development

THE EVOLUTION OF DRYING TECHNOLOGIES ALONG THE KENYAN COAST

Oduor-Odbote Peter, Marigu Josephine, Ruwa Raymond, Jefwa Winnie & Achieng’ Rael

A. THE DRIED SARDINES (DAGAAA) VALUE CHAIN

B. DRIED TABLE-SIZE FISH (NG’'ONDA)
VALUE CHAIN

F'-""""‘ L
-?

5.yt indnil sl e 24 hour g o o gt proci i 4. Solar tunnel dryer: Drying of fish/ produce with high moisture content

C. INTERGRATED SYSTEM

2 "% ' L L= L T
6. SOLCOOLDRY System : 24-hour, All-season, High capacity drying with increased volume of ice flake production for fish preservation
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Annex ll. Workshop Presentations

Session 1, Presentation 1

’”@:kmm en P52
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SolCoolDry Research, Innovation & Business Hub: Installation and

Recommendations for Processes Engineering for Sustainability

Dr. Linus K'esambe M.D.O.
Eenior Ressarch Sxiantiat - KIRDI|

PRESENTED AT THE SOLCOOLDRY WORKSHOR AT KMFRI MOMBASA

SOLCOOLDRY HOST- MWAZARO BMU SELF
HELP GROUP

SolCoolDry Host: Mwazaro BMU SHG

Mwazara BMU  Seif Help Group is &
registered  community  orgarization  in

Lunga Lunga Sub County, Kwale.

Mwazaro BMU  Self Help Group is a
member of Bahari CBO MNetwork that
consists of 13 organizations based in Kwale
County of Kenya

* Mmangrove restoration initiatives

-

Milkfish farming

+  Muwazaro is headed by a Chairman and
an executive committes,

+  The group that iz intarnzlly organized
inta 25-member business units

60|
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INSTALLATION:

PARTNERSHIPS TO BUILD LOCAL ENGINEERING
CAPACITY

Post Harvest Processing through Solar Power

Solar Cooling and Drying System - SolCoolDry System

solw thermal V4 | Pvsvtem |

collectors \ /
g |[ top-machine gnd cold storage I

I
I Lolar Thermal dryer

/

[ 40 foot container I

SolCoolDry System Installation Process

*  Site planning at Mwazaro

* Delivery of materianls

* Arrival of conainerised solution form Germiany

* KIRDI engineers and community technicians
starting the construction of the system

*  Consultative construction with Innetech and
Fraunhafer partnars

| 61
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From the first Measurement to the first Experiment

Engineers Midega and Auka taking
the first measurement

Laying the foundation of for the
dryers

SolCoalDry Hub ready for launch

KIRDI Food Scienstiists drying

mangoes

SolCoolDry Research, Innovation and Business
Hub

SolCoolDry as a Research, Innovation and Business Hub

=

* lce for fish presenvation and handling
* Fish drying and packaging
» DQutdoor delicacies Parlour

»  Online Marketing Portal and Website

= Onzite Research, Training and Cducational Tourizm Platform

+  Blue Economy Promotion Portal: fish, seaweed farming

= Leveraging Local Innovations and Resources: coconut, fruits, root crops

SolCoolDry System as an ice producer, fish drier and plug-in hub for adaptable solar-powered

innovations, value addition concepts and expoiting of Blue Economy op portunities
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SolCoolDry Ice Production

* Solar powered ice production for the
preservation of fish and other loal fresh

Ice Production Maximum Capacity

Uptimise ice production: daily [(S00kg],
monthly {15,000 kg)

Fish drying Drying procass documantation

= The SolCoolDry Hub is located in an area with access to fish landing sites of Gazi, Bati,

Shimaoni, Kijiweni, Kibuyuni, Vanga and Jazini.
= Fish drying will be central in helping the fishers from these fish landing sites to dry their fish.

* The SolCoolDry Hub will model thraa sets of fish drying offars:
(1) Fish Handling (cleaning, boiling, drying, packaging) services

iy Daily drying Leasing of fish drying space
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Contractual Drwng of Agro Produce

Swiltpuhtu :uhis dm ng Sqmd,.r' ngisi drying

»  Agro-produce; problems of post-harvest spoilage and lack of vaiue addition.

*  SolCoolDry hub will offer drying and packaging services to these Agro Produce.

*  SolCoolDry intervention:
(il Arro-produce Handling (sorting. cleaning, boilling, drving, packaging] services

(i) Daily Drying Leasing: Agro-produce drying space chargeable per tray

(i)} SolCoolDry Bulk Agro Produce Drying for marketing at the Hub

SolCoolDry Hub as a Research, Training and Education
Tourism Platform

*  Adaptation for dissemination to rural off-grid communities.
*  Platform for studying, optimizing and adapting the system for local fabrication.

=  Training platform on good production practices, HACCP system, post-harvest handling
and value addition.

* Education tourism : schools, colleges, universities and technical institutions .

64|
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SolCoolDry

Research, innovation & Business Hub
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Session 1, Presentation 2
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Norbert Pfanner, Nils Keiners, Pelix Stortz, Thomas Haussmann, Albert T

Linus Kosambe Ayoo, lames Mwaluma, Peter Odwor Odote, Monine Mulkami, Huxley Mae Makonde
SolCoalDry Workshop

Mombasa, 07.02. 2023

el IR Tranh-aler de

Agenda
Subtitel

i. Project background, partners and funding
2. Project idea

3. Preparative work

4. Shipping

5. Set-up and first iesis

g. Challenges in the project
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Background, partners and funding

Backgrounds INTeEnTan

« Agnculiuee and fishery are important seciors of ermpleyment and the man dnvers of the economy in Kenya

+ High post-harvest |osses impede economc developiment and cause health problems

2 The reducton of losses maw be accomplizhed by & combination of pogeess in techrezal, mfrastroctyrl and pobicy soppoet, &
well as awareness, market accews and knowledge

Project start
* Funding by the German Federal Office far Agnculture and Food
o Propect start in 2019 wiih the pariners

] .

S PR
E= ..

INNOTECH 57, 2720,
W @ pres
. -

T INBUSTRIAL ES A g e s . S

iﬂE '-.E
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=2 Fraunhofer
BE

Project idea and system design

History

s First idea: coaling and drying of mangos — highly atraciive for fareagn customers and Comsumers

& Facus ot fish Because of begher autritional value for the local communities
Cold storape and dnver for fish

» Baselne survey by the partners in Kenya after project start and adaptation of the am o the local requirements
Corservation af fish from harest to markest and addmonal diang capacity
Salar autonomaus aperation for applcation m rural sreas
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General system design

) T
torkas Flumorel ‘III lﬁ' i
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Solar thermal drying system design

* Two solar tuninel dryer
Sedar SutsnomMou s Speration
Qne with adodmonal heating supon
[0 fioxet ot i
* Thermal mystem
12 m flat piste colisctors
2000 | heat storage
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PV Off-Grid Power Supply System - Overview

* Y and Darery Sysem

« Installed Py capacity 15 kWi

« Battery Capacity ILiFePar 192 EWh
o A -porwer nominal 138 kW
« A -power peak: A6 kW

+ 3-phase gnd

T Babiary bvortar Apmery Bienps fROD)

Off-Grid Power Supply System

* Possesr sUDply Spsaem
o P-irerters fred)
* Batiery-Inweriens grepfyellos)

* Battery radc with batbery management
BEtEm

=2 Fraunhofer
BE
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Control, monitoring and data transfer

* hioniboring and contral
Sensors for temperatures, humrsdity, imadiabon,
Contred of system operation

Deatay acquisstion and transfer = = = Metsr | mter 2 l bdeter &

T wAcGo

FT1000 - | ‘weca Wocibus FLC - Bus
I Cwais

[ DigAD - | scquestion il

Snakgkl

15 Grafana

[ l::.l tflerset

=L Fraunboler
[ ]

Preparative work
Test of components, video tutorial, shipping

=2 Fraunhofer
L}
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Set up in Kenya
Main work coordinated by KEIRDI and supported by workers of the local community of Mwazaro

Finalized system installation

17
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Set up an first tests
lce production and drying of seaweed

=2 Fraunhofer
L}

Permanent use of the system since late summer 2022
Dirying of different goods and ice production

72|
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Challenges of the project

® Test se1-up very neipful o discoser prooiems and chalienges
« Guidelmemanual for system set-up?
« Preparabon of a video tutonal to support set-up dunng Covid restrictons
o Azzemibling of spstem components bo quarsmtee sssier nstallation in Kerys

= Technical probiemns of salar auicnomous sysiems

* First design of battery and APU (active power uret) oo weak
* Inrush current of ice machire significantly higher than expected and indicated
« Upgrade with second AP and a fowrth battery requered 1o sowd start problems £ system shutdoan by cveread
Sensitiity of the ice machene B the salar powened 3-phase gnd

» Shipping, sxport and import issuss
* Shippeng company
* |MD - Dangerows goods dedaratian for the four barteries
« 5G5: Certifcate of conformity
* Impart 1o Eerya .

(1]

@  Zraunhofer M (T

T romazag
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Contact

kr. Alexander Morgenstern
Department Heating and Cooling Technologhes
Tal. +4% 761 4528 5107

Fax +49 761 4588 9107
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Session 1, Presentation 3

TECHNOLOGIES IN KENYA -

SOLCOOLDRY RESEARCH, INNOVATION AHD
BUSINESS HUB WORKSHOP

7™ AND 8™ FEBRUARY 2023

PETER MICHAEL DO RODOT!

