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Where the sun shines,
there is GoodWe



With the development of solar panels and the power 
electronics industry, the anticipated space of PV systems for 
further reduction in cost has been reached and become 
reality. Concepts like energy storage, energy internet and 
blockchain have put into application or been further 
researched, and solar energy has been entering human 
living and production activities in increasingly diversified 
forms. Thus green power strategies of many countries and 
areas have been promoted effectively in the meantime.

GoodWe is honored to be a part of the solar family, and with 
Joint efforts from all partners, we together accumulated 
richer and richer experience on project design and solutions 
for various solar applications. Here we set up a platform to 
share our experience with who care about PV technology 
and application scenarios. 

Just for a record, because of our limited knowledge and 
experience range, there might be unexpected mistakes in 
the content. GoodWe Solar Academy would look forward to 
hearing from you, and any comments and suggestions will 
be cherished. 

Yes, it is a magazine to share solar information and 
application. We call it Enjoy Solar, because we hope you will 
enjoy the different experience that solar brings to our life. 
There are always difficulties and obstacles on the road of 
advance (policy change, technical questions…), we expect 
the same future: improve the environment and life quality, 
and bring green energy to people all over the world. When 
the ship comes home, all the effort is worth it.

Thanks for all the support from our partners in the process 
of this periodical, and we expect more partners will join us 
to build this platform together.

PREFACE



→05

→09

→16

→23

→27     

→32

→35

→39

→43

→48

→54

→62

01.IMPACT ANALYSIS OF CHINA SOLAR POLICY

02.MONO-PERC MODULES AS POTENTIAL DRIVERS OF 
VALUE CAPTURE

03.DESCRIPTION AND APPLIED ANALYSIS OF SOLAR  
TRACKER

04.LIFT THE VEIL ON ET SERIES HYBRID INVERTER

05.CONTROL STRATEGY TO INCREASE QUALITY OF 
OUTPUT CURRENT IN GRID-TIED SOLAR INVERTER

06.STORAGE IS CHANGING OUR LIFE, EVEN THE WAY OF 
COOKING HOT POT

07.THE SOLAR POWER OPTIMIZER MARKET IS CONTINU-
OUSLY OPTIMISTIC

08.FREQUENTLY ASKED QUESTIONS – ISO FAILURE

09.ANALYSIS AND SOLUTION TO POWER FACTOR DROP 
AFTER INSTALLATION OF PV SYSTEM

10.HOW TO USE ALUMINUM ALLOY CABLE CORRECTLY

11.SPECIAL TOOLS FOR O&M OF SOLAR STATIONS

12.WHAT SHOULD BE CHECKED WHEN COMMISSIONING?



Global added capacity of solar application reached 99GW in 

2017, with year-on-year growth of 26% (data from GTM 

research). Indicated by statistic data from National Energy 

Administration that:

● China contributed 53.06GW to global added capacity, with 

year-on-year growth of 53.62%;

● Distributed Solar generation reached 19GW of added 

capacity, with year-on-year growth of more than 360%;

● China Added capacity for �ve consecutive years made 

leading contribution to global solar installed capacity, with 53 

percent of the newly installed solar station being deployed in 

China;

In 2018, China solar market gained structurally rapid growth 

as expected. By the end of June, added capacity of half-year is 

24.3GW, and distributed solar generation reached 12.24GW, 

which shares a portion of 50.3%, exceeding ground-mounted 

solar station for the �rst time.

On 31th May, 2018, China government introduced new PV 

policy leading to a severe limit to distributed solar generation 

from June, 2018 to the new index released in 2019.

The Core content of the new policy includes the following 

items:

● Since the issuance of the policy, PV Feed-into-tari� for the 

newly installed station being reduced by CNY0.05 

(US$0.007)/kWh;

● Index of 10GW is arranged for supporting the construction 

of distributed solar generation. (The index has been used up 

before issuance of the policy);

● Index for normal PV station (ground-mounted and 

utility-scale PV station) being not arranged temporarily;

● On bidding strategy will be employed for normal PV station;

● For distributed solar generation except for household solar 

generation, marketization transaction should be 

strengthened.

In�uenced by the new policy, anticipated added capacity for 

2018 is reduced from 50GW to 35GW (Data from Bloomberg, 

HIS and China media).

Undoubtedly, the current solar industry is sensitive to relevant 

policy. In the following half year, China solar market including 

household solar application will be in�uenced signi�cantly. 

Only projects with elaborative economical models or speci�c 

demands can be developed and deployed. The business of 

the entire chain including system integrator, component 

manufacturer, installer and operator will be in�uenced fatally. 

Associated personnel holds pessimistic attitude toward China 

solar industry, especially considering the excess production 

capacity.

However

It must be pointed that: China solar industry is still the 

strategic industry after considering the energy structure 

adjustment and environment problem. With the rapid 

development of technology, to improve the competitiveness, 

a short period adjustment should be employed even in pain. 

Many senior specialists hold the attitude that two years from 

now we’ll look back and �nd the advantage of the 531 policy 

for it stimulating solar industry to grow. And the enterprises 

with core competitiveness, they are thinking clearly and 

making e�orts:

I. Partial data of China Solar Industry 
from 2017 H1 to 2018 H1

III  Respectable China solar industry

II China solar market facing challenge

IMPACT ANALYSIS 
OF CHINA SOLAR POLICY

Challenge to China market in 2018 H2    
Medium-term adjustment, Long-term warming
International overall market trending stable  
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In�uenced by 531 policy, the price of PV panels manufactured 

by China has dropped sharply, with down 30 percent within 

several months. According to the customs statistics, China 

exported accumulated 37.9GW of PV panels in 2017, as the 

leading country in manufacturing PV panels, China solar 

policy will in�uence the global market at the same time.

Wafer: Foundry technology for mono crystalline has 

developed sharply with DWS applied widely;

Cell: Large-scale application of new technology like PERC, 

N-Type and HIT exceeds prediction, at the same time MBB 

develops sharply;

Panel: Bifacial panels and half-cell panels have been widely 

applied;

Relevant organizations and institutions concerns whether 

there will be a new round of antidumping measurements 

because the price dropped sharply. The opinion is reasonable, 

which in turn force China solar industry to decrease cost and 

increase e�ciency, and attach greater importance to quality 

and service.

GoodWe Solar Academy will publish continuous content 

including market, technology and application. 

Please follow us @goodwesolaracademy on FACEBOOK.

The dropping price will stimulate part of international market, 

accelerating deploy of solar application in emerging areas. 

Some organizations predict that added capacity in 2018 can 

still reach or exceed 100GW. From a global perspective, 

European market enters into recovery phase; Australia market 

accumulated considerable market potential; The Mid East and 

North Africa are expected to implement some PV stations; 

Emerging markets like Mexico and Brazil are with increasing 

market potential. Meanwhile, India will surpass America and 

being the second largest solar market. 

IV New policy a�ecting global solar industry

X  Tari� protection

4.1  Price Level

4.2   Market Level

4.3  Technology Level

From the previous picture, China will make a leading contribution to 

global solar market continuously.

At present, predicted tendency of China solar industry is 
shown as:
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● Attach greater importance to product 

quality, meanwhile increase e�ciency 

and reduce cost;

● Focus on the solar system and O&M;

● Initialize and practice more innovative 

�nancial model;

● Develop applications such as solar + 

storage and microgrid, integrating more 

technology into solar applications;

● Be dedicated to providing higher cost 

performance products to worldwide 

customers;

3.2  Action

● China will make contribution to the 

development of global solar industry 

continuously;

● Solar should not be viewed and treated 

at the height as solar itself, but be 

considered fully as energy and electricity;

● Green electricity remains the electricity 

which should be low-cost to realize 

marketization, and be available to 

everyone;

● Solar, as part of the electricity network, 

must achieve ‘grid parity’;

● Market transaction and incremented 

distribution network provides wide 

development space for China solar;

● Predicted by many institutions, 

worldwide market is promising for many 

countries holding the green energy 

strategy;
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3.1  Thinking:
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Facebook：@GoodWeSolarAcademy

The intensity of competition 

downstream of the manufacturing 

supply chain is also increasing. A 

growing number of policy makers are 

adopting reverse auction mechanisms 

and similar market structures that 

drive down the price for electricity 

generated from solar PV field systems. 

In turn this trend increases the 

importance for players throughout the 

solar value chain to align in a set of 

relationships that drives down risk. 

Such reduction in risk is essential to 

facilitating access to low-price long 

term financing, which is required to 

enable value capture in the emerging 

solar sector context described above.

Over the 10 years of extraordinarily 

rapid solar sector volume growth from 

2007-2016, a consistent ~65% share of 

module production was based on 

p-type multi- crystalline Al-BSF cell 

architecture. This architecture delivers 

slightly lower conversion efficiency 

than p-type mono Al-BSF, not to 

mention higher efficiency 

architectures typically based on n-type 

mono wafers. Despite this, multi was 

favored during this period of rapid 

growth as a result of multiple factors, 

including 

● Multi-crystalline’s greater flexibility 

in dealing with a range in feedstock 

purity supported use of this during a 

period in which access to silicon was a 

crucial constraint on company growth

● Rapid scaling up in the capacity of 

typical multi- crystalline casting 

furnaces that resulted in declining unit 

CapEx and reductions in processing 

costs, providing a significant cost 

advantage for multi versus mono 

● Ongoing operating improvements in 

the manufacturing process that 

facilitated continuous improvements 

in cell/module performance

MONO-PERC MODULES AS POTENTIAL 
DRIVERS OF VALUE CAPTURE
After more than 40 years of continuous annual installation volume growth, including 37% CAGR in annual installations from 2007 

to 2016, the solar sector is entering a period of volume stagnation. Annual global PV installation volumes are expected to move in 

the~70-80GW range during 2017 to 2021. This shift away from continuing volume growth is the result of sharply rising PV 

penetration across multiple key PV installation markets. In response, regulators and policy makers are taking actions that will slow 

growth and in some cases reduce annual installation volumes in markets as varied as China, Japan and the US. This slowdown in 

global installations is taking place even as many PV manufacturers continue to add capacity, which will result in declining capacity 

utilization and increasingly intense price competitive.
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Sourse: PHOTON Consulting.LLC.Note:ALL data are rough estimates.

