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Introduction

The phased plan for cost-benefit analyses has Oedted in the context of the Enabling Technology
Project Behaviour and Innovation. The goal is tsctiée a single, shared approach to cost-benefit
analyses at TNO. The plan was described in ouitlirePowerPoint presentation. This document pravide
a more detailed description.

It is intended as a reference for TNO staff whol deéth cost-benefit analyses (SCBAS) in the cowke
their work. First of all, it is intended to hel@#tproceed through the right steps and to make¢ressary
decisions. Secondly, it will help to show cliengsd other stakeholders) in a structured and steisear
way how TNO conducts cost-benefit analyses. Thjritlcan also help in the formulation of the right
guestions and in adopting a sound critical appragiocln a cost-benefit analysis is conducted by & par
other than TNO.

In view of the stated goals, the presentation dnsl document focus primarily on people who have
relatively little experience with cost-benefit aysds so that they can acquire a clear pictureeostips to
be completed and what is involved. Researchers mithe experience can benefit from using a fixed
procedure and by teaching others accordingly. Magerienced researchers will probably have addition
requirements when their work involves specific opti and decisions in specific areas (for examplenwh
the modelling or monetisation of effects are ineal), More specialist issues of this kind are nateced

by this phased plan. We do hope to engage in ewallp project that will address these issues imigre
detail in a CBA guideline for TNO.

The box below shows the steps involved in a cosefieanalysis. These steps will be explained frih
the remainder of this paper.

Steps in a cost-benefit analysis:

1. Specifying the goal of the cost-benefit analysis.

2. Specifying innovations: which innovations are being investigated and what is the baseline alternative used to
assess them?

3. Stakeholder analysis: who are the actors involved in the implementation of policy for whom the costs and

benefits are being described?

Survey and specification of all relevant costs and benefits/effects.

Operationalisation of costs and benefits: preferably monetisation or, at the least, quantification.

Specification of time horizon for the cost-benefit analysis.

Collection of data about costs and benefits: as much as possible on the basis of empirical data, with

assumptions where necessary.

Performing cost-benefit analysis: calculations and sensitivity analyses and/or simulations where necessary.

9. Presentation of the results and recommendations.

SIEORCIE




Step 1: Goal of cost-benefit analysis
Cost-benefit analyses may be conducted for vatieasons. It is sensible to take time to think ieaxte
about what one wishes to achieve. The various tgpgeals include:

» Drawing attention to a problem and determiningghtential benefits of solutions

» Looking for stakeholders who would be interestethaking investments

» Justifying an investment decision

* Mapping out the effects/results of an investment

Step 2. Comparing innovations with baseline alt&usa

A cost-benefit analysis involves an appraisal oé @n several innovations as compared to a baseline
alternativé. An innovation may be a new intervention or measwar a specific policy decision. The
baseline alternative is the scenario involvingmmowvation. The baseline alternative can actuallgmtéat
nothing will be done, or it may involve an alteimatdeployment of financial resources. The firsjpsin a
cost-benefit analysis involves identifying the imations we want to investigate. In addition, a wigbn is
required of the baseline alternative that will Isedito determine the costs and benefits of thevatioms.

Step 3. Stakeholder analysis: integral or partiastbenefit analysis

To arrive at a proper comparison of innovations\gisa cost-benefit analysis, the costs and benefits
various innovations must be estimated as well assipe. The first step involves identifying the
stakeholders who play a role in the issue and rthevations. The emphasis here is on identifying the
stakeholders who are needed to get innovationsheffground and the stakeholders who will feel the
impacts of the project alternatives.

Stakeholders may include: the government, employdiesits, employers, insurers, etc.

This is not just a question of identification; thedationships between the different stakeholdegsadso
relevant and need to be described. Which stakermitte needed to get the innovations off the greund
Where appropriate, we can visualise stakeholdetstiaa relationships between them: for example by
using thempact arenar with Value Network Analysis (VNA)

Once the stakeholders and their mutual relatiosshgve been described, the next step is to detertimén
perspective for the implementation of the cost-fiem@alysis. Anintegral cost-benefit analysis looks at
all the actors involved (directly or indirectly) dnin this way, clarifies the 're-distribution’ efts for the
stakeholders. For example: the money a companydspam courses for its staff represents incomehfer t
company that organises the courses. A cost-bearaditysis can also be conducted from the point @ivvi
of one specific actor, the company spending theaypdor example. In that case, the tepartial cost-
benefit analysis is often used.

