We have heard from Mauricio regarding technical assumptions and their
weaknesses and the level of confidence in long term estimates.
Magnus presented the application of FAILURE MODES AND EFFECTS
ANALYSIS or FMEA and the use of the COST PRIORITY NUMBER or CPN in
quantifying the cost of risk.
Now we will spend a few minutes discussing how we can attempt to mitigate some
of the risk

There are two distinct phases in a PV project, a feasibility design process defining
quality and costs, leading to a decision to proceed, then licensing and financing.
Once a project is licensed and financed it is shovel ready and we begin the process
of finding a contractor and building the project.
It is important to RECOGNIZE this possible time out between the two phases –
During this time projects often undergo changes in personnel, sometimes even
ownership.
When the project comes out of this time-out it is important to ensure that the initial
design and design parameters chosen during the first phase are adhered to or
properly recalculated for the second phase.

PV projects, particularly large ones, are financial endeavours first and foremost. As
such the mover of the project is often more of a businessman than an engineer. At
some point, a technical simulation is performed to figure out how much energy can
in fact be produced on the piece of land or rooftop under discussion. To this end
some form of simulation program is used such as Pvsyst or Pvsol or a proprietary in
house spreadsheet. What all these methods have in common is that they USE
MANY PARAMETERS, starting with solar insolation and land/roof size then
subtracting losses due to any number of reasons from soiling to shading
Here we see on the right, the “loss tree” that represents the losses calculated by the
simulation program, starting from the solar resource, the simulation process
calculates the effect of all mitigating parameters on the solar resource based upon
the module construction parameters, inverter construction parameters, module
inclination parameters such as tilt, azimuth and self shading, soiling, back panel
temperature and many others until a final ENERGY TO GRID value is output at
the bottom of the tree.

To calculate these losses and to arrive at the primary conclusions we are looking for
– namely Energy generation, Revenue and IRR we use a number of parameters;

In our newly published report “Technical Assumptions used in PV Financial
Models”,
We believe that we have explained well how to achieve high quality parameters.
However, the best quality parameter is still accompanied by a variance that can be
as high as +/-5%.
This variance is a source of risk – 5% on the global radiation in a 10MW plant is
not insignificant.

We have here 12 parameter values used in an energy simulation and for calculating
the ensuing financial revenue.
On the left we have our well known parameters that we use daily in our discussions
and calculations.
--We are all quite familiar with these parameters, however, what of the variance of
these calculations? What can we do to take the variance into account when
performing our Yield calculations and Profit calculations
If we can run our yield calculations and profit analysis with not only accurate
parameters but also with each parameter’s variance, we will have mitigated or
qualified some of the risk.
To this end we suggest using the Monte Carlo method for simulating risk when
calculating our yield and profit.
This Monte Carlo simulation calculates our equations 10,000 times using not just
the parameter, but the variance as well.
When programming the simulation, we must define the variance and the type of
distribution.
Here we must exercise our understanding of the parameters in order to maximize
the effect of this method.
We see here that we have categorized our parameters as per type of distribution.
Normal, Uniform and Triangular in these cases.

Our module is specified as 270Wp -0/+3% variance – reaching up to 278Wp. What
type of distribution accurately describes this variance?
The overall production of this module power range in the factory is recognized as a
normal distribution, here, however we are describing only the 270Wp module. Now
any normal distribution can be seen as a collection of small bar graphs, of which our
270Wp module is one such bar graph.
So figuratively speaking, the distribution across the 270-278Wp bin is probably
more of a uniform distribution, being a small section of the overall normal
distribution.

STANDARD DEVIATION
Global horizontal irradiation is a natural phenomenon if ever there was one, so the
NORMAL distribution over the year of monitoring is the best choice.

Ground coverage, Module loss due to LID, Technical unavailability and Yearly
Degradation were categorized by us as a triangular distribution. None of these
parameters can be described as a normal distribution, being based on causation that
is not necessarily natural in nature.
Ground coverage is based upon how much land we purchase, so it has an upper
level based on land price, if land is unlimited and free of charge, we have no
distribution. The lower level, unfortunately, is seldom if ever 0, in our context it is
based on our tolerance for self shading.

Module loss due to LID is interesting, since we are basing the probability upon our
experience and understanding of what the degradation will be. We are quite sure
that the light induced degradation will not be 0. In our experience this parameter is
not published by the module manufactures and not readily available. We must base
our conclusions therefore, on what is written in various technical and academic
published literature, which usually defines the LID losses today as 2%, yet we know
many cases of 3, 4 and even 5%.

We therefore now run our yield and profit analysis 10,000 times using the
parameters we have carefully calculated using the best practices we concluded in
our report “Technical Assumptions used in PV Financial Models”
Here we see each of our 12 variables as they output from a Monte Carlo simulation.
WE no longer have a single value, we have a distribution.
We see here quite distinctly the three types of statistical Distribution Uniform,
Normal and Triangular

The purpose of our exercise is to calculate these values: Energy, Revenue and IRR.
We now have not a single number but a value with a probability based on running
all the parameters with their variances.

