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1 INTRODUCTION:

Three different ways of combining scores are used in the revised formulation. These are
arithmetic mean, geometric mean and multiplication with normalisation.

Arithmetic mean is used when combining scores that measure similar attributes, e.g. used for
combining costs. The arithmetic mean has the property that it is similar to a logical OR, e.g.
when combining costs it does not matter what the individual costs are only what the combined
cost is.

Geometric mean and Multiplication are used when combining scores that measure disparate
attributes.

Multiplication is similar to a logical AND, it is used to combine ‘must haves.” As a result, this
method is more punitive than the geometric mean; to get a good score in the combined result it is
necessary to have a good score in ALL of the inputs. e.g. the different types of survivability are
‘must haves.’

On balance, the revised TPL is probably less punitive than the previous spreadsheet,
multiplication is used sparingly as a method of combining scores. This is in line with the
feedback of the Wave Energy Prize judges.

2 OVERALL STRUCTURE:

The overall TPL score is calculated from scores for the seven high level capabilities arranged in
in three categories as follows.

Capability Category
C1: Have market acceptable LCoE. Economics
C2: Provide a secure (low risk) investment opportunity. Economics
C3: Be reliable for grid operations. Benefits

C4: Be beneficial to society. Benefits

C5: Be acceptable to permitting & certification. Acceptability
C6: Be acceptable with respect to safety. Acceptability
C7: Be globally deployable. Economics

The overall TPL is calculated as a weighted average (arithmetic mean) of the scores for these
three categorizations. The weightings for the categories are 0.7:0.2:0.1 for economics,
acceptability, and benefits respectively. The equation is:

TpL=0.7-TPL,,+02-TPL, .+ 0.1-TPL,,, (1)



The combined scores for each of the categories that are passed as inputs to equation 1 are
calculated as a geometric mean of their respective inputs. The equations used are:

— 1/3
TPL,,, = (TPLy - TPLgy - TPL.,)Y @
TPL,,.= (TPLgg - TPLg)Y? 3
1/2
TPL,,, = (TPLgy- TPL,)Y @)

3 CAPABILITIES SCORING:

C1 Have market competitive cost of energy

The TPLe1 value is calculated from two levels of nested sub-capabilities that have been identified
through a systems engineering process. The sub-capabilities within C1 are:

C1
C1.1 Have as low CAPEX as possible
Cl1.1.1 Be a low cost design
C1.1.2 Be manufacturable at low cost
C1.13 Be inexpensive to transport
Cl.14 Be inexpensive to install
C1.2 | Have as low an OPEX as possible
C1.2.1 Be reliable (cost of maintenance)
C1.2.2 Be durable over the lifetime of the plant
C1.3 | Be able to generate large amount of electricity from wave energy
C1.3.1 Absorb large amounts of wave energy
Have high energy conversion efficiency of extracted
C1.3.2 -
energy to electrical energy
Cl1.4 | Have high availability
Cl4.1 Be reliable (lost revenue w.r.t time taken)
C1.4.2 Be durable over the lifetime of the plant

Cl is scored as the geometric mean of the TPL scores for total cost, generation, availability, with
equal weighting to each.

1/3
TPLy = (TPLogr* TPLeyg  TPLpy ) / )

The score for total cost is a combination of the CAPEX and OPEX scores and relies on a
CAPEX:OPEX weighting of 70:30.



TPLposr =
0.7 + 0.3 (4)

TPLcyy TPLgyg

C1.1 is scored as a weighted sum of the individual cost TPL scores in CAPEX.

1
0.36 0.36 0.09 0.18 @
+ + +
TPLC1.1.1 TPLCl.l.Z TPLC1.1.3 TPLC1.1.4

C1.2 is scored as a weighted sum of the individual cost TPL scores in OPEX.

1
0.7 0.3
+
TPLciay TPLeiaa

TPLgy, =

“)

C1.3 is scored as the product of the inputs and then scaled to a range of 1-9. Each input is equally
important.

8
TPL¢y3=(TPLgygq TPLpy3, — 1)(?) +1 )

C1.4 is scored as the weighted average (arithmetic mean) of its inputs. Weights are 50:50.

TPLy4=05"TPLpyyq+05-TPLpyy, )

C2 Provide a secure investment opportunity

The TPLcz value is calculated from two levels of nested sub-capabilities that have been identified
through a systems engineering process. The sub-capabilities within C2 are:

C2

C2.1 Be survivable
C2.1.1 Be able to survive extreme loads/responses
C2.1.2 Be able to cope with grid failures,
C2.1.3 Be able to avoid and survive to collisions
C2.14 Be survivable in installation (& temporary conditions)

C2.2 | Be low risk under design conditions
C2.21 Be low uncertainty on OPEX
C2.2.2 Be low uncertainty on availability
C2.23 Be low uncertainty on energy production
C2.24 Be low uncertainty on CAPEX

8



C2 is scored as the geometric mean of its inputs. Each input is equally important.
TPLgy = (TPLyy* TPLgy,) " )

C2.1 is scored as the product of its inputs scaled to a range of 1-9. Each input is equally
important.

8

TPLgyy = (TPLeyay " TPLea1z TPLeya3  TPLegga - 1)(@) +1 4

C2.2 is calculated to reflect the impact of the inputs on cost of energy. It is the geometric mean
of 1/combined cost, availability and energy production. Within the total cost the CAPEX:OPEX
weighting is 70:30.

_ 1/3
TPLgy, = "TPLiy 55" TPLiy o3 /

0.3 0.7 “)

+
TPLCZ.Z.l TPLCZ.2.4

C3 Be reliable for grid operations

The TPLcs value is calculated from a single level of sub-capabilities that have been identified
through a systems engineering process. The sub-capabilities within C3 are:

C3.1 Be forecastable
C3.2 Have stable annual power production
C3.3 Be useful to the grid

C3 is scored as a weighted average (arithmetic mean) of its inputs.

TPLpy = 0.33TPLy3 + 033 TPLys, + 0.33 - TPLps 5 @

C4 Be beneficial to society

The TPLca value is calculated from a single level of sub-capabilities that have been identified
through a systems engineering process. The sub-capabilities within C4 are:



C4 | Be beneficial to society
C4.1 Be beneficial to local communities
C4.2 Be low carbon emission energy source
C4.3 Be a low polluting energy source
C4.4 Minimize impact on taxpayers

C4 is scored as a weighted average (arithmetic mean) of its inputs.

CS Be acceptable for permitting and certification

The TPLcs value is calculated from a single level of sub-capabilities that have been identified
through a systems engineering process. The sub-capabilities within C5 are:

Cs
Cs.1
Cs.2
C5.3

C5 is scored as a geometric mean. Each input is equally important.

TPLes = (TPLggy - TPLgs, - TP Lcs.3)1/3 )

C6 Be acceptable with respect to safety

The TPLcs value has no sub-capabilities its value is determined by the assessor in consideration
of the questions under this capability.

C7 Be deployable globally

The "PLe7 value has no sub-capabilities its value is determined by the assessor in consideration
of the questions under this capability.
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