® Enasi_ﬂne is Edﬂkm and 880km including inlets and bays

e Marine fishery sector is conducted in terrltnrtal waters and
EEZ - — = ~

e Over 13,000 fishers in the marine and coastline line
e Artisanal fishers aregg0% - e

-

e 2000 small scale fishing crafts dominated by dugout
canoes; ‘Mashua® and ‘Outriggers; 10 % of this fleet is
motorized

e 250,000 persons depend on marine and coastal fisheries
directly in Kenya

- GDP contribution of fisheries and aquaculture in Kenya
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Species landed In coastal Kenyan
waters

The demersal fishes have been contributing most
of the catch (49.8%),

followed by pelagic (26%),
crustaceans (11 %),
octopus (3.8%),

sharks and rays (3.3%),
sardines (3.0%),

squids (2.0%),
beche-de-mers (0.7%) and
oysters (0.3%) in that order.

210
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Spoilage, quality and interventions

Fish spolls iImmediately It Is out of water

Main players in coastal fishery with 90% landings
are the artisanal fishermen

There are about 197 fish landing sites along the
coastal region from Kiunga to Vanga

Their landings are important to supply products in
the cold chain

They have few options as their landings spoil during
bumper harvest

The options they have is to reach or have cooling
facilities or other preservation methods

THE COLD CHAIN

"-
W ALMRR o e

PHH Biirwige i ik sl 4 ks




DRY CHAIN-TECHNOLOGIES~
1. Smoked fish dry chain
2%Friendish chain =~
3. Dried fish chain
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DRY CHAIN-TECHNOLOGIES~
1. Smoked fish dry chain
2 rreeish chain
3. Dried fish chain
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Improved fish smoki

« KMFRI has innovations on improved fish sm_nkirlg
—technologies which hased to: e

s (i) Better eating quality

o (il) Higher Tish S‘I'D%LI"IH capacity .

o (ili) Less wood consumption by 60% therefore lowering
carbon footprint.

o However more work is required on variation on sizes of

the smoking ovens on smoking time while maintaining
quality. p—
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e Th he display technology for the fried fish chain used by
the “Mama Karanga™ has helped in reducing respiratory
_diseases among the women traders;

- -

e (i) led to more sales and reduced carbon fn:u::tpnnt
affecting climate change positively.

o (jii)THhe innovatior™as1es=e higher incomes for the
“mama karanga” women.

e (Iv)The improvements are on the size of the box, the
cover on the box and lowering cost of the box further
against the improvements proposed. =

o Kilifi, Kwale, Msa counties receptive ; PS - receptive
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e a}‘
Kerosene lump replaced with solor lomp = deon energy
Foed-safe displuy container = Reduced contamination

Reduced carboen footprint = Envirenmental =friend|y

iy ™
Artaickad By recperationy dLastac cousod by eoke infalafon m el aHpeianead STy respiralon Jiaate STk
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W TramMic fow of cugiomess

IneGroasa Has mot naced
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fish chain
e 1itre of Kerosene emits when burnt, 2. 53kg'Et| CO2~—-

e Y4 litre to % litre Kerosene burnt per nlght per shelf (“per Mama
— Karanga’)
. Ims_emns_vu:hgn_bmm,_z_ﬁﬁ_hy_é_ﬂr 0.63 Eq QDZ
e 2500 “Mama Karangas® in Mnmhasa county alone every night

e They emit 2500 by 0.63 by 300 = 472,000 kg Eq CO2 per year
hefore intervention = L

e Emission CO2 Eq. brought to Nil with intervention.

i .

2 [amps € carbon and now more than 20
times more I:-Iack carbon than previously thought
e (i} Black carbon lingers in atmosphere for more 2 weeks
o—{iii)1 Kg of black carbon can cause as much warming in that short
time as 700kg of earbon dioxide cireulating in the atmosphere for 100 __
YIS,
« {iv) The orange gluwi@gny&&wﬁééﬁnm black carbon, =
___e (v] The brighter the glow, the more black carbeon is being made.
e (vi) Black carbonis SLCP (Short lived Climate pollutant)
# Black carbon particles absorblight, heat theatmosphereand cause
climate change
» Simple wick lamps using a rope or cloth wick extended figm a metal

container emit substantially more black carbon than glass enclosed
hurricane or pressurized mantie lamps .

~» FEfforts must be made to reduce black carbon to reduce its effect in
climate warming.




Bk C i aalitig L Faliosid vt = | Mot ot Wi
per year Haranga oo

Healih: Respiratory
diseascs

Quantity and quality
loss duoe to paraffin
Conianmng o

Customes traffic and
stpck expansion

Reduced expenses

Carbon emssion
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Previously
prevalent bt
reduced among
insers of the “P=ma

karamga’ box

Fish mo lonper
discarded or sold at
lower poices

imncreaxsed nnmber of
customers thus
tusiness expanded

from moreased

proiits

Cost of buyme
kerosene no loager
mcurred

redncsd black

3T Tl ATRCE W AT
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1800} per year L2000 o 1 3000=;
Lifespan 5 years

GO0 kil oprames

translating to

43500 =

PO =

Inoreas=d prodit

I
==

reducticn{Hospita
bl and keroene

Buiciness
exnanchan and
LR
Irvelibiood

standards from
increased
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- I sh dryingrack dryers, solar dryers, snlar tunnel dryers and lately

===l A T =1 1Y Ry a IT Afdelec 10 DIOdLIGE

—ijce have been introduced and tested; -—
-._The dryers improve eating guality Snd reduce drying time fur fish. —

A portable dryer is at the design stage and a prototype is to be tried

off to earter for thoseggio-aregnomadic” and those Who Hiay require

the dryers next to their houses. = -

- More research on increased drying capacity and eﬂlclenﬂy is
-—MWMWW

funding.

= L'd (]dd =| R4 ¥ - "". W L) " = Kl P L]
stage is being introduced. The innovation is set to improve
food safety by eliminating dioxins that can be carclnogenic

= Discussions on mechanical dryers for "“Dagaa” are
underway

Drying

Common method of preserving fish

Can be on the ground, on rocks, on timber racks, on
racks with chicken mesh or nylon mesh, solar dryers,
mechanical dryers

Solar radiation (using the sun’s heat) used as direct
source of energy to dry and dehydrate different foods

Dried fish products can be enhanced to produce
more flavour

Flavour can be enhanced by addition of other
ingredients like marinades

2102023
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___The rate of drying depends on

(1) Surface area or size of the fish

(i) Speed of air movement over the fish
— (i) Relative humidity of theair

21012023

Drying phases

The 2" phase occurs when the surface moisture of
—the fish-has beenevaporated

The drying rate depends on

(1) Fat content-fat in fish retards water movement
so the fattier the fish the longer the drying time

(1) Fish shape-the thicker the fish the longer the

(H) FTemperature-The higher the temperature the
more rapid the dryer

(Iv) Water content-The higher the water content the
longer the drying time

21020023 26
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Traditional Dagaa (Sardines) Drying

Contaminatio
n by sand,
crrvinmet
droppings
Predotion by
birds and cats
High gquantity
losses

Poor quality,
low value
producr

High losses in
wet

wecither

2012023

¥ Confomination by sond ood animol droppings elimaote d
¢ U siahilized covers

S 0IP0EA ¥ Reduced contamination & sordine b eakoge = better quolity
¥ Reduced qualily loimes & better guality = Higher profis
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Dryers covered with perpex,
portable

211002023
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. Portable dryer gesjg
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- Conventiongl Bolliag Apparaius

arcimogonic dioxins from wse of plactic buckots climinatod
sond and porticles |:_'|||'|r.||r||;_| non coarsantional containers eliminoted
fore sordines pr el at o go thus saves time and resour

Fi,1-:||i-::4,:|{:15|, easy to r,||;-r:|1 canfaingr

92|
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ey
“Pbr = o e — ;
Conventional/ Traditional Stove L . .

i -

T i

i . —t
- = - T ,

= High profits

L P |1E|r| |:::|‘f 1rﬂ;=|;=:.
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=

Solar dried Kimarawali Srbhy dristofEnE

to
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Out-door drying in tent/dome dryers:
Climate-zmart drying wsing green energy S —
Reduced predation by birds & cota = Lower quantity losses

" Contamination by sand eliminated = Drying on roised shelves

Well-ventilated tents for efficient drying
—Higher quattry produery ferchmg ogher morker valos——

T dhryimp
LE R

Lirying Co

P hythene Cower

Inlet chute

Reduced g time = Higher production rate
HI-:_:||"| cjuanlit

Rear Wiew
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i i iad] fish

¥ Community meghers rrained an
use of innovotion

= - v

Hybrid dryers that use solar systems and biomass have limitations Teeburning fuels,

cost of biomass. contribute to carbon foofpring

- Hybrid windmill solar tunnel dryer usas 2 sources of renewable energy (wind and solar),

- Dries fish & fish by products: and ather famm produce
Generates electricity for other domestic appliances

Jse of renewal ensrgy: lowers carnon fooorint
—l 97
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——

« Innovations require technology uptake by communities or—
IS S e o e e
e Private sector partnerships for direct sponsorship =
o Marketing of prodycis and market condriions  ~
nhovationsd ing-thatlo: EPG&FB@M@@‘:PFIN—

