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Getting to 2.4%: The importance of

Business R&D and incentives
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Businesses are main funders — and performers — of R&D
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UK BERD is below OECD - even when adjusted for industrial structure

Business R&D as a % of Value added
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Business R&D intensity adjusted for industrial structure, 2015
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Innovation > R&D
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Innovation drives growth

Innovative firms grow
twice as fast, both in
employment and sales,
as firms that fail to
innovate

nesta
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Source: https://www.nesta.org.uk/sites/default/files/business_growth_and_innovation.pdf

But R&D is only one component of (intangible) innovation investment
Tang|b|e and |ntang|b|e Purchased Software 2.5 5.2 7.3 104 10.4 11.0)
wn-Account Software 4.8 5.8 9.9 119 129 13.2
InVeStment, £bns Total Software 723 1m0 172 223 234 243
- RED 73 83 107 127 148 159 |
Nesta Wrking Faper Ho- 14/ [Design 6.7 7.0 95 116 12.8 12
Non-scientific R&D 0.2 03 0.4 03 0.9 0.9
i Mineral Exploration 16 11 05 0.7 06 0.8
UK Innovation Index 20 Financial Innovation 03 04 07 09 16 1.8
Artistic Originals 19 3.0 4.9 7.0 5.7 5.8
: . Total iveProperty| 181 201 267 332 363 381
Intangible and Tangible Investment
g Advertising 38 55 86 88 103 103
- Market Research 10 13 17 28 3.2 3.7
Total Branding 48 67 102 11.7 135 14.0]
& Own-Account Organisational Capital 50 100 147 197 228 207
= Purchased Organisational Capital 08 17 33 60 43 Ix:
Total Organisational Capital 59 117 181 257 27.0 25.5]
8 ] Training 11.8 14.4 19.9 25.2 27.4 25.9
=T Total Economic Competencies| 225 328 482 626 ___ 679 645|
o

2 TOTAL £S 479 639 921 1181 1276 1268
Buildings. 270 21 380 528 449 474
2 Plant & Machinery (exd! IT) 57 24 373 302 304 304
Vehicles 2.0 9.4 9.1 109 136 4.4
IT Hardware 5.1 6.6 9.4 6.3 5.4 5.4

=8
T T T T T T TOTAL TANGIBLES 669 665 938 1001 544 8.9

1990 1995 2005 2005 2010 2015 NSGVA
without intangibles 393.2 484.4 629.5 8011 915.1 927.4
Intangible Investment = ------ Tangible Invastmentl with NA intangibles 4041 4995 6520 8311 a8 9583
with all CHS intangibles 4411 5483 7215 9192 10427 1054.3
nesta sources: Goodridge, Haskel & Wallis / IPO (2016), UK Intangible Investment and Growth; Nesta (2014) Innovation Index
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But R&D is only one component of (intangible) innovation investment

Tangible + Intangible

investment
(e.g. new machinery & IT)

Investment in

intangible assets
(e.g. market research,
training)

nesta

We compare well on broader innovation activities...
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Performance | Relative |
. . . . relative to to EU
United Kingd : .
...But no real evidence that firms are substituting v w2010 | 2017in |
2010 | 2017 | 2017
. .
SUMMARY INNOVATION INDEX 1145
non-R&D innovation spend for BERD :
New doctorate graduates
(as best as we can measure)
National New Total Tangibles Attractive research systems
Accounts Intangibles Intangibles Intemational scientific co-public
Tatangibles N Most cited publication:
e Tie = = |7 European Innovation
- Scoreboard 2018  ‘Innovation-friendly environment
Belgion 2.9% 5% s1% 7%
- https://ec.europa.eu/docsroo
Crech 25% 46% 1% 173% ty-driven entrepreneurship
e m/documents/30706 —; C o support
| e N | 5= |:: > R&D expenditure in the public sector
I ‘ : Venture capital expenditures
[ Ftnd 43% e 8% 6% Firm Investments —
France 42% 45% 8% 74% R&D expenditure in the business sector
P 28% 10% [5o% [om N n expenditures
- nterprises providing ICT training
Groece 0.9% 28% (R 85% Innovaters
Huagary 2.0% 4.0% 59% 133% <:| SMEs product/process ions
[ eetaas T % | P Tome 1 SMEs marketing/organisational innova
- o . = oo Carol Corrado, Jonathan S':.WEa innovating in-house
— - Haskel, Cecilia Jona-Lasinio, :",“f‘"_“ T o eyt ragr
Netherlands % 3.0% 5% 3% s N Innovative SMEs collaborating with others
= T PP 7 | Massimiliano lommi (2016) Public-private co-publications
t : : ‘Intangible investment in the EU Private co-funding of public R&D exp
joventa 2. 3% 7.0 % .
(= - o o - and US before and since the e
2 10% " 27% - . ot applicatior
= S = i Ik Great Recession and its e o
e i ki e Jo contribution to productivity Design applications
- — - — — growth’, EIB Working Paper Employment imp
= 7 Jeowese Exopmmniandeie oy
—— . loymen owing enterprises
= http://www.eib.org/attachments/ Sales impacts :
United States 42% 6% 5% 7.7% efs/economics_working_paper_ Medium and high tech product exparts 107.3! 1013
EUM 1% 41% 7% 9.2% 2016 08 en pdf Knowledge-intensive services expo . 109.9: 104.8
NS 22% £2% 6.4% 16.0% — Sales of new-to-market/firm innovations

