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The significant challenges faced by Lonmin in 2012 culminated in a company renewal plan based
on the refinancing of Lonmin’s balance sheet, as well as an intention to fund its capital portfolio
out of free cash flows. These challenges necessitated an increased focus on the optimal allocation
of capital to projects in the project pipeline. A process was undertaken to generate a tool that
would allow the suite of projects across the various business units to be ranked individually and
the available capital allocated to the various projects based on this ranking. Previous attempts had
not been successful in integrating the ranking of projects across the various business units.
A combination of financial (net present value [NPV], payback, capital efficiency, and unit
costs) as well as non-financial (risk and strategic) metrics was employed to rank the various
projects for the 2014 budgeting and long-term planning cycle. A review of the process conducted
by Deloitte Consulting (Deloitte) highlighted some shortcomings in the approach followed, and
recommendations were provided on an alternative suite of metrics to utilize. Benefit-to-cost
metrics were then added as an alternative to the first set of financial metrics utilized.
The outcomes from this process resulted in Lonmin being able to allocate its available capital
spend for the 2014 budgeting cycle on a rigorous, integrated, and auditable basis across all of the
business units to maximize the return on the capital invested.
Ongoing consultation led to further recommendations being made to further evolve the capital
allocation from a capital ranking to a capital optimisation process. The aim of a capital
optimisation process is to maximize the value of the business based on a set of predetermined
constraints. Furthermore, it was demonstrated that in order to maximize the value of the business
in a funding-constrained environment, the combination of projects was more important than
merely allocating capital to the projects with the highest ranking. Under this guidance, a capital
optimisation tool was developed.
For 2015 Lonmin has moved away from a capital ranking process and has implemented the
capital optimisation tool to guide the allocation of capital for the current budgeting and planning
cycle. The implementation of the optimisation tool has aided in ensuring that the proposed capital
spend is utilized to maximize the return on the capital invested, thereby maximizing the return to
shareholders, within the current business constraints. In the current unstable labour and fundingconstrained environment, this process has again gained far more importance.
Keywords: Capital allocation, efficient frontier, portfolio optimisation, projects, project
funding, project ranking, project selection, capital budgeting techniques

Introduction
The significant financial and social challenges faced by
Lonmin in 2012 culminated in the Group having to
refinance its balance sheet and put in place a renewal plan
for the business to ensure its sustainability. The amended
finance facilities focused on the net worth and debt levels of
the company and stipulated the maximum amount of capital
that could be invested in each financial year. Furthermore,
as part of the renewal plan, it was deemed imperative that
the business be able to finance its capital requirements out
of free cash flow and that the utilization of the finance
facilities be minimized. These changes necessitated an
increased focus on the allocation of capital to ensure that
the maximum value is extracted from the capital invested.

LONMIN’S CAPITAL ALLOCATION PROCESS

A formal documented process to allocate capital between
the mining, processing, and shared services business units
has not been in place at Lonmin for a number of years.
Capital has been allocated on an informal basis, with each
business unit receiving a share of the pot of capital
available, which was then allocated based on the project
ranking within that business unit. The strategic businessplanning model (life of business plan) was used as a guide
to ensure that the capital was allocated to the projects
identified in the business plan. Previous attempts to
formalize a process that would allocate capital to projects,
irrespective of the business unit, utilizing a standard set of
criteria has to date not been successful.
Considering the above factors, it was deemed imperative

309

that a formalized capital ranking and capital allocation
process be embedded in the business. An investigation was
thus undertaken to generate an integrated approach that
would allow the suite of projects across the various
business units to be ranked individually and ensure that the
available capital is allocated to the projects that offered the
greatest return and that are aligned to Lonmin’s strategic
objectives.
This led to Lonmin’s initial project ranking approach to
the allocation of capital. This was based on the individual
ranking of projects and the subsequent allocation of capital
to projects with the highest ranking. Ongoing consultation
has resulted in Lonmin implementing a portfolio
optimisation approach to the allocation of capital.