¢ Expand innovations in drying technology to other farm
- produce
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-_—

e Innwatﬂ:ms require technology uptake b}r cammunltles or
—industry ~ - =

e Private sectnr p*'—:rtner%hlps for direct Spm‘ISDI‘ShIp

~ o Marketing of prod .LIJ-I:':rt___E. _ar]‘t_ﬂ_ma—lfet conditions —
e Innovations in processing that lower carbon footprint

e Expand innovations in drying technology to other farm
- produtE = === T i T

1101
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INNOTECH

I

l/

INMNOTECH
Ingenieursgeseéllschaft |
mbH

Fu turrJ_FrerspEtti'uras of Drying

Dr.- g Albert Esper
Dr.-lmg. batthias Fiecher

Facts & Figures

* Founded in 1991
» Qpevaling in over 100 counlries
* Acting as link between universities,
reseanch institutions and practical application
= Omnc of the worldwide leading companics in

utilizing renewableenergies for food processing

i rrzeech s n cargpee Iedhae e 54

INNOTECH

[

oeoz ' ¢

FeT =]

(o
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INNOTECH

L

Cooperating with Universities and Research Institutions 77

+  University of Hohenheim, Stetteart « Ponfifical Bolbearian University, Columbia
*  University of Stuttzart * Silapakorn Liniversity, Thailand

« University of Kaasel « ielaliasarahan Unive sity, Thailamd

* University of Konstanz *  Chultalonghorm U niversity, Thailkand

* arlsruher Institut fur Technologie, KIT * Royal Chitralada Projects, Thailand

* KT, Royal Institute, The Metharlands *  Action for Food Prodwction, India

* Uppsala University, Sweden *  Renewable Energy Center

iithradham, India
*  Egarton University, Kemvwa
s Uhniversity of Nairobi, Kenga

*  Institute d* Bural Economie, kali

= EIMTEFR, Morway
= PMakarers Lniversity, Uganda
= Soknine Unkeersity, Tansania

*  Jimrma Univarsity, Athiopia

€ Inncanch ingenicLngocliack ah Mok ml 3

INNOTECH
Cooperating with International Organisations - -
= Caritas « [WMAD
= Brot fir die Welt = MDD
* UNDP « Chemonics International, LISA
* DEG = PADCO, USA
= GIEZ = DANIDA, Denmark
* FAD = [WWH, Germany
* USAID * Misereor
* UNEP * Weltkirche Rottenburg

* PlGIL i T
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INNOTECH
Trockenprodukte e —

U inreech iegEnE Lrpeacisdtah Mkl [E.Dl 3
< z INNOTECH
Traditional Processing ——— o

i inraoach regene arrpess Indrak mb DE 3

104]
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Renewable Energies - "
7

= All Innnbech Nirver can be fueled with Solar Frergy

Solar Energy

4
\”7.

Biomass

INNOTECH
Practical Application " e
Solar Tunnel Dryer y f

1105
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INNOTECH
Practical Application —— .
Solar Tunnel Dryer v
"‘__f_!'__ roldas ha
i innaocch engenicarpesrindrak mib+ DBz |
IMMOTECH
Practical Application ——— .

Solar Tunnel Dryer s

D i reper arrpee Iecal: mk+ I:E.ﬂl 1E
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INMOTECH
Artifical Intelligence {Al), Internet of Things (10T} S —
Drying in the Lab

s

0 imrcioch ngmicrposdisck T m s
. g . . INNOTECH
Artifical Intelligence {Al), Internet of Things (KOT) —_—
1 -
- L bl a0
T
D e - eperiE rrpeee Indal: mk+ I}E.ﬂ.l 12
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. INNOTECH
Artifical Intelligence (Al), Internet of Things (10T) ™
Cabinet Dryer with Heat Pump A
i naoorh e n e ioht mis EE_EE! 12
IMMOTECH
Artifical Intelligence (Al}, Internet of Things (KOT) T
Batch Dryer with Heat Pump s
i innaecch sgenicarTperc ek mkH %ﬂl 14
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INNOTECH
Artifical Intelligence (A1), Internet of Things (10T) Jrrr e
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KENYA INDUSTRIAL RESEARGH AND DEVELOPMENT INSTITUTE

SITUATIONAL ANALYSIS ON ESTABLISHMENT OF
HAZARD ANALYSIS AND CRITICAL CONTROL
POINTS (HACCP) PLAN FOR SOLCOOLDRY FISH

BEMaeeEEeElkllE EA eI I" AT I.I'I..I..I'.l'l.ﬂﬂ e A ™~LE
§F IR Wbl § Wil B I ITIWY M. Bl e I %E W

MANAGEMENT UNIT SELF-HELP GROUP

Dr. George Wanjaia, Dr. Shadrack Makori, Dr. Linus K'osambo
M.D.0O., Dr.-Ing Clavin Onyango, Ms. Stella Ndungu

PRESENTED AT THE SOLCOOLDRY WORKSHOP TECHNOLOGY DAY
AND OFFICIAL LAUNCH - KEMFRI, MOMBASA ON 7-B™ FEERUARY
2023

INTRODUCTION

Hazard Analyels Critical Contrel Polnt:

0O Systematic approach to the identification, assessment and

control of hazards in food operations.

noyF— - - -




SPECIAL EDITION Kenya Aquatica Journal - Volume 8, Issue No. 02

H B -
1. Hazard analysis List all potential hazards and suitable control measures
2. CCPs Determine the points in the process where hazards must be
contralled
3, Critical limits Refine the safety limits that must be achieved for each CCP

to ensure that the products are safe

Establish a system to demonstrate that the CCPs are belng

4. Monitoring contralled within the appropriate critical limit

Actions to be taken when the results of monitaring indicate

5. Corrective actions that a OCP is not under control

6. Verification procedures Evaluate that the HACCP system is working effectively

7. Documentation Document all procedures and keep adequate records

Prerequisite programs
(PRPs)

Components Activity
1. Design of premises and equipment Location and layout of premises and rooms

Time, temp, hazards, packaging, hygienic

controd of waler

2. Control of operations

Equipment and building, pest control and

2. Plant maintenance and cleani
ng waste management

Protective clothing, hand-washing, general
4. Mersanal hygiens behaviour, health

Hygiene of vehicles, temperature control,

3. Transpur Lalivn prevent food damaga

6. Product information and

labelling, traceability, storage, use
consumer awaraneass

To make personnel aware of their roles and

7. Treining individual responsibilities for food contral
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The State of World Fisheries and
Aquaculture
World Fishery Production [aquaculture) World Fishery Utilization
1 3
= E Ez
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METHODOLOGY

U Descriptive qualitative research.

UEncompassing primary and secondary data
sources.

QSimilarly, structured interview techniques were

used for data collection.
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LANDING SITES

O Kibuyuni
O Kijiweni
QO Bati

d Gazi

U Shimoni

sh sourcing, handling and proc ng €
Landing Site

Fish kanding site at Kibuyuni

Frech fish
storage and
e of cpen
oratas far
dhal juery to
the market

-'I.

INTERVENTION FOCUS: Enhance safety and guality
of fish from capture, at landing site and delivery to
| pamplrmia

In3

b
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Fish sourcing, handling and processing at the Kijiweni Fish
Landing Site

Kijrweni fish landing site Fish rack/shade for tamparary holding

-
s

Squid, shark and ray fish at the
Eijiweni temporary shade

Boardwalk Tor fermying fish

nangrowe shoats on path
1o the landing sit=

to the boardwalk

INTERVENTION FOCUS: Enhance ;
safety and quality of fish from §
capture and delivery to markets

Fish sourcing, handling and processing at the Bati Fish Landing

gati fish land ing site Site

4 g
iy Clear ocean horizon at Bati fish
landing site

Raised rack for drying at
Bati fish landing site

INTERVENTION FOCUS: Enhance safety
and quality of fizh from capture and

delivery to markets

g
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Fish sourcing, handling and processing at the Gazi Fish Landing
Site

Eanitary facility (pit latrine) at Gazi

INTERVEMTION FOCLUS: Enhance
safety and quality of fish from
capture and deiivery to markets

Fish Landing Site

Shimoni fish landing site

Fishimg nets drging under shade

Status of kygiene at the jos
generator station

Status of hygiene at ice
colkaction raom

INTERVENTION FOCUS: Enhance
hygienic practices, repair of
facilities, capacity development
of personnel

1 | 115
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STUDY FINDINGS

U Significant threats exist to food safety in fish handling and
processing, from the farm (ocean) to the fork.

U Most landing areas lack basic facilities but where they exist,
they are in a deplorable state.

U Personnel (fishermen) and traders exhibited lack basic
knowledge on food safety,

Establishing and implementing a functional food safety system
that assures quality and safe fish and fish products is timely.

The development and impiementation of the Mwazaro BMU
SOLCOOLDRY HACCP is the solution — extended and replicated

INTERVENTION AT THE MWAZARO BMU

—rENTRY —+

peyF— -
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TERVENTION AT THE MWAZARO BMU

PARTNERS AND COLLABORATORS

SolCoolDry

W&  Fraunhofer AR G i)

'l:f-:-::‘ l1:'n.-..|-.' R
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Thank You
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@i KIRDI KENYA 20 30

KIRDI Fostering Industrial Research in the Blue Economy: - Opportunities and

Perspectives in the New Horizon

D' Linus Rfosambo .. 0.
Senior Research Scientist - KIRDI

BACKGROUND:
ECONOMIC POTENTIAL AND NUTRITION

ey - -
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introduction — Biue Economy Frontier

*Kenya: fish production deficit - over $1 1.4 million imports
*The situation will get worse:

" rising population

v dwindling fish in Lakes Victoria and Maivasha

* Indian Ocean Exclusive Economic Zone (EEZ) largely unexploited

* EEZ potential: 300,000 tonnes/year valued at about Sh75 billion.

