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e Short intro to Alteso & PEAK

e  Common O&M issues
o Focus on soiling

« Main factors:
o Geography (Europe & India)
o Locations
o Plant design

e Short term and long term soiling
» Economic considerations:

o Cleaning schedules
o Combined factors

e Strategy definition
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Alteso: Reach the Peak

Alteso is a green technology company
and the leading performance
improvement specialist.

We provide PV asset performance
management to PV asset managers,
owners and O&M companies with
in the form of
digital analysis accompanied by personal
support.

Our experience:

= (Client coverage in 15 countries

= QOver 1,700 MW of PV Plants analyzed
» |mproved performance of up to 10%
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PEAK — What?

= |dentifies hidden problematic
areas of a PV asset

= Provides concrete actions
for performance
maximization

= Devises strategies for
reducing operational &
maintenance costs

= Simplifies integration through
Results-as-a-Service via the

WEleBlolekTel PEAK COCKPIT

= Remote — can be integrated
in Monitoring & Asset
Management System
No hardware or software
installations
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Common O&M issues

Soiling, at plants in
regions with a soiling issue
and a cleaning schedule in
place (albeit not

optimized), can have an

impact on plant
performance,
comparable to other
issues, ranging between
10-40%!

Soiling

=  Optimum cost/benefit
(Peak shaving, self cleaning, etc.)
T 0AtiNA



(Geography: Europe & India

Europe:

» Cultivated land

e Seasonal changes
* High environment

standards
* High OPEX India:
 More desert areas
e Pollution

Social circumstances
Extreme climate
* Larger plant size
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L ocations

Agriculture
* Burning or clearing of straw
» Pollen and seed distribution
* Bush fires

Bush fire — Europe — before ....and after



| ocations

* Desert/cultivated land » Coastal regions
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Plant design

Border with filter capabilities

Module types:
Frameless, standard
Surface: glass, plastic, coated 00 o Inverter peak shaving
Tilt ang|e too 1 W/m2] Delimiter of maximum power
Inverter capacity (installed DC/AC) »
800
700
o Soiling losses
00 Linear at all irradiation levels

Soiling loss  10,0%
DC/AC factor 120,0%

400

. 300
Inverter peak shaving losses 6,3%

Combined losses  11,7% 200

Effective soiling impact 5,4% 100
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Short term & Long term soiling

Pollution particle (adhesive)

Snow & ice Vegetation impact (adhesive)

Thaw Moss and fungi

Soil (clay, sand, humus,...) Scratches

Pollution particle (non adhesive) Bird droppings

Vegetation impact (non adhesive) Remaining dirt from construction work
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Economic considerations: cleaning schedules

Effective soiling impact combinations:

Europe:
» As astandard 2-3 cycles per year
» Varies:
o from country to country
o according to specific plant
location

India:
» Larger variation
« Often bi-weekly to monthly

K alteso .



Economic considerations: cleaning

Initial Situation Solution Benefit

Example 1 (Europe) — Reduce labor costs — avoid routine physical checks

Difficult to quaqtify dirt a.nd dust Analysis of soiling intensity: targeted
impact and cleaning expensive (250 cleaning of specific strings and
MW asset - modules at 50° tilt) comparisons. Cleaning not necessary!

Rain >1/m?2/min cleans sufficiently
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Economic considerations: cleaning example 1
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Economic considerations: cleaning

Example 2 (Europe) — Optimize cleaning - location-optimized strategy guiding the cleaning team to critical areas

Cleaning costs of ~40k EUR per Defined optimized schedule covering
cycle for a 20 MW plant dirtiest areas approx. 5% of the plant
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Economic considerations: cleaning example 2

Reference Project 20MW

TOTAL Time of cleaning (2 people), hours 1367

-- Number of months for 2 people 8,9

Salary and personnel related costs per month, EUR 2500
Total costs per 1 worker 21250

Minimum number of workers 2

TOTAL costs per 2 workers 42 500

Approx. total for 2 cycles per year 85000

Optimized schedule = annual cleaning cost saving of approx. Euro 50,000
+ production loss mitigation of Euro 5,000 (175 MWh)

= TOTAL annual monetary benefit of Euro 85,000
Cost/benefit analysis: annual fee for PEAK of Euro 40,000 (1,500/MW/year) justified
(just one element identified for the client)
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Economic considerations: cleaning

Example 3 (India) — Optimize cleaning considering local labor costs, water supply and size of plants

Cleaning costs of ~4 EUR per 1,000 Defined optimized schedule
modules but limited water considering water and time
resources and huge plants 50 MW+ expenditure

