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Abstract  

The present report is a companion document to Seaweed Value Chain Assessment of 
Zanzibar (Neish, IC & Msuya, FE 2013). The two reports were submitted as components of 
UNIDO Project no 13083 “Building Seaweed Processing Capacities in Zanzibar and Pemba: 
Creating value for the poor”.  

Seaweed comprises more than 90% of Zanzibar marine product exports. With about 25% 
contribution it is the third largest contributor to GDP after tourism and cloves. The present 
value chain study established the current situation of seaweed production and processing in 
Zanzibar and its marketing on the international Market. It proposed that a step toward 
expansion and strengthening of Zanzibar spinosum seaweed markets should be construction 
and operation of a multi-stream, zero-effluent (MUZE) seaweed processing facility 
(ZanMUZE) that can be used to refine process protocols and provide samples for testing and 
approval by potential customers in local, regional and global markets. The present 
assessment provides an initial basis for planning the proposed seaweed processing facility.  

Need for the ZanMUZE project arises because Zanzibar easily produced more spinosum than 
the market could bear since 2012. Farm-gate prices were soft and exporters could not buy 
all the seaweed produced. This had serious impacts on household incomes for small farmers 
so Zanzibar spinosum farmers need additional markets to consider spinosum production as 
a viable source for livelihoods. Eucheuma (spinosum of the trade) from the two main islands 
of Zanzibar (Pemba and Unguja) comprised most of the seaweed production of Tanzania 
and more than 15 000 dry tons were exported during 2012. This represented about 1/3 of 
global spinosum production. Spinosum from Zanzibar was entirely exported to about half a 
dozen companies that utilized alcohol precipitation methods to produce refined iota 
carrageenan for dentifrice stabilizer and processed food products. These markets have 
shown sluggish growth and no new major applications have been developed for decades. 

Emerging technologies give reason to believe that new processes and innovative products 
can substantially increase the size of spinosum markets. The fundamental basis of these 
technologies is MUZE processing that commences with fresh, live seaweed that is converted 
to juice and pulp using ZanMUZE packaged processing units near farm sites. These products 
can probably be brought to market as plant biostimulents, agricultural nutrition 
suppplements  and carrageenan products within three years. In the longer run, advancing 
biotechnology will provide several alternative uses for spinosum biomass. 

Annual projections for the ZanMUZE seaweed processing facility (base case; operating at full 
capacity) were compared to commercial scale-up scenarios. Results indicated increasingly 
profitable operation of commercial ZanMUZE operations as expansion occurred. According 
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to projections a production level utilizing about ten percent of the amount of 2012 Zanzibar 
spinosum production could yield almost 2.8 M USD EBITDA on annual sales of 4.8 M USD. 
This would require about 8 000 t/yr. of live spinosum, which is equivalent to about ten 
percent of 2012 Zanzibar seaweed production. Expansion could well extend to absorption of 
30% to 50% of Zanzibar spinosum production or more. Even if Zanzibar production was 
doubled it appears that markets could easily absorb potential product volumes provided 
that anchor buyers are engaged. 

Successful development based on the ZanMUZE project can benefit seaweed farmers in 
several ways. Expanding markets would mean increased employment opportunities for 
farmers and also in value adding activities. Farmers will receive effectively higher seaweed 
prices by about 1.5 fold and will participate in profits as they secure equity in MUZE 
processing facilities. Farm productivity will effectively increase and costs will decrease as 
MUZE processing systems pick up live seaweeds from farms. This would eliminate the need 
for farmers to invest substantial amounts of unproductive labor in drying seaweeds and it 
would enable production to continue during rainy seasons. 

Agricultural nutrients from seaweed can have significant multiplier effects because they can 
enter local markets and contribute to improved agricultural productivity. In Zanzibar many 
foodstuffs are imported and the agricultural sector struggles to ensure food security by 
providing crops and livestock sufficient to feed over 1 000 000 people residing in Zanzibar 
and also tens of thousands of tourists. 

Seaweed biomass is getting increasing attention from biotechnology developers in global 
technology centers and some are already turning their attention to spinosum because of its 
demonstrated biomass productivity and potentially attractive production economies. It 
seems that major imminent uses exist for increased spinosum biomass and further uses are 
likely to develop over the coming decades. For Zanzibar there is a need to use the next few 
years to bridge the development gap and consolidate its position as a major global 
spinosum biomass source. The ZanMUZE project is intended to assist in achieving that goal.  
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Glossary  

Note: (K) is Kiswahili 

ATC: alkali-treated chips made from Kappaphycus or Eucheuma 

BoT: Bank of Tanzania 

CBO: Community Based Organisation 

Cottonii: Kappaphycus spp. 

CSPro: Census and Survey Programme 

Cultivar: A clone derived from vegetative propagation originating from a single seaplant 
thallus. 

DMR: Department of Marine Resources within MLF 

DoE: Department of Environment 

E407: European Union designation for Refined Carrageenan (RC) 

E407a: European Union designation for Semi Refined Carrageenan (SRC) = PES 

Eucheuma spp.: A red algal genus that is called “spinosum” of the trade; source of iota 
carrageenan. 

FAD: Fish Aggregating Device 

FAO: United Nations Food and Agriculture Organization 

FS: Live, fresh seaweed (cottonii or spinosum) 

Galactans: A class of polysaccharides that includes carrageenan and agar. 

GDP: Gross Domestic Product 

GOZ: Government of Zanzibar 

Gracilaria spp.: A red algal genus also called “gracilaria” in the trade; source of agar. 

ICM: Integrated Coastal Management 

IEC: Information Education and Communication 

ILO: United Nations International Labour Organization 

IT: Information Technology 

Kappaphycus spp.: A red algal genus that includes both “cottonii” of the trade and “sacol” 
of the trade; sources of kappa carrageenan. 

Kiswahili: Language generally spoken in Zanzibar 
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MACEMP: Marine and Coastal Environmental Management Project 

MLF: Ministry of Livestock and Fisheries 

MCT; Ministry of Communication and Transport 

MKUZA (ZSGPR)(K): Mkakati wa Kukuza Uchumi na Kupunguza Umaskini Zanzibar (Zanzibar 
Strategy for Growth and Poverty Reduction) 

MoFEA: Ministry of Finance and Economic Affairs 

MSME: Micro, small and medium enterprises. 

MS(PO)RASD: Ministry of State (President Office) Regional Administration and Special 
Departments 

MT: metric ton. 

MTIM: Ministry of Trade, Industry and Marketing 

MTTI: Ministry of Tourism, Trade and Investment 

MWCEL: Ministry of Water, Construction, Energy and Land 

NGO: Non-Government Organisation 

NLUP: National Land Use Plan 

PES: Processed Eucheuma Seaweed = SRC = E407a 

RAGS: Red Algal Galactan Seaweeds including Eucheuma, Gigartina and Kappaphycus.  

RC: Refined carrageenan (RC-I = iota and RC-K = kappa) 

RDS: Raw, dried seaweed (cottonii or spinosum) 

SACCOS: Saving and Credit Cooperative Society 

Spinosum: Eucheuma spp. 

SRC: semi-refined carrageenan = PES = E407a 

UDSM: University of Dar es Salaam 

UNEP: United Nations Environment Programme 

UNIDO: United Nations Industrial Development Organization 

USD: United States Dollar. 

Value Chain: A mechanism that allows producers, processors, and traders - separated by 
time and space – to add value to products and services as they pass from one link in the 
chain to the next until reaching the final consumer (after UNIDO, 2011). 

ZanMUZE: Feasibility Assessment for a Zanzibar MUZE Seaweed Processing Facility 

ZIPA: Zanzibar Investment Promotion Authority 
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Introduction 
This study was conducted as part of the 3 ADI program. The present report is a companion 
document to Seaweed Value Chain Assessment for Zanzibar (Neish & Msuya, 2013).The two 
reports were submitted as components of UNIDO Project no 13083 “Building Seaweed 
Processing Capacities in Zanzibar and Pemba: Creating value for the poor”. They were based 
on field work conducted by the authors and UNIDO staff during late July and early August, 
2013. 

Terms of reference for the project stipulated that the project concept originated from 
negotiations with the Zanzibar government during the formulation of the country program 
in 2011. The Ministry of Livestock and Fisheries and the Ministry of Trade, Industry and 
Marketing indicated that developing the seaweed sector is of highest priority because it is a 
main source of income for many poor on Zanzibar and Pemba islands, especially women. 
Seaweed comprises more than 90% of Zanzibar marine product exports. With about 25% 
contribution it is the third largest contributor to GDP after tourism and cloves. 