= Blue Er.:+:::«rh*::nrrq,,r in EEZ = new investment and sconomic frontier

GLOBAL OMEGA-3 STATUS MAP

SHOWS LOW LEVELS FOR MOST OF THE WORLD

TIINE M e 1
faEgurate creps g

Kenya - Per Capita Consumption = 4.5 kg, Africa = 10 kg, Global = 20 kg.

Production deficit of 225,500 MT to reach African average
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OPPORTUITIES IN THE BLUE ECONOMY

Pulp and paper,
Specialty paper,

Battery filtration
memibsrane

suibistitule

[Mizterials for micns-

Research and Development Nexus for Economic
Development

1. Chemical Engineering

2. MNatural Products

3. Food Science

4. Mechanical, Material, Electrical, Civil
Engineering

5. Energy - wave, wind, bio-ethanol, etc.

6. Paper industry

7. Biotechnology and Microbiology

8. Environment Research

» A miifungal

o il eroeal
* Amiiviral

o b |- [

Plunrnuesatlenls .
s Ant-inflamatory
 Antithrombaotic
* Anticoagulam

» Meamproleciive
= Anbicancer

» Antiallergic

Aldgal
extracts ~

= (rromilproneating
* Health-irgpeoving
* Amtiozidant

* lLoal dofnes
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Food, Medicinal, Pharmacological and
Industrial Uses of Seaweeds

* Seaweeds as food

* Beauty enhancer :— algotherapy - e.g., Ascophyllum nodosum

* Medicinal and pharmacological :- Sargassum wightii

» Antimicrobial and antifungal:- extracts of Gracilaria corticata

* Anti-inflammatory :- methanol extracts of the seaweeds Undaria
pinnatifida and Ulva linza

» Anticancer agents :- brown algae Fucus spp - against colorectal and

breast cancers

Pharmacological and Industrial Uses of
Seaweeds

= Antidiabetic activity: - aqueous extract of Ulva fasciata

* Antiviral activity :- antiviral sulfated polysaccharides

= Antibiotic - fatty acids, bromophenaols, tannins, phloroglucinol,
terpenocids and halogenated compounds

= Industrial use — Agar, Alginates, carrageenans

* Renewable energy supplier

* Seaweed used as organic manure

—I 121
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OPPORTUNITIES AND FUTURE PROSPECTS

Industrial Research Opportunities

= &jite selection — Suitability mapping

* Infrastructure development

= Diversification and doemestication
of farmed species

» AfHordablen feeds

Environmental Management

[Davelopment Opportunities
* Cage farming of fin fish in deep sea

* Hatcheries, feed production , value addition and other value chain needs

Under-exploited Economic Importance of seaweeds

Cosmetics — other valued added products
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MATERIALS SCIENCE - FISH LEATHER |

Fish Leather - expanded fishing industry

CARP LEATHER

OPPORTUNITIES IN ENERGY

Algae can power and fertilize

Schematics on possible utilization of algas
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ENGINEERING OPPORTUNITIES

Marine Cages Design

Marine fabrication and
installation

iMarine Cages Commercialization,
Maintenance and improvement

KIRDI IN BLUE ECONOMY

124]
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Design of Marine Cages for IMTA of Seaweed and Fish Farming

Two main species: Kappaphycus alvarezil (cottonil) and Eucheuma denticulatum (spinosum)

Marine Cage fabricated
by KIRDI

“._ LINT

Seaweeds can be farmed
around orin cages

IMTA Designs: Seaweeds,
Lobsters and Fish

- ey \_ ¥ Higher productivity of
High value lobsters can > U a8 seaweeds in IMTA

fetch — KES 3,500 @

Seaweeds used to
feed fish

e il

2

oo = N
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k-

KIRDI contrinuted in the Establishment of Kibuyuni
Seaweed Processing Facility

= Seaweed Soap production and training of Kibuyuni 5eaweed Farmers Group
by KIRDI technical staff

KIRDI particpates in communties interventions — Sea Cucumber,
Milkfish, Crabs, and Mangroves

Sea cucumber (Holothuria scabra) in ponds
with fish = can also be farmed with seaweeds

Crabs in cages in a
pond with Milkfish

Mangroves conserved and planted around
the ponds
|Silvo-aquaculture)

gpyF— - -
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TECHNOLOGY TRANSFER INITIATIVES

KIRDI desinged locally constructed cages at Kibokoni, Kilifi and Kijiweni,
Kwale)

Development and utilization of local resources and capacities important for sustainability

Post Harvest Processing through Solar Power

Solar Cooling and Drying System — SolCoolDry System

—

Lonfnr thermy!

collectors \

/

/ P -Gy L
toe-machine gnd cold storage

Lolar Thesmal dryer

10 foot coniainer

IMTA supportted by technology ecosystem

| 127
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COMARIFISH PROIJECT - KIRDI fabricated and launched Marine

cage at Mwazaro and Kijiweni
KIfM design of a lecally fabrocated
Marineg Cages Designs

Commercial maring cage
desipn sdaphad by KIRDH

: Mwazaro cage
Rabbit fish at e - launched by

H]|WE'"|C-B'EE|" B . } = i . ~F - da” = el =t KIR DI
launched by KIRDI —pel e — =i =

Criticial launch of Mwazaro Fish
cage by EU Represantative,
KALAD, KIRM and partrers

ACGUACUITURE OF SEAWEEDS AND FISH: OPPORTUNITIES FOR BLUE ECOMOMIC EMPOWERMENT AND COVID-19
RESILIEMCE OF FISHER WOREN IN KENYA [ELUE EMPOMWERMEMNT PROJECT]

Strategic Technology Intervention: Working with communities and partners st the Coast to respond to chimate change

and suLiv-siunsanic baireeis Wal linil suoess e U sea by eanbacing 6T innuvalicn ol seawesd and fiali

Fabrication of an Inrovative Fish Fingerling Transport Unit:

aptenivirg o resben beckenelegy prosesbing restonebos I I
biokegical diversie '

Chjective: Enhercs higher
prodsctien of corronil and
spinosum ssaweed

produced in ITA gpsb=ms

PaMmCETOny (3 28 ConsIructan
and anch o e sea winh

<

ity mem<h st

FOC L% Imdustrisl research on
IMATA and nevr horizons for higher
praduthvity in the infand ard

marine Blhee Economy sectors
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SEA-FORT Movel products from Seaweed, Amaranth, Finger Finger Millet
orphan crops and untapped Blue Economy resources

Finger MWleT and caher
prodhice AL & fanmers market in
weshemn Kem@a

Bakery products formdied with nutrents from
segweed, amaranth and finger miler ro deal with
Mzl nurmon and food INsecurmy

KIRDI RESEARCH PROJECTS AND DEVELOPMENT
INITIATIVES

*  Commercialize mariculture of tilapia (Oreochromis nifoticus) and rabbitfish (Sigonus
argentews) in Kibokoni, Mwazaro and Kijiweni for better livelihoods of fisher
communities in Kilifi and Kwale Counties

(CO-MARIFISH PROJECT)

¢« Development of Milkfish [Chonos chones) and Kimarawali [Stolephorus delecotulus)
solar Drying-Cooling Technology, Value Addition and Cuality Assurance

(SOLCOOLDRY PROIJECT)

»  Seaweeds, Amaranth and Finger Millet-Nutrients Fortified Bakery Products for
Improved Health and Livelihoods in Kenya

(SEA-FORT PROJECT)

* Aguaculture of Seaweeds and Fish: Opportunities for Blue Economic Empowerment
and COVID-19 Resilience for Fisher Women in Kenya

(BLUE-EMPOWERMENT PROJECT)
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PARTNERS AND COLLABORATORS IN THE BLUE ECONOMY
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Session 2, Presentation 2

MRI <=
Max Rubnear- lnstitut

-

12
=~ &F

Nutritious and Value-Added Seaweed and Sweetpotato
roods in Kenya and Indonesia through IMTA and Solar
Powered Innovations (Nutri-KI)

f@@gww ﬁFraunhnﬂa:: 5@ ;F/Jmhi_.ifnf

Marcue Schmidt

Max Rubner-Institut
Federal Research Institute of Nutrition and Food
Department of Safety and Quality of Cereals

Locations Max Rubner-Institut MRI =

FRAE PG ENer-eTEL

Management
President and Praf. Cr. Fablo Steinbeng

GG3 omployoos of whish GS % woman

128 scientists

WAl — Diopsmunerd of Safcly anrd Gl iy ol Coe e IO 22 s z
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Structure of the MRI at location Detmold MRI =
|(-EEI'H.EIDE 1'__,..--‘"'_ MASSENSPEKTROME THIE |
Honstord — kuiere) Tty oo v —
firadierei — Wahmarne . Il dle -
/ TD FF—ELN ,J:‘ r:.mliﬂ':uﬁlanr:_u

r..l / & KDhIPnh‘y'{ll'Eli'E K

& > '11
Lgd
‘£~ Proteine  OlefFette %. .
L -rl;l‘
‘Rohstoff  Verarbeitung - Produkt |
\ ﬁ, Minorkomponenten 5?5 '
'-*] Kontaminanten &;5\ ;:i
0’1
Q0n3sq - 5 I'!"
LiPDE — TARKE / KARTOFFEL

Ellual:q.-n_— Hivendd - Starke — Rallaststots

Pilang=nal Airker . Farinlfelerdnnl nge
MR — Dapartmant of Safaty and Gually of Censak LR 3
Equipment MRI =

High-performance anion exchange chromatography with PAD and DAD
{mono-, di- and oligosaccharides, pentosans, B-glucans)

Gel permeation chromatography with RI, MALS, IV-DP

Quarternary HPLC system w1th various daiar.:turs {H g dmtaw f‘hm

‘glycoalkaloids, amino acids)
Spectrus-:ﬂp;r fmmuplate reader, FTIR, UV/VIS p!mtmre-ter}

Starch pilot plant: spray dryer, ultrafiltration, cross-flow, glass autoclave
Vet technical area: potato washer, carborundum peeler, underwater
weight weighing

Dryving pilot plant. Processing line for potato flakes with drum dryer inoem uss)
DFF fnin ilﬂt plants: processing lines for French fries and potato crisps,

2
-
1o
o
=
o

,Jenanf Ialn W '1th r: mdn.udual cabins, kitchen/ preparatmn room for qrnup
giscCUssionConsensus profite-tests) :

Dadivery of potatoss {loading. traneport)

Storage: several air-conditioned storage rooms (temperature
and humidity requlation) deep-freeze storage

Sorting table, starch separator

i — Deesparinand of Salaly s Cusiity of Cerenia 0. 022023
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e G}R}R}RERE}RERE R R R ——=SS—
qu.lii.'lllﬂﬂﬂt =Lab MRI _E.":_
High-performance anion exchange chromatography with PAD and DAD
{mono-, di- and oligosaccharides, panic:sans p-glucans)

= permeation chromatography
L'.':uarl&nww HPLE syst&m thh various date::iurs (e.g. dietary fibers,

AR — Dapariment of Safary and Ciaily of Ceiesal.