- alteso .
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Steps to quantifying soiling losses

o3m%;

ollect and analyse historical data

T i

entify all operative losses: big data mining .. '“

ompensate to optimum possible production

nalyze timeline: machine learning Al strategies
Local soiling model for every unit: multi dimensional model

solate soiling loss for every unit

Summarize

(Generate parameter for extrapolation

Extrapolate impact for optimum cleaning including cost/benefit
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Strategy definition

01.12.2018 -0,08% -1,04% -0,65% -0,95% 0,10% 1,42% 1,51%
03.12.2018
04.12.2018
05.12.2018
06.12.2018
07.12.2018 1,06% 1,13% 1,39% 1,68% 1,35% 1,20% 1,03% 1,86% 0,90% 1,71% 1,24%
08.12.2018 -0,51% -0,71% -0,22% -0,40% -0,18% -0,74% -0,69% 0,26% -0,82% -0,40% -0,41%
09.12.2018| 854 | 671% | 0,22 | 0,40% | 0,18% | 0,74%| 0,69% | 0,26%| -0,82% | -0.40% | -041% |
10.12.2018 1,04% 1,35% 1,31% 1,78% 1,38% 1,55% 1,36% 2,59% 1,14% 1,78% 1,53%
11.12.2018 1,01% 0,92% 1,12% 4,91% 4,38% 4,38% 1,98% 3,19% 1,59% 1,85% 1,68%

12.12.2018 1,68% 1,84% 2,14% 2,02% 1,65% 1,34% 0,74% 1,05% 1,56% 1,18%

0,26%
0,26

1,84%
1,26%

0,41%
0,41%
1,97%
1,57%

0,64%
0,64%
2,32%
2,03%

0,37%
0,37%
2,06%
1,41%

-0,46%
2,17%
1,69%

0,30%
2,40%
1,98%

-0,70%
2,75%
2,05%

-0,94%
2,33%
2,10%

2,87%
1,81%

2,09%
1,29%

2,51%
1,85%

2,61%  1,80% S -0,15%
1,02% 0,56% 0,27% 0,11% 1,11%
0.71%_689% | 064%| 041%| o50%| 8% -0,01% -041%
0,71% 0,89% 0,64% 0,41% 0,50% 0,08%| -0;01% | -0:42% |
3,37% 2,73% 2,16% 2,16% 1,99% 2,55% 2,66% 2,31%
2,36% 1,05% 1,28% 1,07% 1,42% 1,68% 2,00% 1,46%
2,48% 1,29% 0,92% 0,57% 1,06% 1,08% 1,29% 0,01% 1,76% 1,42%
0,02% -0,77% -0,96% -0,95% -0,94% -0,77% -0,18% -0,61% -0,14% -0,31%

-0,77%| 0;96% | -0,95% | 0,94% | -0,77%| -6-48% | -0,61% | -0,24%| 631 |
2,04%| -6,66%| -0,06% -0,24% 0,03% 057% 0,65% 0,49% 0,98% 0,73%
2,22% 3,62% 3,71%| 425%| 434%| 244%

0,97% 1,05% 1,65% 1,83% 1,50% 1,52% 1,90% 1,61%

1,01% 1,54% 1,60% 1,93% 1,26%
-0,41%
-0,14% -0,11%

3,29%  3,44%
2,13% 0,79%

-0,26%

Guide cleaning
team to
dirtiest areas
first

1,65% 1,20%
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13.12.2018
14.12.2018
14.12.2018
15.12.2018
16.12.2018

1,19%
0,74%
-0,78%
-0,80%
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-0,82%

1,24%
0,79%
-0,60%
-0,62%
-0,62%
-0,62%

1,36%
0,91%
-0,68%
-0,70%
-0, 54%

2,01%
1,56%
0,10%
0,09%
-0,10%
-0,10%

1,77%
1,32%
-0,32%
-0,33%
-0,38%
-0,38%

1,00%
0,55%
-0,50%
-0,52%
-0,45%
-0,45%

0,85%
0,40%
-0,65%
-0,66%
-0,39%
-0,39%

0,75%
0,28%
0,23%
0,22%
0,16%
0,16%

0,85% 0,77%
0,40% 0,31%
-1,10% -0,91%
-1,12%  -0,92%
-0,36% -0,69%
-0,36% -0,69%

0,85%
0,40%
-0,53%
-0,54%
-0,36%
-0,36%

1,43%
0,97%
-0,63%
-0,65%
-0,20%
20%

1,35%
0,90%
-0,48%
-0,50%
-0,41%
-0,41%

17.12.2018 --------

18.12.2018
19.12.2018
20.12.2018
21.12.2018
22.12.2018
23.12.2018
24.12.2018
25.12.2018
26.12.2018
29.12.2018
30.12.2018
31.12.2018
01.01.2019
02.01.2019
03.01.2019
04.01.2019
05.01.2019

06.01.2019
07.01.2019
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0,70%
1,03%
1,03%
1,98%
-1,37%