The project context was such that it will contribute to developing and fine-tuning the project 
document “Building Seaweed Processing Capacities in Zanzibar and Pemba: Creating value 
for the poor” is a way specified by the project terms of reference as follows: 

“The project will generate opportunities for businesses and decent work in 
sustainable seaweed production, processing and marketing. Drawing from 
technology that successfully is used in South-East Asia and collaborating with private 
sector entities that have pioneered the seaweed sector in Zanzibar the idea is to bring 
value addition closer to the poor and help local seaweed farmers benefit from the 
value that is added to seaweed as it gets processed and marketed. At the heart of the 
project is the setting up of modern processing facilities, owned by the provincial 
government and run by a private operator. The products have enormous market 
potential when produced to specifications of buyers…” 
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1. Overview: current production conditions 
The present Feasibility Assessment for a Zanzibar MUZE Seaweed Processing Facility 
(ZanMUZE) was written with reference to a proposed multi-stream, zero-effluent (MUZE) 
seaweed processing facility that would commence value addition using live, fresh seaweed 
(FS) near to farm sites. The facility would comprise pilot scale equipment that can easily be 
scaled to commercial scale by the modular expansion.  

1.1.  Locational specifics 
Zanzibar is located off the coast of Tanzania in the Indian Ocean. It includes two major 
Islands, namely Unguja (sometimes referred to as “Zanzibar”) and Pemba (Fig. 1.1). A group 
of about 50 small islets surrounds them. The Islands lie in the north-south direction between 
latitude 04° 50” and 06° 30” South, and east-west direction between longitude 39° 10” and 
39° 50” East. The Islands are about 30 km east off the mainland Tanzania coastline. Unguja 
Island covers an area of 1,666 square km2 and Pemba Island covers an area of 988 km2giving 
a total land area of 2,654 km2. See Neish & Msuya (2013) Section 1 for more demographic 
and geographic information about Zanzibar.  

Figure 1.1. Map of Zanzibar indicating the seaweed farming areas and 2012 seaweed 
production (data provided by Zanzibar Ministry of Livestock and Fisheries – Department of 
Marine Resources). Pemba is to the north of Unguja (see text for description of geography). 
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According to 2012 MLF-DMR data about 2/3 of Zanzibar seaweed production took place in 
the Micheweni area of northern Pemba (Fig. 1.2). About 21% of production occurred on 
Unguja and 79% on Pemba. Locations of farming areas are indicated on Fig. 1.1. Several 
location choices are available for the MUZE production facility proposed by the present 
feasibility assessment. A facility could be placed in any of the areas marked in Figure 1.1. 

1.2.  The present Zanzibar seaweed industry 
The information below summarizes key points from Neish & Msuya (2013). 

1.2.1 Major markets 
Information current at the time of writing suggested that virtually all spinosum from 
Zanzibar since the beginning of commercial cultivation was ultimately purchased by 
companies that used it as raw material for the manufacture of refined, alcohol precipitated 
iota carrageenan (Table 1.1). This carrageenan was sold primarily to dentifrice, personal care 
and food ingredients markets.  

During the development of value adding facilities in Zanzibar one or more of these 
processors may be potential development allies or customers for carrageenan products 
from the MUZE facility. During the survey for the present study a research and development 
person from a major European processor expressed tentative interest in this possibility. 

Table 1.1. A list of known 
producers of refined, 
alcohol-precipitated iota 
carrageenan (E407) from 
spinosum. These were the 
major buyers and users of 
Zanzibar spinosum. 

 

 

1.2.2 Zanzibar seaweed production 
Almost all Zanzibar seaweed production is of the genus Eucheuma (spinosum of the trade).  
Cottonii seaweed (genus Kappaphycus) has been plagued by repetitive crop failures despite 
substantial farm development effort since the late 1980s. During 2012 total Zanzibar 
cottonii production was only about ninety tons (MLF-DMR data), which was less than one 
percent of total seaweed production. Prospects for further extension of cottonii production 
were negative according to respondents of the present study. On the other hand from 1990 
until 2012 Zanzibar spinosum seaweed production grew from about 800 t/yr. to more than 
15 000 t/yr. (Fig. 1.2).  

Country Company T/yr capacity
Chile Gelymar 1 000
China Unknown
Denmark CP Kelco 4 000
France Cargill (ex-Degussa) 4 500
Japan Mitsubishi 1 250
Korea MSC Co. Ltd. 1 500
Philippines Shemberg Biotech 1 200
Spain CEAMSA (incl. Hispanagar) 1 750
USA FMC 6 000
Total 21 200
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Spinosum is farmed in Zanzibar using the “off-bottom” method with lines suspended above 
the sea floor using wooden stakes driven into the sea floor (Plate 1.1.A & B). Farmers sun-
dry spinosum to an average of 35% moisture content, usually by spreading it on the ground 
(Plate 1.1.C). Exporters pick up farm deliveries near drying areas, clean and dry seaweed as 
necessary and press it into 100 kg bales of raw, dried seaweed (RDS) for export (Plate 1.1.D). 

Figure  1.2. Seaweed production in Zanzibar, 1990 – 2012. (Sources: MLF-DMR, C-Weed 
Corp., Satoumi.co own data). 

 

1.1. Basic spinosum 
seaweed production 
steps. A. Off-bottom 
method: 4-m long lines 
with two pegs at each 
end. Uroa, Zanzibar. B. 
Underwater photograph 
of spinosum flourishing on 
a Micheweni, Pemba 
seaweed farm. C. Most 
farmers dry their seaweed 
on grass. D. Bales ready 
for shipment in twenty-
foot containers. 200 bales 
(20 tons) can fit into one 
container. 
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2. Commerce and process technology 
2.1 Seaweed commercial arrangements and standards 
In the past letters of credit were a common form of commercial arrangement for seaweed 
purchases but current practice is generally for a buyer to issue purchases orders for a given 
number of container loads. Purchase orders typically specify the following: 

1. Product defined as dried Eucheuma denticulatum (spinosum seaweed of the trade); 
2. Price per metric ton denominated in United States dollars; 
3. Price based on 35% average moisture content (MC) and maximum 2% contaminants; 
4. Excess or low MC offset by negotiated adjustment of future volume shipped (usually 

“free” tonnage shipped to offset excess MC in previous shipments); 
5. Seaweed packed in wrapped bales of 100 kg weight (20 tons per 20 foot container); 
6. Payment on FOB basis within about two weeks from presentation of shipping 

documents. 

2.2 Characteristics of iota and kappa carrageenans 
Spinosum flourishes in Zanzibar waters but cottonii has experienced repeated die-backs 
despite more than two decades of attempts to grow it in Zanzibar waters.  

Figure 2.1. Structures of kappa and iota carrageenan. Carrageenan is a carbohydrate. The 
ester sulfate at the 6 position of the 3,6 anhydro galactose unit causes iota carrageenan to 
perform in a radically different way than kappa carrageenan in food, personal care and 
industrial applications. 

 

 

Although cottonii and spinosum have a similar appearance they contain different types of 
carrageenan. Spinosum contains iota carrageenan and cottonii contains kappa 
carrageenan. Kappa and iota carrageenans are performance chemicals that are utilized in 
food, personal care and industrial applications. They behave in radically different ways 
due to sulfation patterns of the carrageenan molecules (Fig. 2.1). They can have 
complementary uses but they cannot replace each other. 
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Iota carrageenan forms soft, elastic gels in the presence of calcium salts. Refined iota 
carrageenan forms clear gels with no bleeding of liquid (syneresis). Gels are freeze/thaw 
stable and can form in the presence of high salt concentrations. Major applications include 
dentifrice gels (toothpaste), capsules, industrial slurries and food texturization.  

Kappa carrageenan forms strong, rigid gels in the presence of potassium salts. Brittle gel 
forms with calcium salts. The slightly opaque gels become clear with sugar addition. There is 
some syneresis. Major applications include stabilization of dairy products, gelled pet foods, 
meat processing and water gels such as jelly desserts and candies.  

 

2.3 Standards for refined and semi-refined carrageenan 
Carrageenan quality specifications fall into three broad categories:  

1. Regulatory specifications relate to product safety. They are found in international 
codes and are applied during pre-market approval. They are subject to mandated 
governance.  

2. Performance specifications measure functional performance and determine fitness 
for intended applications. They are established between buyer and seller and are 
subject to voluntary governance.  

3. Enterprise responsibility specifications relate to the means by which products are 
produced and traded. They refer to values that include “fairness” and “exploitation” 
and “environmental impacts”. They are subject to both mandated and voluntary 
governance. 

