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in 2006 by taking a long, hard look at its

continuing role in South Africa. This
paper was written by the CSIR Fellows, at the
invitation of the Department of Science and
Technology, to capture some of the thoughts
that were raised by that process. Its purpose is
to contribute to the national discussion on
how best to organize a system of innovation
for a developing country, like South Africa,
with aspirations to be a respected competitor
in selected high-technology areas.

The CSIR celebrated its 60th anniversary

There is compelling evidence that the
creation of science councils’, starting in
South Africa with the CSIR in 1946, had a
catalytic role in establishing the strong
and diverse science, engineering and
technology (SET) base that exists in the
country today." But now that we have
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many large universities with strong
research capacity and traditions, a pri-
vate sector with substantive and well-
resourced research and development
(R&D) capabilities, and hundreds of agile,
low-overhead technical entrepreneurs,
what is the role for science councils?
Virtually all scientifically advanced
countries have some portion of their SET
capacity in partly government-funded,
dedicated research institutions, despite
having followed different development
paths to get to that point. This is empirical
evidence of a sustained role for science
councils, even after their initial function
as a development intervention has been
achieved. This article explores what the
future role of science councils in South
Africa might be, and in doing so touches
on issues such as how they might be
funded, governed and staffed, and how

to optimally balance public expenditure
between the various mechanisms of sup-
plying the R&D needs of the country.

Innovation, risk, and its relationship
to size of organization

In an increasingly knowledge-based
and globalized economy, winning coun-
tries need to be able to 1) develop their
own knowledge in selected areas, and 2)
rapidly identify, adapt and adopt knowl-
edge developed elsewhere, in order to
solve important problems and exploit
emerging opportunities. The ‘easy” tech-
nical problems have already been solved,
so carving out a significant SET niche in
the modern world generally requires
large and sustained investment. R&D is,
by definition, an uncertain business.
While it can be demonstrated retrospec-
tively that the occasional brilliant success
more than pays for the hundreds of fail-
ures, it takes a certain scale of investment
to play successfully in such a high-stakes,
high-risk game. Some categories of R&D,
notably those that require multidisci-
plinary capabilities or expensive and
sophisticated facilities, or where the out-
comes are particularly uncertain, soon

We use the phrase ‘science council’ as shorthand for a variety of public sector, not-for-profit
R&D organizations, generally established by statutes, and dependent to a greater or lesser
degree on public funding. In South Africa this includes, among others, the Council for Scien-
tific and Industrial Research (CSIR), the Medical Research Council, Agricultural Research
Council, Human Sciences Research Council, Council for Geosciences, Mintek, and the
Nuclear Energy Corporation of SA. Legally, it includes the National Research Foundation
and the Water Research Commission, which, as research funding agencies, operate some-
what differently from the other councils. By extension, many of the arguments offered here

for science councils also apply to institutions such as museums, national collections (such
as the South African National Biodiversity Institute), and national facilities such as the South
African Astronomical Observatory. Elements of this discussion apply to operational agen-
cies within government with a high technical content, such as Standards SA or the Depart-
ment of Environmental Affairs and Tourism's Marine and Coastal Management. In other
countries, equivalent organizations are called national laboratories, quasi-government
research organizations and similar names. In effect, university-associated but research-
focused (rather than teaching-focused) units have similar attributes.
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escalate to a point where they are too risky
for organizations of the size of most South
African university departments or private
sector R&D departments, given that R&D
is not their primary mandate. A solution is
larger-scale organizations, with directed
R&D as their central purpose: in other
words, science councils. Where the
cut-off lies between ‘top-down’ directed
research, and ‘bottom-up’ competitive
granting is continuously shifting, as
equipment within a domain becomes
cheaper, universities and corporations
grow, and as research domains mature.
We can attempt some order-of-
magnitude estimates, based on contem-
porary experience in South Africa. Emer-
ging topics require full-cost support in
the region of R20 million per year over
a period of about ten years—a scale of
investment that is hard to muster within a
single university, and is only palatable to
the local private sector once the commer-
cial outcomes are fairly clear. Given that
the success rate within a given domain
is low and unpredictable, and that
many such domains can legitimately be
regarded as high priorities, a relatively
stable national R&D organization needs a
portfolio in the order of a billion rand of
turnover annually.