Time to market for much R&D is several decades
A. Years to technology established (Te), median=25
e e e ol il L) |
5
oL Ll .I||||I||I|..||.I.L..|
10
B. Years to first clinical trial, median=29
w
5 L 4---4----- R [
B
5 5
0
10| ¢, Years to first FDA approval, median=36
=== po--t---t---—-- |
5 McNamee LM, Walsh MJ, Ledley FD
(2017) ‘Timelines of translational science:
From technology initiation to FDA
approval’. PLoS ONE 12(5): e0177371.
0 https://doi.org/10.1371/journal.pone.0177
nesta 0 10 20 30 40 S0 60 371
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Ultimate ownership of UK public companies has changed dramatically

nesta
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Source: ONS, https://www.ons.gov.uk/economy/investmentspensionsandtrusts/datasets/ownershipofukshares

Incentives often dwarf salaries
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Power laws apply!

Total Funded by UK Percentage
Expenditure Government of Total
(£ million) (€ million)

TOTAL OF ALL ENTERPRISES 22,224 1,734 100%

Enterprise groups with the largest expenditure on R&D
Top5 4514 . 20%
Top 10 6,312 - 28%
Top 15 7,389 ™ 33%
Top 20 8,185 736 3%
Top 50 11,147 950 50%
Top 100 13,568 1,146 61%
Source: Office for National Statistics
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European R&D Scoreboard
(http:/iri.jrc.ec.europa.eu/scoreboard17.html)

nesta
|nnovati°n Category | Sub-category of incentive Occurrence
New Product: includes target relating to the producing new products or identifying new 9.3%
Related revenue streams for the business. :
- New Pipeline: includes targets relating to achieving specific goals e.g. progress on 18.1%
Metrlcs Business implementing a new drug :
New customers: includes targets such as the number of new clients as a result of
Used |I1 innovation 1.3%
Brand development: includes targets such as rebranding in order to increase 3.0%
FTS E350 customers/product exposure :
. Operational improvement: includes targets relating to improving the operations of the 13.9%
Incentlve business e.g. cost saving, improving company processes. :
Infrastructure improvement: includes target relating to implementation of new IT
SChemes Existing systems, reorganising the business, etc 135
Business Integration: includes targets relating to integration of new businesses following mergers 7.2
or acquisitions. :
Environmental: includes targets relating to improving process with a view to improving 0.4%
the company’s environmental impact :
Health & Safety: includes targets relating to improving company process with a view to 0.4%
improving health & safety )
Employee development: includes target relating to the development of staff to either 3.4%
drive growth :
Culture Stratc_-:-gic development: includes targets relating to the refreshment of company strategy 12.7%
to drive growth
Cultural initiatives: includes target relating to improving company culture towards 9.3%
innovation .
Source: Nesta /
(forthcoming) Financial . .
Output: includes targets relate to revenue or new business generated as a result of 5.1%
innovation. .