Regulatory specifications promulgated for carrageenan by Codex FAO Food and Nutrition 
Papers 52 Addition 9, June 2001; and Commission Directive 98/86/EC Nov 1998 & 95/2/EC 
February 1995 include:   

o Viscosity: molecular weight = 5 centipoise at 75o Celsius 
o Total Ash: product adulteration = 15-30%   
o Acid Insoluble Matter: 8-15% for SRC; less than 2% for Carrageenan 
o Microbiological Criteria: Total plate count (TPC) not more than 5000 

colonies/g; Salmonella = negative; E. coli = negative in 1 g. 
o Residual Solvents: 0.1% ethanol, isopropanol or methanol 
o Heavy Metals:  Lead = 5mg/kg; Cadmium = 2 mg/kg; Mercury = 1 mg/kg 

 

Additional regulatory specification may be applied to manufacturing practices, value chain 
traceability, sustainability, religious constraints and other standards. These include HACCP, 
ISO, Halal and Kosher specifications. 
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Performance specifications are established among value chain stakeholders. They can 
include the following types of parameters: 

A. Rheological indicators (various buffer compositions & concentrations) 
a. water, milk, galactomannan & glucomannan gel strength & texture 
b. water, milk & other viscosity 
c. syneresis (different gel types)  
d. elasticity/brittleness (different gel types) 
e. special application screening tests 

B. Organoleptic properties including color, odor and special application screening tests. 
C. Regulatory “show-stoppers” 

a. heavy metals (especially those with JECFA limits such as Pb, Cd & Hg) 
b. molecular weight distribution (per designated test protocols) 

D. Performance values 
a. special application efficacy tests 

 

Enterprise responsibility specifications are still largely in the development stage and are 
applied according to a wide range of globally variable criteria. Conformity with enterprise 
responsibility specifications is largely a matter to be settled between buyer and seller but 
mandated sanctions are developing.  Carrageenans are complex molecules that come from 
nature in a wide range of forms and are processed using a wide range of technologies. 
Carrageenan process steps that impact quality include: 

A. Raw material selection - whether from one form of ingredient building block or 
from several in combination (i.e. in the case of “co-processing”). 

B. Raw material preparation - such as sorting, milling, screening, addition of 
process aids and other procedures. 

C. Pasting, modification & extraction to modify gum structure – generally using 
alkali such as caustic soda (NaOH); lime (calcium oxide; CaO); slaked lime 
(Ca(OH)2); caustic potash (potassium hydroxide; KOH); or soda ash (sodium 
carbonate; Na2CO3). Effected by temperature, time, mass balance and a variety 
of other factors. 

D. Rheology adjustment & clarification – decanting, centrifugation, 
depolymerization, filtration and other steps that result in the removal of 
insoluble matter that makes gels cloudy. 

E. Concentration – evaporation, ultra-filtration and other procedures that 
concentrate gum concentration in the “paste”. 

F. Precipitation, dehydration & purification – done by flocculation of gum by KCl 
precipitation; alcohol precipitation; gel-press; freeze-thaw; freeze-drying; 
evaporation and a variety of other techniques. 
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G. Drying, grinding & classification – various methods can be used to influence 
particle size distribution and shape. 

H. Blending – combines process batches, produces a mix that falls within set 
specifications and introduces diluents ingredients that adjust quality. 

 

During processing a variety of chemicals can be utilized to influence quality, including (but 
not limited to): 

A. Salts - such as sodium chloride (NaCl) and potassium chloride (KCl)  to influence 
coagulation & solubility; alter color and odor; and other effects. 

B. Oxidizing agents - such as hydrogen peroxide (H2O2); ammonium persulfate 
((NH4)2S2O8); sodium hypochlorite (NaOCl) – to kill microbes and/or influence 
molecular weight distribution (hence viscosity).   

C. Acids – such as hydrochloric acid, sulfuric acid, nitric acid and CO2, to clean 
equipment, neutralize process liquids, influence solubility and adjust molecular 
weight/viscosity. 

D. Preservatives – such as calcium propionate. 
E. Cation donors & pH adjusters – such as potassium carbonate and calcium sulfate. 
 

  

Solution providers take delivery of dozens of processed carrageenan products and 
other gums then blend them with other ingredients to reliably and predictably 
satisfy the requirements of hundreds of applications. The development and 
sustained production of ingredients solutions for long-term commercial applications 
is generally a combination of art and science that is based on long years of 
experience. Initial product development can be the result of several years of joint 
R&D between the solution provider and the application implementer. Consequently 
particular ingredient solutions, once established in the market, may have 
considerable long-term endurance.  
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2.4 Methods for making semi-refined iota carrageenan (E407a) 
Figure 2.2 is a schematic diagram of the conventional process for making semi-refined iota 
carrageenan (also known as SRC-I; E407a; Processed Eucheuma Seaweed; or PES). The 
distinguishing characteristics of SRC processing are: 

1. During processing the carrageenan is never dissolved (pasted); 
2. Alkali Insoluble Matter (a.k.a. AIM or fiber) remains in the end product in 

concentrations up to 12-15%; 
3. Solids content remains high throughout processing and that results in low energy 

and water consumption compared to RC processes. 
4. Capital costs for SRC factories are much lower than costs for alcohol precipitation 

factories of similar output. 
5. The process generates non-carrageenan seaweed components as waste. 

 

Figure 2.2. Schematic diagram of the conventional process for making semi-refined iota 
carrageenan (SRC-I; a.k.a. E407a). 

 

 

# EQUIPMENT ACTION
A Pre-wash conveyor RDS spinosum is pre-washed and conveyed into baskets

B Cooker & basket Washed RDS spinosum or spinosum pulp from MUZE processing subjected to 
alkaline modification in KOH at 60 degrees C for about1 hour

C Wash tank & basket Cooking basket dumped into wash basket. Wash in fresh water.

D Unloading hopper Wash basket dumped into hopper, gets sorted & dewatered; 

E Conveyor 1 Spinosum is conveyed to dryer

F Fluidized bed dryer Dry at 60 degrees C 

G Conveyor 2 Lifts dried spinosum to cutting mill 1

H Cutting mill Chops dried spinosum to ATC-I size

I Conveyor 3 Moves ATC-I to mill feed hopper

J Mill feed hopper Meters ATC-I into powder mill

K Powder mill Reduces ATC-I to SRC-I with mesh size required by application

L Blender Makes pre-blends and final blends

M Packing system Packs SRC-I in bags for shipment

N Waste processing All non-carrageenan seaweed constituents treated & discarded
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2.5 Methods for making refined iota carrageenan (E407) 
Figure 2.3 is a schematic diagram of the conventional process for making alcohol-
precipitated refined iota carrageenan (also known as RC-I or E407). The distinguishing 
characteristics of RC processing are: 

1. During processing the carrageenan is dissolved (pasted); 
2. Alkali insoluble matter is removed from the end product to concentrations of less 

than two percent; 
3. Solids content removal requires processing of dilute filtrates and that leads to high 

energy and water consumption compared to SRC processes. 
4. Capital costs for alcohol precipitation factories are very high; as much as ten times 

the cost of SRC facilities with similar output. 
5. The process generates non-carrageenan seaweed components as waste. 

 

Figure 2.3 Schematic diagram of the conventional process for making alcohol precipitated 
refined iota carrageenan (RC-I; a.k.a. E407)). 

 

 

# EQUIPMENT ACTION
A Pre-wash conveyor RDS or spinosum pulp from MUZE processing washed & conveyed to baskets 

B Pasting/cooking tank Spinosum is pasted & cooked (rested) under low heat in mild alkali (calcium oxide, 
CaO or calcium hydroxide, Ca(OH)2)

C Centrifuge Dilute paste is centrifuged to remove largest solids

D Plate & frame filter Dilute paste further clarified in plate-and-frame filter press

E Filter-aid disposal Waste filter-aid is dumped as landfill or sold as soil conditioner

F Flocculation tank Carrageenan is flocculated in isopropyl alcohol

G Belt dryer Flocculent is dried in fire/explosion protected belt dryer

H Distillation column Isopropyl alcohol is distilled for recycling

I Mill feed hopper Meters dry flocculent into powder mill

J Powder mill Reduces flocculent to RC-I with mesh size required by application

K Blender Makes pre-blends and final blends

L Packing system Packs RC-I in drums or bags for shipment

M Waste processing All non-carrageenan seaweed constituents treated & discarded
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2.6 Methods for making seaweed juice (a.k.a. seaweed concentrate  or 
SWC) 
Figure 2.4 is a schematic diagram of an evolving process for spinosum seaweed juice using 
MUZE technology. Plate 2.1 shows bench-scale MUZE processing undertaken during the 
present project. The distinguishing characteristics of MUZE processing are: 

1. Farmers sell live seaweed immediately upon harvesting – they are not burdened 
with the need for drying seaweed so rainy seasons are not an impediment to farm 
production; 

2. The process produces pulp that can be used wet or dry as raw material for 
conventional or newly developing RC and SRC processing and also for agricultural 
nutrient applications; 

3. The process produces juice (seaweed concentrate; SWC) that can be used wet or dry 
for agricultural nutrient applications; 

4. The process minimizes energy and water consumption and generates little or no 
waste. 

Figure 2.4 Schematic diagram of a developing process for making seaweed juice (seaweed 
concentrate; a.k.a. SWC) from spinosum. 