If it is decided to conduct a partial cost-benefitalysis, it is important to think about the scalehe
analysis or the scale of the impact of the inn@veti company or institution / municipality / regar
national?

Step 4. Review and classification of costs andfiisne

When reviewing costs and benefits, it is advisabladopt a structured approach so that all thesaate
costs and benefits are actually identified. A lagimodel that links input and activities to oututd
outcome is usually very helpful. A logical modeltbfs kind shows in a schematic way what is needed
terms of financial and other resources (input) aidht activities have to be carried out to generate
concrete returns (output) and ultimately to achitedesired goals (outcome)

"When discussing cost-benefit analyses, the ternjept alternative’ is often used.
2 See the annex for examples ofimpactarena and ¥alue Network
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Input Activities Output > Outcome

The difference between outputs and outcomes isoilitaut comprises the immediately apparent retafns
the activity (for example the number of traineeshapd jobs), whereas the outcome refers to theatii
direct and indirect effects (for example the numbérpeople who move on to another job or the
improvement in someone's self-confidence).

When reviewing costs, it is useful to think firgioait the cost drivers in place. Examples are:
- The number of people (students/patients/clientg/affected by the innovation;

- The number of sessions or treatments;

- The number of locations where the innovation islénpgented.

For each cost driver, it is then possible to defireevarious cost items using the following clasatfon:

- One-off costs: costs for the development of polistart-up costs and any incidental costs during
implementation.

- Overheads: annually recurring costs that are morkess fixed as soon as it has been decided to
introduce an innovation, such as costs for hougingject management and administrative support.

- Variable costs: costs that depend on specific trania in the approach to implementing the selected
innovation, such as the number of participants fnogect.

In terms of the benefits or effects of innovatiows, can make a broad distinction between the fatigw

types of effect:

- Direct effects: effects on the people involved thad the direct result of the innovation (for exéenp
moving on to regular employment or a better stmgcin clients' lives).

- Indirect effects: effects resulting indirectly frotfme innovation through transaction mechanisms (for
example: higher tax revenue for local authoritiesduse local taxes are no longer waived when
people move on to regular employment).

- Side-effects: effects on people who are not diyaattolved (such as the effect on other peoplengvi
in a town or on members of a participant's famiBfgase note: these may be both positive effects an
undesirable negative effects.

- Re-distribution effects: effects that are bendfiits one party may be costs for another party (local
authority spending on job creation also represeavsnue for the agencies they appoint).

When determining costs and benefits, consideratimuld also be given to the effects outside tha are
concerned (impact on the police and the justicéesysfor example). And a conscious attempt shoeld b
made to think about possible undesirable/countedymtive effects as a result of the innovation.

A cost-benefit analysis should, in principle, déserall the relevant costs and benefits. In practitis
advisable to set priorities for the effects to kamined in detail (particularly if there are timedabudget
constraints affecting the study). The prioritisataf effects depends on:

a) The anticipated scope of the effects and therdf@eextent to which they determine the outcome

of the cost-benefit analysis.

b) The importance of the impact on the stakeholders.
This appraisal can be made in advance on the bésie stakeholders' wishes and ideas, the ideas of
experts and/or results from previous research.

Step 50perationalisation of costs and benefits

Once they have been determined, the various codtbenefits can be operationalised so that theybean
used in the ultimate cost-benefit analysis. Costs effects resulting in concrete cash flows aréedtin
euros (or another currency). At this point, we aate the cash flows by year so that we can deterthie
net present value (see step 6).



A decision has to be made about how to presentteftaat do not result in any concrete cash flale.

can decide to monetise these effects (state themoimey terms) as much as possible. We can use, for
example, shadow prices to do this methods likevillingness to pa¥ This allows us to allocate a value in
euros to commodities that are not traded on a rharig:for which no direct price is available.