Equipment — Lab & pilot

plants

Processing quality — Colour measurement, texhre, sensory
evallabon ebc

a
=
L)
=1
et
=
o

Firl — Daspodimond, ol Safoly ami Chasity of Ceropin

Starch pilot plant: spray dryer, ultrafiltration, cross-flow, glass autoclave

Vet tachnical area; potato washer, carborundum peaeler, undersyater

weight weighing

Drving pilot plant; Proce g line for potato flakes with drum dryer inot i wes)
Deep frying pilot Iants |:| ssing lines for French fries and potato crisps,
deEp Tryers of oifferent size

Sensory lab with & |r'|d|--|'iual cabins, kitchen/praparation, room for group
giscuasion'consensus profie-tasts)

022023 &

e
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Equipment — Pilot plants MRI =

AT Huarsr-1nscnun

= Starch pilot plant: spray dryer, ulirafiliration. cross-flow, glass auioclave
= Wet technical area’ potato washer, carborundum pesler, underwater

waight welghing

Pilot plants

BTl — LA et vl 5o P G s e nly ol L-estssis [T TR TR i

Equipment - Pilot plants

= Starch pilot plani- spray dryer, ulirafifirafion, cross-flow, glass autoclave
« W hnical area: potato washer, carborundum peeler, underwater

2]
]
| =
=1
.G__

il.0zZ2023 B

| — sl Qe i citwesn sl wend Qlusiigal bei Gelneide
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Pilot plant for French fries pmcessing at MRI MRI =

Mux Audrss-loakHul

gooling ~ freezing

Fain: MR

Frying of French fries (175* C)

irl — Dapar imend of Safely aed Cosmily of el 0023022 -

Steps for semitechnical French fries
processing

= P ies suller,
s A0 e bicakon

» Sirtng Bl (vbrason

MNashing

Shanching

MR — Diapsartvent of Salely and Cuality of Cerasla
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Pilot plant for potato crisps processing

\\

MRI -

Bl — L pal e ol Seialy s Chusily o Lot (THTEI. TR

Ckaging
e A

MRI <&

[T
WS g

= remerval of wiaech end suger
i RO of Lo ing

Frying

sallirig
Flavouring

0 E
PEETR|

=
(L]
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Internally funded projects MRI| =
innwesligalivns on e deyradation of FOORMAP in wheal and (ye dowgie @ou pasiies Maes keosssascne

- Data generation on dietary fiber and sugar contend for databases (Bundeslebensmittelschillssel)

= |solation, streclural and techno-funclional eharacterization of B-glucan from barley Towr

= In witro digestion and charactenization of starch in lable potato vaneties

= Comparnson of methods for quantmcation of relevant mono- and disacchandes in processing potatoes:
from rapid moinods to high-rosciution ion chromatography

= Ethylene sensiivity and its effects on storage and quaily of polaioes
* Blosynthesis of glycoalkalolds in germinating tabde potatoes

Current and recently completed third-party funded projects
= Dewvelopment of Novel Soreening Tools to identify Polato Genolypes with Low Acrylamide Polenlial
{DEPCILA)

= Lse of rapeseed oil-based oleogels to improve the fatty acid profile of fried foods (Cleafry)
m Hydrothermally processed finges millet as a funclional ingredient in bread and porridge

Wheal pulp as a source of digtary fibre for human nuirition (Polpegas)
= Minimising siratcgics of glycoalkaloid formation in potatocs and potato prod-ucts considoring
glvcoalkaloi stability aspects (Minghyka)

Frojects in planning

- Development of screening methods for Ihe identification of droughl -toberant potatoes with improved
protain uesabdity for human nutntion (PreSol}  Propoesal submitted
Mutritious and Vae-Added Seaweed and Sweeipotato Foods in Kenyva and Indonesia through IMTA and
Solar Powered Innovations (Mutr-Kl) — Proposal sJomitted

MR — LiepsiFenl O Sekaly A Lty o Celans 1R, Ll LErs 14

Nutritious and Value-Added Seaweed and Sweetpotato Foods MRI <=
in Kenya and Indonesia through IMTA and Solar Powered E———

Innovations (Nutri-Kl) )
vy INNOTECH

SR,
@I Wkl Assessment of consumer dietary habits and nutritional wallue of
'[ f available raw materal (MR KIRDL WG]

=4 Fraunhofer

I5E

WF3: Developmentand analysis of sweet potato-based
inkand noodles (MAI)

and proof of concept (all) uﬂ'

= pnadl sweet potaioes

prudu:l: Tras ﬂ!ﬂﬂtﬂﬁaﬂd savweed I_l:liﬂl lﬂﬂl}

WIPT: Utilizatior of side-streams from sweet potatoes: ﬁ'ld
saawhesd [ME], KIRDE, UGM) "-. '-'

WWFE: Knowledge trans

patimizztion
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Nutritious and Value-Added Seaweed and Sweetpotato Foods MRI
in Kenya and Indonesia through IMTA and Solar Powered R

Innovations (Nutri-Kl)

Goals for the production of seaweed and sweet
potato based products are specified and

nmutritional value of raw material iz known

Solar tunnel dryer in Indonesia is set up and
ready for operation

Laboratory dryers are installed and put into
operation in Kenya and Indonesia

Optimal drying conditions are defined for

sweet potatoes and seaweed with regard to

ieal product quality fer lurther processing
e Recipes and processing conditions of instant

noodles are aptimized and technological,
guality and safety parameters are known

Fair | — Lhapran b il o Do o s Ghosily oF s | TR TEE ) (1]

WP 5 Improvement of sweet potato frying products _M“HJ,'T,

- Impact of vacuum frying on quality of fried potatoes and
sweet potatoes

Vacuum-frying has been identified as an alternative to traditional frying

Itis also highly suitable for frying of sugar rich fruits and vegetables which otharwise is
not possibie in traditional frying as it leads to browning of the end product making
tham unacceptable

Laboratory vacuwum frying system.

r
Tempersinre

—— 7 e Da silva et al. 2008

il.0z22023 i

Wil — Daparlmen] of Salely aind Guaily of Ceneai
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MRI <=

Da Silva et al. 2008

0il Uptake MRI <=

MAx Kool s -WEENL

-
-
r
=
=

il cortert [ dE ]
§.8.3
L
L]
-
i
|
-
Ol Corlart [%dh]
4.5 . 5
®
I
LY *
*,
N%
y
}
b

iy = ..r. - ra
a _ . I
R 4 - - &
i 3 = - st g =

s Towe [ ; J ':‘/ o

r R R " ERRC IR o
(A) Oil abserption rate of potato chips fried under (B} Oil abserption rate of potato chips
traditional (101.33 kPa) frying at different frying oil fried under vacuum [1.33 kPa) frying at
temperatures; different frying oil temperatures.

Mopreira (2014 Eur 1. Lypd S0 Technod. 116, 723753

———————
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ko

[emmme e
Flow Chart of sample treatment in the potato technelogy lab MRI -.;."r';'-f

Fronch frins
Cubes Lyophilization (par-med)
{1x1 cm) [ . . .
| Residual moisturg Deep frying with/without vacuum
Homogenization I | =
| Glucose nsps
By s F!'LIEiDSE French fnes Ii
Sucrmse {Timisnad) o
{oven) Asparaging Colour ([ *a*h*)
GSlutamin
Cabour {L*3"5") |
Acrvlamide
: Diry matiar
Acrylamide
Pl — LdapaEnime il ol 2o ey sid Liusnly of Loonsses nry miattar (T RTFIP. TR Fr]

Standardized sample preparation MRI =

Diry matter determination

Lyephilisation . Colour measurement of French fries with

Minolta Chromameter
A — LAE AT LG O S iy e Gty oF Lopsse (TRTFER. TR Fe
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Overview of the variability of fried French fries -

Ftrd] — Liapear] imaear il 0 SSeiely e sl ity of Lerasis Tl dd 24

WP 7 Utilization of side streams from sweet potatoes  pR| =
and seaweed o g

Compounds
from sweet
potato
peeling waste

leolate Be-mtroduction in food chain
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Session 2, Presentation 3

PROJECT OVERVIEW

« Joint project done by The Technical University of
Mombasa, Kenya and Hasselt University, Belgium, funded
by UIOS -South Innitiative

« Main objective was to design, Model simulate and
construct a green energy cooking system consisting of a
Hybrid Biogas production system coupled with a Solar
Water heating system for the Mombasa University 's
kitchen.