Project ranking
An internal consultation process concluded that the capital
available to the business should be split into businesscritical and growth/project capital, and that only the
growth/project capital should be subjected to the capital
ranking. Business-critical capital was defined as the capital
required to keep the business in operation (stay-in-business
capital), as well as the legal and environmental compliance
and social responsibility investments.
Initial ranking approach
A combination of financial (NPV, payback period, capital
efficiency, and unit costs) as well as risk/strategic metrics
were identified and agreed on to use to rank the various
projects for the 2014 budgeting cycle.
The financial metrics were chosen as:
• NPV to ensure that value-enhancing projects are
selected over the stipulated period
• Payback to ensure that the return on investment takes
place over an acceptable period
• Capital efficiency to select projects that maximize the
value received for every rand invested
• Unit costs to ensure that the projects selected will
contribute to Lonmin’s goal of being one of the lower
cost producers.
To enable a mining project (large capital investment, long
payback, and large NPV) to be ranked against a processing
project (smaller capital investment, short payback, and
smaller NPV), each of the financial metrics was normalized
using a standard set of financial metrics for mining and
processing projects. As an example, the normalization of
the payback period would result in the payback period for a
new shaft of 14 years ranking the same as that of a
processing-type project of 5 years.
The risk/strategic metrics ranked projects on factors such
as geographic and commodity diversification, ease of
implementation, safety, environmental and technical risk,
customer requirements, and the possibility of unlocking
additional opportunities. Each of these carried an equal
weighting.
All projects were assessed at the same discount rate when
calculating the NPV. The discount rate was not adjusted to
reflect the various study stages and thus levels of accuracy
of the various projects. This approach was followed, as
adjusting the discount rate could lead to projects being
penalized twice, firstly by applying a higher discount rate
and secondly by the quantity of contingencies used.
However, this does require that all projects conform to
Lonmin’s project standards for the various study stages. A
capital forum has been constituted to approve all projects
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that would be subjected to the ranking process and to
ensure that they comply with the relevant study standards.
Ranking the projects based on the metrics discussed
above favoured those projects with high NPVs and payback
periods considered acceptable to Lonmin. These tended to
be the large mining-type projects. The lower NPV projects
with shorter payback periods (processing-type projects)
were ranked far lower.
Lonmin sought an external opinion to verify that the
capital ranking process embarked on was acceptable based
on current industry practice. Deloitte was approached to
perform a review of the process, after which certain
shortcomings in the approach were highlighted and
recommendations were provided on an alternative suite of
metrics to utilize.
It was indicated that in the absence of funding
constraints, the best projects are those with the highest
NPV. However, where funding constraints exist, the
benefit-to-cost ratio is a superior measure, as it emphasizes
the largest incremental value attainable for each additional
rand spent. Blocher et al. (2013) support this view and state
that under capital rationing, capital should be allocated to
provide the highest NPV per rand invested.
As Lonmin currently finds itself in a capital constrained
environment, Deloitte recommended the use of benefit-tocost metrics as an alternative to the NPV metrics. To test
this approach the benefit-to-cost metric was then added as
an alternative to first set of financial metrics utilized.
Revised financial ranking metrics
The revised capital rankings metrics and weightings utilized
are shown in Figure 1. The weighting applied to the various
financial metrics is indicated in Figure 2.
What is the benefit-to-cost ratio?
The benefit-to-cost ratio is calculated as [B⁄C], where B refers
to the present value of project benefits and C refers to the
present value of project costs. In this instance, benefits
relate to revenue, cost savings, additional metal recovery,
etc. When applying this ratio, a project should be accepted
when the ratio is greater than unity and should be rejected
when it is smaller than unity.
Table I shows conflicting project-ranking outcomes
between the NPV and benefit-to-cost metrics. The NPV
approach ranks project E as the strongest project, while the
benefit-to-cost method prefers project A. In a scenario
where the top five projects are selected with the benefit-tocost method, the portfolio will have a total cost and NPV of
R145 million and R198 million respectively. When using
the NPV ranking method, it can be noted that the NPV of
the highest ranked project (project E) has a higher cost
requirement (R154 million) than that of the portfolio of five
projects using the benefit-to-cost method; yet, it has a lower
NPV (R91 million). The benefit-to-cost ratio thus favours a
portfolio of multiple smaller projects providing higher
capital efficiency and/or margin over a portfolio of a few
large projects with lower capital efficiencies and/or
margins, given a capital funding constraint.
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Figure 1. Capital-ranking metrics used