For effects that cannot be monetised or that waddenot to monetise, a quantitative approach to
operationalisation is also preferable. We cangf@mple, use validated scales or monitoring data. he

If quantifications of this kind are not possibléheir, we can still try to state the direction (goabsible
scale) of effects in quantitative terms (for exaengé very, or mildly, positive effects). If everistproves
impossible, the final option is to state effectdhie cost-benefit analysis as items for later atersition.
No description is given but there is an indicatioat the effects can be expected in the future.

It is important, during the operationalisation dfeets, to take into account what stakeholderskthin
important, as well as the goal of the cost-bersefilysis (step 1). In some cases, it is impor@amgroup
everything under a single numerator or numberr{aké SROI methd), and it is useful in this respect to
monetise the various factors as much as possibletier cases, it may actually be very useful to
understand different effects at the scale thatlevant to the particular effect.

Step 6. Determination of the time horizon for thalgsis

The next step, on the basis of the costs and herbfit have been identified and operationalisedo i
collect the data required for the actual implemionaof the cost-benefit analysis. Project impletaéon
can take many years. That means that the costbarefits will be spread out over a long periodimiet
It is therefore necessary to adopt in advance @ fiamizon that will be used for the cost-benefdlgsis.

The usual approach when a longer period of timeviglved is to allocate less weight to costs anaeffies
located in the more distant future than to comgarfiures in the present. There are two reasonthis:
1. A euro now is worth more than in, for example, fixgars from now.

2. Costs and benefits located more in the futureese tertain.

The future costs and benefits are therefore cadeasing adiscount rate with the balances for the
various years being totalled. The resulting figizéhe net present valuef the project for the period
covered by the analysis.

In principle, the discount rate used is determibgdhe baseline alternative: leaving the moneyetiank

or investing in other projects. Governments usuatlppt the risk-free interest rate as the discoatet
This is usually 3-5%. Commercial companies usuaBg higher discount rates based on the weighted
average cost of capital (WACT)In practice, different discount rates are alsedufor the costs and
benefits in the analyses. The discount rate usethéobenefits is usually higher than the rate deedhe
costs because of the additional uncertainty rejdtirthe benefits.

The net present value is easy to calculate (in IExmeexample). Useful calculators are also avadeon
the Internet. For examplattp://www.calkoo.com/?lang=12&page=21

% Shadow prices are fictive prices for goods or potitin factors that are not traded on markets.

4 What are people prepared to pay for a particefarn (such as better health or a faster journey).

® SROI stands for Social Return on Investment. S&®I8n, 2005.

® The costs incurred by a company for the capitatius finance it. The WACC is calculated by allingtweightings to borrowed capital
and equity capital on the basis of the share ofwtloetypes of capital in the overall financing bétcompany.



Step 7. Data collection

Within the period being analysed, estimates (inaade) or calculations (after the event) are madief
costs and benefits on the basis of past experigmederably supported by empirical data. If data is
unavailable or inadequate, assumptions may be malgt particular costs or effects. The balancéef t
financial effects is then determined for each year.

A broad order of preference for data sources fslasvs:

- Recorded data (about costs and benefits by thelstéders).

- Results of model analyses (for example, analysigbgffectiveness

- Key figures based on the literature (for examptadyg of costs using the Health Care Insurance
Council manual owww.kostenvanziekten.ntake into account the year in which the costehasen
identified and the year in which the costs areudated in your study; adjustments may be made for
inflation using consumer price indices such asdlwsg for example, www.Statline.nl).

- Meta-analysis of existing studies.

- Surveys of stakeholders (for example, using williess to pay or vignettds

- Expert consultation (individual, group-based oribé).

- Assumptions by the researchers.

Step 8Performing cost-benefit analyses, sensitivity analyses andlaiions

The financial balances and the non-monetised affecthe different alternatives are then comparét w
the costs and benefits associated with the basali@emative. That leads to the final descriptidrthe net
effects of the implementation of a specific projddte results of the cost-benefit analysis are déget on
any assumptions made about the units of measurensent To determine the extent to which these
assumptions affect the outcomes of the analysewitis#ty analyses may be carried out by making
different assumptions. Sensitivity analyses cardi@ucted in both univariate and multivariate farins
other words, one or several parameters can bedvatigne same time.