nesta
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. Annual Bonus | Performance Average
Most Common Metrics Financial |Condition Occurrence |\ ishting
In Annual Bonuses Performance | Profit 58.6% 48.7%
Conditions | Cash Flow 24.3% 21.8%
Annual Bonus Non-Financial Performance Conditions Profitability 18.8% 28.1%
Performance Average Eat]os 18.5% 26.6%
Conditi Occurrence | Weighting EVEE o ol
ondition (if used) Other 15.1% 23.0%
Personal 52.7% 22.7% EPS 14.4% 42.4%
EBITDA 13.7% 47.9%
Strategy 33.2% 15.6% Balance Sheet 8.6% 26.8%
Customer 14.4% 14.2% Costs 6.5% 12.7%
Cash 4.5% 17.2%
Other 13.7% 16.4% Margin 4.1% 19.3%
Health & Safety 12.0% 9.5% KPIs 3.4% 14.5%
Empl 4% 8.3% Investments 1.4% 14.2%
mproyee e 2 TSR 1.4% 35.0%
Production 3.1% 20.0% Capital 1.0% 16.3%
Sustainability 1.0% 10.8% Capital Adequacy 1.0% 16.3%
Capital 1.0% 8.7%
Environmental 0.7% 3.5% Expenditure e e
Reserves 0.3% 12.5% Economic Profit 0.3% 100%
: : Total Assets 0.3% -
. Annual Bonus | Performance Average | Link R&D
Most Common Metrics Financial | Condition i Weighting spend
erformance | Profit .6% 7% -
n Annual Bonuses Perf Profi 58.6% 48.7%
Conditions | Cash Flow 24.3% 21.8% -
profitability 18.8% 28.1% .
atios
Revenue 18.5% 26.6% -
Other 15.1% 23.0% ?
EPS 14.4% 42.4% -
EBITDA 13.7% 47.9% -
Are these measures Balance Sheet 8.6% 26.8% -
more ||ke|y to be Costs 6.5% 12.7% -
. Cash 4.5% 17.2% -
|mproved over the Margin 4.1% 19.3% ?
KPls 3.4% 14.5% ?
course Of a year by Investments 1.4% 14.2%
increasing R&D spend, TSR 1.4% 35.0% :
. Y5 Capital 1.0% 16.3% -
or by cutting it" Capital Adequacy 1.0% 16.3% :
Capital
Expenditure 1.0% 8.7% r-
Economic Profit 0.3% 100% -
Total Assets 0.3% - /-
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. Metric Occurrence Ave'rag'e
Most Common Metrics Weighting

TSR (total shareholder return) 73.2% 44.4%

In LTIPs EPS (earnings per share) 60.7% 54.6%
Profitability Ratios 32.0% 45.2%

Strategy 13.2% 46.3%

Cash Flow 12.1% 40.2%

Revenue 8.5% 28.2%

Balance Sheet 7.4% 50.1%

Profit 6.6% 47.3%

EBITDA 3.7% 44.3%

Customer 2.9% 12.6%

(o y Other Financial Metric 2.6% 66.1%
R - Capital 2.2% 57.2%
(faooes Personal 2.2% 33.1%
[ ' | I ( ro Economic Profit 1.5% 29.2%
o g Costs 1.5% 16.3%
et I I e Cash 1.1% 29.4%
[roeaeo o Investments 1.1% 33.3%
o = | |  EREEREEERERRRERER Share Price 1.1% 75.0%
R ERER 2000 Production 1.1% 26.3%

SR
1998 1999 2000 2001 2007 2003 2004 2005 2006 2007 008 2009 2010 2011 2012 2013 014 2005 Margin 0.7% 27.8%

[e—— Pension —ther Beretas Cash Bonus KPIs 0.7% 16.3%
e e s Total Assets 0.4% 25.0%

Capital Adequacy 0.4% 25.0%
Market Cap 0.4% 100.0%

nesta Health & Safety 0.4% 5.0%

We have quite a lot of human capital...

Researchers per thousand workers

30

25

nesta Source: UNESCO Institute for Statistics, June 2018 http://data.uis.unesco.org/Index.aspx?DataSetCode=SCN_DS&lang=en#
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...But it is disproportionately concentrated in academia not business

Total R&D personnel (HC) - Business enterprise %

n esta http:/data.uis.unesco.org/Index.aspx?DataSetCode=SCN_DS&lang=en#

Conclusions & suggestions

e Non-R&D innovation is (probably?) not substituting for R&D - but we still need
much better measures of the former.

e Also need better evidence of effectiveness of innovation schemes (which could be
achieved via more experimentalism in government)

e Recognise that SMEs will play little role in getting to 2.4%.

e Incentives dwarf basic salaries in the big R&D firms, so need much closer
attention to whether these really incentivise R&D.

e Raise awareness among analysts & fund-managers (cf. sustainability), and ensure
that R&D- (or broader innovation-) metrics are part of their analysis.

e Focus on academia / industry permeability to improve flow of tacit knowledge

nesta
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Weak evidence about what works

Randomised Controlled Trials (RCTs) —
comparison group created through
random assignment of treatment

Comparisons made with unsupported

Level 2  businesses but without strong controls for
relevant differences

Evaluations lacks comparison to a
Level 1 matched untreated group or before and
after measures

Source: Adapted from LG WWC Scoring Criteria,
nesfq http://www.whatworksgrowth.org/resources/the-scientific-maryland-scale/

Innovation
\\k Growth Lab

Innovation schemes

1700
evaluations

Credible (3.7%) | +Impact (0.4%)

