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Abstract

As human society develops rapidly, the role of energy goes beyond
environmental protection. It also supports economic development and
national security. The book Energy Versus Carbon Dioxide, published by
Springer Verlag, provides an in-depth exploration of the increasingly
prominent role of energy in society.

The author Cornel Stan explores the relationship between energy and
carbon dioxide in this book, covering 59 topics across 18 chapters. The
book introduces the current global energy situation and analyses future
energy trends. The translation practice focuses on Chapter 11 of the book,
which mainly introduces three renewable energy sources: photovoltaics,
wind energy and hydropower. Translating the text is of great significance
in promoting the dissemination of global renewable energy knowledge,
technical exchanges, policy coordination, economic development, and
environmental protection.

This chapter contains a large number of technical and semi-technical
terms, as well as numerous complex sentences. The sentence structure is
rigorous, rich in cohesive devices are and coherent. According to Katharina
Reiss's text type theory, the source text belongs to the category of
informative texts, which focuses on content and primarily serve the

function of transmitting information. Therefore, during the translation

VII
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process, the translator should accurately convey the original information
while ensuring fluency, readability, and professionalism. During the
translation process, three main difficulties arise. Firstly, determining the
lexical meanings of technical words can be challenging. This requires
referring to parallel texts in related fields or consulting the professionals.
Secondly, translating nominalized structures is another difficult issue.
Usually, translators should analyze the logic relationship firstly and then
translate some of them into verb-object structure or subject-predicate
structure. However, for the nominalization of the gerund plus noun phrase,
the gerund can be translated as attributive. Thirdly, translating long and
difficult sentences can also be a challenge. Techniques such as embedding,
reversing, and splitting translations were used to accurately convey the
meaning of the original text. Finally, to achieve textual cohesion and
coherence in the translated version, the similarities between English and
Chinese in expressions and thinking habits are preserved as much as
possible. On the other hand, for the differences in expressions and thinking
habits between English and Chinese, the sentence structure is to be adjusted
accordingly, together with appropriate addition and omission, so that the
translation is made more fluent.

In summary, translating popular science texts related to the field of
energy requires the translator to have a solid technical knowledge of energy,

chemistry, physics and other related disciplines, as well as some theoretical

Vil
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knowledge of natural sciences. Additionally, translators should be skilled
in using effective translation techniques to ensure the fluency and
professionalism of the translated text. Through this translation practice, the
translator has gained a deeper understanding of the characteristics and
requirements of professional translation. Furthermore, she has
accumulated some experience and skills in scientific and technical

translation, which lays a good foundation for her future career.

Key Words: Energy Versus Carbon Dioxide; renewable energy; (semi-)
technical words; nominalized structures; long and difficult

sentence; cohesion and coherence
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Chapter 1 Task Description

This chapter offers a comprehensive survey of the translation report, which is
composed of two parts: an overview of the source of the task and the significance of

the translation.

1.1 Source of the Task

Energy is the foundation and driving force for the progress of human civilization.
It is crucial to the economy, to people’s lives, to national security, and to the survival
and development of humanity. It is of vital importance in advancing social and
economic development and public welfare. As a result, translating the texts related to
energy has a profound impact on national development, world energy development and
human destiny.

The book Energy Versus Carbon Dioxide was published in 2021 by Springers. The
author mainly discussed the relationship between energy and carbon dioxide,
introduced the current energy situation and analyzed the future energy forms for
effective energy solutions.

The book has not yet been officially published in Chinese and the first three
sections of the third chapter are selected as the source text and the translated Chinese
versions are 12,856 words. The selected text introduces the three renewable energies—
—photovoltaics, wind power and hydro power. The vocabulary, sentence pattern and
text structure all have the unique characteristics of scientific texts. Meanwhile, it
involves several fields such as energy, physics, chemistry, electrical and electronic
technology. Therefore, it is a difficult task for the translator who doesn’t have relevant

professional knowledge.
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1.2 Significance of the Translation

First of all, for the translator, this translation practice is a precious opportunity for
her personal learning and growth. Through in-depth study of a large amount of related
literature, the translator can systematically master the professional knowledge and
terminology in the field of energy, which helps to enrich the personal knowledge reserve.
At the same time, continuous practice in the practical process enables the translator to
be familiar with more translation strategies and methods, which further improves her
translation competence in the field of science and technology and lays a solid
foundation for her future translation work.

Moreover, this translation practice is also of great significance for practitioners in
the field of energy. By reading the translated text, they can quickly grasp the latest
developments and trends of energy at home and abroad, so as to deepen their
understanding of the clean, low-carbon, safe and efficient energy system. This will not
only help them make more informed decisions in their practical work, but also promote
the progress and development of the entire energy industry.

Last but not least, this translation exercise will also have a far-reaching impact for
the ordinary readers. By reading the translated text, they will be able to better
understand the current serious situation of the global energy problem and increase their
awareness and sense of responsibility to protect the environment. This not only
contributes to the sustainable development of society, but also to the building of a
community of shared destiny.

In conclusion, the translation practice not only provides valuable learning
opportunities for the translator, but also brings deep understanding and inspiration to
practitioners and readers in the field of energy. Joint efforts are entailed to make greater
contributions to addressing global energy issues and promoting sustainable

development.
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Chapter 2 Pre-translation Preparations

To conduct an accurate and professional translation, the translator has made
various preparations. These pre-translation measures can help the translator grasp the
meaning of the original text quickly, so as to complete the translation work efficiently
and accurately. These measures include the features analysis of the source text, the

selection of translation tools and the glossary building.

2.1 Features Analysis of the Source Text

The part selected for this translation practice is Chapter 3 in the book. In this part,
the author introduced in detail the three main renewable energies: photovoltaics, wind
and hydropower. The characteristics of the original text are prominent at the vocabulary
level, the syntax level and the language style. A clear comprehension of the
characteristics is needed before selecting the corresponding style in the process of
translation and presenting an accurate, fluent and decent translation.

At the lexical level, the wording of the source text shows a high degree of
professionalism. On the one hand, the source text covers vocabulary specialized in a
number of fields, including energy, physics and chemistry. This includes technical terms
like “oscillation”, “calorific value”, and “photovoltaic panels”, as well as semi-
technical words like “consumer” and “power”. The appropriate use of specialized terms
accurately describes the concepts and phenomena in the relevant fields. On the other
hand, the frequent use of nominalization in the original text not only increases the
professionalism of the text, but also makes the sentence structure more compact and
objective. To be more precise, abstract nouns are mainly used to express actions and
states, which is one of the main differences between English and Chinese expressions.
(N4, #EFRHEL, 2002: 5) The phrases used in the source text, such as “the utilization
of energy”, “the expansion of wind energy”, “the activation of various regions”, and
“the expansion of wind energy” demonstrate the author’s professionalism and ability to

express precisely. In summary, when translating technical words, it is important to use
3
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the appropriate terminology in the target language to ensure accuracy. For semi-
technical terms, it is necessary to understand the context and choose appropriate
translations. When translating nominalized structures, it is essential to maintain the
integrity of their structure and meaning.

Syntactically, the original text is complex due to lengthy sentences, elliptical
sentences, cleft sentences, and compound sentences containing multiple clauses. These
structures make the text difficult to read and require translators to equip with strong
linguistic skills and logical analysis abilities. In addition, to emphasize objectivity and
rigor of reasoning, the original text frequently employs the passive voice. In scientific
and technical English, the main focus is on describing a process rather than the person
performing it. Therefore, the emphasis is on “what to do” and “how to do it”, making
the performer of the action irrelevant. This is why the passive voice is commonly used.
(8%, 2007: 5) Simultaneously, considering the popular science nature of the original
text, the translator must possess knowledge of the relevant fields to accurately
comprehend and convey the scientific concepts and technical principles. This ensures
the translation is both faithful to the original text and easily understood by readers.

In terms of language style, the author’s expressions are in line with the
characteristics of popular science papers - objective, concise and easy to understand.
For example, the author uses lots of examples from life to explain the principles of
energy generation. Some parts are accompanied by field pictures of power stations and
structural diagrams of power generation systems as well as data charts, so that readers
can be clear at a glance. To produce objective, concise, and comprehensible translations,
translators must remain faithful to the scientific nature of the source text, avoiding
subjective bias. They should employ simple sentences, utilize common vocabulary,
maintain original examples and analogies, and annotate pictures and diagrams

accurately, ensuring clear and accurate information transmission.

2.2 Parallel Text Collection

To guarantee accuracy and professionalism in the translation, the translator faced

4
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difficulties finding explanations for certain terms in dictionaries. Therefore, she
extensively studied parallel texts related to environmental protection and energy issues,
such as the United Nations Sustainable Development Goals, the Action Plan for Peak
Carbon Dioxide by 2030, government work reports of 2020, 2021 and 2022 on low
carbon and environmental protection. Additionally, to maintain the style and linguistic
characteristics of the popular science text, the translator referred to popular science
books related to energy, including Intelligent Energy - Our 10,000 Years, which won
first prize in the popular science category of the Chinese Society of Electrical
Engineering, and New Energy Revolution, which explores the interaction between the
new energy revolution and the third industrial revolution.

The translator gained a comprehensive understanding of the energy revolution and
future energy forms by referring to these parallel texts. Valuable theoretical and

practical knowledge was obtained, which greatly supported the translation work.

2.3 Glossary Building

As the source text includes terms from various fields such as physics, chemistry,
biology, and energy, it is essential to establish a glossary before the translation practice,
ensuring consistency and accuracy in translation and enhancing the efficiency and
quality. Strict management of terminology throughout the project can prevent confusion
in subsequent projects. (-E4EMf, FKIEL, 2014: 64) For this popular science article with
a wide readership not only practitioners, the translator extracted seemingly simple terms
from the original text. The meanings of these terms were determined by consulting
dictionaries, parallel texts, and industry websites. For terms with unclear semantics, she
repeatedly consulted with the supervisor, graduate students majoring in chemical
physics and the technical team during the internship to ensure the accuracy and
professionalism.

Through the above steps, the translator finally clarified the meaning of each

technical or semi-technical word. The glossary of terms is included in Appendix A.
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2.4 Selection of Translation Tools

The translator used Computer Assisted Translation (CAT) tool such as SDL Trados
to manage, organize and perform translation tasks more efficiently. It not only creates
and stores previously translated passages, but also provides valuable reference and
reuses resources for future translation tasks. At the same time, the translator also made
use of online dictionaries as well as energy industry websites, such as Merriam-Webster,
TermOnline, BJX and Solarbe, to accurately locate and confirm words, phrases and
industry terminology. In addition, translation softwares such as Google Translate and
DeepL were utilized in order to obtain preliminary translation quickly. These tools
mentioned above can be used in flexibly combination during the translation process,
which not only improves translation efficiency, but also ensures terminology

consistency and overall translation quality.
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Chapter 3 Case Analysis

Scientific and technical translation is not merely converting one text into another.
Instead, it involves the objective, normative, and accurate translation of concepts,
techniques, methods, and conclusions expressed in the original text. This makes the
translation of scientific and technological texts challenging for translators. The
challenges during the translation process, including determining the lexical meaning of
technical and semi-technical words, translating long and difficult sentences, and
reproducing the text structure are summarized below. In this regard, solutions are

proposed on the basis of practice with typical cases.

3.1 Locating the Meanings of Special Terms

The source text is a scientific and technical document in the field of energy,
encompassing various areas such as physics, chemistry, electricity, and
thermodynamics. Therefore, the translator must possess a wealth of accumulated
expertise to accurately translate the special terms. These terms mainly consist of

technical and semi-technical words.

3.1.1 For the Technical Terms

Technical words are unique to a particular discipline and have narrow meanings,
while semi-technical words are general vocabularies that appear across disciplines and
have important rhetorical and ideological roles. Technical words are highly specialized,
with a unique meaning within a specific domain. For instance, technical terms like
Cloud Computing (z i1 %.), Internet of Things (IoT) (##k), and Smart Grid (54 &%
FL ) have precise meanings in computer science and electricity. To determine the
meanings, the translator referred to parallel text, consulted experts and specialized
dictionaries. As consulting dictionaries is not a difficult task, the translator will not

provide further elaboration. Instead, the first two methods will be introduced in detail

7
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through case studies.

3.1.1.1 Referring to Parallel Texts

Parallel texts are reference materials in the translated language that are similar or
comparable in content to the original text. They can be different texts on the same
subject or field, or translations of the same text by different authors or editions. The use
of parallel texts in translation practice is becoming increasingly common due to their
significant similarities with the original texts in several aspects. By exploring the
linguistic features of parallel texts in depth and analyzing them carefully in comparison
with the original texts, translators can accurately reproduce these features in the
translation process. This process improves the accuracy and authenticity of the
translation and makes it more in line with the reading habits of the target readers,
resulting in a natural and smooth translation effect. Therefore, the study and use of

parallel texts is significant in translation practice.

Example 1:

ST TT
A decade later, aerodynamic blade | T4 )5, =T R8N 2=HL, FHET
profiles were developed in Denmark, | & HRFEL, MR D> 177 0F A

which greatly reduced the number of rotor | FI%( & .

blades.

In translating “blade profiles”, the translator first consulted dictionaries and
discovered multiple interpretations such as “If Jr #3587, “If Fr |1 and “I 74>,
Although these translations may seem similar at first glance, the translator consulted
parallel texts in relevant fields to ensure accuracy and standardization of technical
vocabulary. Specifically, the translator referred to the paper titled “Effect of Radial
Distribution of Blade Mounting Angle BB(R) on the Aerodynamic Performance of

Centrifugal Fan” published in the second issue of 2022 of the “Energy Research and
8
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Information” journal, which enjoys a certain level of authority in the field of energy
engineering. In the abstract of the paper, the author explicitly used “blade profile” to
refer to “It &>, To further validate this translation, the translator consulted multiple
papers on aerodynamic blade design on CNKI. In these papers, “blade profile” in the
titles was consistently translated as “/t %4>, further supporting the judgment that “blade
profile” should be translated as “M 7>, Additionally, to avoid any confusion, the
translator paid particular attention to the usage of “I F#2J%” and found that it is
commonly used to describe the contours of plant leaves. Therefore, based on the above
analysis, the translator ultimately determined that “blade profile” should be translated

as “M-%9> to ensure the accuracy and standardization of the translation.

3.1.1.2 Consulting Professionals

Due to the high level of expertise in the original text, the translator frequently
consulted with experts and incorporated their suggestions during the translation process.
Through in-depth discussions, she clarified the specific professional domain covered
by the original text. Additionally, the experts recommended relevant books to the
translator and provided insightful advice on the translation. In the following part, the
translator will explain how she sought expert advice for professional terms to ensure

the accuracy of meanings and enhance the quality and professionalism of the translation.

Example 2:

ST TT

Silicium is available everywhere. | FEALHIBE AL T W o HBBR YDA ME I
Silicium with two oxygen atoms forms | £{ LAMZ 17D R &R & —EALRE .
the billions and billions of grains of sand

in the deserts and beaches of the earth.

During the translation process of the term “silicium” , the translator initially
rendered it as “%f > based on personal understanding and the interpretation in
dictionaries. However, during the subsequent review stage, she consulted with the

9
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Professor Jin Chengxing, who has a solid foundation in science and technology and
conducted the sci-tech English translation in various fields for above 30 years. He
provided insightful opinions on the translation of “silicium”: in the absence of
contextual cues, “silicium” can be translated as “fi:”. However, since the subsequent
text refers to “silicon dioxide™ as “Silicium with two oxygen atoms”, it is necessary to
reconsider the translation of “silicium” in the preceding context. It may be more
appropriate to translate it as “FE{L4)” since there is a significant difference between
silicium and silicon from a professional perspective. Siliciums are compounds formed
by the combination of silicon with other elements, while silicon itself is an element.