Figure 2. Financial indicators used for capital-ranking process

Table I
Illustrative capital project portfolio

Capital ranking process
All business units were required to submit their list of
projects for the 2014 budgeting cycle. Each of these was
ranked utilizing both the NPV and benefit-to-cost financial
metrics. The capital requirement over a five-year window
was considered and the timing of each project was adjusted
to ensure that highest-ranked projects were selected first.
The lowest-ranked projects were delayed to ensure that the
available capital was not exceeded but still fully utilized. A
graphical illustration of the outcomes of this ranking
process based on the NPV metrics is shown in Figure 3.
The graphic on the left indicates the ranked projects stacked
on top of each other, with the solid black line indicating the
capital limits. The graphic on the right indicates the revised
scheduling of the various projects to ensure that all of the
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available capital is utilized but that the capital limits are not
breached.
During the rescheduling of the ranked projects, a tradeoff between ranking and risk had to be considered, as the
capital requirement of some of the higher-ranked projects
was high in the period being considered. Selecting these
larger projects (e.g. Project 2 in Figure 3) would result in
the smaller, near-term-ounce projects (e.g. Projects 3, 4, 6,
and 8 in Figure 3) being delayed and the business being
placed at additional risk, as some shafts would be rendered
sub-optimal if the capital investment in these smaller
replacement projects was not undertaken. These large
projects were thus deferred, the available capital fully
utilized, and the risk to the business mitigated.
For each of the financial metrics selected, the revised
timing of the ranked projects was re-run through the
strategic life of business plan model and the overall
production, capital, and operating cost profiles, and the
overall business valuation was compared with the base case
valuation. The revised business plan (based on the
rescheduled ranked projects, utilizing both sets of financial
metrics) resulted in an enhanced company valuation when
compared with the base valuation before the capital ranking
was applied.
Project ranking outcomes
The revised timing of the project schedules based on the
benefit-to-cost financial metrics resulted in a higher overall
company valuation – increases of up to 10% were indicated
for an equivalent capital spend – than that indicated by the
schedules based on the NPV financial metrics. The benefitto-cost metrics favoured projects with high capital
efficiencies and short paybacks, and these projects tended
to be those focused on enhancing processing recoveries and
debottlenecking. The ranking based on the benefit-to-cost
metric elevated these projects from the lower quartile of the
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Figure 3. Capital ranking; pre-schedule and post-schedule adjustments

ranking, when using the NPV financial metrics, to the upper
quartile, displacing some of the large NPV mining-type
projects. This outcome was unexpected, as most parties
were expecting the large NPV mining projects to be
favoured. Further, as the processing-type projects are
dependent on the overall production profile, their valuation
is dependent on the mining projects being undertaken.
Deferring these projects would thus require that the
processing-type projects be re-evaluated based on the
revised production schedules. This iterative loop was not
undertaken. In light of the above concerns, a 50:50
weighting of the project ranking outcomes based on both
the NPV and benefit-to-cost financial metrics was utilized
to finalize the capital ranking and allocation for the 2014
budgeting process.
The implementation of the capital ranking process for the
2014 budget has matured Lonmin’s capital allocation
process. An integrated and transparent process has been put
in place that aids in the ranking and allocation of capital.
The outcomes from the capital ranking have stimulated
robust debate, which has previously not been present and
has resulted in far more transparency and understanding
around the allocation of capital.
Shortcomings of the capital ranking approach
Although the capital ranking process was successful, the
following shortcomings were identified.
• The use of two sets of financial metrics for the ranking
created confusion and led to much debate. Based purely
on business value enhancement, the benefit-to-cost
financial metrics should be used
• The ranking of the projects was dependent on the
weighting adopted for the various financial and
strategic metrics. These weightings of the various
metrics are subjective and the weightings need to be
fixed
• Rescheduling of the projects was predominately a timeconsuming, manual process hampering rapid portfolio
decision-making
• Checking that the processing constraints were not
breached once the project profiles were rescheduled
required that the complete mass balance be re-run.
Having a model that could automate this would be
beneficial, as it would speed up the process
• Once the ranking was completed, the full effect on the
business could be tested only by re-running the
strategic business model. This is a time-consuming
process, especially where numerous scenarios are being
tested around various business constraints.
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The automation of the capital allocation process will
eliminate the majority of these shortcomings. The
development and implementation of an enhanced portfolio
optimisation process was thus undertaken to address these
shortcomings and enhance the capital allocation.

