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Abstract—Vast sums of public money are invested into universi-5
ties globally as anchor institutions and knowledge bases providing6
seedbed resources for research and development and entrepreneur-7
ship. Focusing on university science and technology research we8
examine two U.K. case studies of government support from the “In-9
novation Knowledge Centre” (IKC) program to translate research10
into industry innovation for public good. Although IKCs are not11
tasked to address climate change, the two case studies demonstrate12
tremendous potential for Cleantech development. An exploratory13
entrepreneurial finance (“entfin”) ecosystem theoretical lens con-14
textualizes the catalytic roles of universities and public funding to15
support industry at the base of the innovation finance escalator. We16
thus develop university-industry ecosystems literature, addressing17
the gap in nurturing university entfin for climate change. Our qual-18
itative case study methodology includes literature review and 5119
key informant interviews with: policymakers; university research20
leaders, technology transfer officers, specialist research to industry21
innovation “translation” staff, SME beneficiaries, trade bodies;22
and early-stage private finance providers. We reveal nuances in23
different emerging innovation sectors—notably their degree of24
maturity, locality, and outcome horizons for achieving impact,25
drawing attention to the key roles of universities and financing and26
their interactions within their entfin ecosystems. We demonstrate27
the need for government long horizon, deep pocket, investment,28
and integrated university entfin policy mix, alongside more open,29
inclusive, ecosystem development between different actors.30

Index Terms—Cleantech, entrepreneurial finance ecosystem,31
innovation, policy evaluation, science and technology, universities.32

I. INTRODUCTION33

C LIMATE change is now the primary policy objective of34

many countries globally, as witnessed by COP26 (Glas-35

gow, November 2021). As yet there is little evidence from the36

entrepreneurial finance (“entfin”) or university ecosystems liter-37

ature that examines the role of policy interventions to stimulate38
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innovative clean technology ventures (“Cleantechs”) to address 39

climate change [1]. This article addresses this research gap 40

[2] by examining U.K. policy relating to; first, the operation 41

of university entfin ecosystems in supporting new science and 42

technology (S&T) research translation into spin-out and small 43

business innovations; second, how such innovations can con- 44

tribute to developing Cleantechs that can impact on achieving 45

Net Zero reductions in greenhouse gases by 2050 or sooner [2]. 46

Universities are major anchor institutions [3] and knowl- 47

edge bases [4] providing seedbed resources for research and 48

development (R&D) and entrepreneurship. Globally, vast in- 49

vestments are made by governments into supporting university 50

S&T and entrepreneurial teaching. This is expected to deliver 51

public good through innovative spin-out companies, adoption 52

of innovative practices in existing enterprises and creation of 53

a more entrepreneurial and competitive local, regional, and 54

national economy, thus leading to improved environments and 55

living standards [5]. Recent studies demonstrate the need to 56

understand the operation of entrepreneurial ecosystems [6] and 57

the catalytic roles of universities within these [7], [8]. However, 58

relatively few studies examine the vital contribution of public 59

and private finance to facilitate “translation” of university-led 60

R&D and entrepreneurship into impactful industry innovation 61

[9]–[12]. Furthermore, within this article’s U.K. research con- 62

text, whilst the U.K. Government presents a so-called “world 63

leader” clean growth strategy [13] there are no specific policies 64

for addressing climate change through university-led Cleantech 65

innovation. Here, taking our lead from Owen et al. [1] and Owen 66

[14] in IEEE who call for greater research and policy attention 67

to early-stage Cleantech innovation financing. “Cleantech” are 68

here defined as typically young, early-stage ventures, which 69

contribute product, service, and process innovations to lower 70

carbon and greenhouse gas emissions and reduce (notably rare 71

mineral) material use [15]. This article provides a unique insight 72

into addressing the research question of how best to achieve uni- 73

versity research translation into innovative Cleantech to achieve 74

Net Zero. 75

We explore the role of the U.K. “Innovation Knowledge 76

Centre” (IKC) program, which is tasked with public funding sup- 77

port to enable university-based emerging technology research 78

translation into commercial industry innovation. We examine 79

the processes of university translation of R&D into impactful 80

industry innovation. This is achieved by combining university 81
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ecosystems theory [7] with the entfin escalator [16] to provide a82

university entfin ecosystem theoretical lens. This enables deeper83

insight into the interplay between different types of actors that84

contribute to the translation process [17]. In this respect, we85

adopt a qualitative case study of two U.K. IKCs at Imperial86

College and Cambridge University, entailing a literature review87

and 51 key informant interviews with: policymakers; university88

research leaders, technology transfer officers, specialist research89

to industry innovation “translation” staff, SME beneficiaries,90

trade bodies, and early-stage private finance providers. This91

article considers the central roles of university entrepreneurial92

teaching and R&D activities, and their interactions with private93

entrepreneurs and industry and public and private financiers. The94

focus is S&T, since numerous studies point to early financing95

gaps in the valley of death [18], [14], which contribute to the96

failure to commercialize university research and establish indus-97

try innovation. We find that most early-stage finance escalator98

studies focus on post spin-out seed finance and subsequent Series99

A commercializing finance [19]–[21], whilst few examine the100

financing and impacts from the start of the finance escalator at101

the base of the innovation funding pyramid [11], [22]–[24]. Fur-102

thermore, no studies have specifically considered the financing103

of university related Cleantech and their potential impacts on104

Net Zero.105

The article proceeds with an explanation of the qualitative106

methodological approach taken, a contextual review of the key107

literature, an explanation of the university entfin ecosystem108

theory-driven framework of analysis, emerging themes, discus-109

sion of the article’s contribution to the literature and practical110

implications for policy, conclusion and assessment of research111

limitations, and future research development.112

II. METHODOLOGICAL APPROACH113

A qualitative multisourced case study methodology was114

adopted [17], [25] to enable initial scoping of the subject and115

triangulation [26] verification of evidence from different sources116

[27], [28].117

Our research question [29] was how best to achieve university118

research translation into innovative Cleantech to achieve Net119

Zero? This initially required an extensive structured literature120

review [30], [31] examining the university ecosystem and the re-121

lated role of finance. A Scopus (the largest global academic paper122

search program) search revealed a burgeoning broad academic123

literature on ecosystems during the past decade, but with little124

focus on the roles of universities in the development of industry125

with relevance to the more mature economy entfin ecosystems126

found in the U.K. We, therefore, focused on papers from Western127

Europe, North America and more advanced Oceania-Pacific Rim128

markets. Of the 50 higher level most relevant papers (Association129

of Business Schools (“ABS”) higher 3+ ratings) only 10 directly130

addressed university entfin ecosystem issues in the past decade.131

These were supplemented with recent grey policy and practice132

literature and selective university focused lower tier academic ar-133

ticles to ensure highly relevant contemporary thematic coverage.134

This helped shape understanding of the university entfin in terms135

of policy, practice, and academic theoretical approaches, whilst136

also demonstrating considerable knowledge gaps, particularly 137

for Cleantech. This informed the qualitative interview topic 138

guide (discussed below). 139

We adopted a qualitative case study approach [26] to enable a 140

greater understanding of the translation processes taking place 141

between university and industry and the roles of public and 142

private finance actors within the entfin ecosystem. We pur- 143

posively selected two out of six current U.K. IKC university 144

translation and financing programs as case studies to provide 145

in-depth process evidence of Cleantech innovation within two 146

distinctive emerging sector technologies [32]. These were se- 147

lected on the basis that they have potential impact on Cleantechs 148

and have been operational sufficiently long (at least 7 years) to 149

observe processes and outcomes. We also selected contrastingly 150

different emerging technology sectors with climate change and 151

regional ecosystem impact potential; Imperial College London’s 152

synthetic biology (“Synbio”) “SynbiCITE” Research Centre, 153

and Cambridge University’s Centre for Smart Infrastructure 154

and Construction (‘CSIC’). These case studies were supple- 155

mented by interviews with other IKC managers, including 156

at Southampton University’s Biofilm and Queens University 157

Belfast’s digital security center. We also draw on case study 158

interviews from Cambridge University’s Maxwell Centre, which 159

received complementary U.K. Research Partnership Investment 160

Fund (UKRPIF) infrastructure funding program investment for 161

S&T translation work with industry. Collectively, the selected 162

51 interviews (26 of which were directly associated with the 2 163

case study IKCs, Table I) offer data triangulation and external 164

validation of processes studied [33]. 165

Interviews were recorded, transcribed, and analyzed using 166

qualitative case analysis [34] by two independent researchers 167

to avoid interpretative bias. Interview data was systematically 168

entered into excel spreadsheets under the topic guide themes 169

and reviewed. Emerging themes were independently coded by 170

the researchers and then agreed [35]. Additionally, our initial 171

findings were triangulated [27] by available secondary data 172

(e.g., program management reports, website, and U.K. Research 173

and Investment (UKRI’s) Research Fish program output data). 174

Our initial findings were then tested in two follow-up online 175

workshops with al 6 IKCs in summer 2021, providing additional 176

data validation [33]. 177

In further detail, qualitative research involved multiple stake- 178

holders within the university entfin ecosystem, consisting of 179

51 interviews (40 online during COVID-19) with university 180

research leaders, project delivery specialists, assisted SMEs 181

and larger businesses, and other stakeholders (policy leaders, 182

research partners, and intermediary trade body organizations and 183

15 early-stage U.K.-based public and private finance providers 184

(see Table I). Topic guide, semistructured, interviews offered 185

consistent approaches and also opportunity for flexible focus 186

to explore what mattered most for particular respondents [27]. 187

Topic guides for different stakeholder types and investors (see 188

Annex 1) were derived from prior literature and scoping work 189

(including IKC reports; Cambridge [36]) and explored themes 190

regarding policy aims and the strategic objectives of S&T univer- 191

sity knowledge transfer into industry innovation programs, their 192

specific translation processes and the financing requirements and 193
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TABLE I
BREAKDOWN OF CASE STUDY INTERVIEWS (2017–2021)

options for universities and early-stage Cleantech innovators.194

Drawing from policy evaluation literature, the approach sought195

to establish the IKC’s Theory of Change (ToC) rationales and196

underpinning logic models for operation [37], activities and197

stakeholder engagement and outcomes, paying particular atten-198

tion to evolutionary lessons learned and recommendations for199

program implementation and early-stage Cleantech financing200

improvement and measuring Net Zero impacts over time.201

In summary, the adopted qualitative case study approach202

offered clear guidance on the current policy and practices of203

the U.K. university entfin ecosystem contextualized by aca-204

demic theoretical literature for relevant mature global markets.205

It addressed a demonstrably clear gap in the literature for the206

early-stage, pre-seed university entfin ecosystem nurturing and207

development of Cleantech. This shaped the qualitative study and208

through adopting an entfin ecosystem theoretical lens it provided209

a series of emerging, tested themes for the future guidance of210

theory, policy and practice in this field.211

III. LITERATURE AND POLICY CONTEXT212

A. Context of U.K. Government S&T Programs213

The U.K. is a major S&T research powerhouse within Europe.214

UKRI is a public agency with a budget of £7bn to invest in higher215

education and private industry research and innovation, with216

Innovate U.K. (IUK) operating as its private business funding217

arm—mainly through grants and loans. In further context, it218

may be estimated that the U.K. as a net receiver (15.5%) of219

European Union (EU) Horizon S&T funding could lose £1bn220

per year, from failure to participate in the Horizon 2020 funding221

stream (2021–2027) after U.K. exit from the EU. This represents222

18 000 researcher posts. U.K. government policy interventions 223

have ramped up in this field since Hauser’s ([38], [39]) reports, 224

the latter drawing on the early lessons of the IKC pilot program. 225

Hauser ([38], p. 5) noted the following. 226

“The U.K. has a leading position in research, but it has long been ac- 227
knowledged that it has not sufficiently capitalized on these strengths 228
to capture economic benefit. This is in part down to a critical gap 229
between research findings and outputs, and their development into 230
commercial propositions.” Hauser recommended U.K. government 231
strategic choices to “…focus its attention on developing such a 232
capability for platform technologies only where: there are large 233
global markets worth billions of pounds per annum, the U.K. has 234
technical leadership, there is a defensible technology position, and, 235
there is capacity to anchor a significant part of the value chain, from 236
research to manufacturing, in the U.K.” 237

With this in mind, university focused programs like the 238

£900 m plus U.K. Research Partnership Investment Fund (UKR- 239

PIF, established 2012) and specifically £90 m plus IKCs (es- 240

tablished in 2009) were developed to tackle typically earlier 241

stage research translation in early emerging technology plat- 242

forms, focusing mainly on technology readiness levels (TRLs) 243

3–6 taking feasible research to proven working pilots, but also 244

spanning across to later commercialization TRLs 7–9. National 245

specialist Catapult centers were also established from 2013 for 246

nine broad strategic sector groups (including one addressing 247

renewable energy), operating as independent centers bridging 248

leading research institutions and industry to accelerate innova- 249

tion commercialization, typically in more mature technologies 250

at later TRL stages. A key role of such centers is to bring 251

together a network of research, and support players, including 252

collaborative and complementary research, supply chain and 253
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buyers, commercial skills, and financiers—taking a more holis-254