Therefore, when translating “silicium” as “fi{b4)”, rendering the relevant sentence as

“FEALW)BE 4L W] L would be more precise and reasonable.

3.1.2 For the Semi-technical Terms

The situation is different for semi-technical words. These words usually fall
somewhere between technical terms and ordinary vocabulary, and their meanings may
vary depending on the context. Therefore, to comprehend and use semi-technical terms,
and the following three methods, apart from referring to parallel texts or consulting the

professionals, are applicable to the treatment of semi-technical terms.

3.1.2.1 In Light of Specific Domain

Scientific and technological texts are typically not limited by local or foreign
cultures, unlike other types of texts. Therefore, during the translation process, its
vocabulary can usually be accurately translated into the target language. Additionally,
the words often have multiple meanings and uses. When applying the same word or
phrase to a new field, it may acquire a new meaning and have a professional
interpretation. Therefore, during the translation process, it is crucial for the translator
to possess interdisciplinary knowledge and stylistic awareness. Each word needs to be
carefully identified to ensure the translator understands its precise meaning and selects

the appropriate translation.
10
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Example 3:
ST TT
The hub height of this wind turbine can be | X Fi X SR FEHLINEE B = EEE 101 2
between 101 and 161 meters. 161 K2 [H],

Most English learners commonly perceive the word “hub” to mean “center”,
referring to an important center for an activity. Also, it has another common meaning,
which is “AZIHEHX41”. However, the word’s meaning changes when used in specific
areas, such as energy and power. According to the context, the term “hub” refers to the
coupling part that holds the blades to the rotating shaft. Therefore, it would be more
accurate to translate it as “¥2%%”. When analyzing the source text, the translator should
pay attention to the specific meaning of a certain expression in a specific context, rather
than just seeing its literal meaning. (%% /7%, 2021: 188) This highlights the importance
of context in accurately understanding the meaning of words. Therefore, it is crucial to
determine the precise meaning of words based on specific domain, rather than relying

solely on their general meaning.

Example 4:

ST TT

Using short power grids, they can | 7EJRA ZUALHL RIS, Fi FH ko ig B,
efficiently supply the mostly existing | FJ LA RH A48 6 36k 15 ) B0 A B P 4%
grids in neighboring cities with electrical | H, 2BBFE, A2 KA,

energy in an electricity mix, regardless of

fluctuation throughout the day and

depending on the weather.

In professional contexts, the term “grid” refers to a vast network that carries
electric power, rather than the grid of neatly drawn lines commonly referred to daily

discourse and written text. Given the present context, it is evident that the term “grid”

11
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ought to be rendered as “Hi /> in translation. This terminology refers to the
fundamental infrastructure facilitating the transmission and distribution of power,

constituting a vital energy network integral to contemporary society.

3.1.2.2 In Light of Collocation

Lexical collocation refers to the collocation of words. Words collocation occur
within sentence elements, such as the collocation of the central word (noun) with its
modifier (determiner) within noun phrases; the collocation of verbs with their objects
or gerunds within verb phrases, and so on.

In Scientific and technical English texts, words have multiple meanings, which
can vary depending on their collocations. Understanding these collocations can help
narrow down the meaning of a word. The translator has found that using word
association to determine the meaning of semi-technical words is effective in improving

the quality of translations.

Example S:

ST TT

Of course, you can compress the | 242X, /R AT A R4 22 600-900 2,
hydrogen at 600-900 bar, or cool it to | BRE G ERRRL R REUIHE, #H A
minus 253 °C, as in fuel cell systems for | #1 2| T 253 $L K,

automobiles.

In this case, the word “cell” has several common meanings, such as “I& &>, “4
>, «/NB& ] and “HER”. However, when “cell” is used in conjunction with the word
“fuel”, only the meaning “battery” is appropriate. This is because in the context of
automobiles and battery systems, “cell” usually refers to the basic unit that makes up a

battery, which is used to store and provide electrical energy. Therefore, “fuel cell” can

be translated as “$AF} HL b,
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Example 6:

ST TT

The current can be tapped using | 8k THF AN JES 340 3d 24 ) fisk o o B2 FEL VAL o
appropriate contacts at the top and | filt fi FE T B EEDHBRE—
bottom. The contacts are connected to a | A] LLxg— RATEBAT LUZE— &G BB,
consumer via cables. Such a consumer
can be a light bulb or contact an electric

motor.

The word “consumer” is usually delivered as “a person who acquires goods and
services for his or her own personal needs”. If the contacts are connected to a person
via cables, it must be against humanity. Therefore, “consumer” can’t be translated as
“Y§%%3#>. The combination of “consumer” and ‘“cable” and the following sentence
“Such a consumer can be a light bulb or contact an electric motor” suggests that
“consumer” can be translated as “F HL %,

Therefore, when translating, the translator should not only consider whether the
translation is logical, but also check the translation carefully in order to achieve

professionalism.

Example 7:

ST TT

An instantaneous power in a wind | X 3% 1 BRI Th 2 mit & XU SR B Bl R
power plant is nothing else than the | yit.
flow of kinetic energy that the wind

brings with it.

“power” in this sentence has multiple meanings, which is a common occurrence
in scientific and technical English texts. The first “power” is associated with

“instantaneous”, meaning “P# ). It is important to choose precise word to avoid

13
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confusion. Therefore, the word “power” should not be translated inaccurately as “fg
777, “BUJT>, or “Hi JJ”. The term “power” in this context refers to the rate at which
electrical energy is fed into or taken from a device or system, which can be translated
as “IJZ>. The phrase “instantaneous power” can be translated as “W#if )%, The
second “power”, which is collocated with “plant”, refers to electricity generation. In
this context, the word “plant” refers to a factory or a station. Therefore, the phrase “wind

power plant” can be translated as “X\H.3%”.

3.1.2.3 In Light of Grammar Function

In addition to associative relations of words, it is also necessary to infer the
meaning of words in combination with the context and grammatical relations. In
scientific and technical English translation, it is common to determine the meaning of
words based on their grammatical functions, as this is a scientific and logical method
that involves two aspects: one is to determine the meaning of words on their part of
speech within the sentence, the other is to determine the meaning of words on the
sentence structure. The translator focuses on the former method in determining meaning,

as the latter one is not extensively covered in the original text.

Example 8:

ST TT

In the USA, onshore wind turbines reach | 32 [& [it; I X 77 7 %8 AL 1 36 8 /N B B0k
2600 - 3500 full load hours, which | #| 2600 - 3500, 34T 30 — 40%H)F]

corresponds to a utilization rate of 30 - | %,

40%.

During the analysis of this sentence, the translator discovered that although “load”
is typically used as a verb, meaning “to put something into it so that it is ready to use”,
but in this sentence, it is not being used as a verb. As “full” is an adjective, it is well
known that adjectives are usually used to modify nouns or linking verbs, not to directly
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predicate verbs. Therefore, it is reasonable to assume that “load” is being used as a noun
in this context. Considering the context, it can be inferred that the phrase “full load
hours” is a proper noun in the field of electricity, referring to the time when equipment
is running at full load. Therefore, it is appropriate to translate it as “J§ 51 fuf NI 50,
Above all, the methods mentioned above for the meaning determination of the
technical or semi-technical words can be effectively used separately and sometimes

employed in a combined way for verification.

3.2 Translating Nominalized Structures

The extensive use of nominalization structures is a prominent characteristic that
sets English for Science and Technology (EST) apart from General English, making it
an independent discipline. (3£ #f 7%, 1987: 27) Nominalization is a grammatical
phenomenon that converts verbs, adjectives, and other parts of speech into noun forms.
It is a common word-formation technique in English grammar. EST primarily employs
this structure to achieve objectivity, precision, and information density, as well as to
enhance expression efficiency and construct a clear logical framework. Nominalization
structures play an irreplaceable role in EST, facilitating the accurate communication of
scientific and technological information and promoting exchanges and knowledge
dissemination in the field of science and technology.

In this translation practice, there are two main categories of nominalization
structures: 1) Compound nominalization structures, which consist of a central noun and
multiple modifiers such as adjectives, nouns, adverbs, participles, and prepositional

3

phrases; 2) Gerunds and their phrases, which use verbs with the “-ing” suffix to
represent actions, processes, results, products, or things related to a certain action or
concept. (& A, HHEEL 2002: 66) In the translation process, the translator mainly
adopts two methods to ensure the accuracy and fluency of the target texts:1) translating

nominalization structures into verb-object or subject-predicate structures; 2) translating

them into attributes.

15



S W YN R VAT

3.2.1 Translating into Verb-object Structure or Subject-predicate

Structure

English tends to be static, which is mainly reflected in its extensive use of nouns.
In contrast, Chinese tends to be more dynamic, relying mainly on the use of verbs.
Given the significant linguistic difference between English and Chinese, it is crucial to
consider the treatment of nominalized structures during the translation process. One
approach is to transform the noun into a verb and then analyze the logical relationship
between the noun and subsequent words. If there is a verb-object relationship with the
following words, it should be converted into a verb-object structure. If it forms a
subject-predicate relationship, it should be converted into a subject-predicate structure.
Through the conversion, the translation will be more in line with Chinese expression

habits and more fluent.

Example 9:

ST TT

It is indisputable that people on earth | TEF 4+, A+ B LHE A Gk
absolutely need emission-free | fEli. BAR, XAMERIT ZIAETTREM,
photovoltaic energy. However, this is not | {H 2 Z IR EEIRE A (B8 T)

a universal solution, but a good addition | V&5 NEEIREE 1.

to a reasonable energy mix.

This example demonstrates a common compound nominalization structure,
consisting of an adjective, a noun, a preposition, another adjective, and a noun phrase.
When translating, the translator recognized that “addition” comes from the verb “add”
plus the suffix, and therefore decided to restore its verb morpheme, translated as “¥s
fin”. She then analyzed the logical relationship and found that “a universal solution”
(i.e. photovoltaic energy) serves as the object of “add”. Moreover, the “conversion”
technique was employed to transform the adjectives “good” and “reasonable” into
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'adverb'. This adjustment aligns the translation with Chinese expression habits. To

summarize, the underlined section is accurately and fluently translated as “¥s G4k
el A B (523 1) RAENXGRESEW” . “WIDGIREEIE” is a verb-object

structure in Chinese, fully reflecting the meaning of the original text.

Example 10:

ST TT

Due to the better cooling of the cells, | FH T /K[ A EH R RELTF, Z A%
this system has a higher efficiency than | [FJ7EZKTH_F 20 & T AEHU T | .

that on the ground.

The nominalized structure here is “adjective + gerund + preposition + noun”. The
gerund “cooling” is formed by adding “-ing” to the verb “cool”. The translator analyzed
the logical relationship and initially considered whether it was a verb-object or subject-
predicate relationship, because in Chinese colloquial expression, “HiiB #1”and “¥%
#1H#th > have similar meanings. But after careful analysis, it is found that there is no
indication of what caused the cell to cool. Therefore, it would be more appropriate to
treat it as a “subject-predicate structure”. Given the common use of category words in
Chinese, the translator added the word*“X{ 2" based on the context, which would clarify

the semantic meaning. Therefore, the entire nominalized structure can be rendered

as“ FL A AR T4,

3.2.2 Translating into Attributives

The use of gerunds and their phrases in nominalized structures is a unique
phenomenon in scientific and technical English. They serve three main purposes:
forming technical terms, describing the process of action, and combining gerunds and
nouns to form noun phrases. The final case, in particular, is common in this translation

practice. Consequently, this report will provide an in-depth discussion of this case with
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specific examples. In the third structure—gerund + noun, the grammatical function of
gerunds here is similar to that of adjectives, which are used to modify, qualify, and
describe the qualities and characteristics of nouns. Therefore, it is typically translated

as an attributive to ensure the accuracy and fluency of the target language.

Example 11:

ST TT
The third source of vibration is the mast | #RZN I =N kU5 2 X BB A L, Bk
itself, which carries the heavy rotating | % 161 K& HAR E I EEMF .

wings at a height of 161 meters.

In this example, “rotating” is formed by the verb “rotate” and the suffix “-ing”,
which clearly conveys that the wings are in motion. The words “heavy” and “rotating”
function as adjectives, modifying “wings” and emphasizing the weight and motion of
the wings. Translating 'rotating' as an attributive “Ji€ ¥ ) ’not only preserves the
original meaning but also conforms to Chinese expression habits, allowing readers to

intuitively understand the state of the wings.

Example 12:

ST TT
Nothing against it if wind turbines or | 415 X /73w 4 HLEL R J1 & LI AL T35
wind farms are located on desolate | I [ H B |, BT ULETEE KA X
fields, or in former open cut mining | B, XJTGr]EdE.
fields.

The underlined phrase is formed by combining the gerund of the verb “mine” with
“fields”, which refers to an area dedicated to mining. This expression clearly reveals

the specific use of the place, i.e. as a site for the extraction of mineral resources. In the
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translation process, it is important to accurately convey the meaning of the phrase while
also ensuring simplicity. While “Jf>K37H1” can convey the basic meaning of “mining
fields”, it is obviously acceptable. To achieve simplicity and conciseness in the
translation, we can further condense it into “fj” [X. Such version not only preserves the
original meaning but also conforms to Chinese expression habits, resulting in a more

fluent and natural translation.

3.3 Translating Long and Difficult Sentences

The main features of the popular science documents are the complexity of
compound sentence types, long sentences, passive voice, technical terms and
interjections and appositives. Susan Bassnett (2010) believes that sentence structure can
be extended and combined with various means of connection to form long and complex
sentences. (Susan Bassnett, 2010) These can enhance the rigor and comprehensiveness
of scientific concepts and reasoning processes, making sentences intricate and complex,
causing confusion for readers and hindering their understanding of the intended
meaning. Therefore, for translators, the translation of long sentences in scientific and
technological English is increasingly important. To ensure better comprehension,
readers should possess a certain level of English reading and analytical capacity.
Additionally, producing an accurate and fluent translation requires the use of
appropriate translation techniques.

Correctly analyzing and understanding sentence structure is a prerequisite for
translating lengthy sentences. By analyzing the grammatical structure of a sentence,
one can identify the main clause, subordinate clause, participial phrase, and so on.
According to the main-subordinate relationship, the core meaning of the sentence and
the meaning of each level can be identified and the logical relationship between them
can be sorted out. Translation is then carried out in line with Chinese expressions. (3~
#-°F, 2000: 14)

For long and complex sentences, the translator follows these three steps: Firstly, it

i1s necessary to determine the meanings of technical words in long and complex
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sentences. For example, if the meaning involves power generation, relevant information
should be consulted to understand the principle. Secondly, the syntactic structure of
long and complex sentences should be analyzed, along with the logical relationship
between clauses and between clauses and the main sentence. Finally, the translation
process should take into account the differences between Chinese and English
languages, contexts, and expression habits. Three main translation techniques mainly
used in translating will be illustrated in this report: (1) embedding, (2) reversing, and

(3) splitting.

3.3.1 Embedding

The technique of embedding, also known as prepositioning, is used to render a
verb or noun phrase in an English sentence into a Chinese verb or noun phrase.

As Chinese word order is primarily based on the preposition of modifiers, it is
preferable to use embedding when translating into Chinese. This makes the sentence
more concise and strengthens the overall structure. This method is suitable for
translating restrictive definite clauses. Such clauses are closely related to the antecedent
word and can usually be translated into Chinese definite phrases or structures using the
character “f#]”, following the Chinese definite antecedent custom. These phrases or
structures are then placed in front of the antecedent word, allowing the subordinate and

main sentences to be combined into a single sentence. (32K, 2010: 6)

Example 13:

ST TT1 TT2

The reorientation of the
energy industry in many
countries around the
world towards renewable
which

energy  sources,

was caused by these oil

VF 2 B K 1A% L RE IR AT
b2 =] IF 4 1 ] 2R R
IR, XREAME
PLERRET, Kt 1
WaRtice/NibFea e

AMEHLREF 2 [H K
% S8 REVRAT b 2 7] O
g6 17 T AR RE VR B
KRR 7R AT EEHL
ibFeasa
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crises, has significantly
accelerated the
construction of wind

turbines.