 

 

  

# EQUIPMENT ACTION
A Shore-side cutting mill Chop live spinosum to increase bulk density

B Factory juicing mil Mechanically reduce live seaweed into juice & pulp 

C Centrifuge Separate juice from pulp

D Filter Remove fine particulate matter from seaweed juice

E Pulp handing Wet pulp goes to RC or SRC processing

F Concentrator Seaweed juice concentrated by evaporation (e.g. 5 or 6-fold)

G Blender Seaweed concentrate blended to standard

H Packaging SWC concentrate packed in drums, bottles or jerry-cans

I Dryer SWC concentrate reduced to powder form

J Blender SWC power blended to standard

K Packaging SWC powder packed in drums or bags
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Plate 2.1. MUZE processing of spinosum at bench-top scale in Zanzibar with staff of MTIM, 
C-Weed Corp., Sea6 Energy and UNIDO local expert Dr. F. E. Msuya. A. Equipment used was 
a Singsung Food Processor, 4 in 1 SJ/888, Made in Singapore, 220-240V, 50/60 Hz, 600W. B. 
Making juice and pulp from spinosum. C. Wet pulp on left and fresh juice on right. 

 

2.7.  Value addition process flow options 
Present Zanzibar seaweed value chains are simple in form. Farmers grow seaweed that gets 
dried and then is exported to international processors that use the seaweed as raw material 
for manufacture of carrageenan. Present Zanzibar seaweed value chains are placed in the 
context of future VC development options in Figures 2.5 to 2.7. There are two distinctly 
different paths to take, namely: 

1. Utilize conventional (old) technology to make semi-refined iota carrageenan (SRC-I) 
from raw, dried seaweed (RDS) in Zanzibar-based production facilities; 

2. Employ newly developing multi-stream, zero-effluent (MUZE) technology that 
commences processing using live, fresh seaweed (FS) to produce not only SRC-I but 
also agricultural nutrient products and various products that may be made possible 
from developing bio-technology. 

 

Generalized process flows for SRC and SWC have been described in Sections 2.4 and 2.6 
above. MUZE technology is placed in the context of current Zanzibar seaweed processes and 
old SRC processes in Figure 2.5.  
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Figure 2.5. Spinosum seaweed process flow options for Zanzibar.  
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Figure 2.6. Example of yield & value partitioning for1 000 Kg of live spinosum. (FOREX   1 
600 TZS = 1 USD) 

 

 

 

# SYSTEM PRODUCTS KG TZS/
KG

USD/
KG

USD
TTL

ASSUMPTIONS

PRESENT ZANZIBAR SYSTEMS

A Seaweed 
agronomy

Fresh spinosum 
seaweed (FS)

1 000 110 0.07 70.00 FS totally fresh, clean and 
no wilting

B Seaweed 
drying

Raw Dried 
Seaweed (farm)

182 400 0.25 45.50 RDS is 18.2% of FS

C Logistics & 
baling

RDS – export 
grade

178 640 0.40 71.00 2% shrinkage losses during 
transport & cleaning

OLD CARRAGEENAN TECHNOLOGY

D ATC plant ATC-I 119 3 200 2.00 238.00 ATC yield same as ATP

OLD AND/OR MUZE CARRAGEENAN TECHNOLOGY

E SRC plant SRC-I 95 4 000 2.50 237.50 80% yield from ATC or ASP

F RC plant RC-I 77 19 200 12.00 924.00 65% yield from ATC or ASP

NEW MULTI-STREAM, ZERO-EFFLUENT (MUZE) TECHNOLOGY

G Juicing units Swd juice & pulp 1 000 N/A N/A N/A 100% yield from FS

H Wet pulp Wet seaweed 
pulp (WSP)

810 N/A N/A N/A Wet pulp is 14.7% dry solids

I ASP plant Dry alkali 
stabilized pulp 
(ASP)

119 4 000 2.50 297.50 14.7% ASP yield from WSP

J Raw juice Raw seaweed 
juice (RSJ)

190 1 200 0.75 142.50 7.5% solids content

K Juice 
concentrate

Swd juice 
concentrate 
(SJC)

48 4 800 3.00 144.00 Concentrate 4 X to bring 
solids to 30%

L Juice 
powder

Powdered swd
juice (PSJ)

13 19 200 12.00 156 7.5% powder yield from RSJ
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Fresh 
spinosum 

seaweed (FS)

RDS –
farm gate

RDS –
export 
grade

25.50 USD to 
exporter & 
tolling charges

45.50 USD 
farm gate

ATC-I SRC-IFS RDS –
farm gate

192.50 USD to 
processer & 
tolling charges

45.50 USD 
farm gate

Juice 
& 

pulp

Alkali 
stabilized 

pulp (ASP)

Raw 
seaweed 

juice (RSJ)

Wet 
pulp 

(WSP)

Seaweed juice 
concentrate 

(SJC)

FS SRC-I

70 USD
farm gate

203 USD for 
SRC & tolling 
charges

109 USD for SJC & tolling charges

A. Present case in Zanzibar. Raw, dried seaweed sold from farmers through 
exporters.

71 USD 
total 
value

238 USD 
total 
value

382 USD 
total 
value

B. Old technology case. Semi-refined iota carrageenan (SRC-I) produced in 
Zanzibar using old technology methods then sold to export markets.

C. New MUZE technology case. Semi-refined iota carrageenan (SRC-I) and 
agricultural nutrient products produced in Zanzibar using multi-stream, zero-effluent 
(MUZE) technology then sold to local, regional export markets

o 1.5 X Price premium to farmers
o Live spinosum picked up at farms
o Farmers need not dry seaweed
o Farmers may share in process facility equity

Figure 2.7. Example of value generated from 1 000 Kg of live spinosum according to three 
alternate processing scenarios that are (or may be) utilized in Zanzibar based on 
assumptions shown in  Fig. 2.6. (Note: FOREX   1 600 TZS = 1 USD; “tolling charges” include 
transport costs, levies, cost of money and other third-party costs). 
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Figures 2.6 and 2.7 show examples of yield and value partitioning for1 000 Kg of live 
spinosum. Some pertinent features of this technology are: 

1. By definition MUZE processing produces several value-added products and zero-
waste. 

2. The pulp from MUZE processing can be used to make SRC-1 as shown in Fig 2.6 and it 
can be used to produce agricultural nutrient products or chemical feedstock. 

3. The juice from MUZE processing can be used as the basis for a variety of agricultural 
nutrient products for plants and animals. 

4. Agricultural nutrient products have local and regional markets in Africa; not just 
export markets as in the case of SRC-I. 

5. According to the comparison shown in Figure 2.7 total product value derived from 
1 000 kg of live spinosum would be on the order of 71 USD for current Zanzibar 
processes, 238 USD for old technology SRC processes and 382 USD for MUZE 
processes.  

6. These numbers are estimates but the principle holds true; more value streams and 
zero waste lead to more added value. 

7. MUZE processing lends itself to adaptation to new process technology being 
developed by the biotechnology industry. 

2.8  Zanzibar factory concept 

2.8.1 Location 
Several location choices are available for 
setting up a Zanzibar MUZE Seaweed 
Processing Facility (ZanMUZE) proposed by 
the present feasibility assessment. A facility 
could be placed in any one of the areas 
marked in Figure 1.1. In the long run full 
scale production facilities would probably be 
best placed in northern Pemba in the 
Micheweni area. In the short run a first 
facility may be best placed in the vicinity of 
Zanzibar Port, perhaps to the south near 
Bweleo where it may be possible to tie in 
with an established seaweed farmer group 
that has ambitions to engage in value 
adding activities. 

  

The present feasibility assessment was 
written with reference to a proposed 
multi-stream, zero-effluent (MUZE) 
seaweed processing facility that would 
commence value addition using live, fresh 
seaweed (FS) near to farm sites (Figure 
2.7, case C).  The project would catalyze 
establishment of technology and markets. 
Expansion to full commercial scale could 
entail installation of multiples of 
equipment perfected during the initial 
project. 
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2.8.2 Technology 
The facility would comprise pilot scale equipment that can easily be scaled to commercial 
scale by the modular addition of process equipment. Research and development applicable 
to the project is in progress with potential partners for the proposed UNIDO project. The 
technology involves advances on older or expired patents for processes that contribute to 
SWC production (e.g. Appendices A & B). The first step toward adapting SWC process 
technology to Zanzibar was taken during bench-top trials undertaken during the present 
project (e.g. Plate 2.1 and Figure 2.6). 

