Technological change and innovation:
Sustainable business idea.
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1. Introduction 
In recent years there has been a change in societal attitudes toward climate change, and research shows that consumers are growing more concerned about humans’ impact on the environment. A report commissioned by the World Wildlife Fund ‘WWF’ illustrates the dramatic change in consumer behaviour over the past five years. 

Below is an infographic from the report, and it represents data from Googles search engine across five countries. The statistics reveal that across the five countries, online searches for sustainable products and services have increased by 71% since 2016. Consumers are changing their shopping habits and expect businesses to supply sustainable goods and services. 
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(WWF,2021).


Consequently, governments and businesses worldwide have responded to society's environmental concerns by setting ambitious climate targets. For example, the United Kingdom ‘UK’ Government passed legislation which states the 'UK' must reduce carbon dioxide 'C02' emissions by 78% by 2035 (Government Digital Service, 2021). 
Legislation aimed at solving the climate crisis has enormous implications for every industry and creates a fantastic opportunity for businesses to transition toward a green economy. 

Brundtland (1987) defines sustainability as ''meeting the needs of the present without compromising the ability of future generations to meet their own needs''.  
It is apparent that the current economic system is not sustainable and has caused many environmental issues. Furthermore, the concept of a circular economy proposes a new economic model that meets the needs of society without severely damaging the environment. 

The three core principles of a circular economy include:
· Eliminate waste and pollution. 
· Circulate products and materials.
· Regenerate nature.                                       (The Ellen MacArthur Foundation, 2019). 
     				                                                                           
The business idea outlined in the report aims to solve several environmental issues associated with the construction industry by utilising innovative technologies to help create a circular and sustainable construction industry.



2. Main body 

2.1 The current problem 
Dobrowolska (2021) argues that the two major environmental concerns attributed to the construction industry are high levels of waste and ‘C02’ emissions. Data published by the 'Government Statistical Service' reveals that the construction industry contributes a staggering 62% of the waste produced in the 'UK' (Government Statistical Service, 2021). 

There are several reasons why the construction industry produces such high levels of waste. Firstly, current conventional construction methods make it difficult to measure the exact quantity of materials required for a building project. In an interview published by the ‘BBC’, the manager of ‘R&J Construction Services’ stated their business orders extra materials for every project to ensure they have enough resources to meet project deadlines (BBC, 2021). 

Secondly, a large proportion of waste is sent to landfill instead of being recycled and reused for future projects. Data shows that an estimated 32% of 'UK' landfill waste comes directly from the construction industry (WPGroup, 2019). Many materials are sent to landfills because it is often a more cost-effective waste disposal method instead of sending materials to a reclamation centre. 

According to the 'UK Green Building Council' statistics, an estimated 10% of ‘C02’ emissions are directly attributed to the construction industry (UK Green Building Council, 2020). The transportation of materials and production of portland cement are the primary factors for high levels of 'C02' emissions within the industry.  

Currently, cement production accounts for half of all ‘C02’ emissions in the industry (Designing Buildings, 2021). Portland cement is the most widely used material for building structures because it is durable, affordable and adaptable (Willow, 2020). Research carried out by Imperial College London calculates global production of portland cement to be around 3.5 billion tonnes. Furthermore, every tonne of cement produces an estimated 622kg of ‘C02’ emissions (Imperial College London, 2021). 

The construction industry is one of the largest sectors in the 'UK' employing around 9% of the 'UK's' workforce (Gov.UK, 2019). However, the evidence suggests the industry needs to urgently address environmental concerns and adopt a circular economic model to help create a more sustainable sector. 

2.2 The business idea 
The sustainable business idea is:
· To construct houses in Pembrokeshire using 3D printing technology and a low carbon mortar material. 

The business is called ‘3D Printing Solutions’ and will be based in Pembrokeshire. ‘3D Printing Solutions’ will operate in the private housing sector and construct homes tailored to the needs of individual clients. The building structures will be pre-fabricated off-site at a specialist warehouse where the 3D printing technology will be stored. Once a building has been constructed, it will be transported to a building site where the necessary plumbing, insulation, electrical and decorating work can take place. 

‘CyBe Mortar’ is the material that will be used to construct the 3D printed buildings. ‘CyBe’ is a business that specialises in providing 3D print solutions for the construction industry. The building material has been specifically designed for 3D concrete printing, and it has been fully regulated for use in the 'UK' (CyBe, 2020).