The stem of the sentence is “The reorientation of the energy industry has
significantly accelerated the construction of wind turbines”. The clause “which was
caused by these oil crises” is a non-finite qualifier preceded by “which”. The logical
relation here is the cause of the main clause. For TT1——the first translated version, if
we follow the logical order and translate directly, it is easy to cause ambiguity. This
expression does not conform to the habit of Chinese expression. The communicative
translation theory is content-focused, so both the content and expression of the
translated text need to be understood and accepted by target language readers. (X! 7,
1992: 49) Therefore, the translator made the adjustment again, using the method of
embedding, also named determinative preposition: “which was caused by these oil
crises” was translated into “47JH fEHLIE A%, so that the logical relationship between

the translated sentences is more compact, clearer.

3.3.2 Reversing

Reversing is the inversion of sentence elements. Generally, after the English long
sentences are merged or cut off into long or short sentences according to the thought
group, either partial adjustment or overall adjustment is made, the principle is to make
the Chinese translated sentences conform to the customary expression in the
arrangement, that is, to the general logical order of modern Chinese rational narration.
In Chinese translation, the thought group may be completely or partially reversed
according to the specific situation. (&Rl Z=Hr, 2007: 77) The translator can only
achieve the functional equivalence when translation some texts since all the language
has the capacity to carry the same meaning but there are many differences lied in every
language. Therefore, when translating, translators should pay particular attention to the
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difference in the order of thinking between English and Chinese, and use the inversing

method appropriately to adjust the order of clusters or phrases so that the translated

sentences conform to the general narrative order of modern Chinese.

Example 14:

ST

TT

What comes out of this is initially

fascinating and  energy-hungry-
calming, at least virtually: “The sun
provides ten thousand times the energy
we need. Why don't we use them in

clever plants, is it more convenient for

“OK BRI 1) e B2 AT SE B BT 7 19
— T3 AUTAKE iz FIE R REfe T
J oAb METE AR AT RIRTRE
REFHEREREETEG? X4
REBRB, ZALRRRIEHFEEEL
FREB B .

people to tap into dirty energy sources

such as oil, natural gas and coal?”

The translator has used the method of reversing twice in translating the sentence.
One instance is in the phrase “fascinating and energy-hungry-calming”, which is a
summary expression. In English, it is customary to summarize and then elaborate, while
in Chinese, the opposite is true. Therefore, the translator adjusted this part to the end of
the sentence and added the subject “iX —%% > to improve the natural and fluent
cohesion of the sentence, taking into account the difference between Chinese and
English expression habits and thinking order. The other is in the sentence “is it more
convenient...”, which contains a compound structure with the verb infinitive. According
to the rules of grammar, the real subject of the sentence is “people to tap into dirty
energy sources such as oil, natural gas and coal”. Therefore, it is recommended to
rephrase the sentence to make it clearer and more concise. “is it more convenient” was

translated into “5 /5 {152 at the end of the sentence.
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Example 15:

ST

TT

A second source of pressure waves are
the vibrations in each sword (wing)
itself, due to the variable pressure load
between base and tip, at the speeds

which, depending on the speed and

773 B 58 AN RS2 B A B
(RIR3N, HH T P A 2 1] 4 ) 3%
AR S EUR . ARIEM R B e B A
ALEAFE, WIEE DI 2 B 120 A
B/, FEE) 10 3] 390 2B/ /NEEA

position on the wing, change from 2 to | 5.
120 km/h, respectively from 10 to 390
km/h.

In translating, the present participle “depending on the speed and position on the
wing” was repositioned preceding “at the speeds which” due to dual considerations.
Firstly, grammatically, “at the speeds which” and “the change from...to 390 km/h”
constitute an attributive clause, necessitating the rearrangement. Secondly, Chinese and
English differ significantly in terms of thought patterns. Chinese thinking tends towards
an inductive approach, deducing the general from the specific, leading to a semantic
structure that is lighter at the beginning and heavier at the end. When dealing with
complex sentences involving conditions, assumptions, causes, concessions, Or
analytical reasoning, Chinese typically adopts a sequential and progressive narrative
order, proceeding from the earlier to the later, from cause to effect, from assumption to
inference, and from fact to conclusion. (F£¥#t¥, 2005: 52) Therefore, the revised

translation aligns more closely with Chinese thinking and expression patterns.

3.3.3 Splitting

In translation practice, when faced with complex sentence structures or specific
expressions, the traditional cutting method may not be able to smoothly separate a
component. In such cases, we need to use a special translation technique called
“splitting”. The splitting method refers to the practice of separating certain components
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(words, phrases or clauses) from the main stem of a long English sentence to facilitate
overall sentence arrangement. (XI|:% JK, 1998: 211)

Splitting is an effective translation technique. It involves separating a modifying
constituent that carries a lot of information, which may be difficult to integrate directly
into the overall meaning of the sentence due to its position or relationship with other
constituents. By separating it out, the original text's meaning can be conveyed more

effectively, ensuring fluency and smoothness in the translation.

Example 16:

ST TT1 TT2

The displacement of the | =~ F L 200-300 2 | ZE 200-300 A HHIHHE
air with the three long | B [ # A S SR AEL | T, RARBEHHIZEA
swords at 200-300 | ¥, A7A4 T 5 SM | B SRAENFE .

km/h provokes not only | [WBEEE[IREE, /24T | BEATS S BN - BERE
noise from lateral | M J7 il % 5 /1 77 A0 | PPAE TR ILAE, MR
friction with the air but | [HI# k™ A= 11K 773 - D% 5175 =S ETE
also pressure waves due Bfoh, U741 R0
to the frontal contact
of the wing edges with

the air in front of it.

The original text, a lengthy and intricate sentence, necessitated a multifaceted
translation process to enhance comprehension and expression. The translator
recognized the “not only...but also” structure within the original, indicating dual
meanings. Initially, a literal translation was used, yielding the first version with
translationese and ambiguous logical connections. Subsequently, modifications were
necessary. To enhance clarity and readability, the sentence was divided into three

distinct parts: “The displacement of ...... provokes”, “noise ...... the air”, and “pressure

waves ...... air in front of it”. This segmentation not only aligned with the preference
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for shorter sentences in Chinese but also improved the logical flow, making it more
accessible to the target readers.

In summary, the splitting method requires proficient translation skills and
experience to ensure both quality and accuracy. It is a crucial skill to master, particularly

when translating prolonged and intricate sentences.

Example 17:

ST TT1 TT2
However, these | 2R, IXELHRY FIIERLE | SR, IXLLHR P A%
oscillations  have a | M 7 BB LA L B | ANFEARBLAER 5 . —
different frequency | £ BE 77 [l SR I B0 | 5T, SR A%RTER

than that of the air | R AJ[A, B E ST
pressure waves in H. m—hH, 5K
front of the wing edges BEJ7 [ IR A

and then those of the
wings  over their

length.

Initially, the translator adhered to the original sentence order, yet the resulting
translation appeared unrefined and unaligned with Chinese idiomatic expression. Upon
a thorough analysis of the original sentence’s logical relationships, it became evident
that the disparities in vibrational frequency were primarily in two distinct aspects.
Consequently, to more effectively convey the original sentence’s intended meaning, the
translator divided it into three components: “However...frequency” for a general
overview of vibration frequency, “than that...edges” to clarify the nexus between
frequency and edges, and “than those...their length” to further elucidate the correlation
between frequency and length. Additionally, the translator incorporated the connecting
phrases “— /7[> and “%— J7[f”, enhancing the translation’s logical clarity and

aligning it more closely with Chinese reading conventions, thereby facilitating
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comprehension among Chinese readers. The revised translation not only faithfully

preserves the original meaning but also expresses it in a more fluent and natural manner.

3.4 Embodying Textual Cohesion and Coherence in the Target

Text

Chinese and English are quite different in terms of sentence construction and text
structure. Nida believes that perhaps one of the most important linguistic distinctions
for English and Chinese, is the contrast between the hypotaxis and parataxis. (Nida,
1982) Chinese emphasizes parataxis, i.e. the expression of sentence meaning and
logical relations does not depend on formal means, but is revealed naturally through
implicit coherence and narrative order, which makes Chinese sentence structure flexible
and variable. English, on the other hand, is more inclined to hypotaxis, and the logical
relationship between sentence components is shown directly through explicit linking
devices such as connective words. The difference between parataxis and hypotaxis at
the sentence level, which is rigorous in sentence structure, further affects the textual
structure of Chinese and English. In order to ensure the wholeness and coherence of the
text, it is essential to take cohesion and coherence into account when translating.

“Cohesion is the network of surface relations which link words and expressions to
other words and expressions in a text, and coherence is the network of conceptual
relations which underlie the surface text. Both concern the way stretches language are
connected to each other. In the case of cohesion, stretches of language are connected to
each other by virtue of lexical and grammatical dependencies. In the case of coherence,
they are connected by virtue of conceptual or meaning dependencies as perceived by
language users”. (Mona Baker, 2000: 218) Cohesion refers to the use of connecting
words such as “and”, “or”, “but”, and “because” to link different parts of a text. It can
also be achieved through the use of pronouns, substitutions, omissions, subordinating
conjunctions, and word combinations. On the other hand, coherence refers to the
contextualization of a text, where the reader is able to understand the text based on their

background knowledge of the language. The application of cohesion and coherence
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principles will not only help the translator to understand the source text, but also make
the translation more accurate and smoother. (FiEJ, 2015: 38)

There are three ways of dealing with textual coherence and articulation in
scientific and technical translation: 1) Maintenance of the cohesion and coherence in
ST; 2) Rearrangement of the cohesion and coherence in ST; 3) Addition or omission of
the cohesion and coherence in ST. The first method is easy to follow and requires no

further explanation. Thus, the focus will be put on the latter two methods.

3.4.1 Rearranging the Sentence Order in Target Language

When translating scientific and technical texts, it is recommended that the
standards expected by the reader are fully taken into account and that the structure of
the source text is retained as far as possible. However, to ensure inter-sentence logical
coherence, it may be necessary to rephrase certain sections. Directly maintaining the
original expression can result in a “translationese”. The main feature of translationese
is that it is excessively faithful to the form of the source language and largely neglects
the characteristics of the target language, which is mainly due to the inadequate mastery
of the target language or the neglect of the differences between two languages at the
lexical, syntactic and textual levels. (Z2F4H, 2014: 9) Therefore, to ensure fluency and
accuracy in translation, the translator must make appropriate arrangement to the
coherence of the text based on the logical thinking and expression between English and
Chinese. This will better adapt to the expression habits of the target language and meet
the reading needs of the audience. It enhances the naturalness and readability of the
translated text, enabling readers to better comprehend and accept the information

presented in the original text.

Example 18:

ST TT1 TT2
And as for the | EFHRE, ARG TN | HTMAKKEM RS
greenhouse, so also for | #K B CORFHAEEE A | 1, $oKEF ORPBHRESE#
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the hot water modules
(solar collectors) in the
photothermal  systems
for water heating. A
glass surface allows sun
rays in the wavelength
range of light to pass
through. However,
when the sun’s rays
have transferred some
of their energy, as heat,

to the room or plants

behind the glass surface,

their  intensity is
weakened and  the
vibrations of  their

electromagnetic waves

become slower.

) W, —ERK
Vi B YR O BH ' 2 AR AT
LA I BRI . SR,
E PN R
ke,  MRIIE A
)55 (R BRI, DGER
SR URES, B IR
B,

&) AR E R B
— E P A R
JEER AR T DL i B R
[T TP N bj e
MorREE, WdE, M
3 3¢ 38 I 180 (1 o [ BAE
YOI, a2 i) 9 2 ek
99, HHENNIRIH
A,

ok

Initially, the translator tried a literal translation but found that it lacked fluency.
Specifically, there is a semantic and logical break between the second sentence and the
preceding text. Without knowledge of the original text, the reader may become
confused when reading the translation directly. At the lexical level, the corresponding
components of the two languages can still be found, but the sequential order is not the
same, which is often the result of the so-called word order adjustment according to the
different language habits of the two languages. As a result, the translator decided to
rearrange the sentence components and consider them within the context of the latter.
In the second sentence “A glass surface allows sun rays in the wavelength range of light

to pass through”, the phrase “a glass surface” refers to “greenhouse”. To ensure logical
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coherence and semantic clarity between sentences, the translator put “And as for the
greenhouse” at the end of the first sentence, translating it as “FliE % i R PR —FE>, so

as to make a more natural connection with the latter sentence.

Example 19:

ST TT1 TT2
But at that time, mostly | (HZEHR M i, KREZHN | 21, REHAN (L)
everyone, people like | (ETJ N #EXKEE | B9 A R HEIEEIRE,
factories, enjoys their | FAKE. ZERRIGEREE | I JLPFRBATEM®H.
night’s rest. From there, | BIF, /KAMJEEKI @04 | b5, FIAH B RS
“the water is pumped up | ZEIEH] ¥R, HETL | S1, AKIERE K MR AL
from the lower to the | FERAEANTREBMALE. | X3 &ELEKKE. AR
upper basin, with the | X & & H %S ¥ 17 | FIig Btix 4B fEm.

help of electricity from | =,
the grid, which almost
no one needs at the

time. And that’s how it

goes day and night.

The first version fails to align with the logical structure of Chinese expression. The
fundamental difference between English and Chinese languages lies in their respective
sentence focal points, with English exhibiting a front-focus tendency and Chinese
demonstrating a back-focus pattern. Consequently, two adjustments are necessary to
enhance the translation’s quality. Firstly, the phrase “with the help of electricity from
the grid” has been relocated to precede “the water...”, resulting in the translation “7Fi A
T HL 7, KIRKE K. . . Secondly, from a logical perspective, people typically
rest during the nighttime with a surplus of electricity in the grid for water pumping.
Therefore, the clause “which almost no one needs at the time” has been repositioned to

the end of the first sentence. The entire sentence is then translated as “4X 1, 7EA4[A],
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RZHN (T TN IEERE, S JLPFRANTREH R,

Hence, it is imperative to acknowledge and accommodate the disparities between
Chinese and English when translating. In certain instances, with the help of common
sense, the logical connections within sentences can be quickly figured out, as
exemplified above. By rearranging and restructuring sentences, as well as clarifying

logical connections, the target text will be more comprehensible to target readers.

3.4.2 Adding or Omitting of the Cohesive Words in Source Text

During the process, it may be necessary to add or omit certain words or phrases in
order to perfectly convey the meaning and style of the original text and make the target
text more expressive. In English-Chinese translation, addition refers to the inclusion of
words, sentences, or paragraphs in the translation to accurately convey the content of
the original work or achieve a specific translation goal, based on the characteristics of
the target language or cultural norms. (f&f%, 2014: 82) To maintain cohesion and
coherence in scientific and technical English translation, omission is a common method.
House agrees that when translating, follow the principle of simplifying by deleting
complexity, reducing words to ensure that the translation aligns with the characteristics
of scientific and technological style, such as conciseness, accuracy, and logical rigor.
(House, 1977: 103)

Unnecessary modifiers or redundant information in the original text can affect the
internal logic and coherence between parts of speech or sentences, and do not need to
be fully presented in the target language. Omitting can improve fluency and readability

by avoiding length and clutter.

Example 20:

ST TT

The largest photovoltaic plants in the | tH 5 b 55 K 864K H ol #  78 FH 6 E
world have been even built in very sunny | & 78 & HLIX . BlW: 7E3R L ARYE, [
regions. In Benban, Egypt, a | BrHEMTmvbE P 7 —HOBR R
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photovoltaic plant with a calculated peak
output of 1800 megawatts (MW) was
built in the desert near Aswan (earth
observatory. nasa, 10/2019). In Abu
Dhabi, a plant with 1177 MW is under

i, TFEIEERH IR 1800 JKIT
(MWD (S [ [ ZZ 025 MR =) 2R
uli, 2019 4F 10 8RB . R
b, —HE 1177 JRTCHIGAR F ik IEAE

construction....