» This systems substitutes the harmful and costly fossil
fuels (firewood, Charcoal and LPG) used in the Kitchen.

143
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_RESEARCHTEAM (1)

RESEARCH TEAM

SPECIAL EDITION

Wim DeFerme

Michael Saulo

Eric Jobunga

John Maitha

Emmanuel
Karavina
Tobias
Courthourts & Dann
Vanhoudt
Kjel Schijndel &
Leon Vandenbergh
Salsabila
Abdulhalim and

HWhinle HL~01A

OBJECTIVES OF THE RESEARCH e

Associate Proffesor

Senior Lecturer

Senior Lecturer
Tutorial

Fellow/Master
student

PHD student

Master students

Master students

Undergraduate
students

Hasselt

Hasselt

Hasselt

Functional
Materials and
Renewable Energy

Sustainahble
Energy and Electric
power systems
Theoretical and
Environmental
Physics
Sustainable
energy

Renewahle energy
and Environment

Renewable
energy

Renewable energy

ICT

Renewable Energy Materials

and Thermal Energy

Renewable Energy power
system design aandTechno-
economic asessment
Modelling, and
Environmental impact
Asssesment

Mechanical energy
systems

Renewahle Energy Design
and ETA

Design, modelling and
SImulation

Design, modelling and
SImulation

Renewable Energy, Data
collectlon and anlysis.

Principal
Researcher

Lead Researche

Supervisor

Pproject
Manager

Project Manage
Biogas Lead
Reseachers

Solar Heater
Lead Researchers

Research
Assistants

» To design, simulate and construct a Hybrid solar-assisted
Biogas production System.

» To perform a Technological and ecological analysis of the
system using the Life Assesment Cycle (LCA) method.

» To perform an economic assesment of the system using
the Discounted Cash-flow Micro-economic assesment
method.

» To relate and comment on the results with those of only
usina fossil fuels

iy
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© Only university at sea level, located along Tudor
creek in Mombasa island

o It has over 15000 students and over 1000 staff
members

o It has 3 hitchens, a cafeteria for staff ,another for
students and The Kiziwi hospitality and conference
center

@ Serves over 2000 students, over 500 staff members
and over 200 outsiders

® Use of firewood and Coal
= Unhealthy to due to production of soot and ash
— Expensive due to scarcity
— Causes environmental pollution

1145
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« POLLUTANT « NO SOOT

+ EXPENSIVE « CHEAP

* SCARCE - AVAILABLE

* LOW CALORIFIC « HIGHER CALORIFIC
VALUE VALUE

&
@ Biogas is generated by the activity of anaerobic
bacteria on organic compounds in a biodigestor.

@ Biogas is comprised of about 60% of methane,
40% of carbon dioxide, and small amount of
hydrogen sulfide, nitrogen, and hydrogen.

® The heating value of biogas is about 60% of
natural gas and about 25% of propane.

@ Biogas burns without soot or ash being produced
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" Factors effecting the procers -

pH Value

Temperature

Retention ti

Loading rate

Toxicity

C/N ratio

Slurry

Biogas equivalent to Fossil Fuels and its emission comparison
Sno Fuel CalorificValue |  Power | C02 Emission cod TS

1 (kg)

(keal/kg) | genmeration | (kgCO2/kWh) - o

Kerosene 0.6

:;:::: Fire wao d 350

1 Bingas 5200 f k‘l'l']’ljl'l'l?r 0.09 E‘l"'rv:lem Furnace 0il 04

Petrol 0.7

1 LPG 10500 | 12.2kWh/m3 0.24 Diesel 05

3 Kerosene 10000 12 kWh kg 0.26 |

4 Petrol 11200 | 9.06 kWh/liter 0.26
5 Diese! 1074 | 98kWh/liter | 0 -
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Composition of kitchen waste (A) PROTEINS AND
{(B) FRUITS AND VEGETABLES

33, 2%

mA (C) CARBOHYDRATES
(D) LEGUMES

mbB
(E) ROUGHAGES/FIBERS
mC () LIPIDS
ED (G) WASTE WATER
o (H) FATS & OILS
mF
[ 15
HH

Compeosition of organic kitchen waste- 100kgs

TANK GAS HOLDER

FEEDING

DIGESTATE TANK

le
Bim

(g Fived-dome digester  {c]: Flewi biogas installation  (e]: Floating-drum gasholder
Figure 2 Hybrid biogas instafation (b): Covered overflowtank  {d); Digestate storage [f]: Bingas stove
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PICTORIAL REPRESENTATIONS

b

“"'_'I" ]

MODIFIED FI-XED DOME FLEXI-BALOON TYPE

Stanlass Steal Tank
potable hot water)

Heat Exchanger

The hot water reduces the amount of time used for
cooking by over 50%
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Life Cycle
Assessment (LCA) i
iS defined aS the and extraction

Life cycle Mabaricls

environmental analysis  Akiaiiaat
Impacts of products ST

= . sustainability
Or Sewlces durlng Economic qumﬁ:&bh

social

their entire life cycle.

legislative issuas

DISCOUNTED CASH-FLOW METHOD

Discounted cash
flow (DCF) refers to
a valuation method

that estimates the ; i | i : ;
o} o] g-l Eoﬁ o} o) s O

4 S\w¥ A O

Investment using Iits lm!u% mcog P\me Ett!t)mr ANALYSIS  BUSINESS 11.:\11.15

expected future
cash flows.
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RESULTS USED IN ANALYSIS m
BIOGAS PRODUCTION
T 202 TR SOLAR WATER HEATER

100

_______ 0.67

TECHNO-ECONOMIC ANALYSIS RESULTS m

* Relevant formulaes and comparative assesments were
used to obtain results for ecological and energy savings
as presented in the LCA method

» Relevant DCF method formulae were used to calculate
the Discounted Pay Back Period (DPP), Net Present
Value (NPV), Internal Rate of Return (IRR),Benefit-Cost

i - = D ;
ALl » =1al® - AV-Dd 100

systems.

(bplp———— = =



- 0
are obtained when
Biogas is used as
CO,(g) CH,(mg) CO(g) N,O (mg) opposed to fossil

fuels
81.50 57 0.11 5.40
682 1.300  26.20 1.40
532 890 1456 4.30
139 8.90 0.89 6.0

ENERGY AND ECOLOGICAL SAVINGS e

Hybrid Biogas Plant

250 160 70 10 4 6 45.45

Solar Water Heater System
52 20 34.02 45.23

Forest cover savings

120 80 4 55%

1153
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ECONOMIC ANALYSIS RESULTS ‘.

2580

10160 6.14 11.5 2.48 7

0.38 120 15 1320 6.11 12.3 2.22 3

0.38 250 20 2879 2879 13.5 2.31 7.1

Where;

I- Initial Investment l,@ DPP- Discounted Pay back Peri

r- discount rate IRR -Internal.Rate of Return
CF-Cash Flow B/C-Benefit Cost Ratio
N-Project Life Cycle Pt--Payback.period

I~ o= i e~ W

o From the LCA analysis, the project forecasts an eenergy saving
of 45.36% and forest cover saving of 55.56%.

@ From the DCF economic analysis, a cost saving of 45.36% is
realized. Also the NPV forecasts aneconomic profitability of
120%, whilst a positive and greater than 1 B/C and the IRR
being greater than represents a profitable business venture

llll‘ﬂ—ﬂ EH'ﬂmﬂ EC ml.'h | o o T -1 ihﬂ'l‘ avmamMmeae A“ e LV -1 P -
WWilwl % 11I%Wills I¥ Il %Il IIIVI % Siivil AP Ml WiVel T ve

paybach period of 6 years entails a worthwhile investment
considering the average lifespan of 25 years of the system.

® The system is recommended for use in learning institutions as a
worthwhile economic and ecological investment

5. |
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A

unless you empower people, you
inform them, and you hel

AZ QUOTES

two sides of the.

SJIEN Wiy
sustain = -

the environment, . A\
we cannot sustain..”
ourselves. o

- Wangari Maathai

GREENPEACE”
aerdie
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e Thank you for your attention and listening
ear!!!

e GOD BLESS YOU!
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Session 2, Presentation 4

V\MATE Cry g
vV es EARC“/“VG&

PROFFESSION;: MECHAN
REGISTERED WITH EBK

OCCUPATION; TEACHING ASSISTANT, SCHOOL
OF ENGINEERING TECHNOLOGY, MECHANICAL
& AUTOMOTIVE DEPARTMENT

CURRENTLY STUDYING FOR A MASTERS DEGREE

IN SUSTAINABLE ENERGY ENGINEERING,
SPECIAL EMPHASIS ON SOLAR, WIND AND

_ BIOMAS ENERGY PRODUCTION SYSTEMS.
RNy ORI eI
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Sustainable Development Goals
meant to improving living standards.

To achieve excellence in facilitating sustainable
transition in Sub Sahran Africa through research
and innovation at the interface of Energy
access, Energy efficiency, Sustainable
development and Climate change, providing
realistic solutions and policy advice to urgent
sustainability issues by means of teaching,
training and research.

158|
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an
. . -
@ Build the research infrastructure and develop an

innovation eco system in TUM.