2.8.3 Scale and capacity 
The basic facility would be scaled to handle as much as two percent of Zanzibar spinosum 
production as of 2012 – in other words. Based on the numbers in Figure 2.6, capacities 
would therefore be: 

1. Equivalent to as many as 300 dry tons of spinosum if operated at full capacity;  
2. that equates to a rounded total of 1 600 tons of live spinosum per annum;  
3. assuming system capacity of 400 wet kg/hr. full operation would involve 4 000 hours 

of operation; therefore about 200 operating days per annum; 
4. Annual designed capacity would therefore be: 

a. 1 296 tons of wet pulp giving 190 tons of dry, alkali-stabilized pulp; 
b. 304 tons of raw seaweed juice giving 70 tons of juice concentrate or 20 tons 

of SWC powder. 

5. Daily designed throughput would be 8 000 kg of wet live spinosum yielding; 

a. 6 480 kg of wet pulp giving 950 kg of dry, alkali-stabilized pulp; 
b. 1 520 kg (liters) of raw seaweed juice giving 350 kg (liters) of juice 

concentrate. 

2.9  Enterprise ownership and structure 
Proposed ownership structure for the initial UNIDO MUZE SWC facility would be a blend of 
private and public participation involving: 

1. A Zanzibar-based seaweed exporting company; 
2. International investors that become shareholders and provide technology; 
3. Farmer groups with a stake supported by a development fund; 
4. Zanzibar Government agencies. 

It is envisioned that the factory would be structured as follows: 

1. Land, buildings and some processing equipment provided by Zanzibar  Government 
agencies under lease arrangements; 

2. UNIDO to select one or more private enterprises that are: 
a.  able to provide technology; and  
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b. are ready willing and able to transparently operate the factory (albeit with 
due protection for intellectual property).  

3. Ownership of the managing enterprise will be transparent and may involve equity 
owned by farmer enterprises; 

 
Anchor buyers will be not be a component of factory ownership but they will be important 
strategic business allies. They will be local, national or international private enterprises that 
are: 

a. further processors making semi-refined and/or refined carrageenan; 
b. formulators of agricultural nutrient products; and/or 
c. major users of agricultural nutrient products (e.g. large plantations). 

2.10  Project's contributions to the economy   
The seaweed processing plant will enhance the economics of seaweed value chains as 
follows: 

1. Effective development of markets for MUZE process products could expand the 
demand for spinosum seaweed from Zanzibar farmers, potentially two-fold or more 
in the coming decade; 

2. Training will enhance productivity of seaweed farms and strengthen farmer 
enterprises; 

3. Zanzibar Government investment in seaweed processing factories will be utilized by 
successful business enterprises; 

4. Farmers will receive effectively higher seaweed prices by about 1.5 fold (Figs. 2.6 & 
2.7) and will participate in profits (see “8” below) as they secure equity in MUZE 
processing facilities; 

5. Farm productivity will effectively increase and costs will decrease as MUZE 
processing systems pick up live seaweeds from farms, eliminate the need for farmers 
to dry seaweeds and enable production to continue during rainy seasons; 

6. Effective utilization of solar energy will reduce costs, enhance product quality and 
minimize constraints typical of remote areas in Zanzibar including lack of water; 
inability to absorb waste streams; high energy cost and inadequate electrical 
supplies; 

7. Relational links with anchor buyers/further processors will help to stabilize pricing 
and markets; 

8. The end result should be more profits and more stable business for all value chain 
participants as quantified in Section 6 below. For example a production level utilizing 
about ten percent of the amount of 2012 Zanzibar spinosum production could yield 
almost 2.8 M USD EBITDA on annual sales of 4.8 M USD. 

  



 19 

3. Marketing and sales plan 
3.1 Product lines 
The proposed UNIDO Zanzibar seaweed processing project involves two sets of product lines 
derived from the pulp and juice fractions of live spinosum. Both sets must be developed in 
collaboration with potential anchor buyers (Table 3.1). 

 

Table 3.1. Proposed product lines proposed for the basic Zanzibar MUZE Seaweed 
Processing Facility  (ZanMUZE). Prices are conservative estimates pending buyer feedback. 

 

 

 

3.2 Product efficacy and anchor buyers 
Product efficacy for iota carrageenan was 
discussed in Section 2. Potential anchor buyers 
for carrageenan concentrate (CCI) products of 
ZanMUZE include the present buyers of 
Zanzibar spinosum listed in Table 1.1. There is 
an extended list to be developed for potential 
buyers of ATC-I.  

The magnitude of carrageenan markets has 
been analysed Bixler and Porse (2010). With 
respect to the present UNIDO project it can be 
stated that production volumes for the 
ZanMUZE project represent one percent of 
Zanzibar spinosum production and this can 
easily be assimilated into seaweed value chains. 

 

FRACTION SYMBOL PRODUCT USD/T PRICE
Dried spinosum seaweed pulp

CCI carrageenan concentrate for making refined iota carrageenan 800
SRC-I Semi-refined iota carrageenan 2 500
SM-I Spinosum seaweed meal (iota)for agricultural nutrients 800

Seaweed concentrate (SWC) juice
SWC-30S SWC evaporated to 30% dissolved solids for agricultural 

nutrient applications or further processors & formulators.
3 000

The need for UNIDO support of 
ZanMUZE is two-fold: 

1. It will support the 
operation during the 
crucial period when 
product efficacy if 
established with anchor 
buyers based on 
production scale samples 

2. It will cover the equity 
portion of farmer groups. 
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Efficacy for seaweed concentrates (SWC) has been well established for extracts from cold-
water brown seaweeds and (to a lesser extent) for cottonii extracts. Figure 3.1 summarizes 
applications, effects and mechanisms. Efficacy testing of spinosum SWC is in its infancy but 
it is being vigorously approached by potential private sector participants in the ZanMUZE 
project.  

The ZanMUZE project would catalyse a scale of efficacy testing that is essential to 
commercial market development. The main candidates as potential anchor buyers for SWC 
are operators of major plantations and manufacturers or formulators of SWC.  

Target plantation crops are tropical crops including (but not limited to) oil palm, sugar, 
coffee, tea, cocoa, bananas and coconuts. Many of these can be found in Africa as well as in 
Asia and Latin America (e.g. Plate 3.1).  

A list of companies known to manufacture seaweed concentrate (SWC) products is shown in 
Table 3.1. These are mostly primary manufacturers that sell agricultural nutrient building 
block products to re-sellers and formulators. This list is not comprehensive but it is believed 
to cover most of the major SWC players as of 2012. 

 

Plate 3.1 Proposed ZanMUZE development strategy is for efficacy testing to be undertaken 
with major plantation and livestock operators that may become anchor buyers including A. 
oil palm B. bananas C. sugar cane D. poultry E. cocoa F. cattle.  
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Figure 3.1. A summary of expected applications, effects and mechanisms of seaweed 
concentrates  (SWC). These are based on work with cold water brown seaweeds (kelp and 
rockweed) and cottonii. Work with spinosum in in progress by Sea6 Energy, Satoumi.co and 
their research partners. 

 

 

  

DIRECT TREATMENT
1. Seed treatment
2. Root/cutting dip
3. Foliar spray

APPLICATIONS EFFECTS MECHANISMS

ROBUST GROWTH 
1. Roots & shoots
2. Flowers & fruits
3. Yield & productivity

STRESS RESISTANCE 
1. Salt & drought
2. Heat & cold
3. Water stress
4. Pathogens 
5. Pests 

SUPERIOR QUALITY
Nutrition & appearance

BETTER SOIL 
1. Soil texture
2. Beneficial microbes

 Plant growth regulators
 Photosynthesis modulation
 Photosynthetic efficiency
 Carbon assimilation
 Delayed senescence

 Plant growth regulators
 Resistance genes
 Reduced transpiration
 Stomata conductance
 Metabolic effects
 Water & nutrient uptake
 Anti-microbial agents
 Pest repellents

 Plant growth regulators
 Metabolic effects
 Influence on enzymes

 Plant growth regulators 
 Altered root structure
 Modulated root exudates
 Effects on signal molecules
 Enzyme effects

SOIL OR MEDIUM
1. Soil drenching
2. Mulch & compost
3. Irrigation water
4. Hydroponic solution
5. Water column

STRONGER ROOTS
1. Root nodulation
2. More prolific
3. Higher dry weight

 Trace elements
 Chelating effects
 Polysaccharide effects

ANIMALS

PLANTS

FEED TREATMENT
1. Soak
2. Spray
3. Granules

ROBUST GROWTH  Essential amino acids
 Vitamin effects
 Trace element effects
 Feed binding
 Fiber
 Immune responseLOWER MORTALITY

Satoumi.co 2013. Plant diagram modified after Khan et al, 2009
REFERENCES:  Craigie, 2011; Khan et al. 2009); Stirk & van Staden, 2006.
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Table 3.1. A list of companies known to manufacture seaweed concentrate (SWC) products. 
These are mostly primary manufacturers that sell agricultural nutrient building block 
products to re-sellers and formulators. This list is not comprehensive but it is believed to 
cover most of the major SWC players as of 2012.  
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3.3 Market potential 

3.3.1 Carrageenan market potential  
1. CC-I carrageenan concentrate is a raw material that can directly replace raw, dried 

spinosum seaweed to present buyers. Depending on pricing and market acceptance by 
anchor buyers it may become a desired raw material for alcohol-precipitation 
processors. If this happens availability of CC-I may give competitive advantage to 
Zanzibar that could lead to increased sales volume. 