National facilities and advanced
human capacity development

A similar argument applies to advanced
R&D facilities. Although such facilities are
economically important at a national
scale, they can seldom be made to pay
their way in a financial sense (that is, as
self-funding enterprises, where user fees
cover the operating cost, the depreciation
of the instruments, insurance, the salaries
of the technical specialists who operate
them, and a sufficient profit margin to
make them an attractive investment).
World-class researchers cannot be trained
or retained in the country if such facilities
are not available, but few universities can
afford to maintain them for teaching pur-
poses alone. Having invested in a cutting-
edge facility, presumably after a well-
informed decision-making process, the
capital expenditure represents a sunk cost
to the funder. The only way to realize the
full economic potential of the investment
is to maximize the use of the facility,
which in turn requires dropping the
cost-to-user to marginal levels. Thus a
large part of the core costs must be cov-
ered by the public purse. Operating these
facilities successfully and safely requires a
high level of technical proficiency, which
needs specialist skills that are not easily
sustained in a university structure, since
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the operators are neither teachers nor
researchers, although they are indispens-
able to both.

This set of considerations applies not
only to sophisticated equipment, but also
to relatively prosaic, but nevertheless
essential and technically specialized func-
tions such as the maintenance of national
reference collections such as herbaria,
gene banks or insect collections, and
observation systems such as weather
stations, seismographic networks, satel-
lite image archives and fisheries stock as-
sessments. They also apply to a degree to
the ‘pilot plants’ that are necessary to
scale-up promising, newly developed
processes before they become commer-
cially viable. The Pebble-Bed Modular Re-
actor is a current example, and the early
development of the Sasol coal-to-liquid
fuel process is an example from the past.

The innovation continuum: from
discovery to application

It is well understood that the path from
a bright idea to an innovation with social
or commercial impact is long and uncer-
tain, and becomes more and more expen-
sive the closer the development gets to
implementation. It is hard for a single
organization to span this entire contin-
uum effectively—it requires ‘interfacial
organizations’ that can act as translators
between fundamental research and oper-
ational delivery. There is often a three-
way clash of cultures between ‘academic’
environments, government entities, and
commercial organizations. Academic
institutions place their highest priority
on curiosity and truth, while govern-
ment agencies simply want implement-
able solutions that work (and as soon as
possible, please!). Companies are strongly
focused on return to shareholders, which
emphasizes delivery, to specification, on
time and within budget. Interface organi-
zations, such as science councils, have to
be able to connect to all these cultures in
the innovation chain. This requires a
particular culture of their own, character-
ized by pragmatism, project-orientation
and transdisciplinarity.

The gap between primary knowledge
generation (which classically, but not
exclusively, occurs within universities)
and the knowledge needs of society
(including the commercial and public sec-
tors) has been referred to as the ‘Innova-
tion Chasm’. There are many discrete
steps in bridging this gap, rather than
one giant leap. The simple distinction
between ‘pure’ and ‘applied” research
does not do justice to the actual dynamics
of the research process. A linear notion of
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science proceeding from basic to applied
is increasingly questioned—often ‘basic’
breakthroughs arise from the pursuit of
very applied questions.* The OECD iden-
tifies nine ‘Technology Readiness Levels’
(TRL). TRL 1 to 4 are typically thought of
occurring largely in universities, but the
serendipitous nature of science means
that they often happen in science councils
as well. TRL 5 to 7 increasingly depend on
the type of R&D environment offered by
science councils: multidisciplinary and
full-time professional staff with both
advanced SET and application domain
knowledge. TRL 8 and TRL 9 are largely
the domain of users, often in the private
sector, but may still need some science
council support.

SET support to government entities
requires organizations with a suite of
special characteristics. These include
being seen as impartial and trustworthy,
at the forefront of a range of applicable
technologies and familiarity with the
user’s application domain, terminology
and culture. These attributes require a
stable body of professional scientists and
engineers who have made their careers in
the application domain, which in turn
needs a reliable and sustained source of
funding, coupled with a carefully-crafted
mechanism to provide strategic direction
and prioritization of projects. Organiza-
tions providing this kind of support are
termed ‘sector-specific science councils’.
Whether they are best organized as divi-
sions within an umbrella council, or
as stand-alone bodies, depends on the
balance between economies of scale that
accrue from a generic approach on the
one hand, and the sector-specific opera-
tional needs on the other—a topic we
touch on later.

Maintaining a stable pool of
knowledge workers

An important function of science coun-
cils is to help attract and develop the next
generation of professional SET personnel.
This they do by awarding bursaries, pro-
viding internships and vacation work,
offering opportunities for pre-graduate
and post-graduate research projects and,
crucially, through providing early-career
employment and experiential training.
World-class R&D workers do not emerge
from graduate study programmes fully
formed. They require several years in a
stable and structured environment, rich
with mentors and coaches, to build the
confidence, track record and networks
needed to be competitive.

