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Technology: getting the right fit for your business:
Identifying technological solutions to problems faced by individuals and society at large are as old as human civilisation. Technology at all levels has done more to increase our comfort and wellbeing than any other approach used in our history, and since the start of the industrial revolution, the pace of technological advancement has been moving forward at an ever-increasing pace. Whilst the increased pace of development and use of technology has brought prosperity, increasing quantity and complexity has brought us something of an embarrassment of riches. In response, large, multinational business has sought, with increasing effect, to control technology by assembling and managing large R&D and intellectual property (IP) portfolios comprised of both internal and externally provided technology offerings. This can act to marginalise smaller businesses; particularly small to medium-sized enterprises (SMEs) that can find it difficult and expensive to access the technology they need to grow. Conversely, short decision-making chains still provide small business with the advantage of being able to act quickly and take advantage of new technology whilst larger competitors invariably need more time to make a decision. Whilst SMEs might have the advantage of rapid decision-making, small companies often lack a breadth of knowledge within their workforce to evaluate complex and specialist technology offerings. At the other end of the scale, venture capital investors also often need access to specialist, impartial advice when making investment decisions, especially in technology areas where they have little or no in-house expertise.  

One classic mistake is to underestimate the length of time and amount of investment a piece of promising technology will take to get to market. Identifying the entry-point along the development pipeline for investment can be challenging. Investors are all too familiar with the ‘death valley curve’ associated with the decline in capital of a start-up company from initial investment up to the point when revenues come online from product sales. Most investors have a 3-5 year timeline on seeing revenues from an investment and are reluctant to reinvest if it looks like additional time is needed to get a product to market. It’s a fact that many companies founded on some of the most promising-looking technologies have been unable to break out of the death valley due to rising costs incurred by protracted research and development of the product or service, the cost of the product launch and bringing it to market. In an article by Patrick Henry in Entrepreneur Europe, the failure rate in the US of all companies after five years has been estimated to be over 50 percent, and over 70 percent after 10 years. In Henry’s article, there is along list of reasons to fail, however, among the reasons why some companies have succeeded, patience and persistence due to the timing mismatch of expectations and reality and balance of technical and business knowledge, with necessary technical expertise in product development are fourth and ninth on the list. Access to understanding of technology offerings by third party business and individual providers can greatly assist companies to identify potential business partners that have the right approach to bringing a product to market and ensure that the technology is at the right stage of development for commercialisation. Potential losses can be significant if the third party a company invests in fails to bring a product to market, reputational damage through loss of credibility can be an associated consequence. 