First year ENERGY production uses 8/12 of the variable parameters with their
variances. Our MEDIAN is around 280,000MWh with 10% of the values coming in
at least with 264,543MWh. – more than 6% less than the median value. This then is
our so called P90 value.
Achieved here running a Monte Carlo simulation on all 8 of the parameters
affecting the energy production.

Another method for mitigating financial risk is to understand the effect of each
parameter on the financial bottom line by using graphical tools to emphasize the
interrelation of the various parameters, such as this Tornado Plot.
His type of plot aids decision makers in understanding the RELATIVE WEIGHT of
each parameter and the effect a decision to change a parameter value has on the
bottom line.
Primarily it tells us which PARAMETERS ARE MOST IMPORTANT
Interesting to note that the turn-key installation cost, foremost on the mind of the
financial team, and a point of constant price negotiation attempting to cut costs has
less effect by far than technical unavailability – a direct consequence of too much
price cutting during installation
-however in this particular case of Tornado Plot, the turn key installation cost is in
fact just statistical noise…

The Spider Plot shows us THE EFFECTIVE IMPACT of each parameter.
In other words: WHICH PARAMETERS ARE MOST SENSITIVE TO CHANGE.
It shows us the functional relationship between the parameter and the CHANGE
FROM THE MEAN VALUE.
In this Spider plot, for REVENUE from Energy Sales, the slope is an indication of
how sensitive the relationship between this value and a change in revenue.
This plot can be dangerous because we ourselves choose the boundaries for the
maximum and minimum values. The 0-100% range in this plot represents a delta
that WE decided upon, NOT an objective range.

A PV project is a long process encompassing many years from inception to
commissioning and commencement of O&M. As we have seen the assumed
production of the plant is dependant upon the input variables and the initial design
quality.
These parameters must remain the same from feasibility through design, licensing,
financing and critically at the bidding and building stages.
We have to HOLD TRUE to the original assumptions we made and the level of
quality we decided upon during the early feasibility phase THROUGH the long dark
empty times awaiting shovel ready status. IF decisions are changed during the
financing and bidding stages, then the owner must ensure that necessary simulations
are reworked.
Achieving the financial goals of the project depend on good quality control to
ensure CONTINUITY

Quality Control to ensure Continuity is the next message we want to get across.
quality control is loyal to ensuring that the level of quality designed for will
CARRY THROUGH BOTH distinct phases of the project.
While we are talking about quality control, let’s have a word about quality……

An investor with a large “risk appetite” opting out of a high quality project where
technical problems are considered unlikely to emerge during the project lifetime
preferring a lower quality project where the amount of post-construction
troubleshooting, repairing and replacing may be more substantial should be made
aware of the Anderson Rule of 10. which states that it costs 10 times more to find
and repair a defect at every consecutive stage of a project. This table portrays the
cost of fixing a fault in each consecutive phase.
This is not to say that a project can not be successful using even sub-standard
equipment or workmanship, as long as the risk of failure and the cost of repairs is
accurately translated financially to define the financial cash flow through the 25
years of a project.
So an important element of mitigating financial risk is to ensure quality control
throughout he project, what ever that level of quality may be.

How then do we achieve quality control?
We suggest 4 steps for the

A prerequisite for any successful risk mitigation strategy is to ensure that the overall
process is recognized by the top-level decision makers and that this management
level takes responsibility for defining an appropriate strategy and assignment of the
necessary resources to undertake this process.
If the BIG BOSS does not actively support QC, there will be no quality

The bottom line is to CLASSIFY risks in terms of OCCURANCE FREQUENCY
and SEVERITY in terms of FINANCIAL impact.
This can be accomplished by building a team that includes a wide variety of skills
and experiences. A PV plant is a multi-disciplinary project requiring a wide variety
of expertise; DC, AC and MV, even HV electrical engineering; mechanical
engineering, construction engineering, monitoring expertise, security system design,
etc.,; brainstorming with all these proffesionals to bring out the risks and how to
mitigate them, then build checklists to make sure all potential risks are identified;

UNDERSTAND by analyzing the root cause(s) of the various risk factors including
possible interrelations between different factors.
Identify the specific most important influencer that may challenge the financial
performance of the project.
And most important MANAGE! Manage manage!
If the BIG BOSS, TOP MANAGEMENT is not actively supporting QC, there will
be no quality.
The top management must be made to understand the importance of continuity of
the design level of a plant and the effect changes will have on the financial plan.

From Mauricio we have analyzed the technical assumptions used in a financial
model
Magnus has quantified the cost of technical risk. FAILURE MODES AND
EFFECTS ANALYSIS or FMEA and the use of the COST PRIORITY NUMBER or
CPN
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