Global installation volume
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Figure 1: Global installation volume set to stagnate after many 
years of continuous growth
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On 31th May, 2018, China government introduced new PV 

policy leading to a severe limit to distributed solar generation 

from June, 2018 to the new index released in 2019.

The Core content of the new policy includes the following 

items:

● Since the issuance of the policy, PV Feed-into-tari� for the 

newly installed station being reduced by CNY0.05 

(US$0.007)/kWh;

● Index of 10GW is arranged for supporting the construction 

of distributed solar generation. (The index has been used up 

before issuance of the policy);

● Index for normal PV station (ground-mounted and 

utility-scale PV station) being not arranged temporarily;

● On bidding strategy will be employed for normal PV station;

● For distributed solar generation except for household solar 

generation, marketization transaction should be 

strengthened.

In�uenced by the new policy, anticipated added capacity for 

2018 is reduced from 50GW to 35GW (Data from Bloomberg, 

HIS and China media).

The result was a self-reinforcing cycle which led to the 

emergence of p-type multi Al-BSF as the “standard” cell 

architecture, particularly for use in large field systems:

Going forward, a new 

combination of technology and 

policy drivers is setting up the 

potential for a meaningful shift in 

mix towards mono-based 

architectures, and particularly 

toward mono-PERC, over the next 

2-3 years. These drivers include

● Mono ingoting cost 

reduction. The gap between 

mono and multi ingoting costs is 

narrowing as a result of faster 

ingot pulling speeds, multiple 

uses of mono crucibles, reduced 

electricity usage and improved 

process control leading to higher 

usable share of total mono ingot 

length, etc., as a result of focused 

actions undertaken by leading 

manufacturers in partnership 

with key capital equipment 

suppliers and other technology 

providers. 

● Diamond wire. The 

accelerating adoption of diamond 

Indeed during an extensive series of interviews in 2014 with 

solar developers, EPCs and financiers active in the field 

segment across Europe, the US and Japan, the large majority 

of interviewees had very little or no experience whatsoever 

working with mono-crystalline modules in field systems. ● Manufacturers’ capacity expansions were based 

predominantly on multi technology for the reasons outlined 

above

● This led to large volume module purchases for field systems 

to be strongly biased towards multi technology, based largely 

on availability as well as lower price

● In response to this volume growth opportunity and in order 

to move with speed, manufacturers continued to focus their 

capacity expansions on multi 

● As a result multi emerged as the de-facto technology 

standard for system developers, EPCs and financiers focused 

on rapid project execution in an environment of declining 

feed in tari�s 

● Downstream players considered the use of mono modules 

in field systems as being higher risk as a result of their lower 

availability in large volumes and reflecting a lack of experience 

loss and faster cutting speeds, 

delivering significant reductions 

in wafer processing costs. These 

cost reduction drivers are 

greater when diamond wire is 

used in the production of 

mono-wafers, leading to a 

narrowing in the traditional cost 

disadvantage for mono wafers. 

In addition, multi wafers sliced 

with diamond wire require an 

additional process step to 

address wafer surface e�ects 

before they can be processed 

into cells, adding incremental 

cost to the production of multi 

cells from diamond wire wafers. 

● PERC upgrade. Passivated 

emitter rear cell (PERC) 

architecture provides 

manufacturers with a low cost, 

low risk path to improving cell 

performance by upgrading 

existing cell lines that produce 

p-type Al-BSF cells. The upgrade 

is relatively straightforward and 

last two years many 

manufacturers have taken 

advantage of this opportunity. 

PERC upgrades have the 

potential to impact the 

multi/mono mix since the large 

majority of cell manufacturers 

are preferentially applying the 

upgrade to mono, since this 

typically involves fewer 

technical and operational 

challenges and the absolute 

increase in cell efficiency from a 

PERC upgrade is typically 

somewhat higher on mono. 

● Front-runner program. The 

Chinese government has 

instituted a program in which 

significant installation volumes 

(comprising 5.5GW in 2016 and 

6GW in 2017) are reserved for 

higher- efficiency modules. This 

program has been an important 

driving force for the use of 

mono- PERC modules in Chinese 

field systems. The intensity of 

competition downstream of the 

manufacturing supply chain is 

also increasing. A growing 

number of policy makers are 

adopting reverse auction 

mechanisms and similar market 

structures that drive down the 

price for electricity generated 

from solar PV field systems. In 

turn this trend increases the 

importance for players 

throughout the solar value chain 

to align in a set of relationships 

that drives down risk. Such 

reduction in risk is essential to 

facilitating access to low-price 

long term financing, which is 

required to enable value capture 

in the emerging solar sector 

2007

Sourse: PHOTON Consulting.LLC.Note:ALL data are rough estimates.
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Figure 2: Multi-crystalline represented 63%-71% of production
2007-2016
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Figure 3: Mono-PERC efficiency advantage over multi AI-BSF
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DOWNSTREAM DRIVERS IMPACTING 
MONO/ MULTI MIX

The previous section provided a summary of how various 

drivers are shifting the incentives for manufacturers in 

selecting mono vs multi cell/module technology. Perhaps 

more important, a number of factors downstream of 

manufacturing are also supporting a potential shift towards 

share gains for mono vs. multi (and in particular for 

mono-PERC), including: 

● Reduced total system cost. The higher conversion 

efficiency of mono-PERC modules enables reductions in 

total cost saving through lower area-dependent 

balance-of-system (BOS) costs. Examples of such system cost 

components include racking and mounting hardware, 

cabling and wiring as well as mechanical and electrical 

installation costs.  

● Declining module prices. Over the last 2 years module 

prices have declined faster than the price for BOS costs. With 

BOS costs representing a higher share of total system cost, 

the value of the higher efficiency of mono modules increases 

since their efficiency advantage enables reduction of a larger 

share of total system costs. 

● Potential for higher energy yield. Mono-PERC modules 

have the potential to deliver higher energy yields in the field, 

based on slightly lower temperature coefficients (i.e. the 

sensitivity of a module’s energy output to operating 

temperature), slightly higher relative efficiency under low 

irradiance and slightly lower operating temperatures on 

average (as a result of higher conversion efficiency).The 

combined e�ect of these factors is in increase in overall 

energy output of up to 1% for systems based on mono- PERC 

vs. standard multi modules. 

● Higher volumes of mono modules available from more 

manufacturers. Higher conversion efficiency 

mono-modules (and increasingly mono-PERC modules) are 

becoming available in growing volumes from a growing 

number of manufacturers. This is reducing the previous risk 

perception associated with limited product availability.

The drivers listed above are 

combining to shift the mono- multi 

mix in favor of mono and in particular 

to mono-PERC. An important metric 

demonstrating this shift is the rapidly 

increasing PERC capacity being 

installed by manufacturers. As shown 

in Figure 4, installed PERC capacity 

rose from 1.5GW in 2014 to 13.1GW in 

2016, and based on public 

announcements is set to rise further 

to at least 32.2GW in 2018. The 

potential for a move to higher mono 

share is also reflected in 

announcements of significant mono 

ingot/wafer capacity additions by 

both mono leaders such as LONGI 

Solar and Tianjin Huanou 

Semiconductor as well as established 

solar manufacturers such as Trina 

That said, it is important to 

highlight that a number of 

manufacturers including Hanwha 

Q CELLS and REC have a success 

commercial track record 

producing multi-PERC 

cells/modules at GW-scale, and 

Canadian Solar recently 

announced plans for GW-scale 

production of multi- PERC 

cells/modules using diamond wire 

sliced wafers. In addition, 

GCL-Poly, the market leader in 

production of multi wafers for 

third party sale, is working closely 

with customers to enable the use 

of diamond wire sliced wafers in 

the production of multi-PERC 

2014
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Sourse: PHOTON Consulting.LLC.Note:ALL data are rough estimates.

Total PERC cell manufacturing capacity
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Figure 4: PERC cell capacity up from 1.5GW in 2014 to
13.1GW in 2016,set to reach 32.3GW in 2018
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POTENTIAL FOR VALUE CAPTURE FROM 
USE OF MONO-PERC CELL/MODULES

MONO-PERC MODULE SUPPLIER
SELECTION

The combined e�ect of the manufacturing and downstream 

drivers described above is opening the potential for higher 

IRRs for systems using mono, and in particular mono-PERC, 

modules. Specifically, the reduction in area-dependent BOS 

cost enabled by higher efficiency mono-PERC modules plus 

the higher energy yield for mono-PERC more than o�sets the 

higher module purchase price. Figure 5 below provides an 

illustrative assessment of this analysis for a large field system 

in a system in the US southwest. 

