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MICROALGAE INNOVATION

Reducing Costs in  
Large-Scale Production

Microalgae processing and production companies still 
face technology and cost issues. A Dutch company 

uses a proprietary in-house system that is scalable and 
modular providing economy of scale.

by Anneke Roes, Marketing Communication Manager, Phycom

❯ INDUSTRY INNOVATION

Demand for food will rise significant-
ly as a result of global population 
growth. And the consumption of  

animal products is increasing due to in-
creasing prosperity. Total demand for plant-
based food and feed is expected to exceed 
the bounds of feasibility within the near  
future. Algae have long been of keen in-
terest to scientists as the green gold of the 
future. Due to their nutrient profile of non-
animal protein, fatty acids, antioxidants,  
vitamins, minerals and fiber, algae have a 
promising outlook. But despite the prom-
ise, producers across the globe still have 
to tackle the challenge of making algae  
production economically feasible.

In recent decades, the use of micro-
algae-derived products has been grow-
ing exponentially. The major hurdle to-
wards the success of micro-algae derived 
foods, however, is the lack of incentives for  
microalgal-based foods production cou-
pled with low awareness about (health) 
benefits. The use of microalgae in the food 
and nutraceutical industries is expected to  
expand when these obstacles are addressed. 
Moreover, as a nascent food ingredient  
alternative, microalgae offer opportunities 
with regards to climate change issues and 
meeting the dietary requirements of high 
population growth. 

Microalgae-based functional foods have 
not been used to its potential full capacity 
due to the high costs associated with micro-
algae harvesting and component extraction. 
The main challenges for mass microalgae 
cultivation include scale-up possibilities, 

reduction of production costs, and attain-
ing stable and reliable processes.

Large-Scale Production
Phycom has defined four challenges which 
involve large-scale production of micro-
algae: price, quality, sustainability and  
volume. A better understanding of types of 
production processes is needed to tackle 
the problems. In general, there are three 
types of cultivation techniques: open pond, 
semi-closed (horizontal tubular photobi-
oreactors [PBRs] or flat panel PBRs) and 
closed systems (fermenters).

Open pond systems are less cost-inten-

sive to construct, at the minimum requir-
ing only a trench or pond. Large ponds 
have the largest production capacities rel-
ative to other systems of comparable cost.  
However, low-cost open pond systems strug-
gle to overcome several problems, such as  
contamination and evaporation. Semi-closed 
systems (PBRs) include tubular systems,  
confined photobioreactors, horizontal or 
vertical tubular and plate in greenhous-
es and a horizontal and vertical thin film 
in greenhouses.

Challenges remain such as light utili-
zation efficiency, temperature regulation, 
and mixing, which leads to high power  
requirements, oxygen accumulation, biofoul-
ing and cost. These methods also typically  
require glass/metal support in their con-
struction, making them more expensive to 
build and operate than ponds.

To meet production hurdles, Phycom  

❯  The major hurdle towards 
the success of micro-algae 
derived foods is the lack of in-
centives for microalgal-based 
foods production coupled 
with low awareness about 
(health) benefits.   
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designed its proprietary, in-house cultiva-
tion system. This system is characterized by  
being modular (and therefore scalable = 
volume and price), fully closed (quality is  
assured) and circular (reuse of raw materials, 
water and cultivation supplies). The modu-
lar flexible production process combines 
the strictest process controls, which results 
in an economical and reliable concept. 

The closed production system con-
tains only single-strand purified cultures, 
which are genome-sequenced, making the  
output genuine and algae strain-prov-
en. The closed system is fully season- 
independent as well as climatic-condi-
tion autonomous. This high-tech solution 
has straightforward scalability. Further-
more, the closed cultivation system has a  
constant output which addresses all the 
cultivation challenges. This varies greatly 
from the low output and/or high investment 
technologies that are widely known, ena-
bling Phycom to offer a technology that is  
efficient and innovative in microalgae  
cultivation for feed and food purpos-
es. The core advantage is that Phycom  
employs a technology that starts with  
having a fixed production protocol for  
microalgae that can be scaled up, from which  
different types of products can then be 
made.
Commercial Hurdles 
The organic market is expanding since 
consumers consciously choose products 
that have been produced in a sustainable 
way with environmental issues foremost in 
their mind. Organic is a quality mark which 
gives assurance that a product has been 
produced with respect for nature and with-
out chemical pesticides or fertilizers. How-
ever, there is a gap between obtaining an 
organic quality mark and a major, sustain-
able production of microalgae in a food-
safe manner.