Building an expensive system for gener-
ating highly skilled individuals at master’s
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and doctoral level is wasted if those indi-
viduals do not have employment and
career opportunities after they graduate.
There is a strong suspicion that the slow
pace of race and gender transformation
within the R&D sector in South Africais at
least partly due to the perception by
bright young students that finding work
as a research scientist or engineer is hard,
and, if you get it, unrewarding compared
to other opportunities that additionally
require a shorter training period. Science
councils create employment demand, a
visible career path, and a pool of skills that
can be drawn into industry or academia
as needed. There is probably a necessary
‘inefficiency’ or ‘redundancy’ in this sys-
tem: it cannot be clear beforehand exactly
what skills will be needed, and in what
numbers, and skilled people cannot be
quickly generated on demand. There
needs to be a relatively large and diverse
pool of technical specialists, with skills
kept honed by working in a challenging
environment, to be deployed when
needed. Science councils fulfil this func-
tion.

Integrated solutions to complex
problems

The emerging environmental, manu-
facturing and societal issues of 21st-
century problems are characterized by
complexity. The solutions require the
coordinated application of many disci-
plines. It is possible to do this by drawing
on skills from many different organiza-
tions (or different departments within
one organization), but generally the miss-
ing component is the integrative inter-
and transdisciplinary skills that act as the
‘glue’ between the various components.
This is a skill in its own right, but one that
is hard to sustain in an organization that
is built and rewarded around disciplin-
ary specialization. It is certainly easier
to achieve within a large and diverse or-
ganization with a common culture and
management system, provided that the
culture and systems are specifically orien-
tated towards collaboration and team-
work.

Emerging research areas

An analogous argument to the impor-
tance of science councils in the initial
development of the science capacity of
anation can be made in a developed situ-
ation, but with respect to novel research
areas. This is an ongoing need: every
decade sees the emergence of new re-
search areas. Biotechnology and nano-
technology are contemporary examples.
Leaving their development to purely
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organic ‘bottom-up” processes may even-
tually succeed, but speed is increasingly
important if a leading position is to be
attained. The development of new re-
search areas can be catalysed and acceler-
ated by deliberate, partly state-funded
interventions which result in the rapid
establishment of critical mass.

Problems with science councils

In practice, science councils in South
Africa and elsewhere often fall short of
these ideals. Instead of focusing on the
areas of comparative advantage outlined
above, they try to be universities, on the
one hand, or private-sector consultan-
cies on the other. At best this leads to
sub-optimal S&T outcomes. At worst it
damages both the science councils and
the entire innovation system.

One of the main pathologies of science
councils is short-termism. Perceiving
their income to be under threat, and sure
only of their budget allocation for a single
financial year, they do not commit to the
long-term, large projects where their
advantage lies. This is mostly a self-inflic-
ted constraint. The Medium Term Eco-
nomic Framework of government gives
relative stability over a three-year period,
and historical data suggest that the inter-
annual variation in the combined funding
streams to science councils is quite small,
even when there is an underlying up-
ward or downward trend.

A related issue is risk aversion. Con-
scious of the need to generate short-term
income, science councils tend to drift out
of their core domain, which should be
high-risk, pre-commercial research, into
low-risk work that generates little new
knowledge but a steady income. They
become consultancies or technical service
organizations, both of which have a
necessary and valuable place in the S&T
landscape, butin general should not qual-
ify for the public funding which comes to
science councils. There are circumstances
where the skills held in the science coun-
cils may justifiably be applied to difficult,
novel, specialized or nationally important
consultancy or service tasks, but when
these come to dominate the activities,
ethos and reward systems of the councils,
then something has gone wrong.

Organizations that are insulated from
the rigours of the marketplace can become
complacent and unresponsive to stake-
holder needs. For interfacial organiza-
tions such as science councils, too much
public funding can be as detrimental as
too little. The optimum point is probably
quite broad, situation- and mission-
dependent. Internationally, examples of
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apparently sustainable science councils
exist with between 25% and 80% baseline
public funding. For South African circum-
stances, it seems that the level of 70%
external funding reached by the CSIR in
the 1990s was too high,’but the 20% exter-
nal funding up to the early 1960s was sus-
tainable only in a startup phase. A level
closer to 50% would allow the CSIR to
balance its public- and private-goods
mandates more successfully.

As organizations mature and grow in
size, they accumulate rules and struc-
tures. The dead hand of bureaucracy
becomes increasingly dominant, and one
of its manifestations is the inexorable
upward creep of ‘overhead’ costs. Science
councils are bound to satisfy both the
onerous requirements of the Public Fi-
nance Management Act and the account-
ing demands of diverse external funders
and clients. Some clients require hour-
by-hour billing, which leads to the impo-
sition of time-accounting systems quite
inimical to a productive and innovative
research environment. In an attempt to
limit the ballooning overheads, scientific
bone (such as libraries and laboratories) is
usually sliced out instead of unproduc-
tive fat such as excessive administrative
systems or under-performing researchers.