The potential for higher IRRs for systems using higher 

efficiency mono modules has long been recognized, but 

despite this potential, multi modules have dominated 

technology selection in the field segment for much of the 

last 10 years. An important cause of this phenomenon has 

been the lower perceived risk associated with sourcing large 

volumes of multi-modules at highly competitive prices, 

potentially from multiple suppliers, while meeting tight 

project execution timelines. 

The opening up of consideration for the use of mono-PERC 

modules in field systems is an important step towards 

potential value capture by system developers/ 

EPCs/financiers. Selecting the right supplier to maximize 

value capture through risk reduction is of equal importance. 

In this regard, three factors stand out when considering 

supplier selection: 

● Technological expertise. A key ingredient for leading 

mono-PERC module suppliers is deep technological 

expertise in mono ingot/wafer manufacturing and 

mono-PERC cell processing reflecting in-depth knowledge 

developed through R&D combined with a practical 

understanding for how to apply this know-how based on 

real-world manufacturing experience. 

● Integrated I/W/C/M production. Manufacturers with 

integrated mono ingot/wafer production, mono-PERC cell 

processing and module assembly are positioned to optimize 

the overall manufacturing processes to deliver high 

performance and quality products at optimum cost. 

● Financial strength. Rising competitive intensity is 

increasing the risk of company insolvencies among solar 

manufacturers – indeed 65% of the solar companies tracked 

in PHOTON Consulting’s PV Triathlon have an Altman Z-score 

of less than 1.8, which according to this independently 

evaluated metric indicates that bankruptcy is  possible. 

LONGi Solar is a leading example of a company that scores 

very well on each of these factors. LONGi has been 

instrumental in driving down mono wafer costs and 

continues to act on its cost and technology roadmap to 

further reduce costs, and has been a leader in applying PERC 

upgrades to mono cell manufacturing. LONGi is the leading 

global mono ingot/wafer manufacturer for multiple years 

and more recently has become a fully integrated mono-PERC 

cell/module manufacturer since its acquisition of Lerri Solar 

in 2014. Finally LONGi is among the leaders in the “Financial 

Health” metric in PHOTON Consulting’s PV Triathlon, ranking 

second behind only LG Electronics and ahead of all the other 

large volume Chinese solar manufacturers. 

The growing availability of larger volumes of mono modules 

from a growing number of manufacturers is reducing this 

risk perception, and as a result increasing the likelihood that 

system developers/EPCs/financiers will more closely 

evaluate the potential for higher value capture from 

mono-based systems also increases. 

I  Foreword

Accompanied by the development of solar industry, geographical 

conditions for constructing solar station become increasingly 

complicated. How to con�rm the reliable and e�cient operation, 

meanwhile with relatively low cost per KWh, has been  an important 

subject waiting for suitable solution. Among the solutions being 

researched, solar tracker has got renewed concerns for technological 

improvement and raising the PR of solar generation e�ectively.

GoodWe Solar Academy will introduce the information about solar 

tracker, performance based on di�erent conditions ,bene�t about 

Horizontal single-axis tracker in this article.

DESCRIPTION AND 
APPLICATION ANALYSIS 
OF SOLAR TRACKER
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II  Description and Application Analysis of Solar Tracker Optimum tilt angle �xed type

Horizontal single axis tracker

Tilt angle single axis tracker

Dual axis tracker

Common PV supporting bracket can be divided into �xed supporting 

bracket and solar tracker, corresponding applications shown as PIC-1.

In sectors at low latitude, improvement of power generation is 

not  high because of small optimum tilt angle (referring to the 

PIC-2, when the tilt angle is 8°， improvement of optimum tilt 

angle �xed type is almost zero compared with horizontally 

installed type). But at high latitude, optimum tilt angle is 

relatively high, improvement of power generation is 

signi�cant (Referring to PIC-2, when the tilt angle is 50°, 

improvement of optimum tilt angle �xed type is around 25% 

compared with horizontally installed type).

Basic principle of this tracker is to track the solar angle of 

incidence, and the e�ect at low latitude will be more 

remarkable than high latitude. It is generally recognized that 

compared with ‘optimum tilt angle �xed type’, improvement 

of power generation can be up to 20% - 30% at low latitude.

This tracker combines the advantages of ‘optimum tilt angle 

�xed type ‘and ‘horizontal single axis tracker’. As the 

generation improvement of ‘optimum tilt angle �xed type’ is 

not high at low latitude, ‘tilt angle single axis tracker’ doesn’t 

improve the power generation signi�cantly at low latitude 

Dual axis tracker uses two axes (Vertical axis and horizontal 

axis) to track the solar angle of incidence, and to keep the PV 

panels and sunlight perpendicular constantly. Operation 

principle makes dual axis tracker suitable for all latitudes.

It will be di�cult to design the dual axis tracker into 

coordinated system, leading to limited number of PV panels. 

Meanwhile because two separate executive units are used, the 

control system for dual axis tracker will be relatively 

complicated which leads to operation and maintenance 

Therefore, at what time does power generation di�erences 

happen? Goodwe Solar Academy collected the practical 

operational data of stations at nearly the same latitude and 

altitude for discussion.

Four typical brackets are selected for further 

detailed analysis.

Firstly， peak sunshine hours of di�erent supporting types  

are given based on di�erent latitude and altitude. 

PIC-1 Types of PV Supporting Bracket

PIC-3 horizontal single axis tracker

with ‘horizontal single axis tracker’. But at high latitude, the 

improved power generation of ‘tilt angle single axis tracker’ is 

remarkable.

Considering the mechanical performance, when ‘tilt angle 

single axis tracker ‘was applied, stress on the two sides of 

supporting structure is di�erent. Because optimum angle at 

high latitude will be high, if ‘optimum tilt angle single axis 

tracker’ was applied, the di�erence of stress will be much 

higher, so during practical projects, a smaller tilt angle will be 

chosen.

PIC-4 tilt angle single axis tracker

PIC-5 dual axis tracker

Fixed 
supporting 

bracket
Adjustable angle – fixed type

Optimum tilt angle – fixed type

roof – fixed type

Tracker Tilt single axis solar tracker

Horizontal single axis solar tracker

Dual axis solar tracker

Flat roof , Ground

Flat roof , Ground

Flat roof , Ground

Tiled roof , Steel Deck roof

PIC-2 optimum tilt angle fixed type



19   丨  SOLAR ACADEMY     SOLAR ACADEMY   丨  20

From PIC-6 and compared with horizontal 

installation, conclusions can be conducted as: 

1.Fixed angle installation increase the generation 

during spring, autumn and winter, and the 

generation during summer is less.

2.Horizontal single axis tracker improve the 

generation ’in parallel’, compared with horizontal 

installation.

3.Dual axis tracker increase the power generation 

during spring, autumn and winter compared with 

horizontal single axis tracker.

From PIC-7, conclusion can be conducted as

1. Solar tracker including single and dual axis 

improve the generation in the morning and early 

evening compared with �xed angle installation.

2. During spring, generation of Dual axis is almost 

the same as �xed angle installation and higher 

than horizontal single axis type at noon.

PIC-6 Generation difference by Month

PIC-7 generation difference by Day in May

III  Bene�t analysis of ‘horizontal single axis tracker’

Goodwe Solar Academy will introduce and discuss the 

bene�t analysis of horizontal single axis tracker which is 

commonly and widely used. Detailed data will be given 

about three combinations ‘Conventional panel + �xed 

angle bracket’, ‘Conventional panel + horizontal single axis 

tracker’ and ‘ Bifacial panel(295Wp) + horizontal single axis 

tracker’. Data is based on determined conditions for your 

reference.

Take a project with capacity 1MWp for analysis, and basic 

data is shown in the following table.

Configuration Array/PCS Arrangement 
Pile for each 

arrangement/PCS
 

Length of each 
pile /m

 

Conventional panel + fixed angle bracket 40 4*22 8 5 

Conventional panel + horizontal single axis 
tracker

 
80 2*22 8 5 

Bifacial panel + horizontal single axis tracker 80 2*22 9 5 
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Consider the factors as  shadow and device operation, pile dosage of ‘Dual face panel + horizontal single axis tracker’ 

is higher than conventional method. GoodWe Solar Academy will provide an article about design and construction 

of ‘Dual face panel + horizontal single axis tracker’ for discussion in next  issue of ‘Enjoy Solar’.

Based on the previous data, dosage of piles for each combination is 320/MW, 640/MW and 720/MW. Take the PV 

agricultural application as example, cost for each combination shows in the following table.

Based on the practical data from a 20MWp project(N34°35, E119°12), generation increase of ‘Conventional panel + 

horizontal single axis tracker’ is around 10%, for ‘ Bifacial panel + horizontal single axis tracker’ is around 36.5%. 

Considering the di�erence of bracket and basic cost, in addition to cost of plastic-covered tunnel, detailed 

economical analysis is shown in to following table. 

From the previous table, conclusions can be reached as:

1.Referring to IRR and ROI , in PV agricultural project, ‘Conventional panel + horizontal 

single axis tracker’ is almost the same as ‘conventional panel + �xed angle bracket’

2.Increased ratio of ‘ Bifacial panel + horizontal single axis tracker’ is relatively high, even 

the cost of the entire system is higher than ‘conventional panel + �xed angle bracket’ by 

1.25RMB/W, the combination holds a great advantage about IRR and ROI.

According to the prediction, in the coming 5 years, 

capacity of tracker will be developed at high speed 15%. 

And the global market demand will be up to 7.54 billion US 

dollar till 2023.