The material is predominantly made up of sand, which can be locally sourced and achieves structural strength within an hour. Moreover, 'CyBe mortar’ is 100% recyclable and emits 50% less carbon than portland cement (CyBe, 2020). Another key feature of the material is that it can be printed into intricate shapes that would not be possible using conventional methods. 

Similarly, ‘3D Printing Solutions’ will use a ‘CyBe RC' 3D printer. The process for printing a concrete structure includes several key steps. Firstly, a design for the building is completed by an architect and then examined by a quantity surveyor to calculate the costs of a project. 

Secondly, once the design has been approved, it is uploaded onto a computer software programme and an autonomous machine processes the information. Thirdly, the automated system calculates the required amount of materials and then begins printing via a robotic arm.  

The technology is suitable for large scale construction operations and uses extrusion technology to print the building. Extrusion is a technique where the material is applied in thin layers through a nozzle (Martin, 2016). The layers are printed on top of each other, and each layer solidifies within one minute. 
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(CyBe, 2020).


Moreover, it takes between 12-24 hours to print a 600 square foot concrete house and costs an estimated £10,000 to construct. (Carpenter, 2019). This dramatically increases the speed at which houses can be built and significantly reduces manufacturing costs. 

Kawasaki (2006) suggests the three crucial steps for business innovation include making a meaning, a mantra and jumping the curve. 

· Making a meaning- The primary goal of ‘3D Printing Solutions’ is to reduce ‘C02’ emissions and eliminate waste from the building process. 
· Making a mantra- Building sustainable homes for a sustainable future.
· Jumping the curve- The long-term vision for the business is to play a key role in making 3D printed homes affordable and accessible to all of society. 

2.3Current provision of 3D concrete printing
In 2021 a Dutch couple became the first occupants in Europe to live in a 3D printed concrete house. The building was constructed using extrusion technology and was completed in five days. The technology drastically cut down the amount of concrete needed to complete the build and saved an estimated 30% in materials (France, 2021). 




[image: A picture containing tree, outdoor, sky, house

Description automatically generated]

                                                                                                  


                                                                                                   (Evening Standard, 2021).


Similarly, in 2019 ‘CyBe Construction’ partnered with the Suadi Arabia Government to construct an 80 square metre house using 3D printing technology. The building was constructed using ‘CyBe’ mortar, and the entire project was completed in five weeks (CyBe, 2019). 
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Both case studies demonstrate the viability of the business proposal and provide structural examples of what a 3D printed building looks like. There is currently a gap in the ‘UK’ market for 3D printed homes, and the ‘UK’ construction industry has been slow to adopt innovative technologies. 

A report published by the ‘ING Group’ reveals that Europe has a high number of robots in the construction industry. However, the ‘UK’ has a small influence on the overall figures and contributes just 0.3 robots per 10,000 workers. 
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                                                                                  (ING Group, 2019)
Furthermore, the global market value for the robotics construction industry is projected to increase by 297% by 2028 (GlobeNewswire, 2021). Overall, the ‘UK’ construction industry has been slow to implement new technologies and has fallen behind compared with other countries. However, this presents a fantastic opportunity for ‘3D Printing Solutions’ to be a market leader in the ‘UK’ and capitalise on a growing global trend. 

2.4 Following the principles of a circular economy
‘3D Printing Solutions’ follows the principles of a circular economy by producing no waste and ensuring that all materials are reusable. Moreover, the business idea aims to contribute to some of the 'Sustainable Development Goals' outlined by the 'United Nations'. Goal number nine focuses on building environmentally friendly infrastructure and adopting sustainable technologies within the construction industry (United Nations, 2015). The business idea aims to achieve this goal through adopting sustainable practices and utilising innovative technologies. 

Firstly, mortar is fully recyclable, and the material can be reused for future projects. The material can be crushed using the appropriate equipment and used as an aggregate for mixing with new mortar (Rodriguez, 2019). When completing a project, the business will recycle old mortar and use it for future building purposes. Adopting this method ensures that the primary material for building houses is circular and is not sent to a landfill site.