2. ATC-I (alkali treated chips) can be further milled to yield SRC-1 (semi-refined iota 
carrageenan) which has a modest existing market. The SRC-I market could be expanded 
if sufficient volume is available at a price and a quality that opens up new markets (e.g. 
oil field applications to compete with guar gum) that could amount to thousands of tons 
per year. 

3. SM-I spinosum seaweed meal can be used as soil conditioner, animal feed additive and 
other agricultural nutrient applications. It would enter the same market channels as 
SWC and annual tonnage requirements could amount to many thousands of tons per 
year if prices and volumes meet anchor buyers’ specifications. 

 

3.3.2 SWC application rates 

Application rates and yield increases vary between 
crops. For un-concentrated cottonii juice (about 5% 
solids content), as a “rule of thumb”, recommended  
SWC usage for many crops is about 20 
lit/ha/application and a minimum of 3 applications are 
recommend during the crop cycle. Total usage would 
therefore be about 60 liters/yr. This would be 
equivalent to about ten liters of SWC-30S concentrate 
(30% dissolved solids content). Crop yields would be 
expected to increase by about 10-20 percent. Ex-
works pricing of un-concentrated cottonii SWC juice 
(about 5% solids) is in the range of 0.5 USD/liter. 
Concentrated at 6-to-one (about 30% solids) the ex-
works price of cottonii SWC would therefore be about 
3 USD/liter. Assume that SWC-30S would fetch a 
similar price. The cost as applied to crops would 
therefore be about 30 USD/ha/yr. for ex-works buyers. 

3.3.3 Oil palm as an example for SWC usage  

Oil palm is a crop that has potential to be a major user of SWC if efficacy testing gives 
positive results. Efficacy testing remains to be done on oil palm so dosage levels and yield 
changes are not known. For purposes of the present estimate it is assumed that a ten 
percent yield increase would result from application of ten liters of SEC-30S applied three 
times during the crop cycle at a cost of 30 USD/ha/yr. Average palm oil yields (e.g. in 

Anchor-buyer acceptance of 
carrageenan and SWC products 
will be based on: 

o Chemical analysis of 
product constituents 

o Rheological testing (SRC) 
o Broad-spectrum bioassays 

(SWC) 
o Efficacy testing involving 

small scale trials 
o Full scale planting trials 

For long-cycle crops acceptance 
may take several years. 
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Indonesia, the largest producer) are about 3.7 tons/hectare worth about 1,000 USD/ton so a 
ten percent yield increase amounting to 0.37 tons would be worth about 370 USD/ha, which 
is more than ten times the SWC investment.  

SWC can be applied as a spray along with pesticides and fertilizers so there should be little 
added application cost. Fertilizer management constitutes the largest field cost item in well-
run oil palm plantations in. As much as 80 % of production cost may be due to fertilizer cost. 
The action of SWC with many crops is to increase fertilizer efficiency. 

The combined hectarage of oil palm in Malaysia and Indonesia is about ten million hectares. 
If ten percent of this hectarage had SWC applied that could amount to ten million liters of 
SWC-30S per year. Since one ton of live spinosum yields about 48 liters of SWC-30S that 
would be equivalent to over 200 000 live tons of spinosum; equivalent to almost 38 000 
tons of raw dried spinosum; which would more than triple present Zanzibar spinosum sales.  
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4. Production plan 
4.1 Plant and process 
Basic process flow for the proposed ZanMUZE facility is outlined in Section 2.  Figure 4.1 
shows an example of a wet system plant layout. The proposed production plan is shown in 
Table 4.1. The facility would initially be operated according to proven process, quality 
control and quality assurance protocols that are available to the project through technical 
advisors. 

 

Figure 4.1. Example layout for a wet process 
system for the ZanMUZE ATC/SWC facility.  A. 
Side view of the gantry system. B. Top view of 
the wet process line. The system could be 
accommodated in an area about 30 x 10 meters 
(300 square meters). 

 

 

 

 

  



 26 

Table 4.1. Proposed production plan for the basic ZanMUZE ATC/SWC facility.   

 

4.2 Capital budget and timeline 

4.2.1 Capital budget 
Table 4.2 shows a summary capital budget for the ZanMUZE facility. Details of the estimates 
are contained in and Excel Workbook that is available on request and was attached to the 
submission of the present report to UNIDO. Features of these estimates included: 

1. It must be emphasized that this was a preliminary budget based on experience with 
factory projects in South East Asia so current quotations must be obtained for 
delivery to Zanzibar. 

2.  Estimates were conservative so they should cover actual costs.  
3. The capital cost estimates were for capital item costs only. They did not include 

design, installation and start-up costs that would involve the use of consultants and 
contractors. 

4. Procedures for accounting for depreciation have yet to be determined for the 
project. 

5. Facilities, utilities and equipment were scaled to allow for ready expansion of 
ZanMUZE facility capacity.  

Table 4.2. Summary capital 
budget for the ZanMUZE facility. 
Note that in this example no value 
was assessed to land as it was 
assumed that the Zanzibar 
government could make land 
available for the project. 
Allocations of this budget to 
government, UNIDO and the 
private sector are tentative. Any 
UNIDO participation would need 
to be part of a larger UNIDO 
capacity strengthening project 
that still would need to be 
negotiated and funded. 

SPINOSUM PRODUCTS FOR SALE
FS CCI SRC-I SM-I SWC-6A

YEAR 1 400 20 16 8 19
YEAR 2 800 40 32 15 38
YEAR 3 1 600 80 64 30 76
TOTALS 2 800 140 112 53 133

CAPITAL COST COMPONENTS ANNUAL
(TENTATIVE ALLOCATIONS) USD DEPRECIATION

total USD
GOVERNMENT
0 Land 70 000 0
1 buildings & improvements 239 800 25 520
Government subtotal 309 800 25 520
UNIDO
2 Utilities 23 500 5 150
3 Office equipment 18 450 4 363
4 Laboratory equipment 32 085 7 436
5 Drying systems 116 100 23 957
UNIDO subtotal 190 135 40 905
PRIVATE SECTOR
6 Wet process systems 125 100 26 730
7 Milling, blending & packing systems 71 700 14 340
8 Vehicles and vessels 64 000 12 800
Private sector subtotal 260 800 53 870
GRAND TOTAL 760 735 120 295
Assumptions:

TZS per USD = 1 600
TZS per Euro = 2 155

INSTALLATION & STARTUP = 0
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4.2.3. Timeline 
The most critical timeline elements were expected to be (1) time to install buildings and 
infrastructure elements; and (2) time to import machinery and clear it through customs 
procedures. A period of six months was allowed for these processes. If that proves to be 
true the facility should be able to generate product within the first year of operation 
according to the schedule indicated in the sales plan below and described as follows: 

6. During Year 1 the facility would be under construction so at best it could only 
operate at 25% of designed capacity. Staff would be training at the same time that 
they participate in setting up the operation.  

7. During Year 2 full staffing would be put in place and production would be 50% of 
designed capacity.  

8. During Year 3 the facility would operate at full capacity. 

4.3 Production and sales 
The production and sales plan (Table 4.3) was designed around the product lines shown in 
Table 3.1. Assumptions underlying this plan were: 

9. During Year 1 the facility would be under construction so at best it could only 
operate at 25% of designed capacity. Staff would be trained at the same time that 
they participate in setting up the operation. Samples of production would have to be 
given free for efficacy testing by various organizations so it was assumed that prices 
obtained for production would average only 75% of eventual sales prices. 

10. During Year 2 full staffing would be put in place and production would be50% of 
designed capacity. Average prices at 0.90% of target prices due to product sampling. 

11. During Year 3 the facility would operate at full capacity with full pricing. 
 

Table 4.3. Proposed production and sales plan for the UNIDO Zanzibar MUZE Seaweed 
Processing Facility (ZanMUZE) during the first three years of operation.  