There are three sentences in this paragraph, with the first serving as the general
statement and the subsequent two illustrating the examples of photovoltaic power
stations. To embody the coherence and logic in the target text, the translator has inserted
“f5il 411 between the first two sentences, serving as the complement to the first sentence
and the guide to the specific examples. By adopting the addition method, the connection

is clearer. The translated paragraph obviously reads smoother and easier to understand,

thus ensuring the acceptability.

Example 21:

ST

TT

The fact that the energy flux density of
solar radiation in the Earth’s atmosphere
itself fluctuates between zero and 1000
watts per square meter has already been
mentioned. However, photovoltaic cells
are expected to achieve the 1000 watts,
i.e. 1 kw of power, on a panel with an
area of 1 square meter. Unfortunately,

this does not work.

SRR, HhERORAE TR BAERS  E
T BEAE 0-1000 FLAF/ ST J7 2K 2 Ta) %
Ao SN, ANAIFEEEGR b ARTE 1 T
J7AK BT L S2B 1000 FLRIZhER, P
lkw FJZh . AIHE, AT A,

In general, the demonstrative pronoun "this" is used in a variety of ways. In this

case, "this" refers to the aforementioned expectation, namely that photovoltaic cells
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would achieve 1 kW of power on a panel with an area of 1 square meter. The logical
relationship is self-evident. The difference in the expression habits of Chinese and
English leads to different approaches to clarifying logical relationships between
sentences or paragraphs. English tends to use articulation or demonstrative pronouns to
achieve this, while Chinese emphasizes the meaning and avoids the repeated use of
demonstrative pronouns. In this case, the translator adopted the omitted translation
method, without translating "this." The method avoids semantic repetition and keeps
the semantics clear, so as to keep the translation fluent and concise, and in line with
Chinese expression habits.

Overall, when dealing with coherence and cohesion, there is no one-to-one
strategy in translating. Translators should be attentive to the underlying logic between
sentences and paragraphs and apply translation strategies flexibly based on the specific

situation to achieve the best translation effect.
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Chapter 4 Summary

During the whole translation process, in order to produce appropriate translation
of the special terms in the related fields, the nominalized structures, long and complex
sentences while embodying the logic expressions in target language, the translator
needs to read a lot of parallel texts and consulted industry experts or the supervisor. To
ensure the translation quality, self-examining, peer-reviewing by groupmates and the
supervisor’s reviewing are entailed and all the feedback are to be valued and embodied
in revised versions. This process may repeat several times, which not only enhanced
the translators’ experience and ability but also established a strong foundation for her
future translation work. Certainly, there still exits some limitations, which needs to be

resolved through great efforts.

4.1 Quality Control

For the original text is a highly specialized scientific text, it is of the utmost
importance to ensure the quality of the translation. Although the translator has made
sufficient preparations before translation, post-translation proofreading is a crucial step
to deepen understanding and expression, which requires repeated revision before
finalizing the translation.

After completing the initial translation, she utilized the Xbench software to finish
a basic review of the translation. The review included, but was not limited to, checking
and correcting issues such as word consistency, omission of translations, numerical
accuracy, repetition of words, matching of key terminology, standardization of capitals
and lower case, extra spaces and punctuation, and so on. In the second revision stage,
an in-depth self-proofreading of the translation over a period of approximately one
week was completed. The process involved focusing on the fidelity of the translation
and the fluency of the language. To check the textual coherence, the target text was read

through without reference to the original text with marks on any ambiguous or poorly
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translated sections. In the third revision, the translator and team members engaged in
an in-depth discussion regarding the lexical choice of polysemous words in the original
text, the clarity of the internal logic of the target language, and the standardization of
Chinese expressions. Additionally, more accurate methods for dealing with ambiguous
translations were proposed by teamwork. Given that the book was translated by our
team, the language style and terminology of each other's translations were also
standardized in order to ensure overall consistency. The next step was to submit the
translation to my supervisor for proofreading so as to get his precious advice or
suggestions on revision. Finally, the translator conducted the revisions by integrating

all his feedback into the last version.

4.2 Gains

The translation of sci-tech documents is really a tough job, which renders me work
restlessly until midnight for quite a long time. However, with the help of my peers and
supervisor, [ managed to walk out of the difficult period and succeeded in completing
the translation task, from which valuable experiences were gained.

In determining the meaning of scientific and technological English terms, the
translator conducted internships in the energy industry company, participated in
industry exhibitions, consulted various professional websites, read parallel texts, built
a glossary, consulted experts and discussed with team members, and worked together
to revise the translations over and over again. During the process, the translator
explored methods for figuring out the meanings of scientific and technical English
vocabulary, including lexical associative relations, grammatical functions, and areas of
specialization. Additionally, the translator gained knowledge about the energy industry,
combining translation with daily work, and gained a deeper understanding of the energy
industry and translation.

In translating nominalization, the translator has gained a deep understanding of the
fundamental differences between English and Chinese: English tends to use

nominalized expressions, exhibiting a static linguistic feature, while Chinese prefers to
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use verbs, presenting a dynamic linguistic style. Therefore, during the translation
process, the translator first focuses on transforming the nominalized structures in
English into verb expressions in Chinese. Then, deciding whether to transform them
into subject-predicate or verb-object structures was based on the specific logical
relationship. Additionally, she places particular emphasis on a frequently disregarded
form of nominalization, namely the combination of gerunds and nouns. To address this
issue, the strategy of translating gerunds into Chinese attributes was employed to ensure
accuracy and fluency in the translation. Through meticulous analysis and processing,
the translator aims to preserve the meaning and style of the original text in the
translation, while ensuring that it is natural and authentic.

For the translation of long and difficult sentences, the translator adopts the three
translation techniques: reversing, splitting and embedding, and unconsciously
integrates these three techniques with other techniques or strategies learnt in the
previous translation courses as her translation level improves. Although the individual
sentences in the translation read smoothly, the paragraphs appear fragmented due to the
translator’s lack of understanding of the overall logic and coherence of the text. This
translation practice highlights that scientific and technical texts are highly logical, often
with invisible connections that are difficult to discern. Therefore, during the translation
process and subsequent self-checking, the translator must carefully read the original
text, try to understand the meaning of the original author, pay attention to the coherence
of the discourse level, and make the text read naturally by rearrangement, omission,
addition and other techniques.

Finally, as the text is related to energy, the translator spent a lot of time browsing
and studying related materials and paying attention to the characteristics of the genre in
the process of translation practice. When translating, it’s important to pay attention to
the accuracy of the terminology and the differences between the two languages, and to
follow the conventional expressions of the target language. To ensure faithful
translation of the original text and alignment with Chinese expression habits, it is

necessary to flexibly employ translation techniques and strategies based on context. In
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conclusion, to improve translation quality, it is essential to not only acquire theoretical
knowledge and practice more, but also maintain a lifelong learning habit. In the context
of globalization, new concepts, terms, and expressions continue to emerge. Therefore,
translators must have a continuous learning attitude, keeping up with and learning new
knowledge to maintain sensitivity and adaptability to language and culture. In addition
to individual skills, teamwork, effective communication with other translators, and
coordination of progress and quality are crucial for ensuring the smooth running of the

entire translation project.

4.3 Limitations

In this translation practice, the translator spent considerable time and effort
reviewing the data involved. To ensure accuracy and professionalism, she thoroughly
read numerous materials and literature related to the fields of energy, chemistry, and
electricity, and consulted experts in these fields. Then, in an effort to achieve the best
expression, the translator repeatedly corrected and modified the translation.

Since the translator is not a professional in the field and has no knowledge of the
special field in her previous studies and experience, the translation of some contents in
the original text is not professional and standardized enough. This shows that her
professional terminology and knowledge reserves in certain fields still need to be
enriched. In order to improve the professionalism and accuracy of the translation, the
translator need to intensify her in-depth study and research in these fields.

Additionally, while the original text is a popular science work, the author
occasionally employs anthropomorphic and vivid images to express with a unique
personal style and emotional tone. The translator face certain challenges when
translating the source text due to the contrast between the rigorous objectivity of the
text and the humorous and witty linguistic style of the original author. Therefore, the
translator must balance and deal with the difference in language styles to maintain the
characteristics of the popular science text while reflecting the original author’s unique

style.
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In order to improve the accuracy and professionalism of her translations, translator
must continuously strengthen her professional knowledge through learning and
accumulation. Additionally, translator should be sensitive to different types of texts and

authors’ language styles to achieve better quality.
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Appendixes

Appendix 1: Glossary

EN | CN
A
aerodynamic blade profiles e 2 K B P e
alternating current AE UL
B
biomass AW 5 RE
bar B R AL
C
carbon dioxide MR
climate neutrality g Al
chlorophyll eSS
cubic meter RV S
coal(lignite) i
coal(anthracite) P R
calorific value I
crosswind X
concrete TR+
D
density wE
diesel S8
E
energy flux density RET
electron donor AR
electron abundance B+
ethanol LI
exajoules R
F
flora and fauna BIEY)
full load hours EZ N
flow velocity IE
G
glucoses ] %
gasoline R
gigawatt hour EL
gravitational acceleration H I fE
gearbox WHAE
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generator KL
H
hydrogen =
hub R
hemoglobin MerEH
I
instantaneous power [k Iy T 26
installed capacity ML=
impulse ik
L
lead-acid battery BYIE FLh
lithium-ion battery BB T D
M
monocrystalline silicon 2 F e
methane H e
N
nuclear power A
natural gas RIRA
|
photovoltaics J6AR
photosynthesis JtEEH
photon T
petajoules (PJ) FEE (—H HLERD
potential energy Hie
pressure gradient EWALvE S
powerplant KB
R
renewable energy REEEN
rotor T
rated output BUE Ha
radial turbine e i e
S
silicium (ERR&Y
solar collector KPFHREAE AR
short power grids it 38 HL Y
radial turbine (R L
T
terawatt hour X LI
transformer BN
Three Gorges — UK HL
The Bangiao Dam AR KN
the Global Wind Energy Council Ese> N A
(GWEC)
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\%
vibration | )
w
wind onshore it b XURE
wind offshore R RE
water electrolysis GV S ER
wing M
water drain HEKE
water conduit FKE
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Appendix 2: Source Text and Target Text

Source Text

Target Text

Part 111

B=Fa

Energy without carbon dioxide

T EMBRHTBH RETR

11. The hope-bearers at first:

photovoltaics, wind, water

11 BAIARBAEN: SR,
REE. 7KRE

The renewable energy sources that provide
energy production without carbon dioxide
emissions are increasingly being used
worldwide: they are indeed the great hope
for the desired climate neutrality. However,
the account must be made realistically in

order not to raise false hopes:

H: F R R 22 [ 51 A ] - AR
AR RER: BT R SRR
HOMIER B U A B2 o R, FRATT A 20
FIEDLSER R, DAY Al AR RE
FTRE, 4R EBIK,

Thesis 25: Photovoltaics, wind and water,
ensure almost exclusively electrical energy,
but not other forms of energy consumed in
the world. In this context is also
mentionable, that electrical energy accounts
for less than a fifth of the world’s energy
demand. The contribution of photovoltaic
and wind turbines to the production of this
electrical energy is worldwide below 10%

each.

PO 25: Jufk, KEERIKAERLRE R
SRy, AR RS 2t 5
EHABREIR . X RN, ek
P R RS b A ERBER T SR A 2
Z—o Horf, KBHBEAN R AT Fe LA
KRBT 10%,

Of course, photovoltaic, wind and water
energy could also be used to heat rooms or
water, or to cook steel, but the reality is

different. As one of the world’s leading

2R, HAIRET, Jefke REERTK
RE AT LA R AL 5 TRl B A, AT RN
IR, IE AT DA RN ER . (EILSEEA
ZEPR . (EE A A b Tk
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industrial nations, Germany is an

enlightening example for this reality,
because all modern economic sectors can be

found in the energy distribution of the

country.

KEZ—, EfFEAESH BN, f£1E
[, P DR Z B AT b A AR R BE VR
(K1 1 DL o

After converting the corresponding data of
the German Federal Environment Agency
for 2018, the following situation arises:
Transport and industry each need around
30% of the total annual energy inflow, as
already mentioned in Chapter 9.
Households need 25%, commerce 15%.
From here on, the utilization of energy
should be specified: Transport requires only
1.6% electrical energy, but 94% oil,
industry consumes about 30% electrical
energy and over 55% gas and coal,
households 20% electrical energy, 57% gas
and oil, 8% district heating, industry 39%

electrical energy, 49% gas and oil.

FE 8 FE IS5 =y 2018 4EFAH G
BAmit s, R 0 305 9
TRTIR, RIS T, 22
Sl AN TV 7oK E A 30% A
F RS I 75 SR 25y 25%,
32 %Ml F EL AR R 2R AN
1. 6%, TR 3Rk 94%; Tl

BEFI 2N 30%, KARS AR F)
FIZ&0 55% LA L, 77 YA HLREA T 2
N 20%, RAR A IR FHZh 57%,
DX IR AIRE (5 L 8%, Lkt F E I
AL 39%, 49%HIRAR A M. It
Jei, BRI R B R RV FH 2

&

15% . A2 i

As a result, electrical energy accounts for
less than 20% of Germany’s total energy
consumption. On a global scale, electrical
energy is involved with 15-17% of total
energy consumption (calculated from the
annual reports of the International Energy
Agency 2016 - 2019). In the production of
this electrical energy, all solar plants in the

world are involved with 3% compared to

PRI, FB R AN o 8 [ e REFE IR AN 2
20%. FEABRICHIA, HAE L S RERE
FR) 16%~17% CAR¥E [ bR e & 2016
R 2019 FEHE R A THEAT D
TEHREMIAE =, A BRATA K BH RS
KR A 3%, AT
ARSI LEE . KUAEe b L
N 1%, BT R ANR IR H
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the use of coal and natural gas. Wind
accounts for 7% compared to coal and
natural gas. Hydropower is almost 10 times

more than solar.

PEE . JK 7% B LE B T LF- 2 K FH
RER LI 10 .

11.1 Photovoltaics

11.1 ek

The average energy flux density of solar
radiation (also known as “intensity”, which
is not quite physically correct) is 1367 watts
per square meter at the boundary of the
Earth’s atmosphere. Some of it penetrates
into the atmosphere, other parts are
scattered or reflected [1]. The proportion of
solar radiation that has entered the
atmosphere warms the air, the Earth’s and
the sea’s surfaces. However, the energy
flow coming from solar radiation is also
converted directly, in natural processes
(photosynthesis in plants) and in technical
processes (photovoltaics and photothermal

devices).

K BHER SR P Re i % . (WARA
“ORPE” , (RIEANTEAUER) fEHL IR
KAJZIHFALIER] 1367 FLke/TJ7
Ko Hrr, L KSR, F®ITFH
M EC B S (1] o BEAKRRIZR
FRR 43 K PHARSHE 2L M3k W
(R TR ETF . T i, AKPH4E
SRR B LE AR IR CR Ik
EAEFD A AR OGRS
8 T B R

The energy flux density of solar radiation in
the Earth’s atmosphere itself fluctuates
between zero and 1000 watts per square
meter, depending on the Earth region and
daily or seasonal fluctuations. Some
scientists count, in simplified and idealized
scenarios, how much energy the sun
supplies to the Earth annually through

radiation and then divide this energy to the

=

b ER R rh K B 4 S 1 B I 2
£ 0-1000 FLAF/AFJ7 K Z 85, H
Ak B B T 0K B 26 ST 1 b B A7
B, H R GURIAS R 27 A G
SR — SBRE AE f A R B AR AL
ORIV A N EE S A S GiBUR iR )
) ERIRE 2 DR, ARSI
R B DL — AR AR AR VR 75 5K
RIS RoR: ORI R
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world energy demand of a certain year.