Secondly, 3D printing can significantly reduce ‘C02’ emissions throughout the building process. Construction firm '14 Trees' states that using robotic technology can reduce 'C02' emissions by 70% compared with traditional building methods (14 Trees, 2020). 
The sharp decrease in ‘C02’ emissions is due to a reduction in transportation and also the use of low carbon materials. ‘Palari Homes’ states that pre-fabricating its buildings dramatically reduces the transportation of materials and estimates it saves two tonnes of carbon per project (The Economist, 2021). 

Thirdly, using 3D printing technology ensures that no mortar is wasted during the construction process. The automated system calculates the precise amount of mortar required to complete a project. Moreover, this enables the business to order the correct amount of resources and significantly reduces production costs. Hossain (2020) states that 3D printing could reduce material costs by 65% compared with conventional methods. This ensures that ‘3D Printing Solutions’ will optimise its material consumption and not produce significant material waste. 

2.5 ‘3D Printing Solutions’ five-year plan
‘3D Printing Solutions’ has outlined two key objectives for the next five years. The objectives are:
· To transition to a concrete alternative suitable for 3D printing. 
· To work with Pembrokeshire County Council ‘PCC’ to build affordable housing for residents. 

Objective one
Currently, the business plans to use 'CyBe’ mortar as the primary material for building houses. However, within the next five years, the business plans to use a concrete alternative that has been developed by Dutch business ‘Omlab’. 

‘Omlab’ has developed a material that consists of 90% calcium and 10% cellulose. The material is biodegradable, and once cured, it has the same structural strength as concrete (Gross, 2021). The business is still in the early stages of development and still waiting for approval by regulators.

However, ‘Omlab’ reached an important milestone in 2021 by 3D printing a public restroom using the material. Moreover, ‘3D Printing Solutions’ will begin using the material once ‘Omlab’ has received regulatory approval to sell their product for 3D printing buildings. ‘Omlab’ predicts it should have a fully regulated concrete alternative by 2023 (Omlab, 2021). 
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(Omlab, 2021)

Objective two
By using the diffusion of innovation model, the business can segment its target audience and identify future target markets. The current target market for the business is individuals categorised as innovators and early adopters. Customers in these categories will likely be middle-aged individuals who have disposable income, are passionate about sustainability and reducing their environmental impact.
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(Smart Insights, 2013).


However, as the business grows over the next three years, it plans to expand its operations and enter new market segments. ‘PCC’ has produced a local development plan which aims to build 6,800 affordable houses by 2033 (Pembrokeshire County Council, 2020). 

By utilising 3D printing technology, it is possible to complete large scale projects quickly and at a low cost. Therefore, this presents an opportunity for ‘3D Printing Solutions’ to work with ‘PCC’ and negotiate a contract to build affordable housing and contribute to the local development plan. 






	Strengths 
· Utilising 3D printing technology significantly reduces ‘C02’ emissions and is more environmentally friendly than conventional construction methods. 

· Using 3D printing to construct houses ensures that no materials are wasted during the building process.

· 3D printing technology reduces the construction time by approximately five months and lowers labour costs by an estimated 80% (Williamson, 2019).

· 3D printing technology can print intricate and complicated shapes that would not be possible using traditional methods. Moreover, this provides clients with more choices during the design process.
	Weaknesses 
·     There is currently a limited number of materials that have been developed for 3D printing houses. Therefore, using a 3D printer for wood or steel elements is not possible. This limits the capabilities of 3D printing and means the business can not use 3D printing for the entire building process. 

·    	Utilising 3D printing technology means a significant reduction in labour demand during the manufacturing process. Moreover, an estimated 10% of Pembrokeshire’s population work in construction services (Pembrokeshire County Council, 2015).

Therefore, 3D printing has the potential to displace many workers within the construction industry and increase unemployment figures in the area.

·     The 3D printing construction industry is still in its early stages of development, and there is a lack of regulatory framework in the 'UK'. Therefore, receiving building permission for a project will likely take longer compared with conventional construction methods. 

·     The start-up costs for 3D printing technology and machinery are expensive. The cost of a ‘CyBe RC' 3D printer is an estimated £150 thousand (Aniwaa, n/a).



	Opportunities 
·     The business offers an innovative service that is unique to the area. '3D Printing Solutions' stands out from its competitors and provides clients with a sustainable alternative to building houses. 

·     The business can establish itself as a market leader and become the largest 3D printing construction business in the UK. 

·     Create skilled jobs in 3D printing and help Pembrokeshire transition to a green economy. 