PRODUCTION AND SALES YEAR 1 YEAR 2 YEAR 3 TOTALS
Spinosum needs in metric tons Total Total Total
As live weight 400 800 1 600 2 800
Production/sales in metric tons Total Total Total
CC-I carrageenan concentrate 20.0 40.0 80.0 140
SRC-I semi-refined iota carrageenan 16.0 32.0 64.0 112
SM-I spinosum seaweed meal 7.5 15.0 30.0 53
SWC-30S juice concentrate 19.0 38.0 76.0 133
Average prices in USD Avg. Avg. Avg.
CC-I carrageenan concentrate 600 720 800 2 120
SRC-I semi-refined iota carrageenan 1 875 2 250 2 500 6 625
SM-I spinosum seaweed meal 600 720 800 2 120
SWC-30S juice concentrate 2 250 2 700 3 000 7 950
Gross sales in USD Total Total Total
CC-I carrageenan concentrate 12 000 28 800 64 000 104 800
SRC-I semi-refined iota carrageenan 30 000 72 000 160 000 262 000
SM-I spinosum seaweed meal 4 500 10 800 24 000 39 300
SWC-30S juice concentrate 42 750 102 600 228 000 373 350

TOTAL SALES IN USD 89 250 214 200 476 000 779 450
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5. Human resources plan 
Staff will be recruited in Zanzibar with preference being given to people with adequate 
training and experience who are native to seaweed production areas. Pay scales are 
estimates based on local advice. 

Table 5.1. Proposed list of staff and pay levels (including payroll added costs) necessary to 
operate the ZanMUZE facility during three years of development and operation. 

 

 

  

Year 1 staff Year 2 staff Year 3 staff
MAN TZS/ USD/ USD/ TZS/ USD/ USD/ TZS/ USD/ USD/

Salaried staff YRS MO MO YR NO. MO MO YR NO. MO MO YR
Factory manager 1.0 3 200 000 2 000 24 000 1 3 200 000 2 000 24 000 1 3 200 000 2 000 24 000
Assistant factory manager 0.0 2 400 000 1 500 0 1 2 400 000 1 500 18 000 1 2 400 000 1 500 18 000
Administation supervisor 0.5 1 600 000 1 000 6 000 1 1 600 000 1 000 12 000 1 1 600 000 1 000 12 000
Administrative staff 0.5 320 000 200 1 200 2 320 000 200 4 800 2 320 000 200 4 800
Technical supervisor 1.0 2 400 000 1 500 18 000 1 2 400 000 1 500 18 000 1 2 400 000 1 500 18 000
Lab technicians 0.5 480 000 300 1 800 2 480 000 300 7 200 2 480 000 300 7 200
Security 2.0 240 000 150 3 600 6 240 000 150 10 800 6 240 000 150 10 800
Fixed labor totals 5.5 10 640 000 54 600 14 10 640 000 94 800 14 10 640 000 94 800
Variable labor (staff on wages)
Shoreside milling/pickup 1.0 480 000 300 3 600 4 480 000 300 14 400 4 480 000 300 14 400
Factory milling 1.0 480 000 300 3 600 4 480 000 300 14 400 4 480 000 300 14 400
Wet process 1.0 480 000 300 3 600 4 480 000 300 14 400 4 480 000 300 14 400
Drying & evaporation 1.0 480 000 300 3 600 4 480 000 300 14 400 4 480 000 300 14 400
Milling, blending, packing 1.0 480 000 300 3 600 2 480 000 300 7 200 2 480 000 300 7 200
Variable labor totals 5.0 2 400 000 18 000 18 2 400 000 64 800 18 2 400 000 64 800
Grand totals 10.5 13 040 000 72 600 32 13 040 000 159 600 32 13 040 000 159 600
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6. Financial plan 
6.1 Projections for ZanMUZE facility 
Details of financial estimates are contained 
in and Excel Workbook that is available on 
request and was attached to the submission 
of the present report to UNIDO. Since the 
ZanMUZE project was designed as a sub-
commercial scale facility complete financial 
analyses including profit and loss 
statements, balance sheet analyses and 
other analyse were not undertaken. These 
would be included in business plans based 
on results from ZanMUZE project results. 

 

 

Table 6.1 A budget summary for the UNIDO Zanzibar MUZE Seaweed Processing Facility 
(ZanMUZE) during its first three years of operation. EBITDA means Earnings Before Interest, 
Taxes, Depreciation, and Amortization. 

The ZanMUZE facility was designed to 
serve as a small-scale production 
facility that can generate commercial 
sized batches of product for efficacy 
testing and approvals by potential 
anchor buyers. It was not designed at a 
scale expected to be large enough to 
generate attractive financial returns.  
As product acceptance is achieved with 
anchor buyers and cost/price 
structures develop the facility can be 
expanded based on funded business 
plans.  

ITEM YR 1 YR 2 YR 3 TOTALS
Spinosum needs in metric tons
Total tons live spinosum purchased 400 800 1 600 2 800
Sales in metric tons
CC-I carrageenan concentrate 20 40 80 140
SRC-I semi-refined iota carrageenan 16 32 64 112
SM-I spinosum seaweed meal 8 15 30 53
SWC-30S juice concentrate 19 38 76 133
Sales in USD
CC-I carrageenan concentrate 12 000 28 800 64 000 104 800
SRC-I semi-refined iota carrageenan 30 000 72 000 160 000 262 000
SM-I spinosum seaweed meal 4 500 10 800 24 000 39 300
SWC-30S juice concentrate 42 750 102 600 228 000 373 350
GROSS SALES IN USD USD 89 250 214 200 476 000 779 450
Total variable G&S cost 63 701 144 886 213 362 421 949
Total fixed cost of G&S 57 947 100 157 100 157 258 261
Total sales and marketing costs 20 400 20 400 20 400 61 200
Total G&A costs 10 800 15 000 15 000 40 800
Total R&D costs 6 000 6 000 6 000 18 000
Costs & benefits in USD
Total seaweed costs 27 500 55 000 110 000 192 500
Total tolling costs 131 348 231 443 244 919 607 710
TOTAL COSTS 158 848 286 443 354 919 800 210
TOTAL INCOME 89 250 214 200 476 000 779 450
EBITDA -69 598 -72 243 121 081 -20 760
Depreciation in USD 120 295 120 295 120 295 360 884
EARNINGS AFTER DEPRECIATION -189 893 -192 538 786 -381 644
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6.2 Expansion to commercial scale 
BASE CASE – ORIGINAL ZANMUZE PILOT FACILITY: According to the estimates presented in 
Table 5.1, the ZanMUZE facility would be operating at positive EBITDA (Earnings Before 
Interest, Taxes, Depreciation, and Amortization) by the third year if anchor buyer price and 
volume aspirations are achieved or exceeded. Losses would be incurred during the two 
startup years of operation. 

5P CASE – FIVE PERCENTAGE EXPANSION: The ZanMUZE facility was designed for ready 
expansion to process five percent of Zanzibar spinosum production (2012 basis). That would 
involve additional capital investment on the order of an additional 300 K USD on top of the 
660 K USD needed for the base case. The plant would require little additional staff and 
would approximately double the amount of variable labor.  

10P CASE – TEN PERCENTAGE EXPANSION: Expansion to ten percent of Zanzibar spinosum 
production (2012 basis) could involve additional capital investment that would 
approximately double the 5P case so the total would be on the order of two million dollars. 
It would require some additional staff and would approximately double the amount of 
variable labor used in the 5P case.  

Table 6.2. Comparison of annual production and sales projections for the ZanMUZE 
Seaweed Processing Facility operating at full capacity (BASE) with 5P and 10P expansion 
scenarios operating at full capacity. 

 

 

PRODUCTION AND SALES BASE 5P 10P
Spinosum needs in metric tons Total Total Total
As live weight 1 600 8 000 16 000
Production/sales in metric tons Total Total Total
CC-I carrageenan concentrate 80.0 400.0 800.0
SRC-I semi-refined iota carrageenan 64.0 320.0 640.0
SM-I spinosum seaweed meal 30.0 150.0 300.0
SWC-30S juice concentrate 76.0 380.0 760.0
Average prices in USD Avg. Avg. Avg.
CC-I carrageenan concentrate 800 800 800
SRC-I semi-refined iota carrageenan 2 500 2 500 2 500
SM-I spinosum seaweed meal 800 800 800
SWC-30S juice concentrate 3 000 3 000 3 000
Gross sales in USD Total Total Total
CC-I carrageenan concentrate 64 000 320 000 640 000
SRC-I semi-refined iota carrageenan 160 000 800 000 1 600 000
SM-I spinosum seaweed meal 24 000 120 000 240 000
SWC-30S juice concentrate 228 000 1 140 000 2 280 000
TOTAL SALES IN USD 476 000 2 380 000 4 760 000
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Table 6.2 compares annual production and sales projections for the ZanMUZE seaweed 
processing facility operating at full capacity (BASE) with 5P and 10P expansion scenarios 
operating at capacity. Table 6.3 compares annual budget projections for the same scenarios. 
These comparisons suggest that economies of scale would result in increasingly profitable 
operation of a commercial ZanMUZE operation as expansion occurs. A 10P scale of 
ZanMUZE would require about 8 000 tons of live spinosum per annum which is equivalent to 
about 1 500 tons of dried spinosum.  