What comes out of this is initially
fascinating and energy-hungry-calming,
at least virtually: “The sun provides ten
thousand times the energy we need. Why
don’t we use them in clever plants, is it
more convenient for people to tap into
dirty energy sources such as oil, natural gas

and coal?”

PATSEBR P 10— i fi . JATITA
Ktz HIER R L) 2 dEE A
MR A RIR TR F RS
HREHEETEY? 7 X—4RE
FH®, EDIREIREREEL
TREB B ERE .

There are several reasons for this:

KA LA AR :

-The flora of this Earth itself needs a lot of
the solar radiation, namely from the
proportion with the highest intensity (watts
per cubic meter), in the wavelength range
(micrometers) of the light. The trees and
plants use this energy for photosynthesis,
food

which is the engine of their

preparation: With such light rays, the
chlorophyll, the green hemoglobin, is
activated in the blood of the plant, which
then, in two phases, contributes to the
conversion of carbon dioxide from the
atmosphere and the water at the roots into

the nourishing glucoses.

Rk _ERREAYIEEAS B KR
DR FHAR S, BIDGHIPATE Bl (RCK) A
iﬁ%ﬂ%ﬁ“ﬂim(ﬁ%/jﬁﬂé)ﬁﬁ%ﬂ
gy e FEADA K BH 8 5 1) fE
JeEEH, XEREMES YN 5]
B KBHYCHS Ja , RV AR R iR
ZRER MRt 208 A RGE, 2
It e LA B S (K PN BT B, AT EA
fRe Bk R — A T R VAR 1Y
KT B BE TR IR TR o

-The energy flux density (watts/square
meter) of solar radiation, as an integral of
the intensities on the many wavelengths, is
related to surfaces. In order to obtain an

energy flow, in this case better known as

TENBA SR [ — B0y, RFHARM

MR A B RN CRLRsETTK) 5
W RmARE R AT RERE
CRAMIEDLR, AT IR CRLke)
TR, HBET TR R KRS

[TE=RN
=k
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power (watts) at a maximum of 1000 watts
per square meter, large areas are required. A
practical, current example: On an area of
2700 hectares in China, which is sown with
solar panels (the entire Moselle-Saar-Ruwer
wine region extends to 8770 hectares), 850
megawatts are harvested. The oil power
plant in Ingolstadt provides the same output
on 37 hectares, i.c. on 1.37% of the above-

mentioned area!

F| 1000 PL, ABHERG IR TR E
J7e —ANEBRET: £ E 2700
3 b B R R PH AR AR (i B8
JBE VB IR 5% 7R - 6 K R 6 T 7 X T AR
& 8770 A, KHEEIEH 850 JE
FUo BRI, S€ R M3 RF I A7 i R PR
J 7 AKE 37 Al bRk
HTEIAR ) 1.37%!) 5 BEIA EIAH [H (1)
K,

-The sun shines on a surface of the earth
only a few hours a day, depending on the
latitude — in Ecuador more, in Germany
less, if it shines at all. In summer and winter,
the intensity of solar radiation is also very
different. As an example, a photovoltaic
house system in northern Germany,
intended for a maximum output of 5
kilowatts, delivers in the summertime
(April to September) a total energy of 2880
kilowatt hours, but in winter (November to
March) only 1220 kilowatt hours (kWh).
The difference between the individual
months shows this weather and season
dependence even more clearly: In August it
is 625 kWh, in January 135 kWh, but in
November only 90 kWh! In the entire year,
the energy adds up to 4000 kWh. However,

with the maximum planned output of 5 kW,

X PBHER R R AE W ER SR 1 R A LA/
i, HARE K E T 4 —— 2R
= N NG NI NE
o T B, R St 8 ] g DO />
B, HZRMIA TR, K FH AR S R A
ANTF]o B, FE S — ARG
RERSG, mAREHIIENS T, &
& (4 AZ 9 ) KL HER 2880
TR, EELXZE (11 HE3 )
SR 1220 T RUR (kWh).o B E
ARV i H i, BT A B AR P
TREES KA TG
8 HA 625 T, 1 HA 135
TIH, B 11 AN 90 T-FLi!
S5, LRI R ik 4000 T PLAY
SR, W SRR K D% 5
kW, it E—4F 8760 /=AY
HLEA 43200 T IUH, (HASKHLT
SAEM 52— !
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an energy of 43200 kWh would
theoretically be expected in the 8760 hours
of a year — but only a tenth of this value was

achieved!

3

WIND OFFSHORE

WIND ONSHORE
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NATURAL GAS
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5

Fig. 11 Electrical energy production in
Germany, hour by hour, on 16 September
2019 — with different energy sources. The
proportion of photovoltaics is marked with

yellow (source: Wind Europe, 2019).
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R L) EL o F 2 b . (BERF R
J5: Wind Europe, 2019).

Fig. 11 illustrates the time-dependence of

the electrical energy obtained by

photovoltaics in the whole Germany,
compared to the production of electrical
energy using coal, gas, hydroelectric and
nuclear power plants. If the sun were
shining day and night at maximum

intensity, the contribution of photovoltaics

would be significant.

SAERRER R KAL)
KHEEML, B 11 REENEE
JOARA B I AL o 40 SRR
ERCAYS= O YL FCE T P 7
L) Dk 2 BRI

But how at all does the sun do that? In
plants, the sun rays encounter at first
chlorophyll and activates it. In photovoltaic

panels the sun rays meet silicium instead

chlorophyll!

B ROGAR K HL S B2 A A W8 2 K FH
TR b, PR AR
SR, AESCAR BB R, KB
S B LT AR 2R K !

Silicium is available everywhere. Silicium
with two oxygen atoms forms the billions
and billions of grains of sand in the deserts
and beaches of the earth. In combination
with oxygen, silicium is utilized as glass:
glass for the wine, glass for the windows,
glass for the greenhouse. And as for the
so also for the hot water

greenhouse,

modules (solar collectors) in the

photothermal systems for water heating. A
glass surface allows sun rays in the
wavelength range of light to pass through.
when the sun’s have

However, rays

REALH B AL 7T I o hER v RN e
EE DT R R A A
B SRR TS, At DUH
TR : MAWNIOE, W38, )
HHF. HTFIN#OKe R+,
oK CRPHRESE IS AR R
B, —ERACTEE N K BH
LR LA PR . SR, 240K
BHOGHS It 2]
BB i T ) s (R SR A, R 1)
SRIEESIRTS, HBLEIREN AR
& o SR, X TRXFh R AR UL, —A
WHERAE T, B AIEFAEIE

HAR e,
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transferred some of their energy, as heat, to
the room or plants behind the glass surface,
their intensity is weakened and the
vibrations of their electromagnetic waves
become slower. However, the silicium with
its two oxygen atoms is too rigid for such
oscillations and sometimes does not let
them out. And so, everything behind the

pane becomes warmer and warmer if the

corresponding volume is well insulated.

Fid ok R, G0 SR IR = A
(B b AR 0, AR = A — D)
2 FR KRR A

In a photovoltaic cell, the silicium has no
oxygen atoms, but other partners. In 1839,
the French physicist Becquerel stated that
“a release of (electrical) charge carriers can
occur through light”. An electron can
therefore detach from an atom if it has eaten

energetic photons from the sun’s ray.

JeARHb A A A AR 2
FIER, R AMEA TR . 1839 4,
EEYE A Z N )R (Becquerel)
fath, OtAmMEIR T, CHE
ST IR SR T PN EB i’ 57
M REG T, AT AR 5~ 7
oK

And such a phenomenon opens the way for

inestimable applications!

WiE, JeHRN AYEIRI Tz N
FFRE T IE %

The upper silicium layer of a photovoltaic
cell is interspersed with electron donors,
usually phosphorus atoms. This results in an
excess of electrons in the structure of the
upper layer. The lower silicium layer, in
turn, is interspersed with boron atoms and
as a result has electron deficiency, i.e. holes

in the structure of the lower layer.

JOREME LR S T4k GE
R T 20k, S ERA
SN U I 1 N = R D ke
DLtk > 7, R RS T A

Vs

T /\o

Interesting, however, is the intermediate

layer, as a boundary area between electron

SR, AT )R, BT
JEAHL 7B = 2 [8) (30 5 X %
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abundance and electron deficiency: There
electrons sit in holes, but they sit like in
starting blocks, ready to start somewhere as
soon as there is created at least one impulse.
And now the light rays come into play: they
collide with the upper layer of the
photovoltaic cell, their photons, fully
charged with energy, push up to the
boundary layer of the cell and give the
electrons in the starting blocks the welcome
impulse. They hiss upwards, towards the
cell surface. This movement develops as a
true chain reaction, in the middle layer an
electron suction is formed, the lower layer

supplies electrons and thus has even more

holes.

XN, By e eEE, gt
s RF—F, —HFELs A
fikad, AT AN HE A S B . A
SRV € (S RS AN SN
JEARSE, TR e R AL TR T
ELIEER N B i = % i PG R U
T AN k. XL TR
MR, Wit e B S . M Tiss)
AR A 1 HOAE RESUR N,
AR T, R T
Bk, 74 T EZ IR

Between the upper and the lower layer, an
electrical voltage is thus created. The
current can be tapped using appropriate
contacts at the top and bottom. The contacts
are connected to a consumer via cables.
Such a consumer can be a light bulb or
contact an electric motor. The electrons
from the upper layer flow through the
consumer to the lower layer and so the
circle closes. Then the light rays with
energetic photons come again through the
upper layer to the boundary layer and the

game begins again.

Mg, ERANRZEE T ik,
T TS M JE S 3 244 £ i o 42 HE
Pto i o 3 I A R R B
FZ—— D2 — RAT AT B —
BRI e, ER KR TR
R B A TR, BRGE R
B HAIRE . R JE A RERDE TR
BRFd LRBKBT)Z, FiaE
HER.
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However, the process is at some time
saturated in this vertical plane, because in
the upper- and lower-layers electron
abundance and electron deficiency in the
have a limit.

structure physical

Consequently, many such "shafts" are
required on the horizontal plane, i.e. more

area with photovoltaic cells.

SR, FEXANE B b, XGRS
ERENEREAN ZIERMEM, BN
R S R R AT R ik
ZH YRR . K, K7
EREFFZIXEN A7, RDEAR
FELR R AR BE K

The fact that the energy flux density of solar
radiation in the Earth's atmosphere itself
fluctuates between zero and 1000 watts per
square meter has already been mentioned.
However, photovoltaic cells are expected to
achieve the 1000 watts, i.e. 1 kW of power,
on a panel with an area of 1 square meter.
Unfortunately, this does not work. Even
with pure monocrystalline silicon, the
efficiency of the described process is not
higher than 24%. So, you would need 4.17
square meters of panels to reach 1 kilowatt
of power with maximum solar radiation. In
practice, however, it is 5 to 10 square meters
because the silicium crystals are not
absolutely pure, often the cheaper
polycrystals being used. Compared to the
calorific value of a fuel such as gasoline,

diesel or ethanol, this energy amount is

rather poor.

EcHR B, RO UZE TR R AR
MIREIR B EAE 0-1000 FLAER/ P 5K
Z AP AT AR F it e
7E 1 PR IR _E 5230 1000 PLIF
Thag, W lkw MIThZE. A, 474
i o BOAEAE Al A gt i, BRI AR
MERMALET 24%. Kk, B
O BH 4 5 B s s LR, Bk 3
1000 FLThA, NIFREE 4. 17 ~FJ5 KK
TR o SRT, FESERH, T2 5 5 10
IR, PR e i A T AN 26
X, Sl A AR 2 S
YR Seih 5 B SRR A
FLE, TSP RE IR
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Thesis 26: Ten square meters
photovoltaic panels can provide during a
summer day with 8 hours of solar radiation,
as much energy (8 kWh) as 1 liter of
burning gasoline or as 1.7 liters of pure
ethanol from rotten apples or plant residues,

or as four liters of forty percent fruit spirit.

of | X

A 26: TEEZE 8 /MBI K BH 4R 5
N AFITR DR AR FE A 8
JEHL (8 TR, BiAHST 1 THA
TRRGE J A R R BB LA R HE
VIR =AY 1.7 FHali CRER R H
B 4 TF 40% A RIERE I R L B

Very large-scale and very small

photovoltaic systems are installed far and
wide in the world. In order to always put
them in the best light, operators, sellers and
eco-militants use bombastic units of
measurement that hardly any layman

understands:

5 B4R 22 TR N ARDEAR
RERG . N T IREIL TN T &
BTG, B8 SRS
WENFANIREMEMH T ILF AT AT
NI R4,

- for the power output: kilowatts,

megawatts, gigawatts;

- DM TR, JEE. E I

- for the energy that results from such

construction per year: kilowatt hour,
gigawatt hour, terawatt hour, but also
exajoules and petajoules, and even

megatons of oil units (1 MTOE is the same

as 11.63 terawatt hours).

- RFEMSEEF S ERNGERE: TR
I B RBLIS, BAR AR

(10718 EHOM A0 12 £EH),
FeF IR Chyh s, 1 JRmiE 24T
11. 63 KELHS),

No one has started quadrillions of
kilocalories yet, but therefore it's never too
late. It took some time and effort to
centralize such data, standardize it and
evaluate all that information for this book,

according to objective criteria.

H RS S N RTS8 5T+
M. BARRYE 2 bR, fidRix Lt
B, R HBATARAELL, FVPAEAS TS
M EER, 2R3, (EARA
. o
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A first, very pragmatic criterion is the ratio
of the energy collected during a year,
standing out against wind and weather,
through summer and winter, through day
and night to the installed (and hoped-for)
power of the plant. The best integrator of
energy and performance is the planet itself!
In 2018, all the photovoltaic systems in the
world have had a peak output of 500,000
megawatts (MW) — which was calculated
for ideal, best conditions. All these systems
together generated in the year 2018 a total,
real electrical energy of 600 billion kilowatt

hours (kWh).

ESE, —MNER AR, £
e, TV AR H I, FE AT Bk 2
FIORRBRR, FriEmRe s SR
RNl CRITID ThE 2 L. HhIk H
B A2 B YRR 6 1) B A e !
2018 4, AERFTAGIR RS MIE(E
T FRIEFR) 50 J5IKEL (MW) —iX
& AE BAR I B AR SR NI A
Ko PTEXERGA 2018 FLIL
PPAET 6000 AZTFLIF (kWh) FsE

b HLAE o

In comparison, in the same year, in the
world have been produced 9851 billion
kWh with coal and 5890 billion kWh with
gas. so total with coal and gas 15,471 billion
kWh. The electrical energy generated by
photovoltaics therefore accounts for 3.8%
of the electrical energy from coal and gas.
Compared to all energy sources and plants
used for electricity production worldwide,
the contribution of photovoltaic systems

was only of 2.3%.

M T, [, SRR KA
98,510 AZT LI, RIKHEEN
58,900 14T FLET . ERAIRIR AR
AT 164, 710 /2T Tl o BRI,
JEAR IR HL T AR PR HL B o IR TR SR
SRR 3. 8%, ST KA
R RRIR AT R L A b, R &R
Gt (1 R HL AL 2. 3%,

But another aspect is also interesting: If the
calculated power of 500,000 MW could

have been  achieved continuously

throughout the year, the total energy

By —JrmRAEE: R E
#RE ALK HL 500,000 JKBC, ABA
R BB IA R 43, 800 42T T
1k AR I 52 5 o R AT A
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produced would be 4380 billion kWh. Let
us compare reality with schedule: 600
billion kWh (actual) by 4380 billion kWh
(target) results in a rather humble ratio of

0.137!