	Threats 
· Consumers may be sceptical about 3D printing technology and concerned about the viability of 3D printed buildings. 

·     There may be opposition from local authorities or trade unions because of concerns regarding unemployment resulting from 3D printing technology. 

·     Larger construction businesses with greater resources may move into the 3D printing market and reduce the business's market share. 

·     The business will need to comply with all relevant building regulations to avoid breaching legislation and potential prosecution. 



2.6 S.W.O.T analysis

3 	Implementation

3.1	Resources required			
The business proposal requires several key resources for the innovation plan to succeed. Firstly, the business needs to have a team of skilled workers who are qualified and trained in operating 3D printing technology. All new employees will require extensive training, and all employees must have relevant experience or qualifications.

Moreover, the business will need to employ a project manager to oversee all operations. The project manager will be responsible for meeting with clients and ensuring that each project is on schedule. This will be advertised as a full-time position, and relevant experience will be required. 

Secondly, the business will need to employ skilled tradespeople for different stages of the building process. The business will work with contractors and hire relevant tradespeople when their service is required. The business will require skilled workers in the following areas:
· Architecture.
· Surveying.
· Plumbing.
· Electrical.
· Painting and decorating.
· Window fitting.

Thirdly, the business needs the appropriate equipment and machinery. The primary equipment and machinery required for the business include:
· Warehouse facility. 
· Heavy-duty vehicle for transportation. 
· ‘CyBe RC' 3D printer.
· ‘CyBe’ mortar.
· A Concrete crusher. 

3.2 Key stakeholders and interest groups
The business must identify the key stakeholders and prioritise each stakeholder group accordingly. [image: Table

Description automatically generated with low confidence]Below is a stakeholder matrix that categorises each stakeholder in terms of power and influence. 

Firstly, customers are a critical stakeholder group, and they will have a high interest in the organisation. All customers will be expecting a professional service and will have high expectations. Moreover, if a project does not meet a client's needs, the business will receive negative reviews, which may impact the organisation's long-term growth. Therefore, it is essential that the business communicates regularly with its clients and meets their needs throughout the whole process. 
Similarly, employees are an important stakeholder group, and they will have considerable interest in the business. Employees will play a key role in how its customers and other stakeholder groups perceive the business. To succeed, it must treat employees fairly and create an environment where individuals can thrive. To ensure its employees are motivated, the business will clearly outline its strategy and create opportunities for career progression. This will help create a positive environment and establish a sense of belonging. 

Thirdly, suppliers play an essential role in the business and are a crucial stakeholder. To ensure the business has a good relationship with its suppliers, it needs to meet its financial obligations on time and regularly communicate. Furthermore, for the business to achieve long-term growth, it must work with suppliers that adhere to the principles of a circular economy. 

Moreover, local authorities are an important stakeholder group, and the business must work with governing bodies to ensure it complies with relevant construction laws. The business will regularly review its legal requirements and adhere to health and safety laws. Failure to comply with legislation may lead to prosecution and negatively impact the business's brand. 

Furthermore, it is vital that the business monitors its competitors and adjust its strategy accordingly. The decisions made by competitors may have a significant impact on the business and reduce the organisation's market share. Therefore, by closely monitoring its competitors, the business can follow market trends and remain competitive. 

Finally, the local media is a stakeholder group with little interest in the business but can still play an essential role in generating brand awareness. The business has a unique concept, so it must form good public relations and build its reputation within the community. Therefore, the business will reach out to local media groups and promote its services to the public. 



























4. Conclusion
The business has a unique concept that can revolutionise the construction industry by utilising innovative technologies and using sustainable practices. Moreover, the business can play an integral part in helping the construction industry transition toward a circular economy. 

Furthermore, ‘3D Printing Solutions’ can establish itself as a market leader and capitalise on a growing trend of consumers seeking sustainable alternatives to conventional construction methods. However, the business is aware of the challenges and barriers of implementing the proposal. The 3D printing industry is relatively new, and many people will question the concept's viability. Moreover, the business may find it hard to scale up and increase its market share. 

Therefore, it is critical that the business promotes the concept and educates people about 3D printing technology. This will ensure the business can attract new customers and expand its operations. Overall, the business idea presents an exciting opportunity to help the ‘UK’ reduce its ‘C02’ emissions and create a sustainable construction industry.
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