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Abstract 

 

Algae convert carbon dioxide and sunlight into oxygen, heat, and 

biomass. Microalgae integration with buildings as a 

photobioreactor-based source of biofuel has the potential to 

change high-performance architecture. This paper will examine 

current information on microalgae bioreactive facades, give a 

survey of prior studies on the performance of these unique façade 

systems, present the status quo, and identify gaps in theory and 

practice. Finally, the effectiveness of microalgae facades as solar 

thermal collectors is examined, along with some research 

suggestions for the future. 

 

KEYWORDS: Biomass, Microalgae, Photo bioreactors, panel 

photo bioreactor, Tubular photo bioreactor, Building-integrated 

photo bioreactors 
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1. INTRODUCTION 

 

In the cooling, ventilation, and lighting processes, the concept of 

sustainable building consumes relatively little energy and relies 

mostly on renewable energy resources. There are also passive 

cooling systems, which are regarded as the most efficient means 

of preserving energy because they aim to use available 

technology to passively cool buildings without the use of power, 

and they are based on five primary natural processes: radiation, 

evaporation, ventilation, shading, and insulation (Francis Allard, 

1999). As a result, the purpose of this study is on two of these 

techniques: ventilation and shading, and how building skins work 

with them to achieve a low energy profile, which is a key 

objective for constructing sustainable buildings that create more 

energy than they consume. To further improve and increase the 

function of alternative energy sources, simpler and more efficient 

technologies are necessary. (Conservation and efficiency, 2008) 

As a result, from the moment a choice to construct a structure is 

taken until the building is used, it is critical for architects to 

tackle some challenges for energy-efficient and sustainable 

design. Because the frontispiece and its direct interaction with the 

outside environment are regarded as one of the most essential 

aspects of the construction industry, energy efficiency issues 

must be taken in building facades technologies. 
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The building envelope or pores and skin contains the outer 

factors of construction, consisting of the foundation, walls, roof, 

windows, doorways and floors (ASHRAE, 1999a). This envelope 

just like the pores and skin of a human body is referred to as 

upon to carry out a large number of simultaneous capabilities in a 

notably thin dimension. These may be divided into power-

associated and non-power-associated functions. Furthermore 

energy performance in its function as a frontispiece, the building 

envelope regularly informs critical cultural and social data which 

include a feeling of greatness or permanence. 

2. METHODS 

           The theoretical component is based at the inductive way 

as a basis, if you want to crystallize the desired concept, after 

which broaden the proposed way; the applied 

3. USING WATER IN BULDING'S FACADE  

3.1. Council House 2 (CH2), Melbourne, Australia 

 

           Hansen Yuncken constructed Council House 2 (CH2) 

which became Australia's first building with a six-star green star 

design rating. After its final touch in 2006, CH2 has modified the 

landscape of its nearby place and stimulated builders and 

architects throughout Australia and the world. 
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3.1.1. Water-based façade 

 

By the shower towers at the southern façade, outdoor air is pulled 

from the top of the street and is cooled via way of means of 

evaporation from the shower of water. The cool air is provided to 

the retail areas and the cool water is utilized to precool the water 

that comes from the chilled water panels as proven in Fig. 1. 

   

 

 

 

 

 

 

Fig. 1. a) Council House 2. 

 

 

 

      

 

 

b) The shower tower. 
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     • „Shower towers‟ at the south aspect of the building work as 

passive cooling towers – air and water lightly falls to offer more 

cool water for building reticulation and cool air to complement 

floor ground and retail cooling 

• Water is pumped thru a battery such as „phase change‟ 

basement plant for pre-cooling. 

4. BIQ BUILDING, HAMBURG, GERMANY 

The BIQ is placing new requirements because the first building 

globally has a bioreactor façade. Microalgae are inside the glass 

factors that form its “bio skin”. They produce energy, and can 

also control light and make shade [1]. The design applies the idea 

of flat-plate PBRs hooked up for the primary time in the BIQ 

house to provide warmness and biofuel (biogas),  
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with the purpose of creating a self-sustainable building because 

the energy need of the building can be tackled via way of means 

of the algae cultivation as proven in Fig. 2. 