Approaches to navigating the technology landscape:
A few years ago, I attended a conference in Cambridge organised the National Institute of Agricultural Botany (NIAB) where I was working as a programme leader at the time. The conference had been organised by colleagues at NIAB and the eminent plant scientist, Sir David Baulcombe, Regius Professor of Botany at the Department of Plant Science of Cambridge University, gave the presentation at the conference dinner. A co-discoverer of the role of small interfering RNA (RNAi) and elucidation of the role of RNAi in gene control, one might have expected David to deliver a rallying cry to Plant Science and to provide a long list of contributions that his branch of science has delivered to society, but to everyone’s surprise, David’s opening words were to pose a question which I shall paraphrase “what has plant molecular genetics actually achieved?” To which his answer was “Nothing!” When you actually think about it, molecular science based on the growing wealth of sequence information and understanding of how gene expression is controlled, has delivered remarkably few products into the field. However, it may be disingenuous to suggest that this is a failure of Science or Scientists. In 1996, farmers planted the first biotech crop, herbicide-ready soybeans in the US developed by Monsanto.  Shortly afterwards, Monsanto commercialised Bt cotton to create insect-resistant varieties and then introduced herbicide-ready corn. All these products have been extremely successful and uptake by farmers was rapid due to the benefits of using these technologies. However, since these early successes, deployment of Biotechnology solutions in the field has stalled due to the high cost of getting products over regulatory hurdles. In Europe, those hurdles are so high as to preclude the introduction of products based on genetic modification through transgenesis (introduction of a gene from one organism to another) or, more recently, through gene editing where new gene variants are created by targeted sequence modification. For example, in a 2014 survey, there were only 16 new traits on the market, just 17% of the 91 expected products. These traits were largely agronomic, in the major broad-acre crops, and all were developed by the private sector. However, the commercial success and ready uptake of technology when it is offered to farmers tells us that the market is open to the right products. Difficulty over the introduction of GM or gene-edited products directly does not mean that products of Biotechnology research have no role in agriculture. Selection of naturally-occurring and chemically-induced mutations based on gene knowledge can lead to commercial products, new molecular diagnostic tools can provide an early warning of imminent fungal pathogen epidemics and knowledge of crop genetics, physiology and microbiology can lead to improved crop performance and the development of novel products. The question is not whether bioscience can deliver into commercial products; it’s which technologies are the right ones for your business to invest in. 
Let us now look at some of the approaches that technology-based companies and investors have used to identify crop-based technologies to grow their business.  The list of potential solution-areas from which products can be developed is diverse, these include:
1. Vaccines: engineering plants and microbes to produce antigenic proteins to induce an immune response
2. Antibiotics: production of antibiotics in genetically-engineered plants
3. Ornamentals: creation of novel floral shapes, colours and scents in decorative flowers
4. Biofuels: development of improved feed-stocks and engineering of microbes involved in production of biofuels from fermentation 
5. Plant and Animal Breeding: directed breeding technologies based on gene-based knowledge, but not involving release of GMOs as products
6. Probiotics: development of products based on naturally-occurring microbes that fix atmospheric nitrogen, improve yield or enhance pest or pathogen resistance
7. Biologics: products based on natural predators of plant pests 
8. Pest Resistant Crops:  so far, Bt proteins expressed in plants through GMO technologies to reduce insect damage
9. Pesticide-Resistant Crops: GMO and naturally-occurring herbicide-resistance 
10. Nutrient Supplementation: development of crops with increased production of nutrients that are known to fight disease or malnourishment 
Whilst he above is not an exhaustive list, it includes some of the major research areas where products have, or are being developed. One major challenge is to understand how a new technology might impact on an industry’s existing business model. I can give an anonoymised example of this from my own experience. A novel technology based on manipulation of the host microbiome (internal microbial community) through the application of microbes to the floral parts of crop plants can significantly increase yield. The resulting seeds incorporate induced microbial changes in gene expression leading to enhanced crop performance; however, the effect is lost in subsequent generations. Locking in significantly increased performance at the seed stage would seem like a great product idea; however, seed production is a major bottleneck for any crop species, often requiring contract growers to increase seed quantity of a nuclear stock of breeders seed for two or more years before sufficient seed is available for launch of a new variety. In the case of wheat, microbiome enhancement of a relatively small amount of breeder’s seed would be the easiest way to go, but it would not generate enough seed for variety launch. Therefore, microbiome enhancement would need to be performed on the next seed generation (Certified 1, or C1), meaning that a much larger area would need to be treated with the microbial product. This would significantly increase costs and make it necessary for contract seed growers to apply the technology, something that they might be reluctant to do. The above example illustrates that a great piece of technology might not be an appropriate fit for a particular business. This example illustrates that it takes deep experience in both technical and business aspects of an innovation to identify the real opportunities and the hidden pitfalls.
Leveraging third-party solutions to expand and manage your research portfolio:
Gosman Associates can offer support and advice to assist businesses to make the right choice on of technology innovation and the appropriate entry-point. These services are focussed on four main areas:
Technology evaluations:
You have been offered an interesting technology by a leading academic institute, or industrial partner, but is it the right fit for your business? Is this the right time to invest? Gosman Associates has a wealth of experience in evaluating promising technologies and recognising commercial opportunity. Let us help you to make the right choice of technologies for your investments by providing the impartial advice you need.