tic strategic ecosystem approach.255

As a footnote to this introduction to contemporary U.K.256

Government University S&T policy, it is worth noting that the257

current U.K. Government Industrial Strategy [40] and related258

clean growth strategy [13] and more recently related green259

finance strategy [41] and Green Finance Institute, established260

in 2019 to oversee green finance and policy implementation,261

contain no direct policy for financing university-related Clean-262

tech innovation. Rather, the Cleantech sectors developed in this263

article’s IKC case studies have evolved as part of key technology264

platform developments. With this in mind, this article addresses265

an important issue in terms of how much further these Cleantech266

sectors might have developed with appropriate policy focus?267

B. Literature Review of University S&T, the Entfin Context268

and Finance Gap269

Our systematic literature review of ecosystem studies fo-270

cusing on university S&T and the early stage entfin ecosys-271

tem (described above) identified two main strands of research:272

1) evolution of the university ecosystem and 2) the role of273

entfin in developing the ecosystem. These two related strands274

are examined below. This review develops the SQW/CEEDR275

[43] study, which highlighted six key entrepreneurial ecosystem276

elements. We, therefore, contribute to ecosystem theory in terms277

of what are the key elements and actors of the system and their278

relative roles [42] specific to developing the university entfin279

ecosystem. The role of universities was just one (the others be-280

ing leadership, infrastructure, business support, entrepreneurial281

finance, networking), by no means central element, as exempli-282

fied in Stam’s [6] regional ecosystems approach. However, as283

Lerner [22] highlights, drawing from the innovation literature,284

universities and research institutions are a cornerstone of S&T285

research and innovation development. The question, therefore,286

addressed in this article is more specific than universities sup-287

porting entrepreneurship through teaching, which our literature288

review demonstrated is universally widespread [43]. It is about289

exploring the deeper translation processes, which are necessarily290

centered on university fundamental research activities and brings291

together wider elements of the ecosystem, including government292

policy and regulations, private finance, industry (in all forms293

from micro enterprises to corporate multinationals) and business294

support intermediaries—both financial and nonfinancial (e.g.,295

trade bodies and think-tank policy lobbying groups). In this296

sense, a university entfin ecosystem theoretical lens provides297

a novel and appropriate approach.298

Entrepreneurial finance is considered the life blood of new299

venture start-ups [43]. It covers any form of business finance300

[44], including innovation grants, bank debt (loans), crowd301

funding, or equity investment (e.g., from business angels and302

venture capitalists –"VCs”). Within more mature economies303

VC have evolved as key financial intermediaries generating304

organized pools of investment addressing early and growth305

stage venture requirements [45]. First established in the US in306

the 1950s [22], VC are a key element in the entrepreneurial307

ecosystem [46], potentially playing a crucial part in a cohesive308

finance escalator for university R&D and commercialization of 309

innovative spin-outs [9]. However, a rapidly expanding contem- 310

porary entrepreneurial finance literature points to early-stage 311

innovative venture private financing gaps and the need for public 312

policy interventions [22], [19], [47]. Whilst these studies point 313

to the liability of newness and smallness [48] of early-stage 314

innovation ventures, few address the long horizon patient capital 315

requirements of emerging S&T ventures. Yet, this appears to be 316

the area of most private finance shortages [49], [1]) and very few 317

studies examine the required entfin support around the initial 318

university spin-out stage. Here, we need to develop the entfin 319

information asymmetry (“IA”) theory of Berger and Udell [50], 320

whereby information opacity between ventures and investors 321

reduces through the innovation and commercialization stages 322

of the “finance escalator” [19], [16]. We need to explore how 323

universities can reduce IA and increase investment through the 324

operation of the university entfin ecosystem. 325

Munari et al. [11], [51] found that within Europe, combina- 326

tions of proof of concept (PoC) grants and seed VC form the main 327

government funded program approaches to directly addressing 328

the private funding gaps, which affect early-stage university 329

spin-outs, whilst Kochenkova et al. [52] also point to the growth 330

of associated incubator and accelerator activities. However, 331

these studies point to the complex policy mix [53] required to 332

account for local and regional ecosystem specialisms and critical 333

mass, knowledge spillovers, legal institutional frameworks, and 334

pools of VC. One size fits all approaches are inadequate [23] 335

with highly nuanced findings between types and locations of 336

universities, relating to their quality tier, age, size, sector, and 337

embedded corporate/investor linkages—notably, whether there 338

is an established internal university seed VC fund. Higher tier 339

universities’ spin-outs appear more likely to obtain VC, with 340

lower tier universities more effective when they perform an 341

incubation function to help start-ups overcome their capital 342

limitations [54]. However, these studies do not explain the 343

range of activities and processes universities adopt in translating 344

fundamental research ideas into a business backed by VC funds. 345

They, therefore, point to the need for further university S&T 346

entfin policy studies. 347

Theoretical and practical views as to what constitutes the 348

university entrepreneurial finance ecosystem vary, but stress 349

Triple Helix inclusivity [55] and a balance between universi- 350

ties, government support (regulation and policy) to facilitate 351

innovation [3], private industry, and finance-related services [9]. 352

Developing the soft network infrastructures of finance support 353

services (accountants, lawyers, finance finding consultants) is 354

also seen as crucial to VC development [22], whilst having the 355

physical meeting place infrastructures, such as East London’s 356

night café structure to support young entrepreneurial meetings 357

is seen as a vital component of London’s Tech City [56]. Hayter 358

[57] and Chesbrough [58] reviewed 117 spin-outs in five US 359

metropolitan areas suggests a “nonlinear”, network-centric per- 360

spective of spin-off success analogous to Chesbrough’s [58], 361

[59] Open Innovation paradigm. This evidence highlights the 362

benefits of external sources of technology and management, 363

alongside the industry experience of academic entrepreneurs, 364

with an emphasis on inclusivity and open innovation approaches. 365
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Such an embedded approach, which delivers a pipeline of in-366

vestible university spin-outs is what private VC is attracted to367

and thrives on [60]. The success of the university financing368

ecosystem is complex, often requiring long-standing embedded369

VC and corporate ties [54] and public-private cofinancing [61].370

University Technology Transfer Offices (TTOs) offer key371

anchor roles to negotiate university spin-out financing [51],372

[62], addressing IP rights and equity and royalty alignment373

with VCs and complex multiple angel and founder equity share374

arrangements. The more open and embedded culture of aca-375

demics working with industry in Boston and San Francisco376

is perceived as advantageous in enabling university spin-out377

investment to thrive (Brandy et al., 2015). However, crucially,378

Munari et al. [51] and BMG/CEEDR [24] also pointed to the379

need for university proof of concept and seed grants to be linked380

to VC for fluent next stage financing. These studies point to381

an emerging university entfin ecosystem theoretical framework,382

positioning the fundamental catalytic role of universities in S&T383

innovation and the need for a critical mass of activity (between384

ecosystem actors), which generates a convergence of innovative385

high-tech activity to attract private finance [63] and the roles of386

hard and soft infrastructure in terms of university lab facilities,387

coworking spaces and incubators (Florida and King, 2016), and388

also networking neighborhood cultures [56].389

Focusing on university S&T, it is clear that universities per-390

form two key services to private sector innovation, in addition391

to their more generalist entrepreneurship teaching and training392

role. First, they provide industry with fundamental research for393

adoption into industry innovation; second, they offer expertise394

and equipment for private sector R&D collaboration, which can395

take place in labs or on industry sites. The combination of these396

activities and the funding thereof, provide an essential spring-397

board for new business innovation [38]. However, from an entfin398

information asymmetry theoretical perspective the problem of399

new emerging Cleantech innovation is challenging. Numerous400

studies point to the valley of death [18] of deep, long horizon,401

capital intensive, and expensive technology R&D innovations,402

which can take decades to commercialize. They highlight the403

public funding requirements to address market failures derived404

from the considerable time, expense, and uncertainties of such405

ventures [47]. The recent British Business Bank U.K. Equity406

Tracker report [64] highlighted this so-called “deeptech”, patient407

capital funding problem. It suggested that although the U.K. has408

various government cofinancing programs (e.g., Enterprise Cap-409

ital Fund, Angel Coinvestment Fund, Pandemic Future Fund,410

and Patient Capital Fund) to investment at successive stages of411

deeptech—from pre seed, through seed, venture commercial-412

ization, and scale up to achieve optimal investment exit—U.K.413

investment levels remain below those of the US market and414

demonstrate higher venture fall-out rates at each successive415

stage. The solution, as Owen et al. [1], [47], [65] repeatedly416

explored and indicated, is for a more cohesive, and notably better417

funded early-stage deeptech public-private finance escalator.418

However, what remains theoretically and practically understated419

in the literature is the processes that operate within the university420

entfin ecosystem that can reduce information asymmetries and421

result in effective financing of preseed new S&T “deeptech” 422

ventures. 423

C. Creating a Research Framework for an Entfin Ecosystem 424

Theoretical Lens 425

Further review of university ecosystem literature demon- 426

strates that policy and theory has been developing input, process, 427

and output models, which provide a theoretical framework for 428

understanding the activities and outcomes of the university entfin 429

ecosystem. These relate to: i) input measures such as research 430

funding [66], with Graham [8] emphasizing S&T investment, 431

including science parks, incubation and accelerator labs [67], 432

[68], [69], and Graham [8] also emphasize the number of science 433

and technology staff and graduates, notably post doc graduates, 434

whilst Technology Transfer Officers [67] play a vital linking role 435

to the industry ecosystem, alongside infrastructure and transport 436

[42]. A further, nonfinancial factor proposed by Ranga et al. [70] 437

related to the motivations and leadership of key players in the 438

ecosystem. ii) Process measures lie at the heart of this article 439

and often highlight the operation of TTOs, but also include 440

the role of leadership and governance [42] and investment into 441

collaborative industry grants/commercial funding, incubator and 442

accelerator activities, patent, and high-quality policy and prac- 443

tice influencing publication production [8] , [69], [71]–[73]. No- 444

tably, there is considerable overlap and interlinking of processes 445

across the model, for example entrepreneurship culture [42] 446

can be seen as both an important antecedent and a key process 447

and outcome. iii) Outcomes are what policymakers seek and 448

stretch beyond the numbers of direct spin-out companies and 449

university staff and students employed in S&T companies and 450

their related job and GVA impacts [8], [69], [72]. Here, consider- 451

ation needs to be given to the boundaries of the ecosystem [74], 452

with studies including specific university cases Rissola [69] or 453

European NUTS3 regions [75] and the timescales, since the full 454

economic outcomes and their innovation cluster spillovers may 455

take decades. This is certainly the case for emerging deeptech 456

(requiring long horizon, capital expensive R&D), which form 457

the focus of our study (Owen et al. [47]). 458

What emerges from these studies from an entfin ecosystem 459

perspective is the need to understand the types of funding, 460

processes and actor linkages involved in this embryonic stage 461

of S&T deeptech venture creation and how these fit within the 462

base of the innovation funding pyramid of the finance escalator 463

[19]. This requires a research framework, which accounts for 464

input investments, in terms of public funding and cofinancing 465

programs, their approaches to the translation of research into 466

industry R&D and the impacts of innovation. This needs to be 467

suitably nuanced to control for specific sectors where indus- 468

try investment structures may differ, depending on how well 469

established; for example, life sciences have corporate pharma 470

investors and seed to Series A hurdles that can be risk assessed, 471

whilst new Cleantech platforms will not (Owen et al., 2019) and 472

the timelines to investment exits, which will vary from under 473

five years for shorter horizon digitech, to potentially decades 474

for longer horizon capital intensive deeptech [47]. 475
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Fig. 1. Conceptualization of the university entfin framework.

Fig. 1 depicts the university entfin theoretical framework476

highlighting the actors and steps involved in converting fun-477

damental research into a VC backed enterprise, through en-478

abling enterprise innovation to overcome entfin information479

asymmetries. It also highlights the key enablers at each stage480

of the progression in Technology Readiness Levels (TRLs)481

that operate at the base of the funding pyramid, where the482

finance escalator ranges from preseed to seed and Series A early483

commercialization and progresses from public funded grants,484

through industry support finance (e.g., cofinancing labs, hosting485

trials) to private investor funding and public cofinancing pro-486

grams (e.g., corporate accelerators, angels, seed VCs, and U.K.487

public VC e.g., Enterprise Capital Funds, and Seed/Enterprise488

Investment Scheme tax breaks). This framework informed the489

interview fieldwork design and data capture objectives to an-490

swer the research question how best to achieve university re-491

search translation into innovative Cleantech to achieve Net492

Zero?493

IV. FINDINGS494

Initial findings borne out by our literature review and initial495

scoping interviews with IKC program managers and U.K. poli-496

cymakers suggest that university fundamental research can play497

a critical catalytic role in developing globally leading cutting498

edge industry innovation with major jobs, export and local,499

regional, and national GVA potential. However, considerable500

barriers exist in the translation process spanning university fun-501

damental research and industry innovation commercialization.502

These fundamentally relate to access to resources such as in-503

vestment, equipment and skills, and communication leadership504

within specific institutional and ecosystem contexts. As such,505

the underlying ToC of the key U.K. programs (UKRPIF and506

IKC) is to focus public funding into universities with lead-507

ing research expertise in emerging technologies to encourage508

industry innovation translation activities, which can lead to509

high potential scalable industry activities and attract private510

investment. Notably, sustainable Cleantech was not within the511

program remit, but is at the heart of our two IKC case studies512

(see Table II). Overall, key informant consensus suggested it 513

is crucial to understand the processes undertaken and their 514

context within U.K. regional and national entfin ecosystems, 515

for “ …without sufficient finance [public and private], the U.K. 516

will lose it global leading position …” (IKC manager). There 517

is also widespread acceptance for Lerner’s (2010) proposition 518

that public finance alone is not the solution and that a vibrant 519

private seed finance market is required in order to balance public 520

good with commercial acumen—a view supported in Owen’s 521

[14] review of the Innovate U.K. Investment Accelerator Pro- 522

gram, which highlights the synergies of matching technical peer 523

reviewed grants with commercial seed VC assessed funding. 524

Here, we examine in more depth the context and translation 525

processes in two distinctively different emerging Cleantech 526

sector markets addressed by IKCs; biotech (Imperial College 527

synthetic biology center—“SynbiCITE”) and construction in- 528

fotech (CSIC)—to draw insights and lessons. The selection 529

of these sector cases is necessarily limited by the range of 530

IKC sector activity, but offers unique insights into the different 531

translation processes that have evolved across both shorter and 532

longer horizon technology and also at different technological 533

maturity stages, factors, which prior entfin studies [1], [24], [49] 534

suggest will impact on the availability of earlier stage private 535

finance. For example, Owen [14] and Owen et al. [65] found that 536

within the U.K. market longer horizon, higher capital intensive, 537

investment sectors find it particularly difficult to attract earlier 538

stage private investment. Further supporting evidence is also 539

drawn from other IKCs (e.g., Southampton’s National Biofilm 540

Innovation Centre) and related UKRPIF program activity (e.g., 541

for Cambridge Maxwell Centre and Imperial’s Biofoundry). We 542

should note the caveat that whilst outputs can be measured, the 543

outcomes of early-stage deeptech innovation are still many years 544

from being fully determined. 545

Drawing from university ecosystem theory [7], [43] and at- 546

tending to the entfin preseed, early-stage funding theoretical 547

gap, apparent from our literature review [47], [51] and initial 548

key informant scoping, we utilize a hybrid university-entfin 549

theoretical lens (see Fig. 1) to focus our analysis. Emergent 550

themes are derived mainly from the two IKC case studies’ related 551



OWEN AND VEDANTHACHARI: EXPLORING THE ROLE OF U.K. GOVERNMENT POLICY IN DEVELOPING THE UNIVERSITY 7

TABLE II
COMPARISON OF SELECTED IKCS’ ACTIVITIES BASED ON THE IDENTIFIED THEMES

interviews (see 51 in total, Table I) and supported by other552

stakeholders (e.g., early-stage investors).553

Our findings are presented by five emerging themes (see554

Table II), all with ecosystem and financing implications and555

related output key performance indicators (KPIs)—which have556

been drawn from the in-depth qualitative interviews triangulated557

across program managers, key staff, treated industry beneficia-558

ries, other industry (e.g., trade association) expert informants,559

and supporting evaluation data.560

A. Communication Specialists (Industry Translators, 561

Engineers, IP Agreements) 562

A key challenge is to bridge the communication barriers, 563

which span between the academic aims and objectives of uni- 564

versity researchers and the commercial needs of industry inno- 565

vators. The IKCs enable the universities to recruit staff from 566

industry backgrounds to provide a suitable conduit to translate 567

fundamental research to meet industry requirements. These 568

staff, such as software engineers, lab and project supervisors, 569
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and accelerator staff offer services that are distinctly different570