Enhanced portfolio optimisation
Revised portfolio methodology
The most common problem faced when making capitalportfolio-investment decisions relates to the fact that
funding is constrained for allocation to resources and
projects. This gives rise to a concept that was first described
by Matthews (1897) as the ‘knapsack problem’. The
knapsack problem is a simple concept that illustrates the
shortcomings when capital ranking is done incorrectly. The
name is derived from a scenario where someone is
constrained by a fixed-size knapsack and must fill it with
items of the highest value, as illustrated in Figure 4.
With six boxes to be placed into a knapsack, one would
likely tend to start with the largest box. This usually results
in the knapsack not being filled to capacity. However, it
could be filled to capacity by placing the boxes into the
knapsack in a different order. If the largest box is selected
first, as illustrated in Figure 4, the maximum weight will be
14 kg (12 + 1 + 1). However, when considering an

Figure 4. Knapsack problem (as posed by Matthews, 1897)
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alternative combination, the knapsack could be filled to 15
kg (5 + 4 + 4 + 1 + 1). Similarly, selecting high-value
capital projects first generally leads to a sub-optimal
portfolio.
The efficient frontier approach is a methodology that is
used to solve the knapsack problem whereby various
constraints are modelled linearly to find the optimal
solution, thus selecting the best combination of projects in
order to provide the highest return possible, which also
appropriately addresses the limitations of individual project
ranking, as described above.
Efficient frontier methodology
The concept of efficient portfolio selection was introduced
by Harry Markowitz in 1952. Markowitz stated that a
portfolio is ’efficient’ if it returns the highest possible
return for the expected level of risk (Markowitz, 1952).
This concept was further developed into modern portfolio
theory by numerous academic authors, as documented by
Elton and Gruber (1997) in the article ’Modern portfolio
theory, 1950 to date’. From the academic publications
above, it can be deduced that one of the basic principles of
portfolio theory states that an investment portfolio should
not be selected based on the assets’ individual merits, but
rather on the outcome of the portfolio.
Portfolio optimisation theory has guided investors for
many years when choosing investment instruments and
stocks in relation to the associated risk. Advanced
optimisation algorithms allow the same approach to be
applied to capital projects and enable management to
determine the optimal portfolio of capital projects. A useful
decision-making tool for portfolio optimisation is the
efficient frontier model, as illustrated in Figure 5. A blue
dot represents an illustrative portfolio of projects selected
through multiple iterations, creating the maximum value for
a given funding level. Conversely, a red dot represents a
suboptimal portfolio, which could have been selected
through an alternative ranking methodology. Every possible
combination of investments is plotted on the investmentreturn space and the collection of these portfolios (blue
dots) is referred to as the efficient frontier. The efficient
frontier is generated to ensure that only feasible
combinations of projects are displayed and that the
collections of projects displayed adhere to the constraints
and dependencies that have been taken into account.
The efficient frontier allows investors or investment