As the technology develops, and the reliability of solar 

tracker be improved, and currently common problems like 

misalignment of motors and controller, failure of 

mechanical rotation parts and large bearing be solved, 

solar tracker will play a more and more important role in PV 

Summary

U.S.
47%

Others 9%

MENA 9%

Mexico 7%

India 9%

China 11%

South Africa 1%

Other LatAm 1%
Argentina 1%

Chile 2%

Brazil 3%
Total

56GW

Forecast of PV tracker market by country, 2017-2020

Pile type：300AB,5m 

Conventional panel 

+ fixed angle 

bracket 

Conventional panel + 

horizontal single axis 

tracker 

 Bifacial panel + 

horizontal single axis 

tracker 

Fundamental  expense （RMB /Wp）  

Length：m 5 5 5 

Pile dosage：PCS 320 640 720 

Pipe pile material 
cost：RMB/m 

Pile cost 

105 105 105 

Construction cost：
RMB/m 

20 20 20 

Subtotal：RMB/Wp 0.2 0.4 0.45 

Bracket cost：
RMB/Wp 

0.45 0.9 0.9 

Total：RMB/Wp 0.65 1.3 1.35 

Difference in price：
RMB/Wp 

0 0.65 0.7 

 

Electricity price: 0.75RMB/kwh 

Combination
 Conventional panel 

+ fixed angle bracket 
Conventional panel 
+ horizontal single 

axis tracker 

 Bifacial panel + 
horizontal single axis 

tracker 

Capacity(MW) 20 20 20 

Cost of 

Panel(RMB/W) 

2.85 2.85 2.85 

Cost of 

foundation(RMB/W)  

0.2 0.4 0.45 

Cost of 

bracket(RMB/W) 

0.45 0.9 0.9 

Cost of plastic-

covered 

tunne(RMB/W)l 

/ / 0.2 

Cost of 

system(RMB/W) 

5.65 6.3 6.9 

Static 

investment(million 

RMB) 

113 126 138 

Irradiation of 

optimum 

angle(kwh/m²) 

1523 1523 1523 

Increase ratio / 10% 36.5% 

Average yearly 

generation（MWh） 

22610 24870 30850 

IRR 10.25% 10.31% 12.39% 

 ROI （year） 8.3 8.2 7.1 

Total investment is 20% of the capital fund, and 80% of the capital is covered by loan. 
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LIFT THE VEIL ON 
ET SERIES HYBRID INVERTER
With the increasing of global PV installation capacity, many negative 

in�uences caused like local consumption, raising terminal voltage and 

subsidy shortage become more visible. Meanwhile gradually increasing 

electricity price leads to increasing household bill. On this occasion, in 

some areas ‘ solar + storage’ is being applied，such as Germany, Austria, 

Poland and Australia. Currently, common hybrid inverter is based on 

single phase topology, makes it inconvenient to be con�gured for 

three-phase condition. GoodWe Solar Academy would like to provide 

basic information about ET series inverter which is three – phase hybrid 

inverter for  discussion.

ET series inverter is developed and designed by GoodWe 

based on years of experience in developing hybrid inverter. 

ET series inverter is compatible with HV battery, and 

composed of three power degree: 5kW, 8kW and 10kW.

1. Compatible with HV battery , battery input voltage range 

is 180V-650V, and maximum discharge current can be up to 

25A;

2. Possess ability to con�gure more PV panels. Take 

GW10K-ET as an example, up to 13kW of PV panels can be 

connected, leading to �exible application;

3. Support unbalanced three phase output, both 

single-phase loads and three-phase load can be connected 

to AC side;

4. Ultra-silent design with natural air cooling; High 

protection degree as IP65; it can be controlled by APP;

Foreword

General information

Features of ET series inverter

5. Excellent over-load capacity up to 1.65 – 2 times of rated 

capacity with overload period as 60 seconds; 

6. UPS function with switching time of 10ms from ON-GRID 

mode to BACK-UP mode;

7.  Intelligent and practical control strategy

Preset several practical working modes for rapid 

con�guration and further setting can be realized for speci�c 

demands. 

8. ET series inverter integrate all the necessary functions, 

making it very easy for customers to con�gure and install, to 

solar panel

ET series Smart Meter

lithium battery pack
single-phase and
three-phase loads

Grid
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Houses powered by three phase electricity like villa 
and cottage.

Commercial sites like hotel, supermarket and 
shopping mall.

Small and medium size of factory or workshop.

Speci�c application

Situations containing three-phase loads that should be 

powered persistently, such as chicken farm or freezer.

Summary
Storage can reduce household electricity costs, adjusting 

the peak and valley power consumption in the area. 

When the hybrid inverter is integrated practical 

functions, it will be possible and �exible to be applied 

widely. And when the hybrid inverter is easy to install and 

con�gure, it will be accepted widely. We are making 

ongoing e�orts, and your suggestions will be highly 

cherished.

Tips: What’s the di�erence between 
UPS and EPS?

UPS: Uninterrupted Power Supply. When there is 
blackout, the back-up power source can provide 
energy to relevant load within 10ms to con�rm 
persistent operation;

EPS: Emergency Power Supply. When there is 
blackout, back-up power source can provide 
energy to relevant loads within 5 – 10s, and the 
loads will be of loss of power.

Typical application scenarios for 
three-phase storage



Facebook：@GoodWeSolarAcademy
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Grid-tied inverters have been applied 

in the renewable energy industry, 

giving rise to increasingly 

high-performance requirements 

including stability and quick response 

to operation perturbation. Currently, a 

digital control strategy is mainly 

composed of single-loop controlled PI 

adjustment, VI dual-loop controlled PI 

adjustment, Multi-variable state 

feedback control, deadbeat control 

and repetitive control. To realize 

Q(z) is a low pass �lter, usually 

chosen as constant less than 1 to 

increase the stability of the system. 

Output increment of each cycle is Q 

times of the last output value, and 

the accumulating process will stop 

when input quantity is (1-Q) times 

of the output quantity, meanwhile, 

steady-state error of the system will 

be (1-Q) times of the output 

quantity. Only when Q=1, the 

system could realize �oating 

tracking. If |Q | ＜1, stability of the 

system will be increased, but 

steady-state precision will be 

decreased.

Time delayed link delays the control 

signal for one order signal cycle 

dynamic response of the system, 

but to realize phase advance of the 

compensator physically, this link 

cannot be removed. 

Being core of the repetitive control, 

compensator C(z) is designed 

relating to controlled member P(z), 

and mainly divided into two parts 

as phase compensation and 

amplitude compensation to 

compensate the low and medium 

frequency band.

It is relevantly di�cult to 

compensate for the high-frequency 

band considering the accuracy. 

Therefore a low pass �lter is applied 

to remove the high-frequency 

component and resonance peak of 

the controlled member by �ltration. 

Meanwhile proportional cycles 

should be applied to con�rm the 

stability of the system and track 

precision of the low and medium 

frequency band, zk is applied to 

compensate the phase zero 

phase-shift. 

Based on the previous analysis, C(z) 

could be expressed as:

C(z)= Kr* zk*S（z）

In the mathematical expression, Kr 

represents the proportionality 

coe�cient, zk representing the 

phase-compensation coe�cient 

and S(z) representing the low-pass 

�lter coe�cient.

Based on internal model control, the repetitive controller integrates repetitive signal 

generator generating �xed-cycle signal into a closed-loop system to realize �oating 

tracking. According to internal model control, adopting this function generator into 

closed-loop could track the drive signal with a cycle as Ts without static di�erences.

Control structure diagram is shown as following:

Current controller adopting repetitive control and 
PI control

Uref

Q*z-N

z-N zk kr
UrS(z)

C(z)

P(z)
E RSG D

Y+
+

+
+

+

+_

Figure 1 repetitive control strategy

CONTROL STRATEGY TO 
INCREASE QUALITY OF OUTPUT CURRENT 
IN GRID-TIED SOLAR IINVERTER

e�ciency of wave tracking as �oating 

and high-precision tracking, for the 

unknown interfering signal, repetitive 

control will process previous cycles of 

wave signals to obtain e�ective 

reference, which will be applied to 

adjust the current control status. 

Meanwhile adopting repetitive control 

with other control algorithms could 

improve dynamic and control 

characteristics which is bene�cial in 

the solar inverter.
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Vector control strategy adopts Grid-voltage as a directional reference, meaning in 

the rotating reference frame dq, d coordinate axis will rotate with grid voltage 

vector, shows as following:

In a three-phase grid with unbalanced voltage, output current quality of the 

inverter will be a�ected. Grid voltage in static coordinate frame ABC could be 

expressed as:

In the expression,   and   represents amplitude of the positive and negative sequence 

voltage,  and  representing amplitude of the positive and negative sequence phase,   

representing the angular frequency of grid voltage.

In dq rotating coordinate frame, voltage component of d and q axis could be 

expressed as:

Grid voltage feed forward control adopting 
band-pass �lter

Figure 4 grid voltage feedforward control strategy with band pass filter
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 In the expression： 

Based on the expression, when the grid voltage is unbalanced, grid voltage in dq 

coordinate frame contains quadratic AC component. To restrain e�ect on output 

current caused by quadratic AC component, a grid voltage feedforward control 

strategy with band pass �lter is adopted and shown as in Figure 4. Output current 

waveform of the inverter is shown as in Figure 5 after adopting the previous strategy.

de+ = cos( )e ϕ+ +  sin( )qe e ϕ+ + +=  cos( )de e ϕ− + −=
 sin( )de e ϕ− − −= −

; ; ;

Figure 2 Grid voltage vector in dq coordinate reference frame
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Vector control strategy directed by Grid voltage in dq rotating coordinate frame of 

three-phase inverter will be expressed as Figure 3. Current closed-loop control 

strategy of d and q axis adopts repetitive control and PI control, which will be 

remarkable to restrain e�ect of the harmonic wave of grid voltage on inverter’s 

output current, result in current quality being increased highly.