We can also conduct simulations looking at differgeenarios. With probabilistic modelling, we caseu
Monte Carlo simulation, which involves analysing thariation in the outcome as a result of variation
the data and/or variation in the parameters omestid parameters

An important area requiring attention in the madelland actual implementation of analyses is the
determination of causality and attribution. Caugaklates to causal relationships. What causeadhel
occurrence of the effects? Attribution relates #imadly to the allocation of effects to the inndian. This

is necessary in order to determine the "net effentss" of interventions.

Step 9. Presentation and interpretation of resulsrecommendations

The results of a cost-benefit analysis can be ptedeas a single outcome measure (such as a fatanci
balance or the cost per QALY. In anacceptability curvevarious alternatives can be compared to the
willingness to pay. It is also possible to presseneral outcome measures alongside one anothkein t
form of a balanced scorecard or dashbBaktith cost-benefit analyses, it can also be usefpresent the
results in the form of a tool that stakeholders us@ for their own simulations.

” Net effectiveness is the added value of the intiowan terms of achieving the effects. The neeefffis equal to the outcome (the gross
effect), after correction for external factors.

8 A vignette is effectively a description of a siioa on the basis of various characteristics (aités). The vignette method involves
showing the interviewees a number of these vigsettel asking them on each occasion to providesessisent of the given situation.

° The Delphi method is a method used to ask difteegperts for their opinions on an individual badise aim is to achieve consensus by
feeding back the answers from the other expernaanonymous basis in several rounds.

10 A Monte Carlo simulation involves a large numbgsimulations, each time with different conditigfirs the data and/or parameters). The
result of this set of simulations is a distributfonction that reflects the entire scope of possthltcomes.

11 Quality Adjusted Life Year.

12 See the annex for an example afashboardf this kind, as used in the TNO Policy Game.



In general, when presenting results, it is impdri@ankeep an eye on the nuances, assumptions and

bandwidths of the outcomes. Some tips in this respe

- Do not present single outcomes; show the fact@shhve affected the outcomes and how they have
done so.

- Main outcomes at a glance.

- Dials you can turn to show how these changes afigicbmes.

- Possibility of showing how input leads to outcome.

Here, it is always important to explain how a stimgs been conducted, including the assumptions that
have been made during the study.

When recommendations are based on the outcomesBbenefit analysis, it is always useful to pldoe
outcomes alongside the prioritisation of the gaalstep 4.
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Example of impact arena (Case SS De Rotterdam)

(effecten) D e @ﬁﬁ@ﬁ@j@m

arens Wersle 64 | 29 elieber 2000

e

- o |
S \\

o Hotel prce et
Cadse Diness i | Nocuses)
On Bood O Shovs e .

INVESTEERDER &)

e n ez 753000 BAZOSKEIS fur it

eigermazrds | motivalle

beter beroepsbeeld

minder uitval / l
hoger opieidingsniveau

meer inkomen E:
betere positie arbeidsmarkt
werkervaring
eigenwaards | motivalie

arbeidsparticpatie
meer irkamen [betee poite abeidamak &

gezonder | gelidkiger leven

M ORDE EFFECTEN MORDE EFFECTEM

www.effectenarena.nl

Source: SEV / www.effectenar ena.nl




Example of Value Network Analysis

Bron: TNO .
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Example of dashboard effects

Ay
'Ij.l.. POLICY GAME SAGA

Samenvatting

Aantal gekozen projecten 6
Aantal deelnemers 790 waanan kansrijk: 215 en kansarm: 575
Budget uitvoeringskostenin 2011 €6.997.000

Kaosten en oplbrengsten van de gekozen prgjecten
over periode 2011 - 2014

Uitvoeringskosten 2011 - 2014 -€ 24.400.000 toegekend belang
Netto uitstroom naar werk €4.378.000 zeer belangrijk
Productiewaarde €29.976.000 belangrijk
Financieel resultaat €10.956.000
Welzijn van deelnemers 91% zeer belangrijk
Zorgconsumptie metig belang
Afname ongewenst gedrag metig belang
Ultsplitsing productiewaarde naar sector
buutwerk  €12472.000 42% T
bouw ~ €9720000 2% B bouw
onderwijs €7572000 25% O onderviis
reiniging €212000 1% Dreiniging

EEO®O

Bron: TNO
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Example of acceptability curve (willingnessto pay for a QALY).
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