@ Providing the ideas, the reasoning, the means and tools
and the solutions to a more sustainable world

@ Assist Students and staff on Research & Innovation ideas
and offer guidance.

o Offer Long and short trainings/courses on Energy &
Climate(short courses, Bachelors, Masters, PhD)
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IIGNCGOING RESEARCH PROJECTS |~ ~ 1l
-

HYBRID SOLAR ASSISTED BIOGAS

PRODUCTION PLANT. Consists of

¢12 M?® FIXED DOME BIODIGESTOR
o8M* CONTINOUS FLOW FLEXI DIGESTOR
e300L SOLAR WATER HEATER

THERMOSYPHON SYSTEM
=VLIR-UOS Global South Initiative Project/UHasselt

The hot water reduces the amount of time used for
cooking by over 50%

(Cgg——— ]
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4 SOLA

P
CHARGE CONTROLER

OINVERTER
o2 SOLAR BATTERIES

OoMETERS AND SENSORS
=Funded by TUM-PRI
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Consists of remote sensing instruments
for measuring; Temperature, Pressure,
Humidity, Precipitation, Solar radiation
and wind.
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Session 2, Presentation 5

PROFILING THE STATUS OF DIRECT
4 SOLCOOLDRY TECHNOLOGY RECIPIENTS

Il WVWAJAILE MANMIIIMTY KWEMYA AMNPD TLLHIEID
Y WNYYAMke Wil 1, RIYIMA MAIYSWY T 1IIN

PERSPECTIVES ON FISH PRESERVATION
TECHNOLOGIES

Morine M. Ngarari, Josephine M. Njeru, Rael Achieng’, Peter Oduor-
Odote, Linus Kosambo, James Mwaluma, Raymond Ruwa,Winnie Jefwa,
Huxley Makonde, Derrick Gitari, Immaculate Kinyua, Maurine Kinyua

SolCoolDry

@

WHY THE STUDY

m e To understand the status of the direct
| technology recipients

* To evaluate the production potential of
raw resources

* To obtain feedback from locals who have
utilized the system and their perspectives

e | 16 3
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METHODOLOGY

Questionnaire preparation

Determination of target group and sample

Interviews at Gazi, Shimoni, Mwazaro and Kibuyuni

Data analysis

® Fish farmers ® Fishermen ® Traders ™ Processers

SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023

RESULTS

Men
49%

Women
51%

SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023
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18-29 30-39 40-49 50-59 60-69 >70

SolCoolDry VWorkshop held at the KMFRI
Tth February 2023  auditorium

70
L 60
3
- 50
(=]
§40
,.E 30 B Household size
220

10

. E

|-5 per 6-10per |1-15per 16-20
No. of households

o wa— a— 2 a e a » . n " P . o o 1 Bl | b T ot s |
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Education

1.0

® No school
& Primary
" Secondary
M Tertiary
" Madrasa

SolCoolDry Workshop held at the KMFRI auditorium 7th February 2023

a) Demographics

Other occupations

70
60
50
40
30
20
10
0
Yes
* 2| farmers
* 28 self employed
* |3 employed as casuals

166|
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a) Demographics

SolCool Dry Workshop held at the KMFRI auditorium 7th February 2023

Energy source

B Solar

M Electricity
" Woodfuel
B Kerosene
mLPG

I Others

7th February 2023

SolCoolDry Workshop held at the KMFRI auditorium

| 167
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PRELIMINARY RESULTS

b) Aggregation of direct technology recipients

» Mainly organized into Beach Management Units (BMUs)

» Other groups within the BMUs (especially for seaweed & fish farmers)
include:

- Bati Seaweed Farmers

- Kibuyuni Seaweed Farmers Cooperative
* Baraka Conservation Group

* Imani seaweed farmers

* Mwazaro Fish Farmers

= Shared resources include fishing grounds, drying racks, office space,
processing areas at the landing site and storage facilities

» 62.5% use community-owned land/ fishing grounds

_ SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023

PRELIMINARY RESULTS
c) Production Capacity

2500
5000 T
2000
4000
2
1500 ;
= 3 3000
| 5
1000 | __‘ d
| 2 2000
| | | :
a0 ‘ - ‘ ' 1000
L I = ==
o o
Gazi Kibuyuni Mremzaro Gazi Kibuyuni Mwazaro Shimoni
Landing site Landing site
¥ 60% Spinosum; Gazi: Sardines & Mixed spedies;
¥ 3T Spinosum + Cottonnii: Spinosum is dominant (B03-90%) Kibuyuni, Shim oni, Mwazaro: Mixed fish
¥ Harvest volumes: System: Infoff shore
Kibuyuni: Average 1000kg/farmer/season Catch volumes:
Mwazaro & Gaziz Average. 500kgfarmerfseason Kibuyuni: Average 290kg; Shimoni: Av. 300kg
Mwazaro: Average. 25kg Gazi: Av | 500kg

715 |
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PRELIMINARY RESULTS

d) Post-Harvest Handling & Preservation

1 BN D e

Fishermen

Solar
Traders

Sale

SolCoolDry Workshop held at the KMFRI auditorium

: i Value
-
T S —————— e —
Sardines

Mama Karanga

Tth February 2023

PRELIMINARY RESULTS

d) Post-Harvest Losses Encountered

Fish processors

o
A4

Fish traders

Seawesed farmers

l

SolCoolDry Workshop held at the KMFRI auditorium

Fishers

5
30
E:s
.!1[!
B Is
- ||
=0
3 B B
(]
Mwazare  Kibuyuni Gazi Shimoni
4]
30
5
Em
'U‘S
S 10
5
- |

<5% E-10% >50% 21-50% 11-20%

Proportion of losses encountarad

7th February 2023
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PRELIMINARY RESULTS

d) Preservation Technologies Utilized

Fishermen/ Farmers : None.Timing of fishing activities (Approx. 6-10 hrs)

Fresh fish traders: 78% Chilling (Ice blocks/ Flakes) & Freezers

:22% Aerated baskets

:Source of Tech: Ice from dealers/ SolCoolDry System/Shimoni
: Freezers: Daily charges

PRELIMINARY RESULTS

d) Preservation Technologies Utilized

Dagaal Seaweed processing: Drying racks under sheds
: Drying on ground (on canvas/ nets)
: * Solar drying systems — SolCoolDry system

Table-sized fish (Ng’onda):

A

B
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PRELIMINARY RESULTS

e) Main Challenges during Preservation

Challenge % Actors Affected
Inadequate ice production from local sites 95
Lack of cooler boxes (Fish traders/ processors) 89
High expenditure of hiring freezers (Traders) 83
Lack of fishing vessels with cold storage (Fishers) 100

Challenge % Actors Affected
Inadequate shaded drying racks (Processors) 100%
Inadequate all season drying systems 93%
SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023

PRELIMINARY RESULTS

35 o
30 it
40
5
35
-
20 BC =lca = Drying
15
bR
& 0
=z
1o 15
10
5
5
] o
Kibuyuri Shimoni Mwazaro Eibuyuni
BAvare EMot Aware B Doz not use
20%: Not Aware 80%: Aware 82%: Do not use 18%: Use
SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023
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PRELIMINARY RESULTS
g) Feedback on the SolCoolDry System

Applicability Very suitable to address post-harvest system

Accessibility System located next to the road = Ease

Ice Eases access to ice by value chain actors
availability

Price of ice Could be lower (Proposed Ksh. 6-7 per kg)

SolCoolDry Workshop held at the KMFRI auditorium Tth February 2023

RECOMMENDATIONS

Increase Increase ice production capacity to meet demand

Improve the quality of the ice to ensure it extends its preservation potential

Imp (reduce melting rates)

Increase drying racks to accommodate bulk sardine landing and seaweed

Increase Raiceite

Engage County Governments & Marine Spatial Planners on selection of ideal

na=a™ sites to scale up the project

Create awareness on the presence of the innovation to improve technology

Sensitize il
Capacity Increase capacity building for direct technology recipients to ensure
build sustainability of the project
SolCoolDry Workshop held at the KMFRI auditorium 7th February 2023
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Annex V. List of Participants