Figure 3 Vector control strategy directed by grid voltage in dq rotating 
coordinate frame

RCG

INV

RCG
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Based on the simulation, the output current of inverter is balanced and quali�ed 

even though voltage of the three-phase grid is unbalanced.

Based on the previous analysis, a conclusion can be conducted that quality of the 

output current is improved signi�cantly after adopting repetitive control & PI control 

and grid voltage feedforward control in dq rotating coordinate frame.

Nowadays，as a natural and healthy lifestyle, picnic is 

usual in Europe. Hot pot as a traditional food has a long 

history in China. And according to research, early in the 

warring states period (500 BC to 221 BC) hot pot has 

already been the common cuisine way. It seems that 

eating hot pot in a picnic way will be impossible. But 

recently, on the Taihu lakeside, by taking advantage of the 

product developed by them, a group of GoodWe R & D 

sta�s enjoyed hot pot in a natural and healthy lifestyle.

Working as a technician is busy and stressful, to a certain 

extent, a little ‘boring’.  So having a relaxing weekend to 

charge the mind is preferred. And Taihu lakeside is always 

the �rst choice.

Taihu lakeside is a fairyland in the eyes of the locals, and it is being protected very well, so the �re cooking is strictly forbidden.  

Electricity is the only way to cook, and which is not available on the Taihu lakeside. Luckily, any question about electricity for 

engineers is not a question, LET’S COOK！

Robben, an engineer from Storage Products Department, took an EM hybrid inverter and a fully charged lithium battery. That day, 

he arrived half hours earlier to assemble and commission the system, so that he can collect spiral shell with friends. ‘Luckily that EM 

has BACK UP function’ he said.

Figure 5 Output current of inverter when grid is unbalanced

（b）Output current of inverter

STORAGE
IS CHANGING OUR LIFE, 
EVEN THE WAY OF 
COOKING “HOT POT”

（a）Unbalanced grid voltage
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Except for hot pot, a friend of GoodWe developed another interesting application 
based on hybrid inverter as well, a movable solar charge station, here comes 
some pictures:

Meanwhile proportional cycles 

should be applied to con�rm the 

stability of the system and track 

precision of the low and medium 

frequency band, zk is applied to 

compensate the phase zero 

phase-shift. 

Based on the previous analysis, C(z) 

could be expressed as:

C(z)= Kr* zk*S（z）

In the mathematical expression, Kr 

represents the proportionality 

coe�cient, zk representing the 

phase-compensation coe�cient 

and S(z) representing the low-pass 

�lter coe�cient.

I am so tempted to say “Hi engineers, 
the products designed by you are 
good, but the hot pot cooked by you is 
just so-so. Let me show you the real hot 
pot.”

Prepare the ingredients, run EM, and wait for a while, a 

simple but delicious meal was ready.

Solar is changing the way of life, 
and there will be more and more 
interesting applications.
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THE SOLAR POWER 
OPTIMIZER MARKET 
IS CONTINUOUSLY OPTIMISTIC
Rising needs to enhance energy obtained from solar PV modules is estimated to drive industry 
demand over the forecast period. It also aids in condition or converting power at the module 
level and enables dropping the levelized electricity cost. Thus, these are anticipated to propel 
industry growth over the forecast years.

Regions with potential growth, such as the United Kingdom, Australia and the U.S. are 
projected to drive MLPEs market demand. North America power optimizer market is 
anticipated to witness signi�cant growth from 2016 to 2023. The residential market is likely to 
represent the largest share for these systems. In addition, commercial MLPEs market is likely 
to exhibit potential growth prospects owing to increasing implementation of these devices.

Europe is also estimated to experience considerable growth from 2016 to 2023. The demand 
surge in the region could be a subject proliferating acceptance of these systems. Germany 
and France are anticipated to hold the signi�cant industry share over the forecast period. 
Asian Paci�c region is projected to record substantial growth due to �ourishing penetration 
of MLPE technology in the region. High potential countries such as China and Japan are likely 
to generate massive growth opportunities over the coming years.

Growing demand for continuous and 
reliable power harvesting systems will 
stimulate the solar power optimizer 
market. Also, the increasing adoption of 
PV systems for residential and commercial 
applications will drive growth in the 
industry. Favorable government 
incentives including �nancial assistance, 

If every PV panel is connected to the power optimizer, each PV panel is an independent unit 
for the PV array. Its output power will not be a�ected by any other components, and it will 
always output the maximum power under real-time environmental conditions.

For traditional design scheme, when any PV panel of a PV string works under shadow, the 
voltage of the string remains the same but the current decreases, such as a 20 *270W PV 
string, in a certain weather the PV panel working current and voltage is 8.4A and 32V, total 
power is 5400W, if one PV panel is under shadow, its working current drops to 3.2 A, the 
whole PV string current will be decreased to 3.2A, and the total power drops to 2048W, thus 
power loss is about 62%.

tax rebate, soft loans and low import duty 
will further complement the expectation. 
The solar power optimizer market has seen 
tremendous growth in the last few years and 
is expected to continuously grow in the 
future. The diagram below shows global PV 
power optimizer shipments history data and 
forecast.

Global PV Power Optimizer Shipments(MW)
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Does Every Solar System 
Need Solar Power Optimizer?1
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With solar optimizer, , the shadowed PV panel will no longer a�ect the power of other PV panels, as the optimizer internal 
DC-to-DC  transformer control circuit will change the output current to match other PV panels output current (the optimizer 
needs to monitor the other PV panels output current in the same string to �nd out the inconsistency and then to adjust the 
output current), by which the shadowed PV panel output current is upgraded to 8.4A from 3.2A, voltage reduced from 32 V 
to 12.5 V, then the actual power output is 270 W* 19 + 102W = 5232W, the actual power loss is 3%.
However, the power optimizer itself will also have a power loss of 1.5%. Take the same example as above, if none of PV panels 
is shadowed, with solar optimizer deployed for each PV panel, then the actual power output is 5400W*98.5% = 5319W, the 
actual power loss is 81W.
Therefore, for PV systems without shadow, it is not recommended to deploy the power optimizer

A TS4 platform is equipped with independent dismountable cover with six functions: diode, 
monitoring, �re safety, safety, optimization and long strings. Users only need to exchange 
terminal box cover of the PV modules to �nish intelligent reconstruction of the modules.

Since CCA and adapter have been integrated into the inverter. So users do not need to buy and install them, which greatly 
improves the installation e�ciency.
Tigo's gateway data acquisition unit can acquire the data of the intelligent module through WiFi communication and then 
connect to the CCA interface of the inverter through cable.  Users can read the data on each TS4 intelligent module and 
inverter through Tigo intelligent monitoring platform or GoodWe SEMS portal for further analysis and remote control. As a 
result, operation and maintenance e�ciency can be greatly improved.
With the in-depth compatibility and development of Tigo technology on intelligent module, gateway, CCA and also GoodWe 
smart solar inverter, GoodWe is committed to building an intelligent, e�cient and safe power station asset management 
platform for terminal users.

Smart Modules Equipped with TS4/TS4-R

Decreasing component price coupled with innovative technologies will stimulate the solar power optimizer market. Major 
players including Tigo are developing the smart technology to strengthen the PV architecture. 
Tigo's unique TS4 platform enables a choice of plug-and-play functionality to any solar module. The TS4 platform enables 
each TS4 cover to have its unique capabilities. This gives installers the ability to choose from:

Diodes: integrate modules with a smart ready junction box cover to replace 
and upgrade whenever needed

Monitoring: harness the data of solar array to ensure solar system is running 
at peak performance

Fire Safety: secure the most cost-e�ective rapid shutdown solution via any 
SunSpec Alliance PLC signaling device

Safety: Meet module level rapid shutdown requirements and ensure the 
safety

Optimization: harvest the Max amount of energy from solar system while 
also getting the best design �exibility

Long strings: stretch string length to the Max, simplify array design, and 
reduce SKU management 

Other Options For MLPE Technology2

TS4-D

TS4-M

TS4-F

TS4-S

TS4-O

TS4-L

TS4

GoodWe and Tigo solution3

1

Communicate with smart modules by wireless antenna and connect 
to CCA via RS485

Gateway2

Embedded in the Goodwe Smart Inverter for cost savings and easy 
installation. 

CCA and adapter3

As a professional residential solar inverter manufacturer, GoodWe is 
the �rst inverter manufacturer in the world to have in-depth 
cooperation with Tigo, as the DNS series and SDT series of GoodWe 
inverters have integrated Tigo CCA and adapter as shown below:
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Facebook：@GoodWeSolarAcademy

1. Locating fault string: checking inverter strings to locate 
fault is a common method to verify which string leading to 
ISO failure in the multi-input case. Only keep one string 
connected and restart the inverter to check whether the 
inverter will report the error, if the error disappears, means 
the string is normal; if the error happens again, means this 
string is faulted.

CONCEPT: 

inverter detecting impedance between PV strings and ground is too low and 
beyond safety required value.

To solve the problem quickly so 
as to gain normal earnings, 
GoodWe Solar Academy will 
share series of articles 
concerning the frequently-asked 
questions, and this article about 
ISO failure will be composed of 
�ve aspects: fault phenomenon, 
concept, fault veri�cation, 
troubleshooting, and practical 
case.