Source: Systematic reviews conducted by the What Works Centre for Local
Economic Growth at the LSE (Credible: Level 3 Maryland Scale, Positive impact
on employment)
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Maybe it’s not all about Brexit...
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H Other non EU
United States of America
Japan
W Other EU
France
Germany

Inward BERD - country of origin, UK, 2003 to 2013

47.8%
55.7% 53.1%

50.0%

50.6%

14.0%
15.1%

48.5%

46.6%

12.5%

47.1%

24.1%
21.6%|

19.5%)

411% 40.5%
45.1%

o 152 1 3 8% 13.6% [ 0%l 17.6%
13.1% . ;1 5o I 16-3% . 16.5% 17 0% [l 18.1% ]

2003 2004 2005

18.4%

2006

11.2%

2007

9.9%

2008

10.7%

2009

11.3%

2010

11.5% 10.8% 6.7%

2011 2012 2013

Source: ONS data, cited byFrédérique Lang and Parimal Patel (2016), Internationalisation of business investments in R&D and analysis of

their economic impact (BERD Flows)
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nesta (Bubble size = Total expenditure PPP$)  http://uis.unesco.org/apps/visualisations/research-and-development-spending/
Figure 2: Proportion of the FTSE350 with Innovation Performance Metrics
45% 38.0% 36.9
15%
5.1% 4.0%
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innovation metric innovation metric in the innovation metric in the innovation metric in the

annual bonus LTIP both the annual bonus
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nesta
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Source: UNESCO Institute for Statistics, June 2018
http://uis.unesco.org/sites/default/files/documents/fs49-human-resources-rd-2018-en.pdf
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SME R&D

Large Co R&D

Lorem Ipsum

Lorem Ipsum

Lorem Ipsum

Lorem Ipsum

14



22/10/2018

A breakdown of researchers in Europe
Percentage of researchers by sector of employment (FTE), 2016 or latest year available
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nesta http://uis.unesco.org/sites/default/files/documents/fs49-human-resources-rd-2018-en.pdf

Performance
relative to to EU
EU 2010 in |.2017 in

...But it is probably not the case that firms are o | 2o
substituting non-R&D innovation spend for _i,“,’:;‘,,‘}:j,f,{f:""‘f““"'f"’_‘_"_ e
BERD (as best as we can measure) Popaion i i

| Relative |

United Kingdom

Attractive research systems
Intemational scientific co-publications
Most cited publica

Foreign docto students

— . Innovation-friendly environment
European InnOVatIOn Broadband penetration

Opportunity-driven entrepreneurship

Scoreboard 201 8 Finance and support
R&D expenditure in the public sector
Venture capital expenditures

https://ec.europa.eu/docsroom/documents/ Firm investments

30706 R CATETRITCTE T e DUTSTESS SeCror

Innovators
SMEs product/proces:

SMEs innovating in-house
Linkages. . . ... ...
Innovative SMEs collaborating with others
Public-private co-publications

Dark green: normalised performance obove 120% of EU: light green: normolised perfor- Private co-funding of public R&D exp.
monte between 90% and 120% of EU, yellow: normalised performance between 50% Intellectual assets

end 90% of EU: orange: romualised performonce below 50% of EU. Normalised perfor PCT patent applications

mante uses the dot after o possible imputation of missing dota and transformation of Trademark applications

the dota Design applications

Dato in red show a decline in petformance compored to 2010, Employment impacts
Employment in knowledge-intensive activities
Employment fast-growing enterprises
Sales impacts
Medium and high tech product exports

nesta Knowledge-intensive services exports

Sales of new-to-market/firm innovations
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Business R&D (BERD) is the major component of UK R&D

Business
Expenditure

Government
Expenditure

Expenditure
originating
abroad

Private non-
profit
expenditure

nesta

EC Research and Innovation Observatory: https:/rio.jrc.ec.europa.eu/en/country-analysis/United%20Kingdom/key-indicators/26155

BERD has been increasing since 2005, but slowly
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nesta ONS, Research and Development in UK Businesses, 2016
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UK BERD is not great by EU standards

Business enterprise sector

2014

0.11

211

2.15

Business enterprise sector

2014 Unit: % of GDP to

Private sector Expenditure on R&D

nesta

UK BERD is below OECD average...
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Time to market for much R&D is several decades

= Relevant publications (left axis)

= Citations of these papers (right axis)
== Citations of first patent (left axis)

= Citations of 2*¢ gen patents (right axis)

nes'q Publications & citations Shown for most

Businesses are main funders — and performers — of UK R&D
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Source: OECD, MSTI database
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