Solar life-cycle management:

Is the spectre of lost returns holding solar energy back?

The collection of inaccurate data at any point in the life cycle of a solar plant will undermine

almost every aspect of the investment accounting. Mark Skidmore, Samantha Doshi, Matthias
Heinze and Christos Monokroussos from TUV Rheinland discuss the importance of precision data

gathering in mitigating risk for builders, operators and financiers

he global PV power plant fleet

now exceeds 100GW and is

projected to reach terawatt levels
within the next 10 years. Where the
demand for installed power increases,
the need for cost reductions follows
closely behind, which calls for better
methods of product quality surveil-
lance. As aging PV fleets enter cycles of
sale and re-acquisition, and subsidies
decrease and tax incentives fall, second-

ary buyers must evaluate their asset’s
ability to fulfil their return on investment
(ROI). This raises the value of assessing
the precise financial performance of a PV
system. With new energy trading mecha-
nisms, the reliance on precise data and
its complexity will only increase. In this
paper the general principles of precision
data gathering are described, and EL
imaging in particular is highlighted.

Reductions in capital costs and improve-
ments to system efficiencies for solar
power plants have spurred a dramatic
growth in solar energy. In Q1 2017 the
USA added 2GWdc of PV power, follow-
ing an unprecedented year of more than
15GWdc installed in 2016 [1]. The indus-
try is poised to continue this growth at a
rate of 7.2% per year until 2050 [2].

Tax incentives have been a key
motivating factor for investing in solar,
so much so that often first owners are
eager to step away from a project once
the tax benefits have been fully utilised.
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This means that a change of ownership
is likely to occur within a time frame in
which the system is still new enough
for potential failures to be hidden from
secondary buyers.

It has become common practice,
supported by mediocre independent
engineer (IE) reporting, to optimise
systems for an initial favourable perfor-
mance ratio, which often means that DC
watts are installed beyond actual need.
The performance ratio is in this context
is often understood to be simplified (i.e.
not corrected for VAR and inverse avail-
ability, as defined by the IEC standard)
as:
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This performance ratio has all the
elements of uncertainty (i.e. not just P90)
associated with it that affect a power
plant, which investors may not be aware
of.

DC leveraging has the ‘benefit’ of
spreading fixed system costs over a
broader wattage base at the expense of
overinvesting, along with perhaps an initial
AC performance ratio (ACPR) greater than
1.The unintended consequence of this DC
leveraging is that it masks performance
defects by exceeding production targets,
or through, for example, inverter clipping
as shown in Fig. 1.

For the first short-term owner, the
excess capacity creates a ‘clipping bank
account, which yields extra capacity that
widens the shoulders on the produc-
tion curve (blue clipping curve in Fig.

1). This helps ensure that the plateau

(in case of clipping or contractually
limited feed-in) is as flat as possible

for as long as possible. However, as

the system degrades with time, the
clipping bank account gradually draws
down. The extent of the degradation is
further hidden through AC performance,
as most plants do not employ string
monitoring, and the only view of the DC
performance is through AC performance.
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Figure 1. Defect masking through increased DC/AC ratio




Oftentimes the DC performance is being
compared with weather data, but most
on-site weather stations, if available, are
uncalibrated and inaccurate over time.
Note that calibration uncertainty is one
of the factors affecting upmax, the overall
measurement uncertainty:

Mpyay = K-

)
where, u, = standard uncertainty for

uncertainty source i, and k = coverage

factor (k = 2 for 95% confidence interval).

For secondary buyers, it becomes
imperative to accurately determine
the physical and electrical health of
their assets in order to ensure that their
investment can meet return expec-
tations, reduce financing cost and
minimise capital deployment. The poten-
tial owners must be able to vet power
plants through sound IE due diligence
assessments, so that they can leverage
price reductions and premiums on the
basis of quantified underperformance.

Calibration as an asset
The challenges involved in collecting data
begin from the moment the site is selected,
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Figure 3. Percentage of serious defects noted by category

and continue through design and compo-
nent selection to installation, commis-
sioning and O&M. Thus, from mischarac-
terisation of component performance,
defective discovery tests and inappropriate
pre-installation, to inaccurate measure-
ments of the system’s effectiveness during
periodic assessment, bad data has the
potential to invalidate warranty claims on

«TUV 1 | TUV2
& Thegretical (no spectral correction) @ 3rd party Irradiance sensor
Alrmass
1000 ! L 15
P
i :
apg : i
i "
800 : s 0
]
1 "
T00 ] ]
)
by 1 ;
]
_5 600 1 : 15 o0
I A e
® s ' ) é
£ T el '
] =
B a0 ﬂ e il | 45"
£ P v,
e 1 e
300 l;‘ 1 i "l.*
- : ] A
"y 1 s
s i Y
200 . i : -"; o5
i i F Y
(] L] "A.
100 1 I A
i ]
i L)
0 ! ! 00
8:24 9:36 1048 12:00 13:12 14:24 15:36 16:48
Time [hh:mm]

Figure 2. Measured plane-of-array (POA) irradiance comparison

underachieving components, as well as
overvaluing (or undervaluing!) a system
upon secondary sale.