FAULT PHENOMENON:

Table I     Threshold value for GoodWe inverters

THRESHOLD VALUE OF GOODWE INVERTERS

1

Type of inverter Thereshold value Remark

Threshold value
can be di�erent
based on special

safety

150KΩSingle phase inverter

Three phase inverter

Bi-directional inverter

100KΩ

150KΩ

2

3

FAULT VERIFICATION:

2. Locating fault using megger
Using megger to locate the fault string by string is another 
method, concerning the devices themselves, the method is 
di�cult to operate and of heavy works, but in high-quali�ed 
projects, insulation meter is used to measure the 
impedance accurately.

Isolation Failure

FREQUENTLY 
ASKED QUESTIONS 
                        – ISO FAILURE

GoodWe inverters have been sold to worldwide markets, and recently complain about 
“ISO failure” have drawn much attention from GoodWe service team, this error 
information is understandable, and solution to this error is di�cult to dope out.



3.SEEPING WATER IN CABLE SLEEVE

Cable sleeve is helpful to protect 
the wires, but in some projects， 
the sleeve is �xed into U type 
leading to seeping water, after a 
period of time soaking in the 
water, insulation performance of 
the wire jacket will decline, 
resulting in ISO failure.

CHECK THE SPD

In some projects, to make the 
brackets more stable, a shim is 
used between brackets and 
lock blocks. if the shim is not 
conductive, PV panels frame is 
equivalent to no Grounding.

2.LOCK BLOCKS

As the path to leak the surge current, SPD is connected with 
the DC wire in parallel. Usually the SPD can be taken as an 
open circuit, after a period of using or the adapting poor 
quality SPD, impedance of the SPD will decline, resulting in 
ISO failure. If there is a forward fuse in the SPD line, disconnect 
the fuse to remove the SPD from PV system to check whether 
the error will disappear or not.

receding part of the text describes the possible reasons leading to ISO failure, to summarize all the reasons in 
an article is impossible, and GoodWe service team are always ready to provide the assistance when the problem 
is unsolved, meanwhile, GoodWe Solar Academy is looking forward to hearing from you about your concerned 
topic.

As a key part of the photovoltaic system, inverter is responsible for the conversion power and protection of the 
human body and equipment. GoodWe Solar Academy hopes to check and solve the problem together with the 
user to ensure the normal power generation of a PV system. 4009981212 is after-sales hotline. Similarly, 
GoodWe Solar Academy will continue to summarize and share the common problem handling methods, please 
stay tuned.

The inverter plays an important role in a photovoltaic system, it is responsible for the photovoltaic conversion, 
security protection and equipment safety. As GoodWe is a domestic leading solar inverter manufacturer, 
GoodWe Solar Academy is devoted to o�ering the best pre-sales service for our customers to exceed their 
expectations. We are willing to share the value of solar whenever you need to power on your green life.
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3. Check the AC connector of inverter
Measuring the voltage between the Neutral wire and the Ground wire on the AC side using multi-meter, the value should be in 
close proximity to ZERO. If the value is higher than 10V, it will result in measurement error.

Statically, the majority of ISO failure is caused by the broken 
DC wire and DC connectors, including the DC connection 
between panels, panels to inverters, especially the wire laid 
in the corner or the open air. After con�rming which string 
has the problem, checking the DC wire and connectors will 
be of high priority.

TROUBLESHOOTING: 

CHECK THE DC WIRE

CHECK THE GROUNDING OF PANELS

Grounding system of the PV project is complicated, and main 
factors a�ecting the impedance on DC side are Grounding 
holes and Lock blocks.

Generally, PV panels frame is 
�xed with the bracket by Lock 
blocks, which will realize the 
Grounding function, and 
ignoring the grounding holes 
of PV panels. In a regular 
situation, PV system will work 
normally, as time goes on, the 
capacity of the lock blocks will 
decline, leading to weak 
grounding performance. To 

1. GROUNDING HOLES

con�rm the operation and 
safety, grounding the holes 
are recommended.
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In the AC distribution system, three concepts are used to 
represent power: apparent power, active power and 
reactive power. The relationship between them could be 
described as a triangle pro�le, while the power factor is 
computed as cosφ=P/S=P/(P²+Q²)1/2.

Information collected from complaints shows that in 
PV applications, reasons for power factor dropping 
after installing PV stations are:

Generally, active power could be considered as power 
consumed by the resistive loads, and reactive power 
consumed (which is �owing) by inductive or capacitive 
loads. 

CONCEPT 
OF POWER FACTOR

INITIAL 
ANALYSIS

1.The original reactive power compensation 
equipment cannot provide enough capacity;

2.The position of the CT sensor is not correct;

3.Compensation capacitors cannot be put into 
operation because of the THDi exceeding the 
limitation;

4.Compensation device adopts an incompatible 
control strategy, accompanying a wrong access 
point usually. 

Figure 3 Practical Equipment Including Capacitor-Cabinet

ANALYSIS AND SOLUTION 
TO POWER FACTOR DROP
AFTER INSTALLATION OF PV SYSTEM

Recently, the compatibility of PV stations and grid got wide attention. Considering the unfriendly characteristics 
of intermittent and �uctuation, it will a�ect the stability of the network, how to ensure the compatibility has been 
a popular topic. New concepts and control strategies have been adopted or under-researched. Among them, Solar 
+ Storage, Micro-Grid and Virtual synchronous generator are the hottest. In this article, GoodWe Solar Academy 
will discuss a common question - why the power factor will drop after the installation of the PV system.

Figure 2 Typical Inductive LoadFigure 1 Power Factor Calculation Power triangle

Output active power Input active power

Input reactive

 power

Output reactive 

power
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The traditional controller of the compensation equipment works in the �rst and fourth quadrant only meaning the active 
power is from the grid. 

The position of CT is incorrect. CT will detect the current 
cooperating with the meter to determine how many groups of 
capacitors will be switched on. In the practical project shown as 
PIC-5, CT was con�gured at the coupling point of ‘air compressor’ 
and ‘compensation device’(position 1) means the compensation 
device could provide reactive power to ‘air compressor’ only, so 
power factor at testing point will be lower because the reactive 
load isn’t compensated. 

DETAILED 
ANALYSIS

Original reactive power compensation equipment 
cannot provide enough capacity.

According to common regulation, the con�guration capacity of 
reactive power equipment is 30% to 40% of the transformer, 
normally which will be enough. After a period of work, some 
contactors and capacitors will be broken, leading to 
performance degradation of the compensation device.

1

Compensation capacitors cannot be put into 
operation because of the THDi exceeding the 
limitation
Capacitors should be prevented from being damaged by the 
harmonic current especially considering the high-frequency 
response. Usually, the compensation equipment will integrate 
the protection of THDi shown in the previous picture. Many 
reasons will lead to increasing THDi, and given solar application, 
there are two main reasons:
1)Parallel resonance of the inverter without corresponding 
strategy;
2)Fundamental active power is supplied by the PV station 
resulting into increased THDi by calculation.

3

Compensation device applies the incompatible control strategy, accompanying wrong access points 
usually. 

4

The position of CT sensor is not correct2

Figure 4 Switching Board
 With Broken Fuses

Meter

AC
M M

Air
compressor

Resistive
load

Solar
system

Position 2

Position 1

Reactive
laod

Compensation
device

Transformer:10K/0.4k

DC

Figure 5 Position Of The CT For Compensation Equipment

Position 1: Incorrect position
Position 2: Adjusted position

Figure 6 Controller of The Compensation Equipment

Figure 8 Power Triangle

After installing the PV station, there is power feeding into the grid when solar power is higher than load power, and 
during this mode of operation, the controller detects the reverse current and will work abnormally, refer to the following 
picture.

Output active power

Output 
active power

Input active power

Input 
active power

7# Special Transform
er

410
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Load for Manufacturing
Capacitor Compencator Bus Contact
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Figure 9 Typical Diagram with Solar Application Connecting After Detecting CT

Figure 7 Controller Showing Negative Power Factor
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For this mode, the feasible solution is to change the position of the access point for the solar application, the principle is 
to take the solar application as a parallel source of grid, shown as the following picture.

During the early investigation and preparation, 
con�rm the following information: 

1. In projects with the strategy of “self-consumption and 
more-uploading”, it should con�rm that PV capacity doesn’t 
exceed 30%-40% of the transformer or meet with the 
requirements of the grid.

2. Con�rm that CT of compensation device is installed at the 
test point.

3. In the design process, the original transformer, 
compensation device, distribution line, types and power of 
loads and compatibility should be taken into consideration. 

4. Grid-tied point for PV station should be chosen as a stable 
point, for frequent power �uctuation may lead to 
compensation device switching on or o� incorrectly, even 
device broken.

If the problem occurs, the following 
measures can be taken:

1. Adjust the power factor of the inverter from 
leading 0.8 to lag 0.8 to get reactive power from 
the inverter to support the grid temporarily. 

410

401
411 412 413 414 415 416 417 400

Bus Contact

7# Special Transform
er

Capacitor Compencator 

Solar Station
Load for Manufacturing

SUGGESTION 

Figure 9 Typical Diagram with Solar Application Connecting After Detecting CT

Cable selection for PV projects has been a 
long-standing question, according to the 
statistic data of a small sample, 70% of the 
EPC companies in China have applied or 
consider applying aluminum cable during 
design or construction, and for other 
mainstream markets, like India, Vietnam and 
Thailand, proportion could be even higher.