R&D reviews:
Your company is at a critical phase in product development and you need to know when the time is right to go to market and with which product or products. Gosman Associates can make a critical review of your product development pipeline to identify gaps in understanding that may compromise a product‘s success or to simply provide you with impartial technical advice to give you the confidence to make a decision on which technologies to promote within your product development pipeline. 

Project management:
You see a commercial opportunity for your business, but currently don’t have the expertise in-house or don't have the capacity to commit significant resources without first evaluating the commercial potential. Gosman Associates can tap into an existing collaborative network and provide project management expertise in setting up rigorous field evaluations in the geographies of your choice in the UK, Europe or further afield in the US, Canada or Australia.

Horizon-scanning seminars and workshops:
Your business needs to understand the current and future technology landscape to be change-aware, to plan resources and to advise your clients. Gosman Associates can develop and provide seminar and workshop content tailored to the needs of your business and present the information you need in an engaging presentation format to your staff or clients. 

[bookmark: _GoBack]Schools and colleges often need content for science days or require presentations from industry on current and future applications of technology to help students understand how biotechnology is contributing to food security and sustainability. Gosman associates can develop and present seminar content tailored to the needs of your organisation that is both engaging and thought-provoking based on experience in giving educational talks to a wide range of lay audiences.

The above services can be resolved into a pipeline towards product development that begins at the horizon-scanning and scouting stage, where we can assist in the unbiased appraisal of a range of technology offerings to identify what might be a fit for your business. Solutions are then sifted and candidate technologies are identified and evaluated for IP encumbrance and potential market value. Input and support can also be offered during the product development phase as required up to the point of product launch and first revenue-generation. See below for a graphical representation of the product development pathway with entry for Gosman Associates services at a number of trigger points.













The Gosman Associates Progression Pathway:
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Use case: how technology can take businesses to the next level
Azotic Technologies Ltd:

Innovation: a probiotic technology based on a proprietary strain of the nitrogen-fixing endophyte (enters the plant tissues) Gluconoacetobacter diazotrophicus (G. diaz) a food-grade acetic acid bacterium capable of reducing the need for applied nitrogen in row crops by up to 75% based on data from independent contract research organisations (CROs). Application is via seed treatment, seed soaking (rice) and in-furrow application (corn).

Market: potentially all crop species; however, main success in pre-commercial trials has been in rice and corn. Potential market size is global.

Technology transfer model: a spin-off from Nottingham University who maintain an equity share in the company.

Entry-point for involvement by Gosman Associates: project management and review of the R&D and IP portfolio towards pre-commercial grower trials, including price sensitivity analysis and product launch.
Key Contributions:
· Implemented PRINCE2 project management methodologies to meet budgetary requirements and deadlines and to improve communication with the Board 
· Mentored and coached staff to enhance progress towards product development goals within challenging timelines
· Enhanced product credibility by raising the company’s profile within the UK plant science community through collaborative R&D and via an extensive personal international network
· Organised and developed consortium agreements to support research with key academic and industrial partners to enhance product efficacy

Outcomes: 
· Enhancement of G diaz product through key 3rd party collaborations to extend the product portfolio to additional species including wheat and glasshouse crops
· Pre-commercial grower trials in the US and SE Asia, and price-sensitivity analysis in the US successfully completed 
· Beta product formulation for first launch completed for corn and rice in time for proposed product launch in spring 2019

Summary and conclusions:
Science has the potential to contribute to the enhancement of profitability of Agri-business and to increase food security. Small to medium sized businesses (SMEs) often find accessing the technology they need challenging due to difficulties and expense of navigating the IP landscape around innovations. Shorter management lines mean that SMEs can realise the potential of new technology and act more quickly and are often a more attractive commercial partner than large multi-nationals for small or start-up technology-providers. However, SMEs can lack the internal expertise to objectively evaluate new technologies and make the right decisions on fit for their business, it is in these instances that third-party consultation service providers can add value. 
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