Table 6.3. Comparison of annual budget projections for the ZanMUZE Seaweed Processing 
Facility operating at full capacity (BASE) with 5P and 10P expansion scenarios operating at 
full capacity. Additional investment costs are outlined above. EBITDA means Earnings Before 
Interest, Taxes, Depreciation, and Amortization. 

 

 

According to these estimates a production level utilizing about ten percent of the amount of 
2012 Zanzibar spinosum production could yield almost 2.8 USD EBITDA on annual sales of 
4.8 M USD. 

 

ITEM BASE 5P 10P
Spinosum needs in metric tons
Total tons live spinosum purchased 1 600 8 000 16 000
Sales in metric tons
CC-I carrageenan concentrate 80 400 800
SRC-I semi-refined iota carrageenan 64 320 640
SM-I spinosum seaweed meal 30 150 300
SWC-30S juice concentrate 76 380 760
Sales in USD
CC-I carrageenan concentrate 64 000 320 000 640 000
SRC-I semi-refined iota carrageenan 160 000 800 000 1 600 000
SM-I spinosum seaweed meal 24 000 120 000 240 000
SWC-30S juice concentrate 228 000 1 140 000 2 280 000
GROSS SALES IN USD USD 476 000 2 380 000 4 760 000
Total variable G&S cost 213 362 837 579 1 675 158
Total fixed cost of G&S 100 157 126 617 126 617
Total sales and marketing costs 20 400 40 800 81 600
Total G&A costs 15 000 30 000 60 000
Total R&D costs 6 000 12 000 24 000
Costs & benefits in USD
Total seaweed costs 110 000 550 000 1 100 000
Total tolling costs 244 919 496 996 867 375
TOTAL COSTS 354 919 1 046 996 1 967 375
TOTAL INCOME 476 000 2 380 000 4 760 000
EBITDA 121 081 1 333 004 2 792 625
Depreciation in USD 120 295 180 442 360 884
EARNINGS AFTER DEPRECIATION 786 1 152 562 2 431 741
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6.3 Long-range potentials 
As explained in Section 3 of the present report, market potentials could be very large for 
MUZE products made from spinosum. Even if Zanzibar production was doubled it appears 
that markets could easily absorb MUZE product volume provided that efficacy is 
demonstrated and anchor buyers are engaged.  

Seaweed biomass is getting increasing attention from biotechnology developers in global 
technology centers. Some are already turning their attention to spinosum because of its 
demonstrated biomass productivity and potentially attractive production economies. It 
seems that major imminent uses exist for increased spinosum biomass and further uses are 
likely to develop over the coming decades.  

For Zanzibar there is a need to use the next few years to bridge the development gap and 
consolidate Zanzibar’s position as a major global spinosum biomass source. The ZanMUZE 
project is designed to assist in achieving that goal. 

  



 33 

7. References 
Bixler HJ & Porse H, 2010. A Decade of Change in the Seaweed Hydrocolloids Industry. 
Plenary paper presented at the XX International Seaweed Symposium, Ensenada Mexico, 
February, 2010 

Craigie JS, 2011. Seaweed extract stimuli in plant science and agriculture. J Appl Phycol 
(2011) 23:371–393 

FAO, 2012. The State of World Fisheries and Aquaculture 2012. ISSN 1020-5489. Publishing 
Policy and Support Branch Office of Knowledge Exchange, Research and Extension FAO. 

Khan W, Rayirath UP, Subramanian, S, Jithesh M N, Rayorath, P, Hodges DM Critchley, A T, 
Craigie, J.S, Norrie, J & Prithiviraj, B, 2009. Seaweed Extracts as Biostimulants of Plant 
Growth and Development. J Plant Growth Regul DOI 10.1007/s00344-009-9103-x. 

MACEMP, 2009. The Status of Zanzibar Coastal Resources: Towards the Development of 
Integrated Coastal Management Strategies and Action Plan. Prepared by the Zanzibar 
Department of Environment through support from Marine and Coastal Environment Project 
(MACEMP). 

Msuya FE, 2011. A Study of Working Conditions in the Zanzibar Seaweed Farming Industry. 
Published by Women in Informal Employment: Globalizing and Organizing (WIEGO) as part 
of the Inclusive Cities project and MDG3 Fund: Investing in Equality. ISBN number: 978-92-
95095-40-3. 

Msuya FE, 2011. The impact of seaweed farming on the socioeconomic status of coastal 
communities in Zanzibar, Tanzania. WORLD AQUACULTURE 42:3 pp 45-48. World 
Aquaclture Society, Baton Rouge, LA USA. 

Msuya FE, 2013. Some Social and Economic Dimensions of Seaweed Aquaculture in the 
Tanzania. In Valderrama, D., Cai, J., Hishamunda, N. & Ridler, N., eds. 2013. Social and 
economic dimensions of carrageenan seaweed farming. Fisheries and Aquaculture Technical 
Paper No. 580. Rome, FAO. 

Msuya FE, (in prep.). Opportunities in the aquaculture sector of Zanzibar: youths and 
women in seaweed farming. Submitted to Food and Agricultural Organization, under the 
Personal Services Agreement (PSA-NAT) Contract, January 2013. 

Neish IC, 2013. Some Social and Economic Dimensions of Seaweed Aquaculture in 
Indonesia. In Valderrama, D., Cai, J., Hishamunda, N. & Ridler, N., eds. 2013. Social and 
economic dimensions of carrageenan seaweed farming. Fisheries and Aquaculture Technical 
Paper No. 580. Rome, FAO. 



 34 

Neish, !C & Msuya, FE 2013. Seaweed Value Chain Assessment of Zanzibar. Report 
submitted for UNIDO Project no 13083 “Building Seaweed Processing Capacities in Zanzibar 
and Pemba: Creating value for the poor”. 

Stirk, WA & van Staden, J, 2006. Seaweed Products as Biostimulants in Agriculture. In 
World Seaweed Resources, an authoritative reference system. Critchley, A.T., Ohno, M. and 
Largo, D.B. [Eds}. 

Valderrama D, Cai J, Hishamunda, N & Ridler, N, eds. 2013. Social and economic 
dimensions of carrageenan seaweed farming. Fisheries and Aquaculture Technical Paper 
No. 580. Rome, FAO. 



Iain C Neish
Typewritten Text

Iain C Neish
Typewritten Text

Iain C Neish
Typewritten Text

Iain C Neish
Typewritten Text

Iain C Neish
Typewritten Text

Iain C Neish
Typewritten Text
APPENDIX A

Iain C Neish
Typewritten Text

















Iain C Neish
Typewritten Text
APPENDIX B








	Abstract
	Glossary
	Table of contents
	3ADI_SEC2_ZNZ_FEAS_REPT_24SEP13-1.pdf
	Introduction
	1. Overview: current production conditions
	1.1.  Locational specifics
	1.2.  The present Zanzibar seaweed industry
	1.2.1 Major markets
	1.2.2 Zanzibar seaweed production


	2. Commerce and process technology
	2.1 Seaweed commercial arrangements and standards
	2.2 Characteristics of iota and kappa carrageenans
	2.3 Standards for refined and semi-refined carrageenan
	2.4 Methods for making semi-refined iota carrageenan (E407a)
	2.5 Methods for making refined iota carrageenan (E407)
	2.6 Methods for making seaweed juice (a.k.a. seaweed concentrate  or SWC)
	2.7.  Value addition process flow options
	2.8  Zanzibar factory concept
	2.8.1 Location
	2.8.2 Technology
	2.8.3 Scale and capacity

	2.9  Enterprise ownership and structure
	2.10  Project's contributions to the economy

	3. Marketing and sales plan
	3.1 Product lines
	3.2 Product efficacy and anchor buyers
	3.3 Market potential
	3.3.1 Carrageenan market potential
	3.3.2 SWC application rates
	3.3.3 Oil palm as an example for SWC usage


	4. Production plan
	4.1 Plant and process
	4.2 Capital budget and timeline
	4.2.1 Capital budget
	4.2.3. Timeline

	4.3 Production and sales

	5. Human resources plan
	6. Financial plan
	6.1 Projections for ZanMUZE facility
	6.2 Expansion to commercial scale
	6.3 Long-range potentials

	7. References