1,86%
1,93%
1,12%
0,23%
-0,60%
-0,60%
-0,48%
-0,48%
-0,48%
-0,48%

0,62%
0,82%
0,82%
1,83%
0,15%

2,47%
2,43%
2,36%
0,82%
-0,07%
-0,48%
-0,27%
-0,27%
-0,27%
-0,27%

0,93%
1,32%
1,32%
2,27%
0,35%

1,86%
1,99%
1,76%
0,27%
-1,35%
-0,73%

1,11%
1,23%
1,23%
2,43%

0,15%
2,02%
2,03%
0,20%

-0,81%

1,14%
1,55%
1,55%
2,40%

0,82% [WE1,78%

-1,40%

-0,04%
1,53%
1,63%
1,59%

-0,04%

-0,54%

0,98%
1,03%
1,03%
1,98%
0,28%

0,97%
1,48%
1,55%
1,25%

-0,27%

-1,06%

-1,11%

0,81%
1,21%
1,21%
2,41%

1,06%
1,63%
1,61%
1,43%
-0,18%
-1,21%
-0,86%

0,90%
1,24%
1,24%
2,28%

A nane

2,54%

0,63%
0,64%

-1,14%

1,66% ISR

1,43% | 229%
1,58%  0,24%
1,58%  0,24%
2,67% 1,33%

N noz

1,18%
1,52%
1,52%
2,39%

1,16%
1,12%
1,12%
2,20%

1,43%
1,35%
1,35%
2,28%
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0:23% | -0,68% | -0,22% |
0,237  1,7%% -0.22%
1,40% 1,65% 1,67%
1,62 [IEBISH
0,60% 0,39%
-0,59% -0,49%

1,52%
0,56%
-0,60%

L,z
1,98%
1,86%
-0,17%

0,77%
-0,62%

-0,97%
0,01%
0,01%
0,01%

0,01%| 6,04%

1,16%
0,71%
-0,32%
-0,34%
-0,32%
-0,32%
21%

0,67%
0,67%
1,53%
-0 10%

1.73%
-1,12%
1,53%
-0,19%

-0,42%
0,01%
0,01%
0,01%

1,44%

0,98%
-0,10%
-0,11%
-0,09%
-0,09%
-1,19%

0,77%
0,77%
1,76%
0,09%

1,83%
1,50%
0,90%
0,31%

0,59%
0,25%
0,25%
0,25%

1,15%
0,69%
-0,11%
-0,12%
-0,12%
-0,12%

0,55%
0,55%
1,77%
-0,68%

1,02%
0,57%
-0,71%
-0,73%
-0,44%
-0, 44%

1,18%

0,72%
-0,78%
-0,80%
-0,21%
-0,21%
-1,29%

0,49%
0,49%
1,47%
-0,03%

0,47%
0,47%
1,60%
0,02%

0,82%
0,37%
-0,98%
-0,99%
-0,76%
-0,76%

0,54%
0,54%
1,76%
0,13%

1,34%

0,85%
-0,60%
-0,62%
-0,11%
-0,11%
-1,37%

0,78%
0,78%
2,04%
0,25%

1,41%
0,95%
-0,34%
-0,35%
-0,11%
-0,11%

----

1,07%
1,07%
1,97%
0,45%

-0,21%
1,5b7%
1,42%

-0,22%

-0,62%
-0,07%
-0,07%
-0,07%

1,93%
1,91/0
1,73%
-0,15%
-0,99%

2,04%
1,65%
-0,21%
-1,02%

1,31% -1,55% -1,42%

-0,30%
-0,30%

0,21%
0,21%
0,21%

2,09%
0,23%
-0,09%
-0,84%

0,78%
0,78%
0,78%

z,1U7

1,90%

0,56%
0,56%
0,56%

Cleaning not
on time

2,20%
2,33%
1,94%
-0,02%
-0,95%
-0,94%
-0,56%




Strategy definition continued

Examples:

11-Apr-17

10-Apr-17
11-Apr-17
10-Apr-17

pr-17 iwn
13-Apr-17 iwn
w

i 12-A

0.34%¢ 0.61%

3.33%)

X alteso

-Apr-17 (e

wi 24

9.79%
8.60%

10.37%

8.20%

n

25-Apr-17

wn

26-Apr-17

Clean Date

12-Apr-17
11-Apr-17
12-Apr-17
11-Apr-17

n

29-Apr-17

2.95%
2.13%
4.37%
1.95%

Soiling

loss %
6.84%
6.47%
6.00%
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e Soiling is specific to:
o plant location
o plant design
o O&M efficiency

e (Cleaning schedules depend on:
o soiling development
o local climate

« (Cleaning strategy optimization
relies on:
o accurate data
o reliable soiling rate evaluation
o cost/benefit analysis

Thank you for your attention!
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