from the TTOs and IP licensing arrangements, which are often571

highlighted in the literature ([67], [72]).572

A key role of the IKCs is to recruit and pay for key translation573

staff with appropriate understanding of the emerging platform574

technology and its potential industry application. At Imperial575

(SynbiCITE) this has been achieved through two key trans-576

lator appointments; 1) a bio lab manager for projects, which577

implement automated workflows in collaborative projects with578

industry partners, bringing together academics with industry579

in lab conditions; 2) an analytics and metrology specialist to580

work with start-up and scale-up projects. For Cambridge (CSIC)581

the role of translation has involved a pioneering collabora-582

tive approach, requiring negotiating large construction industry583

project access agreements to test innovative IT remote sensing584

equipment, notably in infrastructure (road, rail—notably the585

recent national high-speed rail “HS2” and London underground586

CrossRail projects) and large-scale building and refurbishment587

projects. CSIC’s managers explained that “ …the construction588

sector is traditional and has been a slow adopter of sensor tech-589

nologies that are found for example in manufacturing processes590

and products.” Therefore, a considerable amount of IKC funding591

has gone into offering free post doc research time in order to592

demonstrate PoC and to obtain the in-kind key industry staff593

time input “ …to work out what data is most critical for optimal594

practical industry impacts.” In this case, CSIC drew heavily595

initially on the industry contacts of the IKC founding academic596

leaders, but also developed a critical role for a commercial597

academic specialist in fiber optics to develop ongoing contacts598

and opportunities for construction industry test projects.599

Another notable IKC example is Queen’s University Belfast’s600

Centre for Secure IT (CSIT). Industry engagement was cru-601

cial to this IKC, which created two key posts; 1) an indus-602

try development manager and 2) a lab manager. The former603

promoting membership and access to CSIT’s academic cyber604

security software libraries “ …we needed to be industry engaged605

and led to solve their problems …” and the latter working in606

labs to support new software companies and products. CSIT607

also “quickly recognized that academics could not deliver the608

specialist translation required.” They successfully applied for609

additional funding for 15 translation “engineers” with practical610

industry experience to operate on projects and in labs to assist611

member clients.612

B. Accessibility to Equipment613

Whilst IKC funding has not provided for lab building infras-614

tructure, which is offered through the complementary UKRPIF,615

an important component has been the operation of innovation616

labs to facilitate translation. Access to lab space has not formed a617

large part of CSIC’s program, since it has mainly been focused at618

taking existing later stage technology—described as “TRL 7-9619

know-how demonstration” out to industry. However, companies620

use Cambridge University’s labs, as in the case of the Maxwell621

Centre, which brings together physical materials science and622

engineering (c. £70m including £21m UKRPIF, established623

2016), and colocate for short periods (typically 3–6 months),624

or hire temporary lab time to undertake research projects. The 625

case of Silicon Microgravity (SMG) is instructive of the value of 626

cross-cutting interdisciplinary labs in developing new industry 627

innovation take-up. SMG came into contact with CSIC when it 628

moved lab space to the civil engineering department. Previous 629

focus had been on applying SMG’s acceleration and gyro sensors 630

for autonomous vehicles, but conversations with CSIC led to new 631

customized industry leading applications for mapping buildings 632

and underground pipes. 633

Imperial’s IKC epitomizes the importance of “…access to 634

high value, state of the art equipment, which most SMEs would 635

not be able to afford.” Respondents mentioned that the IKC 636

initially offered very restricted access to lab space at the South 637

Kensington campus, but their transfer to the £160m (including 638

£50m from UKRPIF) West London multidisciplinary bioengi- 639

neering campus enabled the establishment of White City Bio- 640

foundry with over £3m of contemporary cutting-edge equip- 641

ment. They offer a full test cycle of works, from design of se- 642

quences, creation, assign systems, to analysis, with opportunities 643

for industry to access hi-tech equipment, and address research 644

questions. Lab space can be offered flexibly with around 15–20 645

companies annually using the lab’s 6 bench spaces, alongside 646

technical support which can come from post doc specialists 647

(offered reportedly at circa “10% of real cost”). Clients are 648

primarily SMEs and include Ph.D. students, with around 10 649

SMEs, typically pre revenue start-ups, receiving more intensive 650

3- to 6-month PoC support. 651

The value of Imperial’s lab equipment services was high- 652

lighted by the CEO of LabGenius a spin-out from SynbiCITE. 653

The IKC initially enabled postdoctoral studies through accessing 654

an IUK grant, which enabled gene sequencing work. The com- 655

pany subsequently spun-out through Imperial Innovations (the 656

university’s specialist licensing and investment arm, renamed 657

“Imperial Enterprise”), with no IP issues and subsequently raised 658

$3 m in 2017 on the back of data supported by the IKC’s £50k 659

PoC grant funded work. Today, the company has $30m invested 660

and continues to work with SynbiCITE. They now employ 661

Imperial graduates and pay for lab space to test out Imperial’s 662

cutting-edge £500k equipment for long gene sequencing. This 663

is the only research center in the U.K., where such work can 664

be undertaken and offers companies the opportunity to test 665

ideas and equipment, which they might then consider purchasing 666

themselves. The CEO suggested that “SynbiCITE provided all 667

the assistance required to start and develop our pioneering AI 668

protein sequencing business and raise the funding required to do 669

so. Without this support the business would never have started.” 670

C. Financial Inducements (PoC, Free Trials/Demonstration 671

Projects) 672

As alluded to above, financial support and inducement sub- 673

sidies are crucial in the early-stage research translation phases 674

addressed by the IKCs, at the stage when information asymme- 675

tries in new tech make ex ante investment decisions most difficult 676

(Siegel et al. 2007). Munari et al. (2016) provide a unique study 677

of the importance of PoC grants and the nature of their regional 678

and national delivery, whilst Kochenkova et al. [52] found that 679
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they are often tied to incubator/accelerator and science park680

locational clusters and specialisms. The advantages of flexible681

PoC grant funding operated through the IKCs were mentioned682

by both Southampton (National Biofilm Centre) and Imperial683

(SynbiCITE) program managers as offering a flexible and rel-684

atively fast offer, when compared to the typically rigid timed685

calls and long review processes of national IUK programs. IKC686

PoC grants are promoted through high level university/industry687

networks nationally, with rapid peer review being undertaken688

by industry leading specialists. In the case of Imperial, most689

PoC grants have been allocated to London-based businesses that690

are able to locate in West London for launch pad accelerator691

support, working closely with the IKC industry translators. The692

introduction of SynbiCITE’s four-day MBA course to selective693

universities such as Manchester as a foundation launchpad for694

PoC grants, has facilitated wider access, resulting in a couple of695

Manchester venture recipients. PoC grants of typically £50k tend696

to operate for short 3–6 months projects with Imperial offering697

circa 10 per year over the past three years. Specialist translation698

staff were quick to point to their work requiring wide ranging699

accelerator skills support to ensure that financial management,700

market research, and financial networking is in place to take701

the best cases to follow-on investment. In one case an extension702

grant of over £100k was offered for next stage pilot development703

work, but this was rare due to the lack of scale of IKC funding704

available. Overall, flexible funding, stage, and timing support705

had proven highly effective in gap funding for private market706

failure. “Only a couple of assisted companies have failed and707

collectively less than £400k of grants has assisted 27 companies708

to a current combined valuation of in excess of £800m!”709

Cambridge CSIC has developed a different model. Program710

managers explained that the early part of the program involved711

persuading large industry corporates like Skanska, Costain,712

Arup, Mott Macdonald, and Jacobs to allow postdoctoral staff713

access to construction projects in order to pilot the use of fiber714

optic sensors in the construction process over periods of many715

months. It was noted for example that ground tests for London’s716

CrossRail tunneling and building foundations required seasonal717

change coverage. This model offered free staff and equipment718

installation monitoring and analytics in order to test processes719

and refine systems and equipment for commercial adoption.720

The success of the approach can be gauged by the extent of721

U.K. industry take-up. For example, Skanska establishing a new722

“CemOptics” division devoted to industry leading use of fiber723

optics in concrete tunneling and pile foundations, estimated at724

saving over one third of materials costs due to improved un-725

derstanding of seasonal ground stress testing. This also enabled726

a Ph.D. student project to spin out in 2013 into a successful727

business (Utterberry), which supplies customized micro sensors728

to construction projects.729

D. Skills and Management Training (Courses, Accelerators)730

All of the IKCs embed academic and industry training in their731

programs, demonstrating that the IKCs were funded by UKRI732

to develop academic teaching and published outputs as well as733

innovative industry outcomes.734

Imperial’s four-day rapid SynbiCITE MBA course aims to 735

provide a grounding for synthetic biology graduates to learn 736

about industry start-up opportunities and the required range of 737

business administrative skills for spin-out start-ups. The course 738

has become available to a high-level specialist university net- 739

work in the U.K. (including Cambridge, Manchester, Bristol, 740

Nottingham, Edinburgh) as a foundation course for entry into the 741

SynbiCITE launchpad accelerator support, including training, 742

access to lab equipment at Imperial’s White City Biofoundry 743

and PoC grant funding. SynbiCITE staff stress the importance of 744

well-rounded business training: “Whilst we have a good pipeline 745

of potential university spin-outs and start-up enquiries, many ap- 746

plicants with synbio skills lack business acumen, particularly in 747

accessing markets, suppliers, management skills, and finance.” 748

Cambridge CSIC IKC has evolved into many and various as- 749

pects of construction and infrastructure industry digital support 750

services, ranging from fiber optic sensors aiding construction 751

and whole of life infrastructure and buildings asset management 752

to digital twinning for urban infrastructure planning. “CSIC’s 753

core agenda has been driven by a collaborative vision, creating 754

solutions to industry … Sharing information, skills and knowl- 755

edge …” To this effect conferences, workshops, secondments 756

(over 25 to date), formal industry partnerships (60 plus to date) 757

have formed a vital tailored approach to informing and then 758

collaborating with a wide range of industry players including 759

large construction companies, trade associations (e.g., British 760

Geological Society) and small innovative start-ups, which can 761

benefit from access to skilled one to one technical staff sup- 762

port, lab equipment, networking events, and business training 763

workshops. The support structure was endorsed by the CEO 764

of SMG (an early-stage SME innovator): “CSIC introduced 765

key players within the construction industry … closely moni- 766

tored our progress and offered support where necessary. This 767

included lab testing for product development, enabling access 768

to expensive instruments unaffordable for a start-up, access to 769

research data and staff expertise in data modelling.” Indeed, it 770

appears that the only downside was that booking lab space during 771

the Pandemic has been slow and bureaucratic. CSIC’s impacts 772

have only included three spin-outs in a sector that is dominated 773

by large construction companies and their influence is perhaps 774

better demonstrated by the 200 plus demonstrator/PoC projects 775

undertaken, thus, far. 776

E. Leadership (Networking, Policy Regulation, Global 777

Outreach) 778

A significant role and measure of the success of the IKCs is 779

their leadership in the U.K. and globally within their respective 780

emerging industrial sectors. This underscores the importance 781

of taking an ecosystem view to understanding the catalytic, 782

leading roles that the IKC’s have in developing the institutional 783

linkages and regulations required to build confidence and trust in 784

emerging technology sectors and encourage industry adoption 785

and private investment for early-stage innovation [11], [22], [46]. 786

Here, Cambridge’s CSIC IKC demonstrates what is required 787

to drive evolutionary change within a traditional industry “ …it 788
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brought the idea to develop smart infrastructure in construc-789

tion.” The IKC, established in 2011, built upon pre-existing790

research and industry linkages (in 2005 the team’s fiber optics791

sensors assisted Channel Tunnel construction) within the U.K.792

and globally of leading team members. From the start the IKC793

held events with key trade bodies such as the Institute of Civil794

Engineers (ICE), leading to 2016 publication of ICE and Depart-795

ment for Transport best practice guides. In 2018, CSIC played a796

leading role internationally in the smart sustainability roundtable797

at the Global Engineering Conference and development of the798

Carbon Reduction Code for the Built Environment, currently799

being trialed by the U.K. Environment Agency. Industry experts800

point to CSIC’s leading role in ICE steering groups on digi-801

tal transformation, whilst international outreach is widespread,802

through close links with Berkeley University (where Professor803

Soga, a founder of CSIC is now based) and universities in804

South East Asia, leading to major contribution to South Korea’s805

national bridge building program.806

Imperial’s IKC team had already established a U.K. (arguably807

global) leading position when after a decade of pioneering808

research, initially stimulated through meetings with MIT, they809

developed the national roadmap for U.K. synbio development,810

which formed the basis for the IKC’s establishment in 2013.811

This sets out the catalytic role of national biofoundries for812

assisting innovative start-ups, with linkages to other regional813

synbio university and research specialists. This was recognized814

globally as a leading initiative, which others have followed and815

SynbiCITE recently established a global biofoundry networking816

group across 30 countries. Success has been based on consider-817

able efforts to work with the U.K. government through All Party818

Parliamentary Groups to educate politicians and policymakers819

of the potential contribution the sector can make to climate820

change and economic growth. They also hold parliamentary821

promotions for international inward investment into the industry.822

SynbiCITE’s leaders point to the enormous long term public823

investment required to develop synbio, with China ($400m) and824

the US ($100m) committing large sums into biofoundries and825

future commitments by these countries planned to run into the826

$billions. They reflect that ultimately “ …government requires827

a champion to ensure that sufficient investment is provided to828

maintain global leadership.”829

F. Summary830

Our findings (summarized in Table II) demonstrate that a831

significant amount of public funding, from a range of programs832

that bring together capital and revenue support is required in833

order to generate private funding leverage and deliver the desired834

industry innovation outcomes. The university ecosystem theo-835

retical lens highlights different IKC process pathways and key836

elements to achieving outcomes. For example, CSIC adopted an837

outreach strategy of engaging with large construction industry838

companies in order to achieve market penetration for innovative839

variants of mature technology, whilst SynbiCITE focused on840

an incubation catalyst role for new venture start-ups to develop841

the new synbio tech platform. The addition of the entfin the-842

oretical lens clarifies fundamental difference between the IKC843

case studies in technology maturity and deeptech characteristics, 844

which appear largely influential on their private industry invest- 845

ment experiences. Cambridge CSIC’s innovations are mainly 846

later TRL (7–9) digital adaptations and large data management 847

oriented, with large private sector customers able to subsume 848

related hardware adoption costs, which then result (in the case 849

of construction in clear and immediate cost-efficiency savings). 850

Even in the case of longer-term property asset management, cost 851

savings have been relatively quickly demonstrable (within a year 852

of testing for seasonal effects). For Imperial SynbiCITE’s earlier 853

emerging synbio technology the rapid digital and AI driven 854

technology side around TRL 3–6 has drawn huge investment 855

into digital proofing, but a huge deeptech hardware financing 856

gap exists—described as “ …at least 5x underfunded, compared 857

to US investment markets” by both Imperial and UCL’s TTOs. 858

Without substantial public and private investment many of the 859

potentially game changing Cleantech outcomes, such as more 860

efficient material use in manufacturing, will not be realized. 861

V. DISCUSSION—IMPLICATIONS FOR UNIVERSITY-LED ENTFIN 862

ECOSYSTEMS AND CLEANTECH OUTCOMES 863

The unique hybrid university entfin ecosystem theoretical lens 864

applied to our analysis is very instructive in demonstrating the 865

theoretical and practical contribution of this article. We progress 866

university ecosystem [7], [43] theory by outlining, which ele- 867

ments of the ecosystem are most impactful. Critically, we also 868

address the prior deficit in applying entfin theory to reveal the 869

relationship between the university ecosystem elements and the 870

processes which work well—particularly for Cleantech—and 871

why this is the case, including drawing attention to deeptech 872

funding requirements. 873

The widespread range of activities by the IKC case studies 874

(Cambridge CSIC and Imperial SynbiCITE) across our five 875

emerging themes (communication, accessibility, skills, leader- 876

ship, and finance) underline the considerable requirement for 877

public funding. They demonstrate the need for an entfin ecosys- 878

tem approach [46]—particularly to draw attention to the require- 879

ments of early-stage Cleantech patient capital. It also highlights 880

the anchor role [3] played by universities in developing new 881

emerging technologies such as synbio and accelerating smart 882

technology adoption in the construction sector. Our approach 883

provides a synthesized enhancement on prior theoretical and 884

practical work (notably SQW/CEEDR [43]) by demonstrating 885

the key thematic elements in the entfin ecosystem that require 886

attention, whilst also drawing out crucial differences in ap- 887

proaches, which have evolved over time to adjust to specific 888

emerging technology sector nuances (such as the technology 889

and applied industry level of maturity and purpose via adop- 890

tion and development) and the spatial aspects of a university 891

centered and led ecosystem, which may necessarily impact 892

on the local/regional ecosystem, but also on wider national 893

and international ecosystems. Above all, there is strong and 894

uniformly supported evidence for the role of public funding to 895

facilitate university research translation to industry innovation 896

processes and to cofinance and work with private industry to 897

ensure commercialization can take place. Here, we develop 898
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theory and practice by focusing on what this means in terms899

