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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.
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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
rising to 2.6% in 2019 from 2.0% in 2016 
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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
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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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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.