HOW TO USE
ALUMINUM ALLOY
CABLE CORRECTLY

2. Contact GoodWe Solar Academy.
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Compared with common aluminum 
cable, copper cored cable has better 
performances in ampacity, electrical 
resistivity and strength. With the 
development of technology and 
matched connector, and relevant 
standards, the electrical performance 
of aluminum cable has been increased 
signi�cantly, in addition to advantages 
like a lighter weight and lower price.

Basic principle to con�rm wiring router is meeting 
requirements and decreasing the usage after 
taking the safety, maintenance, paving and 
environmental conditions, transmission loss and 
power factor into consideration. Initial requests 
as:

1）Select the shortest path to reduce loss and cost;

2）Made the overall planning to avoid repetitive excavating 
process;

3）Reduce frequency of laying methods as passing through 
wall & �oor or other pipelines.

4）Reduce the negative in�uence caused by external factors 
such as chemical corrosion, shake, terrestrial heat, mechanical 
force and other factors;

5）If there is gutter ways, gas pipes, �ow pipes , or weak 
current system, etc. lie by the roadside, the electrical cable 
should be paved on another side of the road.

Insulation

Aluminum alloy conductor Interlocking armoring

Aluminum alloy conductor

Insulation

Filler

Inner bedding

Steel tape armoring

Outer Sheath

Foreword

How to use aluminum cable will 
be introduced as follows:

Installation process
1.Con�rm the wiring router

GoodWe solar academy has prepared documents about how to use MC4 connectors, especially the points need to be aware 
when making DC terminals. After follow-up �eld visits, GoodWe solar academy found many problems in the usage of 
aluminum cable, details as following:

There are three common connectors are widely applied for aluminum or aluminum alloy cable, including copper 
connector, copper-aluminum jointed connector and copper-aluminum alloy connector which will not be described 
for limited application.

     Unmatchable connectors
During the promotion, it is di�cult to �nd a suitable matched connector which has been a noticeable problem during the usage of 
aluminum cable, leading to copper-aluminum jointed connectors or unmatched connectors applied for aluminum cable in many 
projects that have potential risks.

     Unmatched size
Currently, a great mass of power terminals including complete distribution equipment adopts speci�cations of copper as 
standards. Compared with copper, current carrying capability of aluminum or aluminum alloy cable is relevantly low, increasing 
aluminum or aluminum alloy cable diameter which will cause a mismatch between cable and terminals. In practical applications, 
methods as transferring bar or removing part of the conducting material will be adopted,  but it is risky.

     Not standard in crimping
Installation and construction of aluminum or aluminum alloy cable should be completed by experienced operators. Any ignored 
item will result in ine�cient and unsafe operation. Meanwhile, specialized instruments and installation requirements should be 
adopted, further details in the following section.

2.Con�rm the cable connector

2) Considering the electrochemical di�erence between copper and aluminum, conductive paste could be applied 
to restrain corrosion.

Copper connector: The most common connectors. Potential risk will be caused by electrochemical corrosion and 
di�erence of physical and mechanical properties. 

Copper-aluminum jointed connector: Widely applied in PV industry. A conductive part could be divided into two 
parts: aluminum part for aluminum cable and copper part for distribution or other terminals. Based on the shape, the 
common copper-aluminum jointed connector could be divided into DTL-1, DTL-2 and pin-type.

DTL-1

DTL-2

Pin type

1) 

3.crimping of cable and connector
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      list of tools

       Installation steps

NO.

3

2

4

5

7

8

9

10

Tool name

Electrician Knife PCS

PCS

PCS

PCS

PCS

SET

PAIR

Piece

1

1

1

1

1

1

1

2

Steel Brush

Tapeline

Long Nose Pliers

Cable Terminal

Crimping Tool

Glove

Cleaning Cloth

Unit Quantity Usefulness

Remove insulating layer of the 
cable

1
Insulating layer removal 
tool PCS 1 Remove insulating layer of the 

cable

Clean the surface of conductor

Measure the length of 
layer-removed part

6

PCS 1Vise Tool

Tool

Connectors

Crimp the connector and cable

Safety protection

Clean the cable

Step1 Con�rm length of the conductive core 
part based on the depth of terminal

Step2
Remove the insulation layer by a way 
like pencil-sharpening, should not as 

circle-cutting

Step3 Or professional tool could be applied 
to remove the insulation jacket

Step4Cable showing after removing 
insulation jacket

Step5
Clean the surface of cable with steel 
rush or adopt methods suggested by 
cable supplier

Step6Paint conductive glue or other 
antioxidants on the exposed part

Step7 Insert the cable in the terminal, 
ensuring being inserted into bottom

Step8Crimp the connector with relevant 
tool

Step10Finished

Step9
Clean the surface of the cable and 
terminal
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Along with the development of  PV industry, more and more 
new material and technologies have been applied, which is 
of great signi�cance, especially to reduce the cost of a PV 
system. At the same time, during the constructing process, 
standards and installation crafts should be followed to 
ensure e�cient and safe operation during its lifetime.

Conclusion

4. Acceptance and maintenance
To ensure PV systems operate e�ciently and safely, an inspection 
should contain defects of the cable and operational status. 
Meanwhile, accumulated data and experience should be analyzed 
to predict potential risks and develop measurements to prevent 
accidents. 

Special Tools for
O&M of Solar Stations

O&M (Operation & Maintenance) is essential to con�rm the reliable and e�cient 
generation for solar power stations. And special tools can make the O&M more 

scienti�c and e�cient. GoodWe Solar Academy will introduce the common and 
useful tools in this article for reference..
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Instruction

Instruction

2.1Grounding Resistance Megger – Mechanical

Reason: voltage and current are the basic operation 
data, and it’s convenient to measure them by applying a 
clamp meter.

Reason: Grounding of solar station can be devided into 
two parts: system grounding and protection grounding. It is 
essential to con�rm the construction and value of 
grounding meet the requirements during design and O&M.

Current measurement: 

Select the suitable measuring range; 

Select ‘DC current’ or ‘ AC current’ by pressing  

Clamp the cable to be measured, then read the current 

value.

Grounding resistance megger can be used to measure the 
grounding resistance of electrical equipment and lighting 
protection device. Take ZC29B-2 as an example.

Install the auxiliary probe: Install current probe around 

40m from grounding pole; Install potential probe around 

20m from grounding pole. All the probes should be at the 

same level and on the same side;

Clamp meter can be used for measuring voltage as well, 

resistance and connection like multi-meter.

1.After use, position of the shift should be switched to full 

range to prevent overcurrent in the next time;

Description of Tools

FLUKE317Clamp Meter

Matters needing attention

Current measurement method

2.Protection measures should be taken before measuring 

high voltage.

Grounding resistance megger - Mechanical

E E’ P C

E’ grounding pole potential probe

20m 20m

current probeC’P’

3.Press the ‘TEST’ and get soil resistivity and relative 

information.

Measure the soil resistivity

2.Ground the auxiliary pole, the distance between the 

poles is around 5m, insertion depth is around 25cm. Set 

the distance of the auxiliary pole;

1.Press                                 
to select measuring frequency;

to select measuring soil resistivity, press

Measure Grounding Resistance 
Instruction

Generally, a 3-pole method can be used, inserting the 
wire into E, S and H terminals.

2.Measure the line resistance for compensation: 

① Insert the wire into E, S and H terminals relatively; 

② short out the three wires by snapping the alligator clips 

together; 

③ Measure the line resistance Rk and save it;
3.Connect E, S and H wire to grounding object to be 

measured, auxiliary grounding pole S & H relatively.

4.Press the button ‘TEST’ and get the grounding 

resistance RE.

1.Press          to select measuring method, press                  to 

select measuring frequency;

2.2 Grounding Resistance Tester – Electronic

1.Grounding wire should be removed before 

measuring, to prevent measurement being disturbed;

2.Grounding body should be cleaned before 

measuring to prevent measurement being in�uenced 

by the rust and other elements.

Examine the megger: megger lie �at on the �oor, 

complete zero adjustment;

Separate the grounding body and grounding wire, 

clean the grounding body;

Connect terminal E and E’to grounding pole; connect 

terminal P to the potential probe; connect terminal C to 

the current probe;

Measure grounding resistance: Adjust the ratio to the 

maximum, turn the handle clockwise and slowly rotate 

the potentiometer of the dial, making needle of the 

galvanometer point ‘0’;  Turn the handlle at a high speed 

of 150r/min, rotate the potentiometer of the dial, making 

needle of the galvanometer point ‘0’ again, get an 

accurate reading; Grounding resistance can be got by 

multiplying the accurate reading by ratio.

Matters needing attention

2.  Grounding Resistance Measurement 
                    – Grounding Resistance Tester

1. Voltage and Current Measurement 
                                                 – Clamp Meter
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Instruction

Instruction

Reason: Unquali�ed insulation will cause potential 
damage to equipment and sta�s. Insulation meeting the 
corresponding requirements should be always con�rmed.

Megameter, as a common electrical tool, can be used to 
measure the insulation resistance of transformer, motor, 
power cable and other equipment. 

Reason: Thermal infrared imager can be used to detect the defect 
of the PV panels like hotspot, DC connectors like virtual connection to 
prevent potential risks.

Remove the uncorrelated circuit or device, discharge the device to be measured 

to con�rm the security and precision.