 

 

 

 

 

Fig. 2. The BIQ building, the first algae-powered building by Arup, Germany [2] 

4.1. Integrating the System with Algae 

               Overall 129 PBR panels are set at the southeast and 

southwest façades of the building as a minor layer. Each PBR panel 

is 2. five m × 0.7 m with a thickness of 0. eight m. It has 24 l of 

liquid for microalgae culture. Each part of PBR is covered by 

laminated safety glass for protection and thermal insulation. The 

bio-adaptive façade is completely included with the building 

cervices device to harvest, distribute, keep and use the sun thermals 

warmness at the site, and algal biomass. Two ways are undertaken 

inside the PBR: the primary is the diversion of light into heat as a 

sun thermal process, and the secondary is the diversion of light into 

biomass in a biochemical process (photosynthetic process). The 

systems of two separate pipes deliver the PBR, a compressed air 

system, and a water system. The injection of compressed air from 

the lowest part of the panel produces growing air bubbles that 

assure the circulation of the medium to preserve the suspended 

microalgae, cleaning the internal surfaces to prevent the deposition 

of algae, and motivate the absorption of carbon and light. The water 

system consists of water, as a traditional medium, provided with 

nitrogen, phosphorus, and hint factors as nutrients.  
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These pipe systems of the PBR are included into the fringe framing 

that is related via way of means of a closed loop to the plant room 

(building services system) as proven in Fig. 2 

 

 

 

 

 

 

 

 

Fig. 3. Detail View of Solar Leaf façade at BIQ House, Germany [1] 

1. GREEN LOOP TOWER, CHICAGO, ILLINOIS, USA 

 

           A design suggestion for an algae modify of the towers of 

Marina in Chicago, Illinois, USA. Using the natural CO2 soaking 

up abilities of the live material, the idea adds methods of city 

decarbonization via way of means of connecting loops of 

bioreactors on towers. This is a closed loop system that makes a 

specialty of 3 several ranges to reduce carbon: direct carbon 

sequestration from the air, sucking through vegetal photosynthesis, 

and extra ways to harvest herbal electricity. By staring from the top, 

there are carbon scrubbing plants pushed through wind energy 

generators will seize CO2 from the air, filter it, and then release 

oxygen back into the environment. The algae bioreactors will 

provide sufficient energy to meet the building's operational 

requirements. 
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 A modular system of algal tubes will absorb solar energy and 

produce biofuel around the upper circle of the towers and one of the 

parking ramps.  Furthermore, the other parking ramp will be 

converted into a gravity-driven phytoremediation device for reusing 

water. The armature for photovoltaic and solar thermal panels will 

be the semicircular balconies that rotate around the façade, 

producing an additional source of electricity and also chances for 

vertical farming. [3] 

Fig. 4.  a)  Green loop tower.    b)  Algae tubes at top of tower.   

  c) Carbon-scrubbing devices [3] 
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Fig. 4.  Carbon scrubbing devices contents [3] . 

1.1   Integrating the System with Algae 

1.1.1 Phase 1: The air movement through the CO2 collector capsule is 

aided by a fan that is immediately triggered by the wind turbine. The CO2 

reacts with the device's resin, which traps it [4].  

1.1.2 Phase 2: The capsule is completely locked once the resin is 

saturated. Water vapor is injected into it to raise dampness, and when the 

dampness is high enough, the resin produces CO2 that is gathered and 

stored or reused in a variety of ways. [4]. 

Rain 

protect

Co2-scrubber ventilation fan directly set 

in motion by the wind turbine, to 

prevent the dissipation of energy. 

Glass capsule 

Upper closing device (diaphragm 

like) for the co2 extraction phase 

Electric generator 

Co2 absorbers with special 

resin 

Lower locking device: it is mounted 

on a piston and rises to close the 

lower opera opening of the capsule 

when co2 is extracted from resin. 

Wind turbine, type helix, catches 

wind from all direction creating 

smooth powerful torque to spin the 

electric generator and the co2- 

scrub   
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Fig. 5. Integrating the System with Algae 

 

 

 

 

 

Phase 1 Phase 2 

A great part of Carbon dioxide absorbed from atmosphere is 

stored underground at great depth in depleted oil fields 
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Hermetically 

closed 
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closed 

Co2 absorbed can be sold to pharmaceutical 

industries which use carbon for their products 

Wind 
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2. GSA Office Building  

  HOK and Vanderweil used microalgae PBRs to run the Net Zero 

building as a retrofit answer for the 46-year-antique federal 

workplace building in Los Angeles, the GSA workplace building. 

The champion of the Global Algae Contest and Metropolis 

Magazine's Next Generation Design Contest 2011, the Net Zero 

retrofit solution, was presented to decrease building emissions by 

30% by 2020. The microalgae PBRs fill 25,000 ft2 of the GSA 

building's envelope with a modular collection of tubular PBRs [5] 

At the same time, the PBRs provide sun screening for the inside 

rooms. The retrofit solution and tubular PBRs are shown in Figure 

3. The method utilizes building waste water as fertilizers and 

produces CO2-laden air from the roadway to the plant's primary 

building block. The alga immediately sucks oxygen and produces 

fatty lipids, which can be used to generate heat and electricity in co-

generators [6]. 