Historically, science councils in South
Africa have tended to proliferate by bud-
ding off research domains as separate
organizations (see Fig. 1). Sometimes this
has been well-motivated by operational
needs, but often it has been driven by
the all-too-human instinct to establish
independent territories. This tendency, if
carried too far, undermines the benefits
and economies of scale outlined above,
and makes overall coordination of the
S&T system more difficult. Figure 1 shows
that the turnover of the CSIR as a fraction
of the national gross domestic product
has never exceeded 0.2%, and has fallen
steeply since about 1990. Since 1992, the
fraction of the GDP devoted to research in
South Africa as a whole has risen from
about 0.8% tonearly 1%, meaning that the
fraction used by the CSIR has fallen even
more steeply.

A comment on research overheads
There is a component of organizational
costs which cannot logically be charged
on a contract-by-contract basis, and is
most efficiently treated as a central cost.
This includes exploratory pre-contract
research and capacity development,
shared infrastructure such as buildings
and libraries, and the transaction costs of
maintaining a complex organization.
These costs are, broadly speaking, ‘over-
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Fig.1. The total turnover of the CSIR (——) and that originating from its Parliamentary Grant (——-), expressed in
relation to the national GDP. Four phases are discernable: establishment (1946-56); growth (1957-67); stabili-
zation (1968-88); and reorganization (1989 onward). The CSIR is one of the oldest and largest science councils
in South Africa. The evolution of its discretionary and contractual income is broadly representative of trends in

this sector.

heads’: but virtually all R&D clients resist
paying their full share of them. They
either refuse to pay certain components,
or cap their contribution at a level far
below the true costs. While there is good
reason to be vigilant about the escalation
of overhead costs in organizations that do
not operate in perfect markets, and all
organizations need to work hard at mini-
mizing costs, there is an irreducible core
of expenses which have to be paid by
someone. Comparison of the overhead
costs of science councils with those of
either universities or private-sector enti-
ties needs to be done with care. Much of
what science councils must pay for as
overheads is hidden in other budgets
(such as the education budget in the case
of universities), but nevertheless comes
out of the public purse. Private companies
do not generally carry a burden of main-
taining research infrastructure or capac-
ity, because they rely on the science
councils and universities to do so! Analy-
sis of the cost structure of South African
R&D institutions® indicates that the total

cost of doing research in a science council
lies between that of performing research
ina university orin the private sector, and
that the spread between the three types of
organization is only about 20%.

Baseline versus contract funding

One of the questions raised above
(whether to provide a broadly defined
line-grant to a single large science council,
or to direct the funds by granting them
to several smaller councils with more
focused mandates) is related to the ques-
tion of how much discretion the receiving
organizations should get in the internal
allocation of the funds provided to them.
The global tendency is for funding bodies
to assert more and more control on the
allocation process, using arguments
based on accountability. At some point this
becomes counter-productive, because it
lifts the decisions on the deployment of
resources too far above the point at which
the activities actually occur, resulting in
misallocation, inefficiency and a frustrat-
ingly slow funding process.
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Logical consequences of these

arguments

1) Large, multidisciplinary, significantly
publicly funded research and devel-
opment organizations are found in
all successful innovation systems,
regardless of their phase of develop-
ment or sophistication.

2) International experience suggests that
there are many different ways of orga-
nizing such entities, which may be
more or less successful in different
circumstances. Continuous institu-
tional adaptation and adjustment is,
within reason, a beneficial feature of
a healthy S&T system. The time-
constant of change is necessarily long
because the building of high-level
skills and effective large-scale organi-
zations is slow, while the possibility of
rapid collapse and loss of skills is real.
To justify their privileged position as
recipients of public funding not tied to
specific projects, science councils and
similar bodies need to ensure that they
focus on fulfilling the role that they are
best suited for: longer term, innova-
tive and integrative research. Their
project selection and evaluation sys-
tems must reflect this objective.

4) Science councils, and their stake-
holders, clients and governing bodies,
need to balance the needs for account-
ability with the requirement for effi-
ciency and a light management touch
in order to nurture a productive re-
search environment.

3

~

1. CSIR Fellows (2007). The South African Council
for Scientific and Industrial Research: case study
of a science and technology development inter-
vention. Development and Innovation 19, 149-156.

2. Stokes D.E. (1997). Pasteur’s Quadrant: Basic science
and technological innovation. Brookings Institution
Press, Washington, DC.

3. Walwyn D. and Scholes R.J. (2006). Mixed income
models for public research institutions: a recipe
for success or disaster? S. Afr. J. Sci. 102, 239-243.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.01000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 800
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00500
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