of establishing the most effective entfin ecosystem processes to900

generate public good and specifically Cleantech outcomes over901

time.902

First, from a contextual perspective, applying a university903

entfin lens builds on theory by demonstrating that the preseed904

market requires a combination of public policy mix [51] and905

university ecosystem linkages to leverage sufficient scale public-906

private corporate finance for effective university research to907

industry innovation translation processes. We further use our908

hybrid theoretical lens to demonstrate that ecosystem collabora-909

tion between universities to deliver more efficient resource-cost910

allocation extends nationally and internationally (contributing a911

different element to Moortel and Crispeels [38], [76] strategic912

management framework). The IKCs only provide relatively913

small sums of catalytic funding for staff translation and asso-914

ciated network and outreach development activities. Whilst a915

key finding is that hiring industry experienced translators (who916

understand academic research and commercial requirements and917

can bridge the knowledge transfer gap between academia and918

industry) is essential to delivering industry innovation impact919

(Hauser [38], [39]), large-scale investment into state-of-the-art920

equipment and lab facilities (such as through UKRPIF) is also921

crucial and has to be kept up to date. Capital equipment costs922

are high for synbio and one way the national network of univer-923

sities have proceeded is via niche specialisms (e.g., Imperial924

specialize in AI, whilst Manchester invest in robotics). This925

effectively shares costs, enhances regional niche specialist focus926

and key private industry partner investor linkages (encouraged927

by UKRPIF). This may be viewed as an effective policy mix928

[14], with regional economic gains (e.g., Manchester students929

participate in the Imperial MBA and create spinouts in the North930

of England), provided that the universities work as an effective931

national network. There is also scope for international collab-932

orative working between universities, particularly to address933

Climate change, highlighted by Cambridge’s work in India to934

deliver energy efficiency and alleviate energy poverty.935

Our university entfin theoretical lens also offers advancement936

to overcoming information asymmetries in the preseed finance937

escalator [14]. From a baseline of the innovation investment938

pyramid perspective, the IKCs have developed very effective939

solutions, using a mix of PoC and accelerator approaches.940

A fundamental advantage of the IKC approach is to put the941

emphasis on the university specialist as the initial funding942

provider (rather than a national nonspecialist centralized fun-943

der approach), operating across national university networks in944

the case of Imperial and Southampton’s biotech IKCs. These945

facilitate relatively rapid and tailored funding packages, which946

are supported by specialist industry facing IKC staff. In the947

case of Cambridge CSIC these offer project demonstration for948

big construction industry collaborators, whereas for Imperial949

these relate to technical PoC, access to state of the art testing950

equipment alongside rounded industry launch-pad support for951

management skills and next stage investment linkages. Here, we952

advance Munari et al’s [52] university ecosystem theoretical dis-953

cussion of regional and national impact. We find that a national954

program with regional university specialist research focus can955

have national and international outreach, which is nuanced by 956

ecosystem factors relating specifically to complementary univer- 957

sity networks, technology maturity (TRL levels), and industry 958

financing mix. 959

A contribution of the university entfin ecosystem theoretical 960

lens is the observation that emerging technology investment 961

scale and commercialization horizons vary considerably and 962

present different challenges to the early-stage innovation invest- 963

ment escalator [65]. Technology, which is software oriented such 964

as cyber security (or synbio digital modeling) is typically shorter 965

horizon, less capital intensive and more likely to be attractive 966

to private investment. This is borne out by the relatively rapid 967

development of commercial application by small and larger 968

businesses in Belfast’s cyber tech cluster (including 60 plus com- 969

panies contributing £80m GVA). In contrast, whilst overhead 970

costs for synbio and biofilm IP progression are reducing for entry 971

level ICT equipment, leading to a largely grant and speculative 972

private investor-led cluster of big data-led AI-driven ventures, 973

there is little investment structure in place for the longer horizon 974

deeptech, high-cost capital equipment investment required to 975

develop commercial industry innovation. Currently, much of the 976

£1bn valuation of Imperial’s West London new venture synbio 977

cluster is based on IP and patent potential. Without considerable 978

U.K. government cofinancing investment (in-line with US and 979

Chinese synbio investments of several hundred million dollars), 980

U.K. prime mover leadership will be lost and many of these 981

ventures will fail or suffer suboptimal trade sale exits to overseas 982

companies. It was suggested by Imperial’s IKC managers that 983

a government VC cofund could catalyze considerable private 984

funding into the sector, which currently lacks the private corpo- 985

rate investment funding found in the more mature risk-assessable 986

biopharma sector. 987

Our hybrid theoretical lens also highlights the crucial con- 988

nectivity between government cofunding to leverage private 989

investment into university and preseed innovation and university 990

leadership to raise policy and private funder awareness [14], 991

[43]. Recent interviews with UCL and Imperial TTOs suggest 992

that the British Business Bank’s Patient Capital Fund is now 993

investing earlier, into university seed funds to match fund private 994

leveraged finance. However, the TTOs have limited faith in na- 995

tional government sufficiently funding this market (particularly 996

after the COVID-19 financial crisis) and are increasingly looking 997

to the deep pockets of philanthropists to follow the Harvard Wyss 998

Institute’s funding model. The TTOs state that they are keen 999

to promote inward investment and require increased marketing 1000

budgets to promote their research and innovation on the global 1001

stage. For example, Imperial points to being a top ten global S&T 1002

university (although only one seventh of the scale of MIT). They 1003

state that “ …more global promotion of U.K. top performing 1004

S&T universities is required”, but found that recent £50 000 1005

promotion of their Cleantech activities for COP26 stretched their 1006

budget. 1007

An important observation of the research is the lack of U.K. 1008

Government investment directly into the foundations of the 1009

Cleantech innovation funding pyramid or escalator (Owen et 1010

al. 2020; Owen, 2021). Neither case study IKC had a specific 1011

remit to address climate change, but they both demonstrate far 1012
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reaching applications for their technologies globally to reduce1013

material use—through for example construction sector use of1014

cement, or Airbus adoption of more efficient synbio materials in1015

aircraft manufacture (see Table II). Another major contribution1016

of synbio and biofilm is in vastly improved water purification1017

techniques, which can enhance biodiversity as well as arable1018

farming (for biofuel and methane reduction). As stated, The1019

U.K. Government and governments globally should have1020

greater consideration for funding and supporting Cleantech1021

innovations, particularly in supporting deeptech through to1022

commercialization.1023

Finally, industry leadership and networking are critical to1024

raising awareness of the value of the emerging sector to the U.K.1025

economy. All of the IKC managers refer to working with various1026

government departments, political lobbying groups, and national1027

committees to ensure that there is an improving policy mix,1028

which includes national and international regulations and good1029

practice in ‘frontier’ industries, which have been described as1030

“the wild west” and in need of regulatory and technical guidance1031

to ensure industry standards, which can impact globally. Here,1032

all three IKCs play leading roles in global university research1033

networks in their respective sectors. Crucially, the delivery of1034

new innovations and enhanced industry standards has been1035

shown to have huge potential impact for climate change, in1036

saving material costs for construction and on world health, for1037

example, playing an important role in the rapid deployment of1038

Pandemic vaccines.1039

VI. CONCLUSION AND LIMITATIONS OF THE STUDY1040

This is a unique study of the U.K. university entfin ecosystem,1041

focusing on two distinctive emerging technologies developing1042

through the research and industry interactions of two U.K. Gov-1043

ernment funded University IKCs. Our adoption of a novel hybrid1044

university entfin ecosystem theoretical framework reveals for the1045

first time the specific nuances of different emerging innovation1046

sectors—notably their degree of maturity, locality, and outcome1047

horizons for achieving impact, drawing attention to the key1048

roles of universities and financing and their interactions within1049

the wider entfin ecosystems (at local/regional, national, and1050

international scales). We advance current theory and practice lit-1051

erature by highlighting five key themes (communication, access,1052

finance, skills and management, and leadership) for university1053

entfin ecosystem development to facilitate innovative industry1054

commercialization. We also note the lack of specific U.K. Gov-1055

ernment policy to support early stage Cleantech innovation and1056

financing—neither IKC case study had a specific Cleantech re-1057

mit, but both make outstanding contributions to Climate change.1058

Finally, our findings underline the need for government long1059

horizon, deep pocket, investment, and support to leverage private1060

investment globally. This is best supported by an integrated1061

university and entrepreneurial finance policy mix, alongside1062

more open, inclusive, ecosystem development between different1063

actors—including university to university networks—nationally1064

and internationally.1065

This article is necessarily limited by the time, scale and1066

location of the research. The U.K. is just one, leading Cleantech1067

S&T market and future studies will be able to consider the 1068

longer-term implications of the emerging technologies and their 1069

respective impacts on global Cleantech activities. This article 1070

provides a suitable theoretical framework for further qualitative 1071

investigation of the university entfin ecosystem and the key 1072

emerging factors, which contribute to its commercial innovation 1073

advancement. It comes too soon to make more substantive 1074

quantitative assessment as much of the Cleantech innovation is 1075

yet to be fully commercialized, but there are sufficient signs to 1076

indicate that there will be major climate change impacts provided 1077

that sufficient investment is found. 1078

ACKNOWLEDGMENT 1079

The authors would like to thank Economic and Social Re- 1080

search Council, Centre for Understanding Sustainable Prosper- 1081

ity, UK Research and Innovation, peer reviewers, and P. Vaze at 1082

Belmana. 1083

REFERENCES 1084

[1] R. Owen, G. Brennan, F. Lyon, and T. Harrer, “Financing cleantech SME 1085
innovation: Setting an agenda,” IEEE Trans. Eng. Manage., vol. 68, no. 4, 1086
pp. 1168–1172, Aug. 2021, doi: 10.1109/tem.2020.3005702. 1087

[2] UNCC, “The Paris agreement,” 2015. [Online]. Available: https://unfccc. 1088
int/process-and-meetings/the-paris-agreement/the-paris-agreement 1089

[3] Y. Finger, J. Bone, S. Bielli, S. Bannerhee, and C. Haley, Digital En- 1090
trepreneurship: An Idea Bank for Local Policymakers. London, U.K: 1091
Nesta, 2016. 1092

[4] C. Mason and R. Brown, “Entrepreneurial ecosystems and growth oriented 1093
entrepreneurship,” Final Rep. OECD, Paris, no. 30, pp. 77–102, 2014. 1094

[5] A. Reid, E. Griniece, and J. Angelis, “Evaluating and monitoring the 1095
Socio-economic impact of investment in research infrastructures,” 2015. 1096
[Online]. Available: www.technopolis-group.com 1097

[6] B. Wurth, E. Stam, and B. Spigel, “Toward an entrepreneurial ecosys- 1098
tem research program,” Entrepreneurship Theory Pract., Mar. 2021, 1099
Art. no. 104225872199894, doi: 10.1177/1042258721998948. 1100

[7] H. Etzkowitz, “Triple helix clusters: Boundary permeability at 1101
university—Industry—Government interfaces as a regional innovation 1102
strategy,” Environ. Plan. C Government Policy, vol. 30, no. 5, pp. 766–779, 1103
2012, doi: 10.1068/c1182. 1104

[8] R. Graham, Creating University-Based Entrepreneurial Ecosystems Ev- 1105
idence from Emerging World Leaders. Cambridge, MA USA: MIT, 1106
2014. 1107

[9] B. Clarysse, M. Wright, J. Bruneel, and A. Mahajan, “Creating value 1108
in ecosystems: Crossing the chasm between knowledge and busi- 1109
ness ecosystems,” Res. Policy, vol. 43, no. 7, pp. 1164–1176, 2014, 1110
doi: 10.1016/j.respol.2014.04.014. 1111

[10] M. Wright and K. Fu, “University Spin-outs: What do we know and what 1112
are the policy implications? Evidence from the UK,” J. Innov. Manage., 1113
vol. 3, no. 4, pp. 5–15, 2016, doi: 10.24840/2183-0606_003.004_0002. 1114

[11] F. Munari, E. Rasmussen, L. Toschi, and E. Villani, “Determinants of 1115
the university technology transfer policy-mix: A cross-national anal- 1116
ysis of gap-funding instruments,” J. Technol. Transf., vol. 41, no. 6, 1117
pp. 1377–1405, 2016, doi: 10.1007/s10961-015-9448-1. 1118

[12] Anonymous, “U.K. research partnership investment fund,” 2021. 1119
[Online]. Available: https://www.ukri.org/our-work/browse-our-areas- 1120
of-investment-and-support/uk-research-partnership-investment-fund/ 1121

[13] H. M. Government, “The clean growth strategy,” 2017. [Online]. 1122
Available: https://assets.publishing.service.gov.uk/government/uploads/ 1123
system/uploads/attachment_data/file/700496/clean-growth-strategy- 1124
correction-april-2018.pdf 1125

[14] R. Owen, “Lessons from government venture capital funds to enable 1126
transition to a low-carbon economy: The U.K. case,” IEEE Trans. Eng. 1127
Manage., to be published, doi: 10.1109/tem.2021.3094992. 1128