6000 2T FLB) (SEFRARHEE) FREL
4380 fZTFTLlf CHARKHE), 15H
AT EE R A 4%, 12 0. 137!

Thesis 27: The solar radiation fluctuating
over all the day, over all the latitudes and
over all the seasons on all photovoltaic
systems in the world results in an annual
average global radiation efficiency of

13.7%.

WOl 27 EFRPTACIR ARG R
BHE BT HOKB RS B T
BT BRI RCR T 13, T,

As a comparison, in Germany in the same
year 2018 there were photovoltaic systems
with a peak output of 45,500 megawatts
calculated for ideal, best conditions. In that
year, they generated a total electrical energy
of 45.7 billion kilowatt hours (kWh) in
Germany. The radiation efficiency in
Germany in 2018 is therefore 11.4%. This
is less than the global efficiency of 13.7%,
which can be explained by latitude and
weather. The largest photovoltaic plants in

the world have been even built in very

sunny regions.

ML, 2018 4E4E E Lk R4
FEFRARNG BT B VA i th Th &
45,500 JKFL. X4, EAEMEE
REEIEE] 457 2T LR (kWh).
Rl 2018 448 B e R R 5 10 %R 5
ORI 11, 4% XK T 23K 13. 7% 1)
AR, FERAEAM RSN,
5 b A R R G AR H ki 8 2 A PO
JEH 7L X

In Benban, Egypt, a photovoltaic plant with
a calculated peak output of 1800 megawatts
(MW) was built in the desert near Aswan
(earth observatory. nasa, 10/2019). In Abu
Dhabi, a plant with 1177 MW is under

B 152 S ARYE, Bl BT 0 v 5
R EEOGAR R, IR E
Wi ThE N 1800 JKEL (MW) (SE[HE
] 5270 2 A R S b koW 35, 2019
10 HIEdE R . PIATILELT)
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construction, in Longyangxia, China, in the

desert near the city of Hainan, a
photovoltaic plant with 850 MW was built
on 2700 hectares (2017), which, according
to Chinese data, secures the supply of
electrical energy for 200,000 residences.
Converted on the basis of the global
radiation efficiency 2018 as a guideline, this
results in an electrical energy of around 700
kWh per house and year. The guideline
value for Germany is, in comparison, 8,000-
14,000 kWh for a single-family house with

4 people, with its own solar system with a

peak output of 6 kW.

—JE 1177 JRFLHIGAR B IR AR
B o St v [ Vg R M B AT —
Ry, IRHERC T — RS 2700
AW (2017 4, #iHIhE N 850
JEEC AR, AR )
ZHIE AR 20 U7 R R4
Hi. DL 2018 AEAERERH 2R ik
W REAT H 5L, B R R RS 2
700 TRLISHIHLEE. AHELZ T, FE[E
M E A — KW R R
B, B ERETIEN 6 TR
KPHAE R4, M HEIZX 8 000-
14, 000 T FLI

In China, another large plant with 2000 MW
is currently being built (02/2020). In
Kamuthi, India, there is a plant with 648
MW, in California, USA, the Topaz Solar
Park with 579 MW, consisting of 1.7
million solar panels. The largest solar plant
in  Germany (07/2019) is located in

Brandenburg and has a peak capacity of 145
MW.

Hh ] A AR E s 5 — A 2000 JE FU
R AR FLEE (2020 4F 2 A)D. B
JERIBHRA — JE 648 JK FL I & FELk
FEEINFAE B Topaz HARK
HLSE R FL o 579 JKE, 170
JTH AR B AR AL R [ K
KBHBER T (07/2019) FiFzh%
G, WElE RN 145 JETL.

After the dessert, photovoltaics also make

way at sea: In China, a "floating
photovoltaic system" with 40 MW was
built. The 132,400 panels occupy an area of

93 hectares on the water. Due to the better

bR 7 ER, e RBORAE R BB
KIEST: FEREE T4 40 JE
L "R ARG . i 132, 400
B AL, K BB 93 &
bilo H1 KT b R SRR E AT
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cooling of the cells, this system has a higher

efficiency than that on the ground.

ZAR G K L RRCR & T e
1T =

In Europe, whether in Italy or in Germany,
people have recently started talking about
"agro-photovoltaics". There are already
plants with vertical panels in the field, in
between grow carrots, potatoes and other
vegetables. It is even said that they grow
better than usual, due to the light radiation
reflected by the panels. The second
European variant is the one with panels at a
certain height above the pastures, so that the
sheep below can eat their grass undisturbed.
Such extravagant individual solutions in
areas with intensive agriculture and rather
moderate solar radiation, such as in Europe,
are interesting showcase projects with too

little of the energy production of the

respective country.

FERRI, iR B AAE B, A
&L I e R e “ e R A — 44
o HIEEYII A AR 25 7 R E
Tk, LIS b, SR Al R
Ko LR AU, W RS G
R H I (] o B R e G S S
ol R £ 5 B R AE AR BT — 5
o SR 22 BRI AR, IXRE T T A 4 S
AU TR Z B . AR BRI E AR
M EE L R BHAR A AR iR A3 X
X B SOMRF IRl o7 S R
WSl AR E . (B 7 fE
Kb

On the other hand, as in the examples

shown, the construction of large
photovoltaic systems in deserts and in areas
with particularly strong and long-lasting
solar radiation, such as in Australia, Kenya,
Egypt, China, Dubai, Indonesia, Nevada or
Colombia, seems to make sense. Using
short power grids, they can efficiently
supply the mostly existing grids in

neighboring cities with electrical energy in

Fi—J7 W BRI rR, £V
AR PR S RF 0l 530 357 A IBBIX, 2
WA FRI. ¥, HEH. il
FELEIEE JE PR E . P ARIE N B RHE LE
W, diE KR RGP 2T =
o AEIR A AP R g, A
EW, AT PAA ROy A3 3T Y
PA R, 2B, AR

f= By
S
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an electricity mix, regardless of fluctuation
throughout the day and depending on the

weather.

In addition to the large-scale plants, the
individual, in-house plants in Europe and
elsewhere in the world appear to be
reasonable and efficient. A system with
about 35 square meters on the roof of a
single-family house in Germany provides
an electrical energy of 8,000-14,000 kWh
per year when exposed to solar radiation,
which is usually sufficient for a family of
four persons. It should be noted that due to
the fluctuation of solar radiation, especially
in the day-night rhythm, a power storage
system is absolutely necessary. Lead-acid
batteries, more recently lithium-ion

batteries, as in electric cars, are usually used

for this purpose.

B 7RS4, R AN 5 A
i 5 B A R T LT A
Mo (EEE, —A 35 PRI
FEEW LIRS, fERHEHT,
FEAE AT LB 8000 — 14000 T FLEF
L RE, W TBEDY 22 A .
TR, BT KBRS 80,
Rl REEBRCTEY, BEHRGE
T AL ER . DRTER H I 2 T
FE, 1790 4 R A P A B v AL T
R, AR T E

Unfortunately, future-oriented techniques,
especially in the field of energy or
automotive propulsion, are very often
regarded as universal approaches with a
world-saving character. All alternatives
then suddenly “have only serious
disadvantages”. And if the new technology
still has problems, they are passed over by
means of true science fiction scenarios. This

is also the case with photovoltaics.

BRI, RRIBIA, JLH R
BEVR BOR A SUOR R R, A
WA 9 AT ABR Rt S 038 FH 72
— W, HAbETE & AT R
“ELMB o W ARATIRAT
FEI R, o A AR SE R4 5%
MK L, JEARFOR W2 Ntk
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“The fluctuation of the produced electrical
energy over the day or over the season is not
a disadvantage in itself, but a natural
condition from which everyone can make
the best. The placement of a large plant
close to the large power grid of a city is such
a compromise, the small system on the
house, completed with a battery with a

reasonable capacity, the other”.

“FRAEM B KRB
A IFARGR L, T — A H AR
i, ANERREM R it o £EFELTIN T
KAL) 5 3 S KA R L
— M AL, AR R E N R
gt, JFECE A EA RN E B, W2
F TR INET

But the idea that with the very weak yield
compared to an energy source such as
ethanol from plant residues, the
photovoltaic participation in the world's
electrical energy can be increased from the
current 2.3% to 30 or even to 50% is very

exaggerated.

HJE, HHEYak i £ RS REIR
ML, SRk B 4w AL, Bk
A LUK FLAE tH A B Re ¥ 5 LA H
AR 2. 3%FE My 3 30%EE % 50%, X Fih
HEVER AR ST

Of course, you could sow all the deserts of
the world with photovoltaic systems, why
not, they are empty anyway and the human

settlements are usually very far.

PR, URA] DLEE T 5 P Vb X
BDICIRARG, AR, FiEIer]
PERE S, mHNREETEE

And what happens to the fluctuation of
energy day and night, and how do you
transport this energy from the desert to

Berlin or New York?

Wz, XEEREEBERBANTH AT,
SCANRT A AT AN 3 B B A AR B
A7

People talk about thousand-kilometer
routes of pipelines - in Germany, for
example, they debate them for a very long
time, in connection with wind and solar

parks, so far without clear results.

MTRE KL T~ BN EEL
H——lhn, B, AL
JXCRE AT B RE bl XA O /5 2
B, AHZA Ak, AR MR
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People talk about gigantic batteries —
especially in the desert, at 50°C. Well, you
can then put a large power-guzzling air

conditioner next to it, how imaginative!

R BB EE gt ——RF A 2 Vb p
50° C Eilde 10, SRJGARA]DLLE
BN RIWES W, 24080
g I7!

But the foolhardiest idea is another: you
could use the electricity on site for water
electrolysis (if you have enough water in the
area) to produce hydrogen. The hydrogen,
as a carbon dioxide-emission-free energy
carrier, can then be transported over
thousands of kilometers with giant trucks,
such as the 50-meter- long road trains, from
Australia to Europe or elsewhere. Hydrogen
can then be used in power fuel cells, and so
on. There is only one catch: hydrogen as a
gas has a density 15 times lower than
atmospheric air. An example of where this
leads: In a 60 liter automotive tank at
atmospheric pressure and at 40 ° C, there
would be 4.6 grams of hydrogen in the tank,
with a calorific value equivalent to 14
grams of gasoline. Of course, you can
compress the hydrogen at 600-900 bar, or
cool it to minus 253 °C, as in fuel cell
systems for automobiles. The road train
through the desert would then either
become a moving bomb or a mobile large

cold chamber.

A, A AT AR, K]
PAFE 37 F A /K AL Cln SR i
XA BB A, EA—FE
A B HE R e IR AR, P LA
KRIBRZE (I 50 KK BN HI4)
MK T 5 1% 21 RR P 5k H At 1
T AT A R TS, AR
AT e s, RA—4
R A R LR AR P 1 S R
15 f&. fltn, 7€ 60 FTHA M+,
KAEF40° CF, MF+HH 4.6 5%
SR, HAVEAST 14 SOl . 3
IR, 28R, R AT LR A SURSE 2 600-
900 2, B IR A R B R G 1
B, B HAABIETT 263 IR . @
T VDI I T R B R4 O B KE
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Of course, the idea with the pipeline

remains, like Nordstream 2. Sounds
utopian, is utopian: With the lowest density
of all elements, this gas would need
pipelines with extremely large diameters,
especially at high temperatures, in order to
be able to transport a sufficient mass flow
of hydrogen in a streaming volume. On the
other hand, hydrogen already ignites at 4%
concentration in the air. A small leak in the

pipeline at 40°C in the desert would cause a

disaster.

LR, EiEE A ML, R
Nordstream 2 —#f. BEAEIR=F,
ISR BRI BT AR TR
iX, JEHRAE SR T, N T ek e
ERER, EEHRKERNEE
KIGMAW R E. DUE LIRS K
ik 2 s A <. 53— 7,
B P EIRIEIR R 4%, Ha
BRo Wb, i RAIRIEE] 40° C,
B TE R R A Rt R, #leid
FSCRAE o

It is indisputable that people on earth
absolutely need emission-free photovoltaic
energy. However, this is not a universal
solution, but a good addition to a

reasonable energy mix.

TR UL NI T B
JCARFEIR . BIR, IXAMERTT ST AR
JIRER), (HRTMGRBETRE &
H (EET) REXAESEH.

The sun comes to the atmospheric border
with a charge of 1347 watts per square
meter, within the atmosphere only 1000
remain, the solar panels keep only 100 to
200 of them, over the year, with all
fluctuations, only 12 to 14 watts remain per
square meter. From a thousand to twelve,

that's 1.2%.

p NP EIpNGRUE i IS
MIREE Y 1347 TL, RAEN, HFE
T 1000 FL, A FHAE FE AR PR B I
Hify 100 2] 200 B, —4FEN, BTA
WG, AT IR RFET 12 3
14 FLo A\ 1000 FLE 12 B0, HA 1. 2%
(1 e A5 A FH R FIBARCR

Nevertheless, we need these percentages,
whatever the cost. In this analysis, nothing
was deliberately said about prices that are

actually reasonable — it is basically about

B, AE— DR, BATT#R R 2
SEHH o AEX TR, FRRZIE SR
LR B — B R
JUANA D RS BAR RN TN
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diminishing anthropogenic carbon dioxide

emissions, even if only a few percent.

N AT

Thesis 28: In the deserts of the world, as an
electric energy supplier in nearby cities and
on family homes all over the world, as a
decentralized power supply, photovoltaics
is particularly efficient. But covering entire
cities and fields with it would neither
increase efficiency nor be humane. Berlin

doesn't need "Under the Panels", under the

WO 28 fEH bR, H T4
MAOCRK RS, I A
A SR EA T, KEME
Mo AR E 78 o B PR A T A X
H, BEASREAEBAE, AN
o AT E ORI R, F
PR TR SE (835 “Unter
den Linden” , MMM KA,

lime trees (“Unter den Linden”, in German, | &I 44 IHTIE)
a famous street in Berlin) are more

beautiful!

11.2 Wind power 11.2 X ge

Power alone is not enough, we need work
for the generators that have to produce a
reasonable amount of electric energy during
a passable duration, not only for few
minutes. Work means power over a period
of time. This formula results from the basic
definition of work as a force acting over a

distance.

A BARAEN, RINBEFHEK
HUHLE AT, £E ATl I Rl A, T
AR LBl R HHL R E AR IR

W ATIRGS, iR A R
BE. DURTR—BINRINRIZIA. X

NPT IIHIREAE S RIE
fE—E R L.

An instantaneous power in a wind power
plant is nothing else than the flow of kinetic
energy that the wind brings with it. This
flow of kinetic energy is given by the
multiplication of the mass flow of the air
(kilograms per second) with the half of

squared speed of the wind (square meters

JREE 3 (1 5% B Tl Rl A2 KU R K 2
RETRL . IXFPEIHENL R B2 SRR
B (TSR R LUXGE T I i —
CPIEKRERT T /5 1 R
BAG AR NS UEE. TR
AL (XL T
TR IETH X380 1)afefR . R, 1
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per square second). The mass flow itself can
be expressed as a product of air density, air
speed and flow-cross section (the frontal
area formed by the rotor of the wind
turbine). And so, appears in this deduction
of a power formula, the air speed to the

power of three, a cubed speed!

R A HE T, BT )G 1
=KJ5, RSS!

The instantaneous power (joule per second,
which is equal to watts), can be high, when
the wind blows, or zero, when the air is still.
At the end of the year, any large or small
amount of power will be added for all the
seconds or hours of the year (watt-second,
watt-hour or kilowatt-hour), so the work
comes to light as energy throughout the

year.

WL, R Th3 (EHAERD, 55
TEHRE) ArReiR e, LR, B
I IR e R . R, BT R E
o K B IATATT KN 2 CRUARERD
FURE /NI BT FL/N D, IR 44 T
TE#BLARE BT 20 H

Sorry for this annoying theory, but it allows
to discover a very sensitive point of the
power of a wind turbine: the cubed air

speed!