Figure 5. Illustrative efficient frontier model
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committee members to assess whether they would accept
increased risk, or in this case additional capital spend, for
the level of increased returns that could be expected in the
frontier. The increased capital expenditure will therefore be
incurred only if it is compensated by a higher expected
return.
Benefits of enhanced portfolio optimisation
A portfolio optimisation approach to capital planning will
result in the following benefits being realized:
• The ability to conduct scenario analysis, not just at the
project level but at the total portfolio level
• The ability to consider interdependencies between
projects; trade-offs between short-term and long-term
goals and alternative funding levels for projects
• Projects can be mandated; different versions of the
same project evaluated; and the impact of deferring
projects considered
• Most of the calculations are done by algorithms, thus
removing much of the manual intervention needed in a
project-ranking model
• As the total portfolio is optimised instead of individual
projects, the overall valuation of the business should be
enhanced for the same capital invested.
A clear understanding of the optimisation methodology
is, however, required to ensure that the outcomes produced
are understood and not viewed with scepticism.
To verify these benefits, the 2014 capital allocation
process was re-run using portfolio optimisation
Optimisation model construct
The portfolio optimisation model determines which projects
should be selected to maximize the portfolio NPV for a
certain funding level while taking into consideration
constraints and project dependencies. A linear
programming model, supported by numerous algorithms
and code, was developed to assist with determining the
objective function for the different increments of capital
expenditure.
As the portfolio optimisation model had to consider the
various constraints unique to Lonmin’s business model, it
was constructed with the following functionality in mind:
• Develop a constrained efficient frontier that takes
multi-year capital, multi-year milling, smelting, and
Cu/Ni constraints into account. These will allow the
user to assess the sensitivity of additional or
incremental capital expenditure on the portfolio NPV,
while also assessing the financial impact of certain
constraints. Hoisting constraints were not provided for
as the constraints were appropriately accounted for in
the individual project business cases
• Conduct a dynamic mass balance calculation that
updates on each optimisation iteration, depending on
which projects have been included in the portfolio
• Develop an unconstrained efficient frontier. This
formulates discussions regarding value engineering
opportunities and trade-offs, e.g. if a milling constraint
is exceeded, the project team can assess the trade-off
between lost NPV vs increased milling capacity,
consider moving the project schedule to a date where
constraints are not breached, or amend the stockpiling
and milling strategy
• Indicate which projects have been included and which
have been excluded from the portfolio at different
increments of capital spend, and indicate the reasons
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• Consider mandated projects, interdependencies
between projects, and different versions of the same
project
• Provide the user with the functionality to choose the
period over which the portfolio should be optimized.
Portfolio optimisation results
The unconstrained efficient frontier developed by the model
indicated the optimal portfolio NPV that could be achieved.
However, given that this would not be a realistic scenario, a
more relevant indication of the optimal portfolio NPV was
provided by the constrained efficient frontier. The
difference between the unconstrained and constrained
efficient frontiers indicates the value erosion caused by the
constraints placed on the business.
Comparing the constrained efficient frontier with the
initial ranking approach indicated that for a 21% decrease
in capital investment it was possible to enhance optimal
portfolio NPV by 34%. This was achievable because a
more optimal combination of projects could be obtained for
the given set of constraints (Figure 6).
In developing the constrained efficient frontier, the model
excluded projects that exceeded pre-defined processing
and/or financial constraints. In addition, the model clearly
indicated which projects were not included in the optimal
solution and provided an indication of the constraints that
were breached, together with the specific periods in which
the breach occurred (e.g. the inclusion of ‘project x’
resulted in the milled tons capacity to be breached in 2018).
This allowed the identification of opportunities available to
increase the portfolio value, by relaxing the constraints or
by shifting project schedules. Based on investigations of the
constraints, the most constraining factor was the amount of
capital available for the periods 2015 to 2018. The
movement in the various project schedules are indicated in
Table II. Here it is evident that some of the top ranked
projects were deferred in favour of lower ranked projects
that had lower capital requirements.
As per the original capital ranking, the project schedules
of the unselected projects were moved to accommodate the
constraint and to ensure that the unselected projects formed

Table II
Project schedule movements – traditional ranking vs efficient
frontier methodology. Phase 1

part of the optimal solution. A 55% enhancement could be
achieved by relaxing the capital constraint slightly in the
initial years and adjusting the schedules of the projects
excluded, when compared with the traditional ranking
process. (Figure 7).
It must be noted that the enhancement of 55% does not
indicate that the optimisation model increased the portfolio
NPV by 55%. It merely indicates that it provided a more
efficient and faster approach for selecting the optimal value
enhancing portfolio of projects and their schedule
movements. The traditional approach of project ranking
would have resulted in a higher return than stated above if
more options were evaluated, but this is a manual and timeconsuming process.
The differences in the schedule movements between the
original capital ranking and efficient frontier methodology
are highlighted in Table III. Here it is evident that a slight
relaxation in the capital constraint in the initial years allows
more of the projects to be included either at their original or
an earlier scheduled start date. This is particularly true from
some of the larger NPV projects. The high capital but low
NPV projects were excluded.

Figure 6. Traditional ranking compared with revised methodology
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Figure 7. Efficient frontier with schedule movements

Table III
Project schedule movements – traditional ranking vs efficient
frontier methodology – phase 2

optimisation tool has been used to guide the annual capital
allocation as well as the long-term planning process.
Results to date have been positive as the revised timing of
Lonmin’s investment profile, as indicated by the
optimisation tool, has demonstrated the potential to enhance
the value of the investment portfolio by up to 5% based on
the limited capital available. However, factors such as risk
and strategic fit still have to remain part of the portfolio
selection criteria.
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