[15] B. E. Gaddy, V. Sivaram, T. B. Jones, and L. Wayman, “Venture capital 1129
and cleantech: The wrong model for energy innovation,” Energy Policy, 1130
vol. 102, pp. 385–395, 2017, doi: 10.1016/j.enpol.2016.12.035. 1131

https://dx.doi.org/10.1109/tem.2020.3005702
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
www.technopolis-group.com
https://dx.doi.org/10.1177/1042258721998948
https://dx.doi.org/10.1068/c1182
https://dx.doi.org/10.1016/j.respol.2014.04.014
https://dx.doi.org/10.24840/2183-0606_003.004_0002
https://dx.doi.org/10.1007/s10961-015-9448-1
https://www.ukri.org/our-work/browse-our-areas-of-investment-and-support/uk-research-partnership-investment-fund/
https://www.ukri.org/our-work/browse-our-areas-of-investment-and-support/uk-research-partnership-investment-fund/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-strategy-correction-april-2018.pdf
https://dx.doi.org/10.1109/tem.2021.3094992
https://dx.doi.org/10.1016/j.enpol.2016.12.035


OWEN AND VEDANTHACHARI: EXPLORING THE ROLE OF U.K. GOVERNMENT POLICY IN DEVELOPING THE UNIVERSITY 13

[16] C. Mason, “Financing entrepreneurial ventures,” in The SAGE Hand-1132
book of Small Business and Entrepreneurship. London, U.K: Sage, 2017,1133
pp. 321–348, doi: 10.4135/9781473984080.n17.1134

[17] J. W. Creswell, Research Design: Qualitative, Quantitative, and Mixed1135
Methods Approaches. Thousand Oaks, CA, USA: Sage, 2009.1136

[18] M. Mazzucato and G. Semieniuk, “Financing renewable energy: Who1137
is financing what and why it matters,” Technological Forecasting Social1138
Change, vol. 127, pp. 8–22, 2018, doi: 10.1016/j.techfore.2017.05.021.1139

[19] D. North, R. Baldock, and F. Ullah, “Funding the growth of U.K.1140
technology-based small firms since the financial crash: Are there breakages1141
in the finance escalator?,” Venture Capital, vol. 15, no. 3, pp. 237–260,1142
2013, doi: 10.1080/13691066.2013.804755.1143

[20] R. Baldock and C. Mason, “Establishing a new U.K. finance escalator1144
for innovative SMEs: The roles of the enterprise capital funds and angel1145
co-investment fund,” Venture Capital, vol. 17, no. 1/2, pp. 59–86, 2015,1146
doi: 10.1080/13691066.2015.1021025.1147

[21] R. Owen and C. Mason, “The role of government co-investment funds in1148
the supply of entrepreneurial finance: An assessment of the early operation1149
of the U.K. angel co-investment fund,” Environ. Plan. C Politics Space,1150
vol. 35, no. 3, pp. 434–456, 2017, doi: 10.1177/0263774x16667072.1151

[22] J. Lerner, “The future of public efforts to boost entrepreneurship and1152
venture capital,” Small Bus. Econ., vol. 35, no. 3, pp. 255–264, 2010,1153
doi: 10.1007/s11187-010-9298-z.1154

[23] M. Wright, B. Clarysse, and S. Mosey, “Strategic entrepreneurship,1155
resource orchestration and growing spin-offs from universities,” Tech-1156
nol. Anal. Strategic Manage., vol. 24, no. 9, pp. 911–927, 2012,1157
doi: 10.1080/09537325.2012.718665.1158

[24] Department for Business, Energy and Industrial Strategy (BEIS),1159
“The innovative firm’s journey to finance,” 2017. [Online]. Available:1160
https://assets.publishing.service.gov.uk/government/uploads/system/1161
uploads/attachment_data/file/666878/BEIS_format_Innovative_Firms_1162
Journey_to_Finance_BMG_CEEDR.pdf1163
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Exploring the Role of U.K. Government Policy in
Developing the University Entrepreneurial Finance

Ecosystem for Cleantech

1
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Robyn Owen and Lakshminarasimhan Vedanthachari4

Abstract—Vast sums of public money are invested into universi-5
ties globally as anchor institutions and knowledge bases providing6
seedbed resources for research and development and entrepreneur-7
ship. Focusing on university science and technology research we8
examine two U.K. case studies of government support from the “In-9
novation Knowledge Centre” (IKC) program to translate research10
into industry innovation for public good. Although IKCs are not11
tasked to address climate change, the two case studies demonstrate12
tremendous potential for Cleantech development. An exploratory13
entrepreneurial finance (“entfin”) ecosystem theoretical lens con-14
textualizes the catalytic roles of universities and public funding to15
support industry at the base of the innovation finance escalator. We16
thus develop university-industry ecosystems literature, addressing17
the gap in nurturing university entfin for climate change. Our qual-18
itative case study methodology includes literature review and 5119
key informant interviews with: policymakers; university research20
leaders, technology transfer officers, specialist research to industry21
innovation “translation” staff, SME beneficiaries, trade bodies;22
and early-stage private finance providers. We reveal nuances in23
different emerging innovation sectors—notably their degree of24
maturity, locality, and outcome horizons for achieving impact,25
drawing attention to the key roles of universities and financing and26
their interactions within their entfin ecosystems. We demonstrate27
the need for government long horizon, deep pocket, investment,28
and integrated university entfin policy mix, alongside more open,29
inclusive, ecosystem development between different actors.30

Index Terms—Cleantech, entrepreneurial finance ecosystem,31
innovation, policy evaluation, science and technology, universities.32

I. INTRODUCTION33

C LIMATE change is now the primary policy objective of34

many countries globally, as witnessed by COP26 (Glas-35

gow, November 2021). As yet there is little evidence from the36

entrepreneurial finance (“entfin”) or university ecosystems liter-37

ature that examines the role of policy interventions to stimulate38
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innovative clean technology ventures (“Cleantechs”) to address 39

climate change [1]. This article addresses this research gap 40

[2] by examining U.K. policy relating to; first, the operation 41

of university entfin ecosystems in supporting new science and 42

technology (S&T) research translation into spin-out and small 43

business innovations; second, how such innovations can con- 44

tribute to developing Cleantechs that can impact on achieving 45

Net Zero reductions in greenhouse gases by 2050 or sooner [2]. 46

Universities are major anchor institutions [3] and knowl- 47

edge bases [4] providing seedbed resources for research and 48

development (R&D) and entrepreneurship. Globally, vast in- 49

vestments are made by governments into supporting university 50

S&T and entrepreneurial teaching. This is expected to deliver 51

public good through innovative spin-out companies, adoption 52

of innovative practices in existing enterprises and creation of 53

a more entrepreneurial and competitive local, regional, and 54

national economy, thus leading to improved environments and 55

living standards [5]. Recent studies demonstrate the need to 56

understand the operation of entrepreneurial ecosystems [6] and 57

the catalytic roles of universities within these [7], [8]. However, 58

relatively few studies examine the vital contribution of public 59

and private finance to facilitate “translation” of university-led 60

R&D and entrepreneurship into impactful industry innovation 61

[9]–[12]. Furthermore, within this article’s U.K. research con- 62

text, whilst the U.K. Government presents a so-called “world 63

leader” clean growth strategy [13] there are no specific policies 64

for addressing climate change through university-led Cleantech 65

innovation. Here, taking our lead from Owen et al. [1] and Owen 66

[14] in IEEE who call for greater research and policy attention 67

to early-stage Cleantech innovation financing. “Cleantech” are 68

here defined as typically young, early-stage ventures, which 69

contribute product, service, and process innovations to lower 70

carbon and greenhouse gas emissions and reduce (notably rare 71

mineral) material use [15]. This article provides a unique insight 72

into addressing the research question of how best to achieve uni- 73

versity research translation into innovative Cleantech to achieve 74

Net Zero. 75

We explore the role of the U.K. “Innovation Knowledge 76

Centre” (IKC) program, which is tasked with public funding sup- 77

port to enable university-based emerging technology research 78

translation into commercial industry innovation. We examine 79

the processes of university translation of R&D into impactful 80

industry innovation. This is achieved by combining university 81
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ecosystems theory [7] with the entfin escalator [16] to provide a82

university entfin ecosystem theoretical lens. This enables deeper83

insight into the interplay between different types of actors that84

contribute to the translation process [17]. In this respect, we85

adopt a qualitative case study of two U.K. IKCs at Imperial86

College and Cambridge University, entailing a literature review87

and 51 key informant interviews with: policymakers; university88

research leaders, technology transfer officers, specialist research89

to industry innovation “translation” staff, SME beneficiaries,90

trade bodies, and early-stage private finance providers. This91

article considers the central roles of university entrepreneurial92

teaching and R&D activities, and their interactions with private93

entrepreneurs and industry and public and private financiers. The94

focus is S&T, since numerous studies point to early financing95

gaps in the valley of death [18], [14], which contribute to the96

failure to commercialize university research and establish indus-97

try innovation. We find that most early-stage finance escalator98

studies focus on post spin-out seed finance and subsequent Series99

A commercializing finance [19]–[21], whilst few examine the100

financing and impacts from the start of the finance escalator at101

the base of the innovation funding pyramid [11], [22]–[24]. Fur-102

thermore, no studies have specifically considered the financing103

of university related Cleantech and their potential impacts on104

Net Zero.105

The article proceeds with an explanation of the qualitative106

methodological approach taken, a contextual review of the key107

literature, an explanation of the university entfin ecosystem108

theory-driven framework of analysis, emerging themes, discus-109

sion of the article’s contribution to the literature and practical110

implications for policy, conclusion and assessment of research111

limitations, and future research development.112

II. METHODOLOGICAL APPROACH113

A qualitative multisourced case study methodology was114

adopted [17], [25] to enable initial scoping of the subject and115

triangulation [26] verification of evidence from different sources116

[27], [28].117

Our research question [29] was how best to achieve university118

research translation into innovative Cleantech to achieve Net119

Zero? This initially required an extensive structured literature120

review [30], [31] examining the university ecosystem and the re-121

lated role of finance. A Scopus (the largest global academic paper122

search program) search revealed a burgeoning broad academic123

literature on ecosystems during the past decade, but with little124

focus on the roles of universities in the development of industry125

with relevance to the more mature economy entfin ecosystems126

found in the U.K. We, therefore, focused on papers from Western127

Europe, North America and more advanced Oceania-Pacific Rim128

markets. Of the 50 higher level most relevant papers (Association129

of Business Schools (“ABS”) higher 3+ ratings) only 10 directly130

addressed university entfin ecosystem issues in the past decade.131

These were supplemented with recent grey policy and practice132

literature and selective university focused lower tier academic ar-133

ticles to ensure highly relevant contemporary thematic coverage.134

This helped shape understanding of the university entfin in terms135

of policy, practice, and academic theoretical approaches, whilst136

also demonstrating considerable knowledge gaps, particularly 137

for Cleantech. This informed the qualitative interview topic 138

guide (discussed below). 139

We adopted a qualitative case study approach [26] to enable a 140

greater understanding of the translation processes taking place 141

between university and industry and the roles of public and 142

private finance actors within the entfin ecosystem. We pur- 143

posively selected two out of six current U.K. IKC university 144

translation and financing programs as case studies to provide 145

in-depth process evidence of Cleantech innovation within two 146

distinctive emerging sector technologies [32]. These were se- 147

lected on the basis that they have potential impact on Cleantechs 148

and have been operational sufficiently long (at least 7 years) to 149

observe processes and outcomes. We also selected contrastingly 150

different emerging technology sectors with climate change and 151

regional ecosystem impact potential; Imperial College London’s 152

synthetic biology (“Synbio”) “SynbiCITE” Research Centre, 153

and Cambridge University’s Centre for Smart Infrastructure 154

and Construction (‘CSIC’). These case studies were supple- 155

mented by interviews with other IKC managers, including 156

at Southampton University’s Biofilm and Queens University 157

Belfast’s digital security center. We also draw on case study 158

interviews from Cambridge University’s Maxwell Centre, which 159

received complementary U.K. Research Partnership Investment 160

Fund (UKRPIF) infrastructure funding program investment for 161

S&T translation work with industry. Collectively, the selected 162

51 interviews (26 of which were directly associated with the 2 163

case study IKCs, Table I) offer data triangulation and external 164

validation of processes studied [33]. 165

Interviews were recorded, transcribed, and analyzed using 166

qualitative case analysis [34] by two independent researchers 167

to avoid interpretative bias. Interview data was systematically 168

entered into excel spreadsheets under the topic guide themes 169

and reviewed. Emerging themes were independently coded by 170

the researchers and then agreed [35]. Additionally, our initial 171

findings were triangulated [27] by available secondary data 172

(e.g., program management reports, website, and U.K. Research 173

and Investment (UKRI’s) Research Fish program output data). 174

Our initial findings were then tested in two follow-up online 175

workshops with al 6 IKCs in summer 2021, providing additional 176

data validation [33]. 177

In further detail, qualitative research involved multiple stake- 178

holders within the university entfin ecosystem, consisting of 179

51 interviews (40 online during COVID-19) with university 180

research leaders, project delivery specialists, assisted SMEs 181

and larger businesses, and other stakeholders (policy leaders, 182

research partners, and intermediary trade body organizations and 183

15 early-stage U.K.-based public and private finance providers 184

(see Table I). Topic guide, semistructured, interviews offered 185

consistent approaches and also opportunity for flexible focus 186

to explore what mattered most for particular respondents [27]. 187

Topic guides for different stakeholder types and investors (see 188

Annex 1) were derived from prior literature and scoping work 189

(including IKC reports; Cambridge [36]) and explored themes 190

regarding policy aims and the strategic objectives of S&T univer- 191

sity knowledge transfer into industry innovation programs, their 192

specific translation processes and the financing requirements and 193
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TABLE I
BREAKDOWN OF CASE STUDY INTERVIEWS (2017–2021)

options for universities and early-stage Cleantech innovators.194

Drawing from policy evaluation literature, the approach sought195

to establish the IKC’s Theory of Change (ToC) rationales and196

underpinning logic models for operation [37], activities and197

stakeholder engagement and outcomes, paying particular atten-198

tion to evolutionary lessons learned and recommendations for199

program implementation and early-stage Cleantech financing200

improvement and measuring Net Zero impacts over time.201

In summary, the adopted qualitative case study approach202

offered clear guidance on the current policy and practices of203

the U.K. university entfin ecosystem contextualized by aca-204

demic theoretical literature for relevant mature global markets.205

It addressed a demonstrably clear gap in the literature for the206

early-stage, pre-seed university entfin ecosystem nurturing and207

development of Cleantech. This shaped the qualitative study and208

through adopting an entfin ecosystem theoretical lens it provided209

a series of emerging, tested themes for the future guidance of210

theory, policy and practice in this field.211

III. LITERATURE AND POLICY CONTEXT212

A. Context of U.K. Government S&T Programs213

The U.K. is a major S&T research powerhouse within Europe.214

UKRI is a public agency with a budget of £7bn to invest in higher215

education and private industry research and innovation, with216

Innovate U.K. (IUK) operating as its private business funding217

arm—mainly through grants and loans. In further context, it218

may be estimated that the U.K. as a net receiver (15.5%) of219

European Union (EU) Horizon S&T funding could lose £1bn220

per year, from failure to participate in the Horizon 2020 funding221

stream (2021–2027) after U.K. exit from the EU. This represents222

18 000 researcher posts. U.K. government policy interventions 223

have ramped up in this field since Hauser’s ([38], [39]) reports, 224

the latter drawing on the early lessons of the IKC pilot program. 225

Hauser ([38], p. 5) noted the following. 226

“The U.K. has a leading position in research, but it has long been ac- 227
knowledged that it has not sufficiently capitalized on these strengths 228
to capture economic benefit. This is in part down to a critical gap 229
between research findings and outputs, and their development into 230
commercial propositions.” Hauser recommended U.K. government 231
strategic choices to “…focus its attention on developing such a 232
capability for platform technologies only where: there are large 233
global markets worth billions of pounds per annum, the U.K. has 234
technical leadership, there is a defensible technology position, and, 235
there is capacity to anchor a significant part of the value chain, from 236
research to manufacturing, in the U.K.” 237