Fig. 6. a) GSA workplace building earlier than retrofitting, b),c) the 

Process Zero retrofit of GSA; d), e) the tubular setup of the retrofit 

answer covered grid (microalgae membrane) [5].  

Fig. 6. The Process Zero Retrofit building's microalgae bioreactor system is depicted 

in schematic form. [5] 
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2.1  Energy Efficiency  

As HOK and Vanderweil, The layout makes use of established 

electricity conservation and renewal strategies, such as atria and light 

wells that provide daytime into work places, incorporated louvers for 

natural ventilation, a brand new facade with 35,000 rectangular ft of 

photovoltaic film, 30,000 rectangular ft of rooftop sun creditors that 

flow into water via flooring to assist with weather control, and 

workplace device worked with the aid of using a cloud computing 

system. The microalgae PBR system produces most effective 9% of 

the renewed federal building's power supply. This combanation 

provides building electricity depth with the aid of using almost 84%, 

whilst producing the remaining 16% on-site, offsetting the electricity 

intake and accomplishing the purpose of a net 0 design [7].            

5. INNOVATIVE MICROALGAE BIOREACTIVE 

FACADES (CONCEPUAL PROGECT) 

5.1 The Hydral Bioreactor Facades 

 

Hydral is a groundbreaking infrastructure technology made for an 

environmentally-aware future. Utilizing genetically changed algae, 

our way modifies carbon dioxide into hydrogen thru photosynthesis. 

Thus, hydrogen is used by fuel cells to run homes and cars, at the 

same time as our manner concurrently cleanses nearby waste water. 

At the end of Hydral's process, algal biomass is recycled as either 

fertilizer or a base aid to make biodiesel and petroleum gas off-site. 

By co-operation with multifaceted architecture institution Ore 

Design + Technology, Grow Energy is growing the Hydral way 

mainly for integration inside new systems and building projects [8]. 
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Fig. 7.  a) A Hydrail Bioreactor building [8]. 

Hydral systems like miniature rainforests because the system 

constantly uses carbon dioxide. The difference is in changing a part 

of that absorbed carbon dioxide into useable energy, with inside the 

shape of hydrogen. As proven in the right, the Hydral process is a 

complete two week cycle, in which 4 days are done in regular 

photosynthetic conditions (carbon dioxide decreased whilst oxygen 

released into the atmosphere), in addition to the last ten days are 

challenge to changed photosynthetic conditions, in which hydrogen 

is made through algae in place of oxygen. Every panel is a modular 

1 meter x 2 meter x .1 meter panels of hydrogen generating algae as 

proven in Fig. 8. 
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Fig. 8. Detail View of panels of hydrogen [8]. 

 

 

 

 

 

 

6. MULTIPLE BENEFITS 

 The benefit of biomass is that it could be utilized flexibly for 

electricity and warmth generation, and it could be saved with 

practically no energy loss. In addition, cultivating microalgae in flat 

panel PBRs calls for no extra land-use and isn‟t excessively 

suffering from climate conditions. 

As well, the carbon needed to feed the algae may be made from any 

close by combustion process (including a boiler in a close-by 

building. This implements a brief carbon cycle and stops carbon 

emissions getting into the environment and helping to weather 

change. 

 

 

 

Algae out 

Algae in 
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As microalgae soak up daylight hours, bioreactors also can be 

utilized as dynamic shading devices. The cell density in the 

bioreactors relies upon on to be had light and the harvesting system. 

During there's extra daylight hours to be had, extra algae grows – 

making extra shading for the building.” [1] 

      This alga is appeared as a 'miracle food' for its dietary cost and 

natural cleaning and detoxifying properties. It is made 

commercially earlier than being dried and formed into pill shape or 

delivered to different fit to be eaten products. It is photographed on 

the Roquette factory, Klotze, Germany fig.9. [9]. 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Algae food supplement 
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7. CONCLUSIONS  

The essential goal of this review is to make clear the possibility 

applications of bioenergy in architecture, particularly the building 

incorporated PBRs. The major contribution of this paper inside its 

area has been actually explained on this section. This paper has 

tackled the crucial parts of microalgae as a biomass-primarily based 

totally on bioenergy source, PBR façades and their potential types, 

the composition, and mechanisms of PBR façades, and the 

outcomes of such façades in terms of energy and environmental 

overall performance and their architectural configurations.       In 

addition, this review has focused on the demanding situations that 

face this technology. The end of the in advance review might be 

prepared in terms of the technical necessities of the PBR system, its 

demanding situations, and its prospects. 
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