Examine the megameter: Separate the terminal L and E, turn the handle at 

speed of 120r/min, the needle should point positive in�nity; Short out the 

terminal L and E, turn the handle at a very slow speed, the needle should point ‘0’;

 Connect terminal L to the positive pole, and connect terminal E to the negative 

pole, turn the handle at speed of 120r/min, and get the insulation resistance. To 

prevent the result being in�uenced by the leakage current, protecting ring or 

shielding terminal should be connected to middle-layer of the cable.

The power cable should be discharged for 2 minutes after the measurement.   

Steps:
（1）Open lens cover，press the power button for 3 seconds 

to turn on the Infrared Thermal Imager.

（2） Aim the thermal imager at the surface of the PV panels, 

ensure the PV panels are aligned with the focus, and pull the 

Main trigger to capture the image.

（3）The color presented in the image compared with the 

temperature color card to see the temperature and quality of 

the PV panels.

3.  Insulation resistance tester
                                    – megameter 

4. Thermal Infrared Imager 
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cracked

black
cell

broken
cells

perforation

5. EL Tester

6. RCD tester

Reason: EL can be applied to detect the interior problems of the PV 
panels including broken bars, crack, broken cells, faulty soldering, 
black cell, black side, ine�cient cell, PID and other problems.

Reason:  Function of RCD is to prevent sta�s and equiment from 
being damaged by the leakage current, so tripping o� normally is 
important for an RCD device.
RCD tester is used to detect the performance of an RCD device, 
especially the tripping time, take the M73 from HT as an example.

Instruction

Instruction

1
Connect and Set the Camera

2
Erect and Test the Holder

3
Connect and Test the Power Supply

Note: Output current of the power source 
should be less than the Isc of PV panels.

Connect the RCD with the tester, press the test 
button, set the testing leakage current as the tripping 
current of RCD, and get the tripping time from the 
screen.

Here are some pictures for reference

4 Operate the APP

HT M73 RCD tester

Information on the display

cracked perforation

black 
cell

broken 
cells
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After developing for years, a number of regulations have been set to 
standardize the solar industry. Given regulations of di�erent areas 
are not identical, after allowing for most circumstance, GoodWe 
Solar Academy prepared the document about the item should be 
checked when commissioning.

What Should Be Checked 
when commissioning?

Common tools and corresponding usages have 
been introduced in this article. It is essential to �nd 
the problems quickly, so potential risks can be 
reduced and the e�ciency of generation can be 
improved. A stable and e�cient generation cannot 
be realized without O&M, and quali�ed O&M 
practice cannot be realized without tools. 

Summary
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Items should 
          be checked

Operating condition has an evident 
in�uence on generation, especially under shadow. 
Con�rming that intense irradiation on PV panels 
without being impacted by house, tree, dust, leaf 
and bird dropping will be of great signi�cance.

（2） Check the appearance of PV panels to con�rm 
whether there is macroscopic breakages such as glass 
scratch, frame abrasion, glass breakage or backboard tearing 
shown as PIC-3. By professional testing devices, internal 
status of PV panels should be checked like sub�ssure, broken 
bars, and hotspot shown as PIC-4.

（1） Operating condition for PV panels 

1.  PV Panels

（3） Check the connection shown as PIC-5. 

（5） Supporting System 
Usually, the performance of the supporting system is 
mainly determined by the design and material selection. 

 PIC-3 Common external breakage of PV panels

glass scratch frame abrasion

backboard tearingglass breakage

 PIC-4  Common internal breakage of PV panels

（4）Voltage measurement of PV string
Adopt multimeter to measure the voltage and polarity of 
PV panel string, ensuring the voltage is within the suitable 
range and polarity is correct.

PIC-5 Common problems of DC connectors

too tight or too loose di�erent diameter

plug not in placecrushing copper wire breaks

PIC-6 The supporting 
structure suspended

  PIC-7The height of the 
supports insu�cient

  PIC-8Bracket corrosion 
and rust

PIC-2 Bird dropping on PV panels

PIC-1 Tree shadow
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2. Cable 3. Distribution Box

4. Grounding

(1) If DC cable was paved through conduit, ensure DC 

cable is not exposed and water will not �ow through 

the conduit.

(1) Check the speci�cations of the devices selected in the distribution box, 

ensuring the basic electrical standards are satis�ed, and check the connection 

of wire-terminal and devices is quali�ed. .

(2) Check the SPD is in service or not by inspecting the status of the windows. 

(Green means valid, red means out of service)

(1) Grounding of the PV system includes the grounding of the bracket, inverter’s shell, AC output, surge protection 

and distribution box, shown as the PIC-16.

(2) For cable selection, please refer to the document How to 

Select Suitable Cable For Your PV Projects in the �rst version 

of Enjoy Solar. Before operating the PV system, ensure the 

terminal of the cable is crimped well and conduct part isn’t 

exposed into air, shown as PIC-11 and PIC-12.

(2) impedance measurement

Grounding impedance should be within reasonable range. Usually, grounding impedance on DC side should be less 

than 4ohm, and on AC side should be less than 10ohm, which could be measured by grounding impedance tester. 

Carbon bits or resistance-reducing agent could be adopted if it is di�cult to realize the reasonable impedance.

 PIC-16 Grounding of the PV system

PIC-15 Windows of SPD

PIC-9 Exposed wire

PIC-10 water �owingthrough the conduit

PIC-11Conduct partexposed into air  

PIC-12Correct crimping
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Part III Acceptance for distribution box 

1 Appearance  Whether there is obvious breakage  

2 Cabinet 
Whether there is a fragment or anything 

left inside the box  
 

3 Components 
Whether there is component loose or 

dropped 
 

4 Breaker Whether the breaker is reliable  

Appendix-I Acceptance form for distributed PV application

Adopt a tramegger to measure the insulation resistance 

of inverter’s input and output to ground, and resistance 

of inverter’s input to output.

 

Lots of iterms should be checked before generation, and 

GoodWe Solar Academy prepared a table for your 

reference, please check Appendix-I Acceptance Form For 

Distributed PV Application.

5. Insulation resistance

Number of the project  Name of the project  

Address  

Contact person  Contact number  

Installed capacity  Voltage at PCC  

Date of completion  Date of acceptance  

Weather on 
acceptance 

 Time of acceptance  

Following Content should be filled by acceptance personnel 

Part I Acceptance for PV panels and supporting system 

order Major terms Terms Records 

1 

PV panels 

Number of Panels for each string  

2 Number of strings for each inverter  

3 Whether there is obvious breakage  

4 Open-circuit voltage  

5 

Supporting system 

Whether the supporting system is solid 
and reliable 

 

6 
Whether the preservative treatment 

meets the requirement 
 

7 
Whether the waterproof of the roof 

meets the requirements 
 

8 Surge protection 
Whether the panels frame and bracket is 

grounded 
 

Part II Acceptance for wiring  

1 

DC Side Cable 

Model of wire  

2 Number of wires  

3 Whether the wiring is reasonable  

4 Whether there is partly exposed  

5 

AC Side Cable 

Model of wire  

6 Number of wires  

7 Whether the wiring is reasonable  

8 Whether there is partly exposed  

Operation and maintenance have been the pain point 
in PV industry, reasonable acceptance testing could 
�nd out the hidden danger before the generating 
process, which is of signi�cance to reduce the risks 
and maintenance cost.

Summary
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5 Grounding 
Whether the grounding meets 

requirements 
 

6 Surge protection What ‘s the status of the SPD  

Acceptance for inverter 

1 
Basic information 

Manufacturer  

2 Model  

3 Appearance Whether there is obvious breakage  

4 installation 
Whether the installation is solid and 

reliable 
 

5 Connection 
Whether the connection is reliable and 

loose 
 

6 
Relay and DC 
switch status 

Whether the DC switch and relay works 
normally 

 

7 Grounding 
Whether the grounding of the system 
meets the requirements and design 

standards 
 

8 
Interface  

Whether the parameters shown on the 
display is clear  

 

9 Whether the button working normally  

Acceptance for generation 

1 

Operation of 
inverter 

Number of DC inputs  

2 DC voltage  

3 DC current  

4 AC voltage  

5 AC power  

6 AC frequency  

7 
Anti-island 
protection 

Whether the system could trip off quickly 
after switching off the AC breaker 

 

Project leader: 
 
Construction personnel: 

Conclusion:  
 
 
 

                         Signature: 

Notified matter: The form is done in duplicate, each party holds one. 
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Ongoing e�orts have been made to prepare and publish 
'Enjoy Solar' by Goodwe Solar Academy and partners. 
After organizing trainings and high-level conferences, 
new topics and concepts were collected to prepare the 
second version of ‘Enjoy Solar’ which is in your hand 
now. We hope that the contents especially the solutions 
to di�erent requirements or problem will be useful for 
you. It is impossible to summary all the topics into one 
book, would you please share your precious opinions to 
help us improve the practicability of ‘Enjoy Solar’ , just 
by completing an online questionnaire. Please �nd us on 
FACEBOOK @goodwesolaracademy to get the 
link of the questionnaire. Once the questionnaire is 
completed, a passport prepared by Goodwe Solar 
Academy with one stamp will be available for you. The 
passport with stamps will give you an access to free 
online training, toolkit or other special gifts.

It would be appreciated if you contribute your original articles regarding photovoltaic technology, 
solar application, marketing insights, etc. to us. Once your article is adopted, our operators will 
contact with you as soon as possible and give you a reward.

Submission Method: 
Email: academy@goodwe.com (.pdf and .doc)

Your Voice Is
Our Action

Note: Goole Passport can give you 
an access to free online solar PV 
training service,  O&M toolkit and 
other special gifts. Check our 
Facebook fan page for more details 
about Goole Passport.