With this in mind, university focused programs like the 238

£900 m plus U.K. Research Partnership Investment Fund (UKR- 239

PIF, established 2012) and specifically £90 m plus IKCs (es- 240

tablished in 2009) were developed to tackle typically earlier 241

stage research translation in early emerging technology plat- 242

forms, focusing mainly on technology readiness levels (TRLs) 243

3–6 taking feasible research to proven working pilots, but also 244

spanning across to later commercialization TRLs 7–9. National 245

specialist Catapult centers were also established from 2013 for 246

nine broad strategic sector groups (including one addressing 247

renewable energy), operating as independent centers bridging 248

leading research institutions and industry to accelerate innova- 249

tion commercialization, typically in more mature technologies 250

at later TRL stages. A key role of such centers is to bring 251

together a network of research, and support players, including 252

collaborative and complementary research, supply chain and 253
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buyers, commercial skills, and financiers—taking a more holis-254

tic strategic ecosystem approach.255

As a footnote to this introduction to contemporary U.K.256

Government University S&T policy, it is worth noting that the257

current U.K. Government Industrial Strategy [40] and related258

clean growth strategy [13] and more recently related green259

finance strategy [41] and Green Finance Institute, established260

in 2019 to oversee green finance and policy implementation,261

contain no direct policy for financing university-related Clean-262

tech innovation. Rather, the Cleantech sectors developed in this263

article’s IKC case studies have evolved as part of key technology264

platform developments. With this in mind, this article addresses265

an important issue in terms of how much further these Cleantech266

sectors might have developed with appropriate policy focus?267

B. Literature Review of University S&T, the Entfin Context268

and Finance Gap269

Our systematic literature review of ecosystem studies fo-270

cusing on university S&T and the early stage entfin ecosys-271

tem (described above) identified two main strands of research:272

1) evolution of the university ecosystem and 2) the role of273

entfin in developing the ecosystem. These two related strands274

are examined below. This review develops the SQW/CEEDR275

[43] study, which highlighted six key entrepreneurial ecosystem276

elements. We, therefore, contribute to ecosystem theory in terms277

of what are the key elements and actors of the system and their278

relative roles [42] specific to developing the university entfin279

ecosystem. The role of universities was just one (the others be-280

ing leadership, infrastructure, business support, entrepreneurial281

finance, networking), by no means central element, as exempli-282

fied in Stam’s [6] regional ecosystems approach. However, as283

Lerner [22] highlights, drawing from the innovation literature,284

universities and research institutions are a cornerstone of S&T285

research and innovation development. The question, therefore,286

addressed in this article is more specific than universities sup-287

porting entrepreneurship through teaching, which our literature288

review demonstrated is universally widespread [43]. It is about289

exploring the deeper translation processes, which are necessarily290

centered on university fundamental research activities and brings291

together wider elements of the ecosystem, including government292

policy and regulations, private finance, industry (in all forms293

from micro enterprises to corporate multinationals) and business294

support intermediaries—both financial and nonfinancial (e.g.,295

trade bodies and think-tank policy lobbying groups). In this296

sense, a university entfin ecosystem theoretical lens provides297

a novel and appropriate approach.298

Entrepreneurial finance is considered the life blood of new299

venture start-ups [43]. It covers any form of business finance300

[44], including innovation grants, bank debt (loans), crowd301

funding, or equity investment (e.g., from business angels and302

venture capitalists –"VCs”). Within more mature economies303

VC have evolved as key financial intermediaries generating304

organized pools of investment addressing early and growth305

stage venture requirements [45]. First established in the US in306

the 1950s [22], VC are a key element in the entrepreneurial307

ecosystem [46], potentially playing a crucial part in a cohesive308

finance escalator for university R&D and commercialization of 309

innovative spin-outs [9]. However, a rapidly expanding contem- 310

porary entrepreneurial finance literature points to early-stage 311

innovative venture private financing gaps and the need for public 312

policy interventions [22], [19], [47]. Whilst these studies point 313

to the liability of newness and smallness [48] of early-stage 314

innovation ventures, few address the long horizon patient capital 315

requirements of emerging S&T ventures. Yet, this appears to be 316

the area of most private finance shortages [49], [1]) and very few 317

studies examine the required entfin support around the initial 318

university spin-out stage. Here, we need to develop the entfin 319

information asymmetry (“IA”) theory of Berger and Udell [50], 320

whereby information opacity between ventures and investors 321

reduces through the innovation and commercialization stages 322

of the “finance escalator” [19], [16]. We need to explore how 323

universities can reduce IA and increase investment through the 324

operation of the university entfin ecosystem. 325

Munari et al. [11], [51] found that within Europe, combina- 326

tions of proof of concept (PoC) grants and seed VC form the main 327

government funded program approaches to directly addressing 328

the private funding gaps, which affect early-stage university 329

spin-outs, whilst Kochenkova et al. [52] also point to the growth 330

of associated incubator and accelerator activities. However, 331

these studies point to the complex policy mix [53] required to 332

account for local and regional ecosystem specialisms and critical 333

mass, knowledge spillovers, legal institutional frameworks, and 334

pools of VC. One size fits all approaches are inadequate [23] 335

with highly nuanced findings between types and locations of 336

universities, relating to their quality tier, age, size, sector, and 337

embedded corporate/investor linkages—notably, whether there 338

is an established internal university seed VC fund. Higher tier 339

universities’ spin-outs appear more likely to obtain VC, with 340

lower tier universities more effective when they perform an 341

incubation function to help start-ups overcome their capital 342

limitations [54]. However, these studies do not explain the 343

range of activities and processes universities adopt in translating 344

fundamental research ideas into a business backed by VC funds. 345

They, therefore, point to the need for further university S&T 346

entfin policy studies. 347

Theoretical and practical views as to what constitutes the 348

university entrepreneurial finance ecosystem vary, but stress 349

Triple Helix inclusivity [55] and a balance between universi- 350

ties, government support (regulation and policy) to facilitate 351

innovation [3], private industry, and finance-related services [9]. 352

Developing the soft network infrastructures of finance support 353

services (accountants, lawyers, finance finding consultants) is 354

also seen as crucial to VC development [22], whilst having the 355

physical meeting place infrastructures, such as East London’s 356

night café structure to support young entrepreneurial meetings 357

is seen as a vital component of London’s Tech City [56]. Hayter 358

[57] and Chesbrough [58] reviewed 117 spin-outs in five US 359

metropolitan areas suggests a “nonlinear”, network-centric per- 360

spective of spin-off success analogous to Chesbrough’s [58], 361

[59] Open Innovation paradigm. This evidence highlights the 362

benefits of external sources of technology and management, 363

alongside the industry experience of academic entrepreneurs, 364

with an emphasis on inclusivity and open innovation approaches. 365
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Such an embedded approach, which delivers a pipeline of in-366

vestible university spin-outs is what private VC is attracted to367

and thrives on [60]. The success of the university financing368

ecosystem is complex, often requiring long-standing embedded369

VC and corporate ties [54] and public-private cofinancing [61].370

University Technology Transfer Offices (TTOs) offer key371

anchor roles to negotiate university spin-out financing [51],372

[62], addressing IP rights and equity and royalty alignment373

with VCs and complex multiple angel and founder equity share374

arrangements. The more open and embedded culture of aca-375

demics working with industry in Boston and San Francisco376

is perceived as advantageous in enabling university spin-out377

investment to thrive (Brandy et al., 2015). However, crucially,378

Munari et al. [51] and BMG/CEEDR [24] also pointed to the379

need for university proof of concept and seed grants to be linked380

to VC for fluent next stage financing. These studies point to381

an emerging university entfin ecosystem theoretical framework,382

positioning the fundamental catalytic role of universities in S&T383

innovation and the need for a critical mass of activity (between384

ecosystem actors), which generates a convergence of innovative385

high-tech activity to attract private finance [63] and the roles of386

hard and soft infrastructure in terms of university lab facilities,387

coworking spaces and incubators (Florida and King, 2016), and388

also networking neighborhood cultures [56].389

Focusing on university S&T, it is clear that universities per-390

form two key services to private sector innovation, in addition391

to their more generalist entrepreneurship teaching and training392

role. First, they provide industry with fundamental research for393

adoption into industry innovation; second, they offer expertise394

and equipment for private sector R&D collaboration, which can395

take place in labs or on industry sites. The combination of these396

activities and the funding thereof, provide an essential spring-397

board for new business innovation [38]. However, from an entfin398

information asymmetry theoretical perspective the problem of399

new emerging Cleantech innovation is challenging. Numerous400

studies point to the valley of death [18] of deep, long horizon,401

capital intensive, and expensive technology R&D innovations,402

which can take decades to commercialize. They highlight the403

public funding requirements to address market failures derived404

from the considerable time, expense, and uncertainties of such405

ventures [47]. The recent British Business Bank U.K. Equity406

Tracker report [64] highlighted this so-called “deeptech”, patient407

capital funding problem. It suggested that although the U.K. has408

various government cofinancing programs (e.g., Enterprise Cap-409

ital Fund, Angel Coinvestment Fund, Pandemic Future Fund,410

and Patient Capital Fund) to investment at successive stages of411

deeptech—from pre seed, through seed, venture commercial-412

ization, and scale up to achieve optimal investment exit—U.K.413

investment levels remain below those of the US market and414

demonstrate higher venture fall-out rates at each successive415

stage. The solution, as Owen et al. [1], [47], [65] repeatedly416

explored and indicated, is for a more cohesive, and notably better417

funded early-stage deeptech public-private finance escalator.418

However, what remains theoretically and practically understated419

in the literature is the processes that operate within the university420

entfin ecosystem that can reduce information asymmetries and421

result in effective financing of preseed new S&T “deeptech” 422

ventures. 423

C. Creating a Research Framework for an Entfin Ecosystem 424

Theoretical Lens 425

Further review of university ecosystem literature demon- 426

strates that policy and theory has been developing input, process, 427

and output models, which provide a theoretical framework for 428

understanding the activities and outcomes of the university entfin 429

ecosystem. These relate to: i) input measures such as research 430

funding [66], with Graham [8] emphasizing S&T investment, 431

including science parks, incubation and accelerator labs [67], 432

[68], [69], and Graham [8] also emphasize the number of science 433

and technology staff and graduates, notably post doc graduates, 434

whilst Technology Transfer Officers [67] play a vital linking role 435

to the industry ecosystem, alongside infrastructure and transport 436

[42]. A further, nonfinancial factor proposed by Ranga et al. [70] 437

related to the motivations and leadership of key players in the 438

ecosystem. ii) Process measures lie at the heart of this article 439

and often highlight the operation of TTOs, but also include 440

the role of leadership and governance [42] and investment into 441

collaborative industry grants/commercial funding, incubator and 442

accelerator activities, patent, and high-quality policy and prac- 443

tice influencing publication production [8] , [69], [71]–[73]. No- 444

tably, there is considerable overlap and interlinking of processes 445

across the model, for example entrepreneurship culture [42] 446

can be seen as both an important antecedent and a key process 447

and outcome. iii) Outcomes are what policymakers seek and 448

stretch beyond the numbers of direct spin-out companies and 449

university staff and students employed in S&T companies and 450

their related job and GVA impacts [8], [69], [72]. Here, consider- 451

ation needs to be given to the boundaries of the ecosystem [74], 452

with studies including specific university cases Rissola [69] or 453

European NUTS3 regions [75] and the timescales, since the full 454

economic outcomes and their innovation cluster spillovers may 455

take decades. This is certainly the case for emerging deeptech 456

(requiring long horizon, capital expensive R&D), which form 457

the focus of our study (Owen et al. [47]). 458

What emerges from these studies from an entfin ecosystem 459

perspective is the need to understand the types of funding, 460

processes and actor linkages involved in this embryonic stage 461

of S&T deeptech venture creation and how these fit within the 462

base of the innovation funding pyramid of the finance escalator 463

[19]. This requires a research framework, which accounts for 464

input investments, in terms of public funding and cofinancing 465

programs, their approaches to the translation of research into 466

industry R&D and the impacts of innovation. This needs to be 467

suitably nuanced to control for specific sectors where indus- 468

try investment structures may differ, depending on how well 469

established; for example, life sciences have corporate pharma 470

investors and seed to Series A hurdles that can be risk assessed, 471

whilst new Cleantech platforms will not (Owen et al., 2019) and 472

the timelines to investment exits, which will vary from under 473

five years for shorter horizon digitech, to potentially decades 474

for longer horizon capital intensive deeptech [47]. 475
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Fig. 1. Conceptualization of the university entfin framework.