RIS B XA R, HE
EFATARIL T R IR %
B — A ORHE AL WG AL TS

Thesis 29: The instantaneous power of a
wind turbine mainly depends on the cubed
wind speed. Between 5.4 km/h and 25
km/h, the power output increases a hundred

fold, maintaining the same air density.

W 29: R TIRFEALIRBRES T2 3
BT RIR WS o 16 5.4 AR
/NI B 25 8 BN 22 T, A o
MY — AR, REFAHE SR
JZ.

In Germany, for example, four wind zones
have been defined by the norm DIN 1055-
4: they range from a maximum wind speed

of 81 km/h (Zone I, Germany Central and

B, FEE AP A KX BL DIN
1055-4 JgbrifEsE L. ey
MERR NG 81 22 BN CANT X,
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Southwest) to 108 km/h (Zone 1V, coasts in

Northern Germany).

HPAE E R g D) £ 108 2 HY
NI CENTV X, BIAE E TR AR A D o

Historically, people have probably utilized
wind for as long as fire to gain energy: from
a windmill for work, from a fireplace for

heat.

Pasz b, NATPRIA AT FL R I 1]
RRE 5 A K0 R R I TR A
Ao WEEFAL NHLIMRE , KIRBERTK

The first mention of windmills can be found
in Babylonian writings from the 18th
century BC. In Europe, windmills were
mentioned in England in the 9th century, in
France in the 11th century and in the 13th
century. In the 19th century there were
already over a hundred thousand of them on
the continent, 9,000 only in Holland. Some
of these windmills achieved power outputs
of up to 30 kilowatts. The first wind turbine
for electricity generation appeared in 1887,
in Scotland. A decade later, aerodynamic
blade profiles were developed in Denmark,
which greatly reduced the number of rotor
blades. The large-scale use of wind turbines
began after the historic oil crises of the

1970s.

ATCHT 18 g, EHASEIEF X
PG (ERGH, filhn 9 thZlse
[ 11 tHeg LK 13 2 i ik 6
DT RGE. EZAE 19 e, BRK
b - CF 40 256 K%, AEST 4
BA 9,000 f o Hh— 2 XZER fr
D& ek 30 Ti. HAEGH T X
HLIR R IR AL T 1887 AEAE TA% ==
. s, TR
W, PRI i B R K b e
TEF R BE . 20 e 70 4
(AT S C R i) = P WA R
NI IR R MBZ A .

The reorientation of the energy industry in
many countries around the world towards
renewable energy sources, which was
caused by these oil crises, has significantly
wind

accelerated the construction of

turbines.

AEHFBOT 2 EH K KL g RedR
AT Mb 23w 1 T A RE PR AL A
RKIR T R TimEE LA o
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Since then, onshore wind turbines have
been springing up like mushrooms, and in
Germany alone there were around 30,000 of
them at the end of 2019 (Statista 2020). On
the water, i.e. offshore (off the coast), there
are now more than 5500 wind turbines

worldwide (11/2019).

mia, K BRI Ee LI 5 A5
FmIL, EEE, 2019 FREAE
130,000 & (Statista 2020) . 7E 7K
b, Bl R, BLERBRA
i 5,500 & K ATiREEHL (11/2019).

Onshore wind turbines achieve capacities
between 2 and 5 megawatts (MW), the
offshore turbines generally have the better
wind in terms of air density and speed,
which is why their power spectrum is also

higher, at 3.6 to 8 MW.

bt b XTI LI R BAE 2-5
JEELZ I8, HH T b A R
FETEPAR, Rk, RJJBER, Af P
RS TIRECHUIER: o TR, i XU
W Iy F 110 7 AU P AN R LG o B
Ko Bk, EATThERE M E R, 7£
3.6 | 8 JRFLZ [A]

g o

However, performance alone is a
quantitative, not a qualitative, criterion. The
energy efficiency of a wind turbine must be
able to measure up to that of a photovoltaic
cell: If the sun enters with 1000 watts per
square meter of cell area, and only 100-200
watts of it can be converted, what about the

power provided by the wind on the wind

turbine circular surface?

SR, TR B — AN EAARUE, 1
JEsE AR AE . AT EE AL IR REVE 2L
NG AR b i — 8 KPHOE
HES 2GR B ith = 19 Zh 24 1000 FL
IR, M A 100-200 FLRE
B, A2 AIRAE R T IR EE AL
T E i Th 3R 2% e ?

There are strongly differing figures on the
area-related performance of wind turbines.
This is no wonder considering that the air
velocity is calculated high three, which is
why small gusts can have a big impact. In a
2015 which  is

theoretical ~ study

R ITIREEA I X 381 e 22 AR K
XAMERS, THESE R BN, B H
RIS, — /XIS AR
RRITo FLRARRNITIHENLEI L
3C[2], /R 51 2015 AR — I
PR A, B AR, WAL REVR S
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occasionally cited in papers about wind
turbines [2], appears as a strange calculation
result regarding the energy efficiency: 1

watt per square meter as the upper limit!

BRI ERRONEET IR — L, X
—EIRSNAAE

This perspective takes indeed the wind out
of the sails of every wind turbine fan!
Admittedly, this simulation was not done
for a wheel, but for an entire wind farm,
using the wind movements on an area of
100,000 square kilometers in Kansas, USA.
It can be read that the wind falls mainly
from the sky, i.e. vertically, and only swirls
on the ground, which is why the horizontal
speed components are rather negligible.
What, if a man in Bremen, Germany, would
hear that fighting on the street against a
crosswind of 108 km/h! Admittedly, in the
wind farm not only the areas in front of the
wind turbine rotors count. It is also a fact
that the more wheels there are in a

wind farm, the less power each of them
provides, due to the air braking by the rotor
blades. Nevertheless, simulation experts, as
well as nascent engineers, should complete
at least one semester of internship in the real

economic or industrial world!

XA AU S22 BT SCRE RIS
UK B AT R A5 0 L ISR, 25K
BB RN RIFAE— AL, TR
AR RS, R 2% E B
M 10 J5F-J7 2> B ) AR 52 BUASE41
5. TG H, KB HEm AT
HbTHT, 5 1 BT R, AN TR
T8, K77 18 (8 JRGH JL P )
PAZBEANTE o SR E 7E 18 E A ki
M L, RS H 214 Al
R R AE 758 108 23 BL//INE 1
WAR. WK, XTI, A
A& R0 e L e - AT A X 5
B A —IESE, TR
W SHIBER, R RH H X
ME R, NI AR Tt
b o RN, BB AT K
WNATH AR, NAZAEIL L5,
b Ak 2 i 2220 58 R — S A Y 5 21

The Walney offshore wind farm, UK,
consists of 2 x 51 Siemens wind turbines,

each with 3.6 megawatts, which occupy a

JeERR e EXIZE 2 x 51 &
PEIT5 Rimde L, &G Kk
PURIZhZ N 3.6 JK BC, #E/KTH L A4
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total area of 73 km2 on the water. The
distance between the individual wheels,
arranged in rows, is 749 to 958 meters. The
total power of all wheels of 367.2 MW due
to the total area of 73 km2 would be 5 watts
per square meter at full load. Not only the
area in front of each wheel, but also the
water surface between the wheels was
considered in order to be able to evaluate

the overall efficiency of such a wind farm.

(R TN 73 ST A B BHFES)
1% AU 2 8] PR R 9 749 %8 958
Ko HTRMAE 73 P~ R, B
A RIS 1 R T # Ik F) 367.2 JETL,
FEW St TG D0, P 5 K T %
BH S e AT REVHAEIAE—A R
L BRI, NMUFE R T A4
25 I TR AR DX A8k, T LA 5 R T
5t 22 T ARG PO /K T B 9

On the other hand, the wind does not blow
all year round at the speed planned for the
maximum power of a wheel. And so, the
full load hours came into play: these “full
load hours” during a year, multiplied by the
theoretical maximum power, should result
in the same energy that was achieved in
actual operation with the speed-related
power fluctuations (instantaneous power) in
all 8760 hours of that year. Depending on
location and turbine design, wind turbines
reach 1400 to 5000 full load hours per year.
At 8760 real hours per year, this results in a
degree of utilization of 16% to 57% (The
global radiation efficiency in photovoltaic

systems was 13.7%, according to thesis 27).

T, RIEA R — Y ZEHE L
TR F R 3R W [ RS 7 AR R K T
B, T, Wi R BN BT IR KA

—AEHIR L RN E,
FeLhFLit R KIIER, MiREMR
A 8760 /NI A 5 B SR D A
Wesh (R ThER) (ISEBR R H I 6E
o ARYEAL EAREALI T, R
REFCHLAEEEEIS ] 1400 F 5000 /i
KA/ o FEREAE 8760 AN SEFR/N
H, X FE 16%3] 57% 1 F) R
CIRAZIRRR 27, R ARG A EREE
SRR 13.7%)

Onshore plants in Germany have reached an
average of around 1640 full-load hours in

recent years. It is expected that in the future

TR, Rk X A
B 17251640 Ml K/ o FITHEAR
K, B BRI RN BCE T

67



S W YN R VAT

the onshore plants will reach an average of
2250 full-load hours and the offshore plants
4500 full-load hours [3]. In the USA,
onshore wind turbines reach 2600 - 3500
full load hours, which corresponds to a
utilization rate of 30 - 40% [4]. Recently,
attempts have been made to compensate the
fluctuations in wind speed by means of
“weak wind turbines” with a particularly
large rotor area, around 5 m2/kW, whereby
the number of full load hours increases to

about 4000.

B H] 2250 AN/, g EE TR ]
4500 /N g N3] 6 kB X
JIREE AL BN BUEF] 2600 -
3500, 4T 30 - 40%F]H K [4].
B, AT L T 1 T AR AR
K (L) 5 FIKT TR 1) <55 R
FENL ReAMe KU IR E, AT A
T R FL/IN IR HOS i 3 2 4000 /N

A comparison of the performance yields per
square meter between photovoltaic plants
and wind turbines seems to be appropriate
at this point: How do we make better use of
the space in the future, with solar systems

or with wind turbines?

X — b, OGRS AT X )
NIRRT I ORI PERE P B AT 52
A FRATURTAE AR R BE 78 77
A8, FOKBH A8 & Gtid 2 F X
JHmEeHL?

The very modern onshore GE model
Cypress (02/2020) wind turbine has a
maximum calculated output of 5.3
megawatts and a rotor diameter of 158
meters, which corresponds to a wind flow
area in front of the rotor of 19,596 square
meters. This results in 265 watts per square
meter. The Vensys wind turbine, with a
rated output of 5.6 MW and a rotor diameter
of 170 meters, achieves around 240 watts

per square meter. On the other hand, the

IE 5 BLAR 0 B b od@ e SR Y
Cypress (2020 £ 2 H) K InimseAl
s Kt Hf o 5.3 KL, 317 H
1B 158 K, AL TR RITTHIX
JITHM 19,596 ¥k . X FEEF
J5K 265 Lo Vensys K ITiREEHLEI
WoEH N 5.6 JEIL, T EHAEN
170 K, &-FJKIiLH2) 240 FL. F
— 7T, AR R Gk BT oK
100-200 .. 2018 4, 4Bk K
BREEST IR N 13.7%, 5 R SiR %
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photovoltaic systems reach 100-200 watts
per square meter. The efficiency of solar
radiation over the year, comparable as a
criterion with the full-load hours of wind
turbines, was 13.7% on a global scale in
2018. In Germany as a comparison, this
percentage was 11.4% (calculated from the
total photovoltaic energy and from the total
photovoltaic power output in Germany,

2018).

BRI A /NN AE 2 0 AHEEZ R, 1
[ f)ix — LA 11.4% CHRAE 1 [
2018 FEOGRBEEA LR K R
D

Thesis 30: Compared to photovoltaic
systems, wind turbines have both a 1.5 to 2
times higher area-related maximum output
and a 1.5 to 2 times higher temporal

efficiency (radiation efficiency/full load

hours).

W 30: 506RRGHEE, X1
R BRI R = 1.5 % 2
7, B TR) RS0 S 2502 3 L /N B
1.5 E 2 f%.

If it weren’t for the damn nuclear power
plants that everyone supposedly doesn’t
want and still need for their daily
electricity! The Isar 2 nuclear power plant
near Munich, Germany, has an output of
1485 megawatts (see Wikipedia: Isar
Nuclear Power Plant) and works almost
continuously (96% of the time) with this
output. The generated energy was in 2019
of 12 billion kilowatt hours. The Walney
offshore wind farm employs 102 wind
turbines, each with 3.6 megawatts, while an

average of 2000 full-load hours per year,

N RAS 2 AR EAZ I A% vty
B NAREE, (BTSSR TR % A !
B 5 e BRI R 2 %
st Pyt TN 1485 JR T (WL4EHE
EARb: B RZ Y, JEEJLTE
42 (96% I 1] Lhak A th Th% T
fE. 2019 FAHIRER N 120 14T
FUBS o TRUR JB M BRI 2238 T 102
BRI, FERILIDIZES 3.6 JK
L, T A 4F~F- 24398 L LA 2000 /N
PR RE RN 720 T3 T
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resulting in an energy of 7.2 million

kilowatt hours.

12 billion kilowatt hours with a nuclear
power plant versus 7.2 million kilowatt
hours with a wind farm? That’s a pretty

remarkable ratio of 1667 to 1!

120 {2 F LR s 720 71+
FOIF A X3 0F L 2 3% — AN 2
TR, B 1667 L 1!

Fig. 12 Offshore wind farm Walney, UK

(Source: Reuters)

12 SRR e E XY (B

| REE 3T S o)

Thesis 31: The energy that the Isar 2 nuclear
power plant near Munich provides per year
(which is to be shut down in 2022) could be
compensated with 1667 offshore wind
turbines, which would be 16 offshore wind
farms with 102 wind turbines each, similar

to Walney off the coast of Great Britain.

VOB 31: e RMTITHIFEE R 2 5
BHsE LT 2022 45601 AF4EIR
HEIIBEIEA 24 T 1667 G EIXF1IR
EEHIRAEAEIR, ED 16 N B X
Y, BARHEZEA 102 &R 77k
B, AT E iR IR R JE X
Hi37

Other comparisons are even sharper: “If the
entire area of Germany were littered with
wind farms 8 kilometers apart, the Federal
Republic of Germany would be able to
secure a quarter of its electrical energy,”
according to the daily German press.
Journalists love sensation like theorists love
simulation. But the reality is often quite

different. In Germany, more than 21% of the

FOAR S LU T B <o SR [ ) 8
ANHLIX #R A EHIEE 8 A EER I
K, Wil BRGSO E Y
s —WIHEERA | IRk, ARG
BE-INECSERIRTE R IR =ik
IS, AR ER 1 5K B R — . (HIE
SARAE R FTE A FE4EE, 2019
I 21%K R HIAER 3 I8
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electricity in 2019 was already generated by
the existing 30,000 onshore wind turbines

and the 1464 offshore wind turbines.

fif B TIR LA 1464 G F X7
IWEHLER AL

Wind energy secured over 8% of the
world’s electrical energy demand in 2019
(according to the Global Wind Energy
Council - GWEC). However, wind energy
generated only 0.6% of the world’s total
primary energy consumption (statistical

review of World Energy, 2017).

2019 4, 5 F 8%LA b i) HE YR T e
RBE R HL (BRI AE RS 22 -GWEC
R ). SR, KRR R 5
—RAEUEIH PSR 0.6% ((TH L RE
IRGEH R, 2017),

However, wind farms are increasing
worldwide, and energy production without
anthropogenic carbon dioxide emissions
absolutely needs wind power, in addition to

the other alternatives to fossil fuels.