By way of example, TUV Rheinland
was recently called in by a project owner
who was preparing to file a warranty
claim against a manufacturer in the
hope of curing financial shortfalls from a
system performance deficit. The owner
had already conducted tests with a
third-party subcontractor in order to
characterise, on a percentage basis, how
much the solar array was underper-
forming in respect of the warranty; TUV
was tasked to validate these results by
carrying out coincident, same day, same
time measurements. Upon retesting with
calibrated and spectrally matched instru-
ments (as opposed to the uncalibrated,
spectrally unmatchable instruments that
had been used by the subcontractor),
TUV measured 10% lower irradiance
levels than those indicated in the initial
tests (Fig. 2). If the sensor believes that
the irradiance is higher than what the
module actually absorbs, the module
performance will appear lower than it
actually is.

From lab to field - more data,
accurate data, appropriate data
Defects in power plants are not only
caused by defective components but
also built into power plants, despite the
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best efforts of all parties involved. Many
of the defects are simply not visible to
the naked eye or cannot be derived via
simple measurements. The results of a
TUV internal study from 2014 to Q1 2015
determined that 30% of power plants
showed serious defects, while more than
50% of these defects were attributable

to installation errors (Fig. 3).

Product quality is affected by the
fiercely competitive markets, low
financial recourse, personnel fluctua-
tions, tight commissioning deadlines,

indifferent IEs and supplier issues. These

might result in abbreviated planning

and installation using inexperienced
sub-contractors, which in turn causes
In a recent case, TUV Rheinland used

sensitive Si-CCD camera. For EL images, Figure 4. Field

EL imaging, with
modules installed
in situ

defects being built directly into solar

installations, masked by the aforemen- the solar cells are supplied, via their EL imaging to conduct pre-installation

tioned clipping bank account. metal contacts, with a defined external module testing for an EPC client. The

Even those who think they are choos-
ing the best products are bound to be
disappointed with systematic defects
originating directly from the manufactur-
ers or as a result of improper handling on
site. As the secondary market matures,
current and future system owners must
understand the status and value of
systems looking forward. Installation
contractors must employ accurate data
to defend themselves against disputes
from claims of nonvisible damages to
defective components.

Especially for modules, it is vital
to characterise the complexities of
degradation. This way, poor-performing
modules can be removed before they
impact on the ongoing output, or, at
minimum, their state documented to
prevent future litigation. Since early-
life degradation is often a very subtle
phenomenon, solar industry stakehold-
ers tend to believe it cannot be detected
through typical outdoor monitoring.
This perception is being disproved in the
market, as field-testing services are now
available to detect early-life degradation
issues at appropriate time intervals and
sensitivity levels, and with meaningful
measurement accuracies. The testing
of modules in the field means that
results can be acquired without moving
modules from their in situ locations.

One predictive method - electrolumi-
nescence (EL) imaging - takes advantage
of the radiative interband recombination
that occurs among excited charge carri-
ers in solar cells. To obtain the image,
the testing contractor operates a solar
module as a light-emitting diode, so that
it can detect the emitted radiation with a
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excitation current while the camera takes
an image of the emitted photons.

As a general rule, damaged areas
of a solar module will appear darker
than fully functional areas (Fig. 4). EL
techniques provide a much higher
resolution than that produced by infra-
red (IR) images, and reveal many details,
such as:
+ Microcracks
+ Bad finger contacts
« Electrical shunts
« Interconnection and solder faults
+ Resistance faults
« Fragments in broken cells
« Electrically separated cell areas
« Grain boundaries
« Crystallisation faults in cell material

Overall, when deployed properly,
baseline and periodic EL images allow
system owners to finely chart and
characterise dips in module perfor-

mance. They can accurately determine

if production shortfalls are the result of
manufacturing defects or originate from
damage that was inflicted after delivery
to the installation site, or if the shortfalls
are merely expected fall-off. With the use
of EL imaging in combination with lot
inspections at the manufacturing site,
transportation issues become equally
visible.

tests revealed that more than 40% of the
client’s modules had arrived on site with
a defect which was otherwise imper-
ceptible via alternative test methods.
Moreover, these defects were of such a
nature that they would worsen over time
and prematurely accelerate the system’s
expected performance decline, which
may conceivably be non-linear. The EPC
was able to cease installation activi-
ties and initiate a replacement of the
damaged product by the manufacturer.
Whether you are a component
manufacturer, system owner, or system
operator, the production of a trace-
able product-quality lineage provides
protection and accountability, funda-
mentally establishing a strong level of
trust among all parties. If a financier
knows that such a lineage can weed out
underperforming components early,
and recoup losses in instances where
underperformance can be traced to
specific manufacturing defects, they are
going to be more inclined to continue
investing. If manufacturers know that
they are not going be held responsible
for on-site damage or design failure they
too can breathe easier. Financial interests
are protected for all stakeholders by
involving a third-party process at critical
milestones that uses scientific methods
to produce standardised data across the
value chain.

Managing for long-term returns -
a function of measurement scope
Once solar modules have been fully
deployed and are operational in the
field, the focus for owners and investors
shifts primarily to billing-meter data.