Fig. 1 depicts the university entfin theoretical framework476

highlighting the actors and steps involved in converting fun-477

damental research into a VC backed enterprise, through en-478

abling enterprise innovation to overcome entfin information479

asymmetries. It also highlights the key enablers at each stage480

of the progression in Technology Readiness Levels (TRLs)481

that operate at the base of the funding pyramid, where the482

finance escalator ranges from preseed to seed and Series A early483

commercialization and progresses from public funded grants,484

through industry support finance (e.g., cofinancing labs, hosting485

trials) to private investor funding and public cofinancing pro-486

grams (e.g., corporate accelerators, angels, seed VCs, and U.K.487

public VC e.g., Enterprise Capital Funds, and Seed/Enterprise488

Investment Scheme tax breaks). This framework informed the489

interview fieldwork design and data capture objectives to an-490

swer the research question how best to achieve university re-491

search translation into innovative Cleantech to achieve Net492

Zero?493

IV. FINDINGS494

Initial findings borne out by our literature review and initial495

scoping interviews with IKC program managers and U.K. poli-496

cymakers suggest that university fundamental research can play497

a critical catalytic role in developing globally leading cutting498

edge industry innovation with major jobs, export and local,499

regional, and national GVA potential. However, considerable500

barriers exist in the translation process spanning university fun-501

damental research and industry innovation commercialization.502

These fundamentally relate to access to resources such as in-503

vestment, equipment and skills, and communication leadership504

within specific institutional and ecosystem contexts. As such,505

the underlying ToC of the key U.K. programs (UKRPIF and506

IKC) is to focus public funding into universities with lead-507

ing research expertise in emerging technologies to encourage508

industry innovation translation activities, which can lead to509

high potential scalable industry activities and attract private510

investment. Notably, sustainable Cleantech was not within the511

program remit, but is at the heart of our two IKC case studies512

(see Table II). Overall, key informant consensus suggested it 513

is crucial to understand the processes undertaken and their 514

context within U.K. regional and national entfin ecosystems, 515

for “ …without sufficient finance [public and private], the U.K. 516

will lose it global leading position …” (IKC manager). There 517

is also widespread acceptance for Lerner’s (2010) proposition 518

that public finance alone is not the solution and that a vibrant 519

private seed finance market is required in order to balance public 520

good with commercial acumen—a view supported in Owen’s 521

[14] review of the Innovate U.K. Investment Accelerator Pro- 522

gram, which highlights the synergies of matching technical peer 523

reviewed grants with commercial seed VC assessed funding. 524

Here, we examine in more depth the context and translation 525

processes in two distinctively different emerging Cleantech 526

sector markets addressed by IKCs; biotech (Imperial College 527

synthetic biology center—“SynbiCITE”) and construction in- 528

fotech (CSIC)—to draw insights and lessons. The selection 529

of these sector cases is necessarily limited by the range of 530

IKC sector activity, but offers unique insights into the different 531

translation processes that have evolved across both shorter and 532

longer horizon technology and also at different technological 533

maturity stages, factors, which prior entfin studies [1], [24], [49] 534

suggest will impact on the availability of earlier stage private 535

finance. For example, Owen [14] and Owen et al. [65] found that 536

within the U.K. market longer horizon, higher capital intensive, 537

investment sectors find it particularly difficult to attract earlier 538

stage private investment. Further supporting evidence is also 539

drawn from other IKCs (e.g., Southampton’s National Biofilm 540

Innovation Centre) and related UKRPIF program activity (e.g., 541

for Cambridge Maxwell Centre and Imperial’s Biofoundry). We 542

should note the caveat that whilst outputs can be measured, the 543

outcomes of early-stage deeptech innovation are still many years 544

from being fully determined. 545

Drawing from university ecosystem theory [7], [43] and at- 546

tending to the entfin preseed, early-stage funding theoretical 547

gap, apparent from our literature review [47], [51] and initial 548

key informant scoping, we utilize a hybrid university-entfin 549

theoretical lens (see Fig. 1) to focus our analysis. Emergent 550

themes are derived mainly from the two IKC case studies’ related 551
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TABLE II
COMPARISON OF SELECTED IKCS’ ACTIVITIES BASED ON THE IDENTIFIED THEMES

interviews (see 51 in total, Table I) and supported by other552

stakeholders (e.g., early-stage investors).553

Our findings are presented by five emerging themes (see554

Table II), all with ecosystem and financing implications and555

related output key performance indicators (KPIs)—which have556

been drawn from the in-depth qualitative interviews triangulated557

across program managers, key staff, treated industry beneficia-558

ries, other industry (e.g., trade association) expert informants,559

and supporting evaluation data.560

A. Communication Specialists (Industry Translators, 561

Engineers, IP Agreements) 562

A key challenge is to bridge the communication barriers, 563

which span between the academic aims and objectives of uni- 564

versity researchers and the commercial needs of industry inno- 565

vators. The IKCs enable the universities to recruit staff from 566

industry backgrounds to provide a suitable conduit to translate 567

fundamental research to meet industry requirements. These 568

staff, such as software engineers, lab and project supervisors, 569
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and accelerator staff offer services that are distinctly different570

from the TTOs and IP licensing arrangements, which are often571

highlighted in the literature ([67], [72]).572

A key role of the IKCs is to recruit and pay for key translation573

staff with appropriate understanding of the emerging platform574

technology and its potential industry application. At Imperial575

(SynbiCITE) this has been achieved through two key trans-576

lator appointments; 1) a bio lab manager for projects, which577

implement automated workflows in collaborative projects with578

industry partners, bringing together academics with industry579

in lab conditions; 2) an analytics and metrology specialist to580

work with start-up and scale-up projects. For Cambridge (CSIC)581

the role of translation has involved a pioneering collabora-582

tive approach, requiring negotiating large construction industry583

project access agreements to test innovative IT remote sensing584

equipment, notably in infrastructure (road, rail—notably the585

recent national high-speed rail “HS2” and London underground586

CrossRail projects) and large-scale building and refurbishment587

projects. CSIC’s managers explained that “ …the construction588

sector is traditional and has been a slow adopter of sensor tech-589

nologies that are found for example in manufacturing processes590

and products.” Therefore, a considerable amount of IKC funding591

has gone into offering free post doc research time in order to592

demonstrate PoC and to obtain the in-kind key industry staff593

time input “ …to work out what data is most critical for optimal594

practical industry impacts.” In this case, CSIC drew heavily595

initially on the industry contacts of the IKC founding academic596

leaders, but also developed a critical role for a commercial597

academic specialist in fiber optics to develop ongoing contacts598

and opportunities for construction industry test projects.599

Another notable IKC example is Queen’s University Belfast’s600

Centre for Secure IT (CSIT). Industry engagement was cru-601

cial to this IKC, which created two key posts; 1) an indus-602

try development manager and 2) a lab manager. The former603

promoting membership and access to CSIT’s academic cyber604

security software libraries “ …we needed to be industry engaged605

and led to solve their problems …” and the latter working in606

labs to support new software companies and products. CSIT607

also “quickly recognized that academics could not deliver the608

specialist translation required.” They successfully applied for609

additional funding for 15 translation “engineers” with practical610

industry experience to operate on projects and in labs to assist611

member clients.612

B. Accessibility to Equipment613

Whilst IKC funding has not provided for lab building infras-614

tructure, which is offered through the complementary UKRPIF,615

an important component has been the operation of innovation616

labs to facilitate translation. Access to lab space has not formed a617

large part of CSIC’s program, since it has mainly been focused at618

taking existing later stage technology—described as “TRL 7-9619

know-how demonstration” out to industry. However, companies620

use Cambridge University’s labs, as in the case of the Maxwell621

Centre, which brings together physical materials science and622

engineering (c. £70m including £21m UKRPIF, established623

2016), and colocate for short periods (typically 3–6 months),624

or hire temporary lab time to undertake research projects. The 625

case of Silicon Microgravity (SMG) is instructive of the value of 626

cross-cutting interdisciplinary labs in developing new industry 627

innovation take-up. SMG came into contact with CSIC when it 628

moved lab space to the civil engineering department. Previous 629

focus had been on applying SMG’s acceleration and gyro sensors 630

for autonomous vehicles, but conversations with CSIC led to new 631

customized industry leading applications for mapping buildings 632

and underground pipes. 633

Imperial’s IKC epitomizes the importance of “…access to 634

high value, state of the art equipment, which most SMEs would 635

not be able to afford.” Respondents mentioned that the IKC 636

initially offered very restricted access to lab space at the South 637

Kensington campus, but their transfer to the £160m (including 638

£50m from UKRPIF) West London multidisciplinary bioengi- 639

neering campus enabled the establishment of White City Bio- 640

foundry with over £3m of contemporary cutting-edge equip- 641

ment. They offer a full test cycle of works, from design of se- 642

quences, creation, assign systems, to analysis, with opportunities 643

for industry to access hi-tech equipment, and address research 644

questions. Lab space can be offered flexibly with around 15–20 645

companies annually using the lab’s 6 bench spaces, alongside 646

technical support which can come from post doc specialists 647

(offered reportedly at circa “10% of real cost”). Clients are 648

primarily SMEs and include Ph.D. students, with around 10 649

SMEs, typically pre revenue start-ups, receiving more intensive 650

3- to 6-month PoC support. 651

The value of Imperial’s lab equipment services was high- 652

lighted by the CEO of LabGenius a spin-out from SynbiCITE. 653

The IKC initially enabled postdoctoral studies through accessing 654

an IUK grant, which enabled gene sequencing work. The com- 655

pany subsequently spun-out through Imperial Innovations (the 656

university’s specialist licensing and investment arm, renamed 657

“Imperial Enterprise”), with no IP issues and subsequently raised 658

$3 m in 2017 on the back of data supported by the IKC’s £50k 659

PoC grant funded work. Today, the company has $30m invested 660

and continues to work with SynbiCITE. They now employ 661

Imperial graduates and pay for lab space to test out Imperial’s 662

cutting-edge £500k equipment for long gene sequencing. This 663

is the only research center in the U.K., where such work can 664

be undertaken and offers companies the opportunity to test 665

ideas and equipment, which they might then consider purchasing 666

themselves. The CEO suggested that “SynbiCITE provided all 667

the assistance required to start and develop our pioneering AI 668

protein sequencing business and raise the funding required to do 669

so. Without this support the business would never have started.” 670

C. Financial Inducements (PoC, Free Trials/Demonstration 671

Projects) 672

As alluded to above, financial support and inducement sub- 673

sidies are crucial in the early-stage research translation phases 674

addressed by the IKCs, at the stage when information asymme- 675

tries in new tech make ex ante investment decisions most difficult 676

(Siegel et al. 2007). Munari et al. (2016) provide a unique study 677

of the importance of PoC grants and the nature of their regional 678

and national delivery, whilst Kochenkova et al. [52] found that 679
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they are often tied to incubator/accelerator and science park680

locational clusters and specialisms. The advantages of flexible681

PoC grant funding operated through the IKCs were mentioned682

by both Southampton (National Biofilm Centre) and Imperial683

(SynbiCITE) program managers as offering a flexible and rel-684

atively fast offer, when compared to the typically rigid timed685

calls and long review processes of national IUK programs. IKC686

PoC grants are promoted through high level university/industry687

networks nationally, with rapid peer review being undertaken688

by industry leading specialists. In the case of Imperial, most689

PoC grants have been allocated to London-based businesses that690

are able to locate in West London for launch pad accelerator691

support, working closely with the IKC industry translators. The692

introduction of SynbiCITE’s four-day MBA course to selective693

universities such as Manchester as a foundation launchpad for694

PoC grants, has facilitated wider access, resulting in a couple of695

Manchester venture recipients. PoC grants of typically £50k tend696

to operate for short 3–6 months projects with Imperial offering697

circa 10 per year over the past three years. Specialist translation698

staff were quick to point to their work requiring wide ranging699

accelerator skills support to ensure that financial management,700

market research, and financial networking is in place to take701

the best cases to follow-on investment. In one case an extension702

grant of over £100k was offered for next stage pilot development703

work, but this was rare due to the lack of scale of IKC funding704

available. Overall, flexible funding, stage, and timing support705

had proven highly effective in gap funding for private market706

failure. “Only a couple of assisted companies have failed and707

collectively less than £400k of grants has assisted 27 companies708

to a current combined valuation of in excess of £800m!”709

Cambridge CSIC has developed a different model. Program710

managers explained that the early part of the program involved711

persuading large industry corporates like Skanska, Costain,712

Arup, Mott Macdonald, and Jacobs to allow postdoctoral staff713

access to construction projects in order to pilot the use of fiber714

optic sensors in the construction process over periods of many715

months. It was noted for example that ground tests for London’s716

CrossRail tunneling and building foundations required seasonal717

change coverage. This model offered free staff and equipment718

installation monitoring and analytics in order to test processes719

and refine systems and equipment for commercial adoption.720

The success of the approach can be gauged by the extent of721

U.K. industry take-up. For example, Skanska establishing a new722

“CemOptics” division devoted to industry leading use of fiber723

optics in concrete tunneling and pile foundations, estimated at724

saving over one third of materials costs due to improved un-725

derstanding of seasonal ground stress testing. This also enabled726

a Ph.D. student project to spin out in 2013 into a successful727

business (Utterberry), which supplies customized micro sensors728

to construction projects.729

D. Skills and Management Training (Courses, Accelerators)730

All of the IKCs embed academic and industry training in their731

programs, demonstrating that the IKCs were funded by UKRI732

to develop academic teaching and published outputs as well as733

innovative industry outcomes.734

Imperial’s four-day rapid SynbiCITE MBA course aims to 735

provide a grounding for synthetic biology graduates to learn 736

about industry start-up opportunities and the required range of 737

business administrative skills for spin-out start-ups. The course 738

has become available to a high-level specialist university net- 739

work in the U.K. (including Cambridge, Manchester, Bristol, 740

Nottingham, Edinburgh) as a foundation course for entry into the 741

SynbiCITE launchpad accelerator support, including training, 742

access to lab equipment at Imperial’s White City Biofoundry 743

and PoC grant funding. SynbiCITE staff stress the importance of 744

well-rounded business training: “Whilst we have a good pipeline 745

of potential university spin-outs and start-up enquiries, many ap- 746

plicants with synbio skills lack business acumen, particularly in 747

accessing markets, suppliers, management skills, and finance.” 748

Cambridge CSIC IKC has evolved into many and various as- 749

pects of construction and infrastructure industry digital support 750

services, ranging from fiber optic sensors aiding construction 751

and whole of life infrastructure and buildings asset management 752

to digital twinning for urban infrastructure planning. “CSIC’s 753

core agenda has been driven by a collaborative vision, creating 754

solutions to industry … Sharing information, skills and knowl- 755

edge …” To this effect conferences, workshops, secondments 756

(over 25 to date), formal industry partnerships (60 plus to date) 757

have formed a vital tailored approach to informing and then 758

collaborating with a wide range of industry players including 759

large construction companies, trade associations (e.g., British 760

Geological Society) and small innovative start-ups, which can 761

benefit from access to skilled one to one technical staff sup- 762

port, lab equipment, networking events, and business training 763

workshops. The support structure was endorsed by the CEO 764

of SMG (an early-stage SME innovator): “CSIC introduced 765

key players within the construction industry … closely moni- 766

tored our progress and offered support where necessary. This 767

included lab testing for product development, enabling access 768

to expensive instruments unaffordable for a start-up, access to 769

research data and staff expertise in data modelling.” Indeed, it 770

appears that the only downside was that booking lab space during 771

the Pandemic has been slow and bureaucratic. CSIC’s impacts 772

have only included three spin-outs in a sector that is dominated 773

by large construction companies and their influence is perhaps 774

better demonstrated by the 200 plus demonstrator/PoC projects 775

undertaken, thus, far. 776

E. Leadership (Networking, Policy Regulation, Global 777

Outreach) 778

A significant role and measure of the success of the IKCs is 779

their leadership in the U.K. and globally within their respective 780

emerging industrial sectors. This underscores the importance 781

of taking an ecosystem view to understanding the catalytic, 782

leading roles that the IKC’s have in developing the institutional 783

linkages and regulations required to build confidence and trust in 784

emerging technology sectors and encourage industry adoption 785

and private investment for early-stage innovation [11], [22], [46]. 786

Here, Cambridge’s CSIC IKC demonstrates what is required 787

to drive evolutionary change within a traditional industry “ …it 788
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brought the idea to develop smart infrastructure in construc-789