Especially in the Western world, algae 
are not part of traditional diets. The use 
of macroalgae such as kelp and nori as 
food is deeply rooted in the Pacific (China,  
Japan, Korea) and North Atlantic (Cana-
da, Greenland, Ireland). The use of algae 
ingredients such as alginate and agar is 
widely known. But the use of microalgae as  
a food ingredient is still in its infancy. Al-
gae is very versatile with an umami taste, 
and the intense green color offers endless  
application possibilities. From confectionery 
to bakery, to pet food and even fish feed, 
the outlook is very promising. 

Phycom has gained know-how about 
product development with customers.  
Every customer differs, and every applica-
tion varies. To achieve this, Phycom collab-
orates closely with the client to ensure a  
customized product that offers considerable 

benefits with regards to product features. 
Algae can be found in artisanal and most-

ly seasonal products as consumers look for 
authenticity. Privately owned, small-scale 
bakeries provide products that consumers 
cannot find in retail shops. The application 
of algae in cakes, crackers, or bread gives 
them a product differentiation advantage. 

Since every application has its challeng-
es, there is no one-fits-all solution. Process-
ing must be tailored to the targeted prod-
uct. By collaborating with the customer and 
assessing the scope and limits of their pro-
duction process, a specific product fits the 
relevant application. For instance, some 
producers have the option of process-
ing frozen products, which have a short 
shelf life end product, and they will, there-
fore, look for an easily soluble ingredient. 
In this case, fresh algae paste or frozen  
algae pellets are the first product of choice 
to start the NPD of smoothies, beverag-
es, soups and sauces. Another consider-
ation is the specific feature the customer  
is looking for in the end product. Are the 
algae a unique selling point? It would then 
be desirable to have them more visible in 
the end product, and algae flakes can be 
the product of choice. The flakes provide 
a marbled coloring in dough products or 
a “herb look” in meat alternatives.
 
Collaborative Research
Microalgae are also a source of food for 
many aquatic species, ruminants, pigs, 
poultry and other animals. From the  
animal feed industry, Phycom receives a  
lot of interest as new scientific data becomes 
available. Since the feed industry is more 
fact-driven and less marketing-focused, 
producers have the challenge to demon-

strate with research results the effect of  
microalgae used in animal feed. 

Phycom works together with multiple  
industry leaders and the Wageningen  
University & Research (NL) in a partner-
ship to uncover these results. The collab-
oration aims to broaden the willingness 
of the industry to start with microalgae 
and see the positive impact of microal-
gae use in their (specialty) products. These 
partnerships will eventually showcase the 
use and added-value of microalgae in the  
entire feed chain. 

The clean label, plant-based diet trend, 
and concern for animal welfare and  
other ethical concerns further enhance the 
use of algae in a regular diet. The broader  
acceptance of algae as food by the  
consumer is still a challenge. 

As a B2B company, Phycom considers 
the willingness of food manufacturers 
to start with microalgae in their prod-
uct portfolio as a crucial step in prod-
uct development. The company sees it 
as a challenge to offer innovative ingre-
dients such as microalgae to a mainly  
conservative industry. Some of the main 
concerns are the loss of the regular  
customer base when a product is declared 
to carry an ingredient that is unknown to 
the general public. With that in mind, Phy-
com aims to educate and inspire NPD pro-
fessionals to start with the most versatile 
and sustainable ingredients of the future.t

❯  Phycom considers the willing-
ness of food manufacturers to 
start with microalgae in their 
product portfolio as a crucial 
step in product development.   
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