These owners most likely contract an
asset management company to collect
data about ongoing performance of
the project. The data gathered relates
to daily operations, but may also be
generated from periodic inspections and
maintenance. The questions are: how is
this data used, how is it collected and
who collects it? For example, system
commissioning is often performed

by the installation contractor, who is
typically not motived by the accuracy
of the data, but rather by the fact that
the measurements trigger the next
milestone payment. Along with this,
installation contractors are not trained
in accurate repeatable measurements
and the applicable standard IEC 62446,
nor are they familiar with calibration
and factors affecting accuracy. The
outcome is not just inaccurate data, but
worse — non-comparable data (e.g. data
with unknown accuracy). Generally,
measuring the AC meter and cursory DC
measurements does not provide insight
into the performance or plant status.
Yield or complex performance ratio -
taking into account all environmental
factors (e.g. soiling), equipment factors
(e.g. degradation), business factors (e.g.
demanded performance reduction IEC
63019) and technical complexity - is

a necessary metric for measuring and
optimising performance as well as
maintaining the value of the asset.

The purpose of baseline information
- continuous, compatible data - is that
it can be used in a comparative manner
to assess and predict degradation and
future performance. In the case of solar
modules this is done specifically to
monitor warranted performance. For
this to happen the module performance
ratio, corrected for environmental (e.g.
temperature and irradiance) and device
factors (e.g. specified degradation), has
to be taken into consideration. Other
components (e.g. inverters) must be
equally vetted for lifetime performance
and should be subjected to continuous
and periodic measurement. Remote
monitoring on its own is therefore not
sufficient: verifiable data, along with all
performance factors and accuracy data,
must be collected using standardised
methods (e.g. IEC 61724) and recorded at
milestone intervals.

No system owner will be able to test
every module across its project (or
projects), because of the high cost and
long lead time: thus statistical sampling
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is essential for the propagation of good
data [3]. As an example, advances in EL
imaging technology enable owners to
be more precise with defect detection,
as well as allowing them to investi-
gate larger sections of their arrays
more efficiently. The use of EL imaging
provides for a much greater sample size
and ultimately yields a more accurate,
and more statistically significant, repre-
sentation of site performance than was
possible just a few years ago.

With a larger scope of data at their
disposal, market stakeholders have the
ability to establish a whole new set of
business goals and outcomes, and make
more informed decisions.

Better data will lead to improved
operations. The first area affected will
undoubtedly be the improvement in
O&M efficiency, as well as the likely
reduction in O&M costs on the basis of
the accurate and timely data employed
using methods such as cost priority
number (CPN) to trigger cost-optimised
O&M. This enhanced data and increased
operational efficacy will surely be selling
points in the secondary market by reduc-
ing the risk to new buyers and adding a
measure of control that was not previ-
ously available.

With a greater volume of functional data
in hand, owners are better positioned to
identify system weak points as well as
system strengths. With independently
conducted periodic milestone measure-
ments of key system elements (inverters,
modules, etc.) and continuous monitor-
ing, CPN-based maintenance becomes

an important tool for cost reduction
and performance optimisation. As
data patterns emerge, pending failures
become manageable.

Finally, in recent years owners and inves-
tors have thrown down the challenge

to O&M providers to provide better
communication about the value they are
adding to projects [4]. O&M companies

are not certified or trained to any central
overarching standard. They are typically
not subjected to process or data valida-
tion, as in the case of their construction
counterparts. This all needs to change.
Owners will be frugal with O&M dollars if
this data is available to them, indepen-
dently obtained, compatible and timely,
using IEC (or IECRE) standards. O&M
performance will not be measured
relative to predicted performance, but
will be flexible and based on precise

and sufficient data. O&M contracts have
often been signed with the contractor
who built the system, a fundamental
conflict of interest if used by the O&M as
a way to recoup income that may have
been lost in the construction negotiation
process.

The key to communication lies in data
about whether, and how, the operator
has made a noticeable difference to
plant performance and energy yield.

It is not just about taking actions to
improve yield, however: operators have
to prove what they really did. The quality
of documentation - the status, not just
plant performance - has become an
important metric in the value chain, and
it is data that feeds this burden of proof.

A qualified IE will provide the trust to
deliver the data needed for all stakehold-
ers to interact in the project, continually
and at critical life-cycle milestones, using
standardised processes and measure-
ment methods and precise, compatible
data.

In order for investors, owners and other
solar stakeholders to achieve long-
term value, the focus will always be

on narrowing down causal factors for
performance loss, removing all sense of
uncertainty, and mitigating risk.

Risk takes different forms for different
stakeholders. For instance, EPCs and
installation companies need to manage
short-term risk; not only do they need
to safeguard against initial performance
shortfalls, but they also need to prove
that their handling of the product did
not alter the state of the product in any
way. Documentation and irrefutable,
precise data reduce doubt and uncer-
tainty.

System owners and investors, on
the other hand, need the system’s
output to not only cover and exceed
a defined term of debt payments, but
also produce maximal returns once the



investment is free and clear.
The unifying factor for mitigating
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