tion.” The IKC, established in 2011, built upon pre-existing790

research and industry linkages (in 2005 the team’s fiber optics791

sensors assisted Channel Tunnel construction) within the U.K.792

and globally of leading team members. From the start the IKC793

held events with key trade bodies such as the Institute of Civil794

Engineers (ICE), leading to 2016 publication of ICE and Depart-795

ment for Transport best practice guides. In 2018, CSIC played a796

leading role internationally in the smart sustainability roundtable797

at the Global Engineering Conference and development of the798

Carbon Reduction Code for the Built Environment, currently799

being trialed by the U.K. Environment Agency. Industry experts800

point to CSIC’s leading role in ICE steering groups on digi-801

tal transformation, whilst international outreach is widespread,802

through close links with Berkeley University (where Professor803

Soga, a founder of CSIC is now based) and universities in804

South East Asia, leading to major contribution to South Korea’s805

national bridge building program.806

Imperial’s IKC team had already established a U.K. (arguably807

global) leading position when after a decade of pioneering808

research, initially stimulated through meetings with MIT, they809

developed the national roadmap for U.K. synbio development,810

which formed the basis for the IKC’s establishment in 2013.811

This sets out the catalytic role of national biofoundries for812

assisting innovative start-ups, with linkages to other regional813

synbio university and research specialists. This was recognized814

globally as a leading initiative, which others have followed and815

SynbiCITE recently established a global biofoundry networking816

group across 30 countries. Success has been based on consider-817

able efforts to work with the U.K. government through All Party818

Parliamentary Groups to educate politicians and policymakers819

of the potential contribution the sector can make to climate820

change and economic growth. They also hold parliamentary821

promotions for international inward investment into the industry.822

SynbiCITE’s leaders point to the enormous long term public823

investment required to develop synbio, with China ($400m) and824

the US ($100m) committing large sums into biofoundries and825

future commitments by these countries planned to run into the826

$billions. They reflect that ultimately “ …government requires827

a champion to ensure that sufficient investment is provided to828

maintain global leadership.”829

F. Summary830

Our findings (summarized in Table II) demonstrate that a831

significant amount of public funding, from a range of programs832

that bring together capital and revenue support is required in833

order to generate private funding leverage and deliver the desired834

industry innovation outcomes. The university ecosystem theo-835

retical lens highlights different IKC process pathways and key836

elements to achieving outcomes. For example, CSIC adopted an837

outreach strategy of engaging with large construction industry838

companies in order to achieve market penetration for innovative839

variants of mature technology, whilst SynbiCITE focused on840

an incubation catalyst role for new venture start-ups to develop841

the new synbio tech platform. The addition of the entfin the-842

oretical lens clarifies fundamental difference between the IKC843

case studies in technology maturity and deeptech characteristics, 844

which appear largely influential on their private industry invest- 845

ment experiences. Cambridge CSIC’s innovations are mainly 846

later TRL (7–9) digital adaptations and large data management 847

oriented, with large private sector customers able to subsume 848

related hardware adoption costs, which then result (in the case 849

of construction in clear and immediate cost-efficiency savings). 850

Even in the case of longer-term property asset management, cost 851

savings have been relatively quickly demonstrable (within a year 852

of testing for seasonal effects). For Imperial SynbiCITE’s earlier 853

emerging synbio technology the rapid digital and AI driven 854

technology side around TRL 3–6 has drawn huge investment 855

into digital proofing, but a huge deeptech hardware financing 856

gap exists—described as “ …at least 5x underfunded, compared 857

to US investment markets” by both Imperial and UCL’s TTOs. 858

Without substantial public and private investment many of the 859

potentially game changing Cleantech outcomes, such as more 860

efficient material use in manufacturing, will not be realized. 861

V. DISCUSSION—IMPLICATIONS FOR UNIVERSITY-LED ENTFIN 862

ECOSYSTEMS AND CLEANTECH OUTCOMES 863

The unique hybrid university entfin ecosystem theoretical lens 864

applied to our analysis is very instructive in demonstrating the 865

theoretical and practical contribution of this article. We progress 866

university ecosystem [7], [43] theory by outlining, which ele- 867

ments of the ecosystem are most impactful. Critically, we also 868

address the prior deficit in applying entfin theory to reveal the 869

relationship between the university ecosystem elements and the 870

processes which work well—particularly for Cleantech—and 871

why this is the case, including drawing attention to deeptech 872

funding requirements. 873

The widespread range of activities by the IKC case studies 874

(Cambridge CSIC and Imperial SynbiCITE) across our five 875

emerging themes (communication, accessibility, skills, leader- 876

ship, and finance) underline the considerable requirement for 877

public funding. They demonstrate the need for an entfin ecosys- 878

tem approach [46]—particularly to draw attention to the require- 879

ments of early-stage Cleantech patient capital. It also highlights 880

the anchor role [3] played by universities in developing new 881

emerging technologies such as synbio and accelerating smart 882

technology adoption in the construction sector. Our approach 883

provides a synthesized enhancement on prior theoretical and 884

practical work (notably SQW/CEEDR [43]) by demonstrating 885

the key thematic elements in the entfin ecosystem that require 886

attention, whilst also drawing out crucial differences in ap- 887

proaches, which have evolved over time to adjust to specific 888

emerging technology sector nuances (such as the technology 889

and applied industry level of maturity and purpose via adop- 890

tion and development) and the spatial aspects of a university 891

centered and led ecosystem, which may necessarily impact 892

on the local/regional ecosystem, but also on wider national 893

and international ecosystems. Above all, there is strong and 894

uniformly supported evidence for the role of public funding to 895

facilitate university research translation to industry innovation 896

processes and to cofinance and work with private industry to 897

ensure commercialization can take place. Here, we develop 898
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theory and practice by focusing on what this means in terms899

of establishing the most effective entfin ecosystem processes to900

generate public good and specifically Cleantech outcomes over901

time.902

First, from a contextual perspective, applying a university903

entfin lens builds on theory by demonstrating that the preseed904

market requires a combination of public policy mix [51] and905

university ecosystem linkages to leverage sufficient scale public-906

private corporate finance for effective university research to907

industry innovation translation processes. We further use our908

hybrid theoretical lens to demonstrate that ecosystem collabora-909

tion between universities to deliver more efficient resource-cost910

allocation extends nationally and internationally (contributing a911

different element to Moortel and Crispeels [38], [76] strategic912

management framework). The IKCs only provide relatively913

small sums of catalytic funding for staff translation and asso-914

ciated network and outreach development activities. Whilst a915

key finding is that hiring industry experienced translators (who916

understand academic research and commercial requirements and917

can bridge the knowledge transfer gap between academia and918

industry) is essential to delivering industry innovation impact919

(Hauser [38], [39]), large-scale investment into state-of-the-art920

equipment and lab facilities (such as through UKRPIF) is also921

crucial and has to be kept up to date. Capital equipment costs922

are high for synbio and one way the national network of univer-923

sities have proceeded is via niche specialisms (e.g., Imperial924

specialize in AI, whilst Manchester invest in robotics). This925

effectively shares costs, enhances regional niche specialist focus926

and key private industry partner investor linkages (encouraged927

by UKRPIF). This may be viewed as an effective policy mix928

[14], with regional economic gains (e.g., Manchester students929

participate in the Imperial MBA and create spinouts in the North930

of England), provided that the universities work as an effective931

national network. There is also scope for international collab-932

orative working between universities, particularly to address933

Climate change, highlighted by Cambridge’s work in India to934

deliver energy efficiency and alleviate energy poverty.935

Our university entfin theoretical lens also offers advancement936

to overcoming information asymmetries in the preseed finance937

escalator [14]. From a baseline of the innovation investment938

pyramid perspective, the IKCs have developed very effective939

solutions, using a mix of PoC and accelerator approaches.940

A fundamental advantage of the IKC approach is to put the941

emphasis on the university specialist as the initial funding942

provider (rather than a national nonspecialist centralized fun-943

der approach), operating across national university networks in944

the case of Imperial and Southampton’s biotech IKCs. These945

facilitate relatively rapid and tailored funding packages, which946

are supported by specialist industry facing IKC staff. In the947

case of Cambridge CSIC these offer project demonstration for948

big construction industry collaborators, whereas for Imperial949

these relate to technical PoC, access to state of the art testing950

equipment alongside rounded industry launch-pad support for951

management skills and next stage investment linkages. Here, we952

advance Munari et al’s [52] university ecosystem theoretical dis-953

cussion of regional and national impact. We find that a national954

program with regional university specialist research focus can955

have national and international outreach, which is nuanced by 956

ecosystem factors relating specifically to complementary univer- 957

sity networks, technology maturity (TRL levels), and industry 958

financing mix. 959

A contribution of the university entfin ecosystem theoretical 960

lens is the observation that emerging technology investment 961

scale and commercialization horizons vary considerably and 962

present different challenges to the early-stage innovation invest- 963

ment escalator [65]. Technology, which is software oriented such 964

as cyber security (or synbio digital modeling) is typically shorter 965

horizon, less capital intensive and more likely to be attractive 966

to private investment. This is borne out by the relatively rapid 967

development of commercial application by small and larger 968

businesses in Belfast’s cyber tech cluster (including 60 plus com- 969

panies contributing £80m GVA). In contrast, whilst overhead 970

costs for synbio and biofilm IP progression are reducing for entry 971

level ICT equipment, leading to a largely grant and speculative 972

private investor-led cluster of big data-led AI-driven ventures, 973

there is little investment structure in place for the longer horizon 974

deeptech, high-cost capital equipment investment required to 975

develop commercial industry innovation. Currently, much of the 976

£1bn valuation of Imperial’s West London new venture synbio 977

cluster is based on IP and patent potential. Without considerable 978

U.K. government cofinancing investment (in-line with US and 979

Chinese synbio investments of several hundred million dollars), 980

U.K. prime mover leadership will be lost and many of these 981

ventures will fail or suffer suboptimal trade sale exits to overseas 982

companies. It was suggested by Imperial’s IKC managers that 983

a government VC cofund could catalyze considerable private 984

funding into the sector, which currently lacks the private corpo- 985

rate investment funding found in the more mature risk-assessable 986

biopharma sector. 987

Our hybrid theoretical lens also highlights the crucial con- 988

nectivity between government cofunding to leverage private 989

investment into university and preseed innovation and university 990

leadership to raise policy and private funder awareness [14], 991

[43]. Recent interviews with UCL and Imperial TTOs suggest 992

that the British Business Bank’s Patient Capital Fund is now 993

investing earlier, into university seed funds to match fund private 994

leveraged finance. However, the TTOs have limited faith in na- 995

tional government sufficiently funding this market (particularly 996

after the COVID-19 financial crisis) and are increasingly looking 997

to the deep pockets of philanthropists to follow the Harvard Wyss 998

Institute’s funding model. The TTOs state that they are keen 999

to promote inward investment and require increased marketing 1000

budgets to promote their research and innovation on the global 1001

stage. For example, Imperial points to being a top ten global S&T 1002

university (although only one seventh of the scale of MIT). They 1003

state that “ …more global promotion of U.K. top performing 1004

S&T universities is required”, but found that recent £50 000 1005

promotion of their Cleantech activities for COP26 stretched their 1006

budget. 1007

An important observation of the research is the lack of U.K. 1008

Government investment directly into the foundations of the 1009

Cleantech innovation funding pyramid or escalator (Owen et 1010

al. 2020; Owen, 2021). Neither case study IKC had a specific 1011

remit to address climate change, but they both demonstrate far 1012
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reaching applications for their technologies globally to reduce1013

material use—through for example construction sector use of1014

cement, or Airbus adoption of more efficient synbio materials in1015

aircraft manufacture (see Table II). Another major contribution1016

of synbio and biofilm is in vastly improved water purification1017

techniques, which can enhance biodiversity as well as arable1018

farming (for biofuel and methane reduction). As stated, The1019

U.K. Government and governments globally should have1020

greater consideration for funding and supporting Cleantech1021

innovations, particularly in supporting deeptech through to1022

commercialization.1023

Finally, industry leadership and networking are critical to1024

raising awareness of the value of the emerging sector to the U.K.1025

economy. All of the IKC managers refer to working with various1026

government departments, political lobbying groups, and national1027

committees to ensure that there is an improving policy mix,1028

which includes national and international regulations and good1029

practice in ‘frontier’ industries, which have been described as1030

“the wild west” and in need of regulatory and technical guidance1031

to ensure industry standards, which can impact globally. Here,1032

all three IKCs play leading roles in global university research1033

networks in their respective sectors. Crucially, the delivery of1034

new innovations and enhanced industry standards has been1035

shown to have huge potential impact for climate change, in1036

saving material costs for construction and on world health, for1037

example, playing an important role in the rapid deployment of1038

Pandemic vaccines.1039

VI. CONCLUSION AND LIMITATIONS OF THE STUDY1040

This is a unique study of the U.K. university entfin ecosystem,1041

focusing on two distinctive emerging technologies developing1042

through the research and industry interactions of two U.K. Gov-1043

ernment funded University IKCs. Our adoption of a novel hybrid1044

university entfin ecosystem theoretical framework reveals for the1045

first time the specific nuances of different emerging innovation1046

sectors—notably their degree of maturity, locality, and outcome1047

horizons for achieving impact, drawing attention to the key1048

roles of universities and financing and their interactions within1049

the wider entfin ecosystems (at local/regional, national, and1050

international scales). We advance current theory and practice lit-1051

erature by highlighting five key themes (communication, access,1052

finance, skills and management, and leadership) for university1053

entfin ecosystem development to facilitate innovative industry1054

commercialization. We also note the lack of specific U.K. Gov-1055

ernment policy to support early stage Cleantech innovation and1056

financing—neither IKC case study had a specific Cleantech re-1057

mit, but both make outstanding contributions to Climate change.1058

Finally, our findings underline the need for government long1059

horizon, deep pocket, investment, and support to leverage private1060

investment globally. This is best supported by an integrated1061

university and entrepreneurial finance policy mix, alongside1062

more open, inclusive, ecosystem development between different1063

actors—including university to university networks—nationally1064

and internationally.1065

This article is necessarily limited by the time, scale and1066

location of the research. The U.K. is just one, leading Cleantech1067

S&T market and future studies will be able to consider the 1068

longer-term implications of the emerging technologies and their 1069

respective impacts on global Cleantech activities. This article 1070

provides a suitable theoretical framework for further qualitative 1071

investigation of the university entfin ecosystem and the key 1072

emerging factors, which contribute to its commercial innovation 1073

advancement. It comes too soon to make more substantive 1074

quantitative assessment as much of the Cleantech innovation is 1075

yet to be fully commercialized, but there are sufficient signs to 1076

indicate that there will be major climate change impacts provided 1077

that sufficient investment is found. 1078
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