First Name Last Name Gender Age Affiliation Contact

Designation

Dr. James Mwaluma M >35yrs  KMFRI DOCS jamesmwaluma@gmail.
com
Dr. Peter Odote M >35yrs  KMFRI Research Sci- podote@gmail.com
entist
Dr. Melckzedek Osore M >35yrs  KMFRI Research Sci- babaalmasi@yahoo.
entist co.uk
Dr. Albert Esper M >35yrs  INNOTECH Project partner esper@innotech-ing.de
Dr. Alexander Mogenstern M >35yrs  Fraunhofer ISE Project partner alexander.morgenstern@
ise.fraunhofer.de
Dr. Mathias Fischer <35yrs  Innotech Project partner fischer@innotech-ing.de
Dipl.  Norbert Peanner M >35yrs  Fraunhofer ISE Project partner norbert.pfanner@ise.fraunhofer.
Ing. de
Dr. Marcus Schmidt M <35yrs MRl Project partner marcus.schmidt@mri.bund.de
Linus K'Osambo M >35yrs  KIRDI SRS (+254)728403697
Dr. Linus K'Osambo M >3byrs  KIRDI SRS kosambosan@gmail.com
Dr. Arthur Onyuka M >35yrs  KIRDI DDTTES arthuronyuka@hotmail.
com
Dr. Esther Fondo F >35yrs  KMFRI Research Sci- efondo@yahoo.com
entist
Dr. David Mirera >35yrs  KMFRI AD Mariculture dimirera@yahoo.com
Dr. Hamisi Mwaguni >35yrs  TUM Ass. Register hmwaguni@tum.ac.ke
Dr. Nina Wambiji F >35yrs  KMFRI AD Fisheries nwambiji@gmail.com
Dr. George Wanjala M >35yrs  KIRDI Ag. AD- IATR wafulageo@gmail.com
Dr. Jacqueline Uku H >35yrs  KMFRI SRS uku988@gmail.com
Dr. Esther Wairimu H >35yrs  KMFRI Research Sci- estherwairimu82@gmaiil.
entist com
Dr. Shadrack Makori M >35yrs  KIRDI Research Sci- makorishadrack@gmail.
entist com
Dr. Pascal Thoya M >35yrs  KMFRI Research Sci- pascalthoya@gmail.com
entist
Dr. Gladys Okemwa H >35yrs  KMFRI SRS gokemwa@kmfri.go.ke
Dr. Calvin Onyango M >35yrs  KIRDI DG directorkirdi@gmail.com
Ing
Eng. Lucy Mutinda H >35yrs  KIRDI Board Member
Eng. Stephen Midega M >35yrs  KIRDI Research Sci- odingoogaga@gmaiil.
entist com
Mr. Kassim Ziro >3byrs  TUM Technologist kassimziro@gmail.com
Mr. Raymond Ruwa >35yrs  KMFRI Senior Lab An- ronnieruwa@yahoo.com
alyst
Mr. Ifath Ahmed F <35yrs  KMFRI Research Sci- (+254)796651960
entist
Mr. Donald Mwasangu M <35yrs  KMFRI Research Sci- donaldmwasangu@
entist gmail.com
Mr. Fredrick Kurgat M >35yrs  KMFRI Intern kipchumbafred.kf@gmail.
com
Mr. Daniel Ongaga M >35yrs  KMFRI Admin danielongaga@gmail.
com
M. Noustas Kiprop M >35yrs  KIRDI Driver (+254)724391217
Mr. John Okut >35yrs  KIRDI SCMO ndiralooh2@gmail.com
Mr. Harrison Ong'onda >35yrs  KMFRI Ag CD hochieng2003@gmail.
com
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SRS
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Staff

Intern
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entist

Research Sci-
entist

Intern

Intern
Intern
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Intern
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entist
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Intern
Intern
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Contact

snmwangi2013@gmail.
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Annex V. SolCoolDry Brochure
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Project Title

Development of Milkfish (Chanos chanos) and Kimarawali (Stolephorus
delecatulus) Solar Drying-Cooling Technology, Value Addition and Quality
Assurance (SolCoolDry Project)

Agri-Industrial enterprises development

Background Informatior

Mariculture is gaining prominence in Kenya as natural fish stocks (e.q.,
tilapia in Lake Victoria) dwindle, a situation that has pushed Kenya to import
fish. Milkfish (Chanos chanos)is currently being produced in culture ponds
by farmers at the Coast of Kenya. Fishermen also harvest a local sardine
called Kimarawali (Stolephorus delecatulus). Milkfish farmers depend on
fluctuating and seasonal wild stocks of milkfish fingerlings from local
mangroves and therefore must maximize their productivity and returns
during periods of abundance. Kimarawali catches are also seasonal with
high swarming occurring in the months of March to July.

However, the fisher folk lack appropriate technologies to process their fish
and are therefore forced to sell their produce when fresh to dealers at
uneconomical prices. The farmers also practice poor handling techniques
- that negate the prospects of accessing
high-end markets. This scenario offers an
opportunity to Kenyan institutions to partner
with German Institutes and private firms to
develop a technology package to utilize the
latest advances in photovoltaics and drying
technologies.

The project developed a solar cooling-drying
system for fish. The project introduced a
containerized, stand-alone solar technology
package consisting of a 100% cooling and
|y drying system, for cooling technology.
Ice Storage Cold Room
—— . The SolCoolDry system consists of two tunnel
dryers that 2m wide and 24 meter long. One of
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the tunnel dryers is integrated to a hot water system for night time
performance.

To produce high quality dried fish of premium nutritional value, texture
and flavour, drying is done under standard conditions. Fish farmers will
be trained on processing and quality assurance. Fraunhofer ISE and
Innotech will partner with KIRDI, Kenya Marine and Fisheries Research
Institute (KMFRI) and Technical University of Mombasa (TUM) to design,
develop and transfer the proposed technology package.

2 g ? .
Processing fish for drying at SolCoolDry Research,

Innovation and Business Hub
. e —m— |

Justification

Food insecurity among rural communities of the coastal region of Kenya
requires urgent intervention that can be supported by the marine
fishery resources. Milkfish (Chanos chanos) and a local sardine called
Kimarawali (Stolephorus delecatulus) are caught along the sea shores
of Kwale and Kilifi Counties. Fisher folks depend on fluctuating and
seasonal availability with high swarming occurring in the months of

T 2 |
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March to July. Milkfish
and Kimarawali are
generally under-utilized
fish species. Kimarawali
are low social status
owing to its small size
and brittleness when
dried. Fisher folk in the

SolCoolDry System installed at &8 EgglhonnOILagcilésat%p:)c;ggg;g

Mwazaro, Kwale County: . and add value to fish

therefore they sell their
produce fresh to dealers
at uneconomical prices.

= —— .
== - A e

This scenario offers an
opportunity for KIRDI to
e — = develop a technology

s e T, —— - package that can utilize
— T A e : the latest advances in
= Hygienic Fl;h Drying using the solar driven  cooling
_SolCoolDry System = utilizing innovative

e T L = - energy storage materials

e / and technologies such

- suureesoae s 2S  phase-  change

materials (PCM), drying

and food processing

technologies to process

and add value to Milkfish
and Kimarawali.

In addition, one of the
foci of the Sustainable
Development Goal (SDG)
is to end poverty in all its
¢ forms everywhere. The

project is designed to develop and disseminate a solar powered cooling and
drying system to improve income and livelihood of smallholder fisher folks.

e | 18 3
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Project Outputs

(i) Model solar powered hybrid cooling-drying platform
(ii) Fish handling and processing center
(iii)  Quality system and recommended production practises

Collaborators

(i) Fraunhofer Institute for Solar Energy Systems (ii) Kenya Marine and
Fisheries Research Insitute (KMFRI), (iii) Technical University of Mombasa
(TUM), (IV) Innotech Ingenieursgesellschaft mbH

KIRDI - Dr. Linus Kosambo, Eng. Jackis Auka, Ms. Sarah Kwach; KMFRI: - Dr.
James Mwaluma, Dr. Peter Odote, Ms. Morine Mukami, TUM: Dr. Huxley
Makonde; Fraunhofer ISE: Dr. Ing. Alexander Morgenstern, Dipl. Ing.Norbert
Pfanner (Fraunhoffer ISE), Dr. Thomas Haussman; Innotech GmBH Albert
Esper)

| PV-System I

Solar thermal

collectars

I Ice-machine and cold storage I

| Solar Thermal dryer l

%\N

SolCoolDry System Design

40 foot container '

ey =~
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Reach Us:

P.O. Box 30650 - 00100, NAIROBI, Kenya
Tel: +254 (20) 2388216 or +254 (20) 2393466.
Mobile: 0724 214 092

@ www.kirdi.go.ke
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Research | Innovate | Commercialize
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General Objectives

Introduce a technology package for 100 % off-grid solar powered cooling
and drying to improve quantity, quality and value of Milkfish and Kimarawali

Specific Objectives
)

1 Develop a model solar powered hybrid cooling-drying system

2) Establish fish handling and processing centres

3) Establish a quality system and recommended good production
practises

Produce longer shelf-life milkfish and kimarawali for coastal and
inland markets

4)
e

e e =

Methodology
The project carried out a baseline documentation of the local milkfish

processing technologies and capacity in order to adapt the proposed
technology package to the needs of the target communities.

The project undertook SolCoolDry system design and energetics
evaluation of the solar- cooling concept. This involved the design of
integrated photovoltaic driven cooling through ice production and solar
thermal energy-suported drying.

The project undertook a technology needs assessment in Kwale, Kilifi and
Kisumu Counties to design the SolCoolDry components. This led to a shift
in technology design and focus from a solar-powered cold room to a
solar-powered ice-making system.
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Expected Impact

Longer shelf-life (at least 3 months) milkfish in Coast and Inland
Markets

(ii) Reduce post-harvest fish losses by up to 25 %

(iii)  Improve income of fisher folk

PrOJect Activities

Project planning meeting

(||) Baselines Survey

(iii)  Profiling fish value chain

(iv)  Preliminary evaluation of KIRDI Solar-Biomass Hybrid Dryer for
improvement

(v) Site selection for SolCoolDry system installation

(vi)  Water analysis for the design of solar-powered ice-making system

(vii)  Energetics evaluation and design of solar powered fish handling
system

(viii)  Importation of the SolCoolDry System

(ix)  Setting up of the System at Mwazaro in Kwale

(x) Completion of installation of the SolCoolDry System

(xi)  System tests and evaluation

(xii)  Capacity building

(xiii) Production of ice and fried products
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Annex VII. Organizing committee

1. Dr. Alexander Morgenstern, Franhoufer ISE 8. Ms. Josephine Marigu, KMFRI
2. Dr.James Mwaluma, KMFRI 9. Eng. Stephen Midega, KIRDI
3. Dr. Linus K‘Osambo, KIRDI 10. Dr. George Wanijala, KIRDI

4. Dr. Peter M. Oduor-Odote, KMFRI 1. Eng. Jackis Auka, KIRDI

5. Dr. Huxley Makonde, TUM 12.  Mr. Winstone Nyaguti, KIRDI
6. Ms. Morine Mukami, KMFRI 13. Ms. Stella Wanjiku, KIRDI

7. Ms. Sarah Kwach, KIRDI 14. Dr. Shadrack Makori, KIRDI
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