SR, 52 XU e L 378k
B2, B 1 RAAIREHEAZ SN,
A AR BA Ny B AR HEIB
REdR, TR LA D,

Worldwide, according to Statista, the share
of wind turbines in the production of
electrical energy increased from 15.5% to

21.7% between 2015 and 2019.

HR4E Statista FIEHE, ABRVEEA,
2015 “E 2 2019 4, R IJ A AL H
BE AR 7 T BN 15.5% 38 i 3
21.7%.

In China, the world’s largest emitter of
carbon dioxide, with 28%, the expansion of
wind energy is increasing significantly: The
installed wind turbine capacity increased by
40% between 2015 and 2019, from 145 GW
to 217 GW, in Germany, by 24% to over 61
GW in the same period. The USA had an

installed wind turbine capacity of 113 GW

o [ 2t 5 oK 1 A A B R
=, RAER 5 28%, HATBEA KT
e 2015 4% 2019 4F, FE KSR
RALEENLA =N 145GW 38 Jin 2
217GW, IEINT 40%; 1= [F] 13
T 24%, $EIEEL 61 & s 2020
e, FEER I IRE LN A

113GW , Tl 31 2030 4 % ik #
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in 2020, and 224 GW are expected for 2030,

roughly as expected in China in 2020 [5].

224GW, 5d[H 2020 4 )T K E
FRIFI[5]

The wind turbines really shoot out of the
ground like mushrooms, even though they
are so big and so heavy. Presented in 2020
by General Electric as the world’s largest
onshore plant, the “Cypress”, with a
maximum output of 5.5 megawatts, has a
rotor diameter of 158 meters, the length of
each of the 3 rotor blades is 77 meters. Such
a rotor blade cannot be transported by a road
train to the assembly site. For this aim
special tractors are necessary. The hub
height of this wind turbine can be between
101 and 161 meters. Such a colossus needs
also an appropriate foundation: it weighs
3500 tons of concrete and steel, goes 4
meters into the earth and has a diameter of
up to 30 meters. The wind turbine itself also
weighs 3500 tons. That makes a total of

7000 tons.

R ITIREEHL NN Ji5 2 55 — R 3k i
e, REEMCRNE. 2020 4,

308 FH B ) i R K B b
LT g, mRRmEIERN
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M. A, FHERRIIHERL.
X PRI E WL R B A 101
B 161 K fa]. XAE— RSN KA
T EAE AR Hik 3500 MR
LA Y, BEARIE 30 0K, IR
AT 4K Xy Fe L H #HIA 3500
W, L EFEIAE] 7000 .

Of course, this also has its price, one speaks
of 1600 euros per kilowatt, which would be
8.8 million at 5.5 megawatts. But the costs

don’t count, we want to save the world!

IR, AANME, B NRET L 1600
MKIG, WA 5.5 JEEL, Hise 880 /i
MR G o H AN B, FRATAESR R
H

An interesting aspect is the rotor speed of a
wind turbine in this power range, which,

according to various sources, is between 4

AT, XA N B
IR LR IR, ARE AR oK
I8, LR RGPS, B Phis s 4 2
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and 13 revolutions per minute (rpm),

depending on the wind speed.

13 #%,

- At arotor speed of 4 rpm, the speed of each
of the 3 wings at its base, i.e. 2 meters after
the center of the hub, is 3 kilometers per
hour (km/h). At the wing tip, i.e. 79 meters
from the center of the hub, the wing speed

is already 120 km/h.

- TEEE TN 4 B/ TSR, 3
AN B, ARSI S CRIEG 3
O 2 KAL) W Z BN 3 A
(kmv/h) . FERHIS (RIEREC BP0 79 K
Wb, i EFECAIEE] 120 2 B/ /N
i

- If the rotor speed rises to 13 rpm the speed
of each of the 3 wings will be 10 km/h at its
base and 390 km/h at their tip. This tip
speed can make any Formula 1 driver look

pale!

IR T BT R 13 ¥e/ayr, 34
I e AR — N I GG 0 T
72 10 22 BN, QT BE 2 390 2
BUNEE, AR RIS E TR
PB4 T R 3% T S 2 T 2 A £

The displacement of the air with the three
long swords at 200-300 km/h provokes not
only noise from lateral friction with the
air but also pressure waves due to the
frontal contact of the wing edges with the
air in front of it: This creates a local air
compression, which causes a local increase
in pressure. Such an increase in pressure
propagates as a wave into the ambient air at
the speed of sound (at 20°C it is 1235 km/h).
The whole process develops as a result of
pressure waves with highs and lows, this
means as oscillations, with a frequency that
depends on the rotor speed. A second source

of pressure waves are the vibrations in each

FE 200-300 A B RE T, R R HE
BUREAH s AR AR .
1152 S [ RS 7~ A T I
seAh, R i% ST = SRR
B, ST R X2 IE R
M ESE, PEURIE I
XA 3G N PA A& (FE 20°C N
1235 23 B/ DL T A% 7% 2|
JEI R 25 S o AN I R el R
R s BRI K, X ERE TR
Yilks, FAAR IR T 57 .
TIB S A RIFE R A A S
(IRl ,  ER T2 3R AR 2 A )
JIEAT A T E . IRIEH F e
BEEMALEAR, HR3EE
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sword (wing) itself, due to the variable
pressure load between base and tip, at the
speeds which, depending on the speed
and position on the wing, change from 2 to
120 km/h, respectively from 10 to 390
km/h. The third source of vibration is the
mast itself, which carries the heavy
rotating wings at a height of 161 meters.
However, these oscillations have a different
frequency than that of the air pressure
waves in front of the wing edges and then
those of the wings over their length. In
this way, a wind turbine becomes a small
(although so large) symphony orchestra.
The people in the environment hear such

vibrations, but they feel them as well.

M2 B 120 AB/NE, FE 10 2
390 B/ AZE ., IRENIE =A
FVF A2 IS AR, B EE 161 K
ey HLAR AR M o SR, X LE9R
i PN R DLAE P 5 T . — T
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Fig. 13 Onshore wind turbine of General

Electric “Cypress”, currently (2020) the
largest in the world (Source: General

Electric)
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The music has a natural basic tone for
humans, but also for the animal world,
which is defined by its frequency — 432
Hertz, or 25,920 sound wave peaks per
minute. This is the resonance frequency of
the cells in the bodies of humans and
animals. The clear influence on the plants

and trees is not discussed at this point.

B AR NFERULA — Bl B AR AR
B, ESYH RIS R A, X HE
(AT e 52 ——432 24, BRI 43l
25,920 NFERIEME . X2 NFEAE)
I 3 A SRR AR . H TR AR
VIR A B 52, W TCHRTT

The musical frequency that generally
reaches the souls of people is that of the
bells of Tibet, those of Verdi, John Lennon
or Enya. At an international conference on
the frequency of the basic tone in music, in
1939, the hitherto common tone was
increased from 432 Hertz to 440 Hertz and
established as a universally applicable
standard. This was a better fit for winning
marches, which was very important for that
Otherwise, this

time and its legislators.

increased basic tone rather irritate. Luciano

Pavarotti  himself has  vehemently
demanded that the old standard be
reintroduced, unfortunately without

success. It has also been proven in relevant
studies that the basic tone at 432 Hertz
creates a balance between the two
hemispheres of a person’s brain. There are
numerous musical works that are played on

both fundamental tones — an experiment in

1 B8 il B AT R BRI & SRR
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this regard would be highly recommended

for any reader of this chapter.

Both the concentration periods and the
creative phases can be stimulated with
music — from heavy metal, hard rock and
jazz to reggae, soul, country or opera. This
depends both on the temperament and
music education of the subject, as well as on
his current mood and opportunity. With the
vibrations of a wind turbine you can neither
stimulate the concentration periods of a
person nor his creative phases. Humans can
acoustically perceive vibrations between 20
and 20,000 Hertz. The higher they get, the
more they irritate and annoy. And if they fall
below 60 Hertz or even below 20 Hertz?
Then you don’t hear them anymore. But you
can feel them. And especially in such an
infrasound range, the wind turbines emit a
significant part of their vibrations, next to

which people can hear.
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In medical studies, various influences of the
low frequencies caused by wind turbines on
humans have been found: On the one hand,
they cause clear reductions in heart muscle
strength (Gutenberg University of Mainz),
on the other hand, the activation of various

regions in the brain is responsible for stress
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(University Medical Center Hamburg

Eppendorf).

The fact that birds and insects also fall
victim to the rotor blades of wind turbines
should not go unmentioned: The German
Aerospace Center recently determined that
8,500 buzzards, 250,000 bats and 1,200
tons of insects were killed by the wind
turbines in one year. Opponents, however,
believe that the birds eat many more insects,

about 400,000 tons in one year in Germany.

He b, ORI duh R R iR
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Thesis 32: There will always be pros and
cons in every respect, but especially in

relationship with promising energy sources.

VO 32 [E) 5 A i
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The church should still be left in the village,
and please no giant windmill next to the
church, that makes not only the pastor

nervous.

N R EN, B2
FiE BRI NG, ZRAMA =ik
BRI RN o

Humans are people, they don’t just react to
the low frequencies. Nothing against it if
wind turbines or wind farms are located on
desolate fields, or in former open cut
mining fields. But not instead of the
Victory Column in Berlin or on the island
of Mainau on Lake Constance. And also,
not in the field of vision of Uncle Georg in
Bavaria, of Monsieur Michel in Provence,
or of Signor Giovanni in Tuscany: not in the

front of their beautiful verandas with Alpes
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view, with large flower gardens or
interminable olive groves. This may be
subjective, but people love the beautiful, the
harmonious, the aesthetic. A wind turbine is
all that in itself: beautiful, harmoniously
aesthetic. But not in the context of historical
harmony and aesthetics, so the opinion of

very, very many people.

FRARRTRE R EWM, (HAANT#EZ 5
N A1 BT 5 SR A S M7
FENLA Bl 2 5557 SERN SR . A
ANTEAS AR B SE AT AN 52 22
s N, TR Z NEAE .

Does anyone want to turn the Champs

Elysées in Paris into Champs Moulinées?

A3 N AR EL BRI 7 M T 3 KA AR A
RPN

11.3 Hydropower

7K RE

Hydropower, just like wind power, is not
the correct term in relating to what is
expected of it: using the energy of wind or
water to produce another form of energy,

mainly electrical energy.

IKBE, AHIF XURE, FE95 R 2% E HI 3
B, AR IER R AR A X
BRI RE R R A 7y — R U g

, FEGEHRE.

gl

But the people generally say wind turbine
and hydroelectric power plant, so we leave
them the names, we prefer to pay attention
to the function: As with wind turbines, we
need energy from hydropower plants in the
form of work for the generators that have to
produce electric energy. As with wind
turbines, it makes more sense to talk about
an instantaneous work flow (joules per
second), that is nothing else than an
instantaneous power (watts, kilowatts).
Over a certain period of time, for example

over a year, the outputs can be added

SR, SEHEAEDL T, NITERFR N KL
AR Lk, BT ABEAENE, FATTHE SGTE
HIhRe: AXEEHL—#F, FATHEK
L ) RERE, R FEHLAL A 7 L E
M TARE R 5 XBL—FE, BRIEHE
e (BPER) EHENL, XL
ST IR (UK. TRD. £
SER A, Blin—ERN, TSR
/NI [ DR, XA
UL E e R (TR,
kWh),
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together at any hour, so that the energy
throughout the year (kilowatt-hour, kWh)

can then be determined.

The instantaneous power in the turbine of a
hydro-power plant can be determined
similarly to that in the rotor of a wind
turbine: The basic elements are the mass
flow of the air or water and the specific
energy of the respective medium: for the
wind the specific kinetic energy, expressed
by velocity, and in the case of water, the
potential energy, represented by fall height

and acceleration of the earth.

TR T3 Lk e e B R R I I T 5]
LAE R A7 e WL 1 FF [ I I T o
AL BEAZR R BUKI R
MEME BN R ERR: X T
KA, A HH 3 R AR R T e
T TR, A& FH BRI B
JEERTNNAE JEE R 7R I 35 e o

The mass flow is given in the wind (air) as
in the water, as the product of density, flow
cross-section and flow velocity. But in the
case of hydropower, there is a huge
difference: Water has almost a thousand
times the density of air, which is why the
instantaneous power output of a wind
turbine and that of a hydropower plant
appear to be of different orders of

magnitude:

R CERD R E R E S K,
Fe i\ Ui stk T AT 3R . (5
FERIIRABIEL T, A—1TEKX
Mz KEE L2 —
T, Xt A RI TR ELT
Wk I Thy 28t 07K g A R sl Y e
RS R VR NEE e 8

The GE Cypress wind turbine has a
maximum output of 5.3 megawatts. The
three-gorge hydropower plant in China has

a maximum output of 22,500 megawatts.

TR S R IR WAN AL i IRIE 3
K ThE N 53MW. 1 [E ) =ik
KO R OK o T RO
22,500MW .,
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Just as long as people in their history used
fire to generate energy in form of heat or
work, so long another element, water, was

used for same reason.

B B DORATH JOR B # T
fE—#F, NI —Fhoos—K,
RN HE K.

The first watermills were used 5,000 years
ago in China and Mesopotamia, according
to chronicles. Later, in the VI century BC, a
hydropower power plant was used in Jordan
to crush stones for the construction of the
Temple of Artemis. The first watermill to
pro-duce electricity for house lighting was
built in England in 1878. And a short time
later, in 1895, the world’s first large-scale
hydropower plant for the production of
alternating current was commissioned
above Niagara Falls. The installed capacity
reached after a few years more than 78
megawatts. In 1961, this hydroelectric

power plant was replaced with a new one

with a capacity of 2,400 megawatts.

g sid#, R RMKEETE 5000
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Fig. 14 The Niagara Falls, above it the
Robert Moses Niagara hydropower plant,
which replaces the world’s first large-scale
hydropower plant for the production of

alternating current from 1961.

Water, like air, has an energy that essentially
consists of three components: internal

expressed temperature,

energy by
pumping/potential energy expressed by
pressure/drop height, and kinetic energy
expressed by velocity. As long as the
considered amount of water or air does not
exchange energy in the form of heat and
work with the environment, all its energy
remains the 3

constant; however,

components mentioned can exchange

energy with each other during a process [1].

KA R4, ReEEAR EH=A
A HR RN BE
7377 W ven B 2R I JR 0% /35 Re A el
R ORI BEE. R EE R RKE
AR DAV 1) % 305 BR
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A5 SR, B3R 3 ARG 7 —
AR DU B pe & 1],

%

2 EE H]

For the qualitative evaluation of processes
of all kinds, whether in wind turbines or in
water turbines, the energy, including its
three main components, is generally
divided by the mass (kilograms) of the
respective working medium, water or air.
This is also advantageous because water, as
well as air, does not appear in such
applications as a solid, staying mass of a
working media, but as a mass flow

(kilograms per second). If you multiply now

the mass flow by the mass-related energy,

N1 xS R R BEAT RE VR A
WA NEEHLIE A KEENL, AEfRE, CUdh
H=AEEH R 7y, 5 PER L
FHTAE R OKBCED KR E
(AT EWRARE, FAKAM
AL A AR N AR
Jor PR [ o Bt B, TS AR R

AT B R RILE H

JRERUR S REA KRR E, X

.
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-
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this results in an energy stream, which is
nothing else than the instantaneous power
of the respective working medium in the

windmill or in the water turbine.

Starting from this point, a fascinating game
begins for the water on the way to the
turbine: Let’s imagine that the water in such
a system does not exchange any further
energy with the environment, neither as
heat nor as work. The water falls from the
mountain because it has a potential energy
at the given drop height. This potential
energy is largely converted into speed (i.e.
kinetic energy), a little pressure (potential
energy) remains, depending on the
conditions along the way. The internal
energy, expressed by the temperature of the
water, generally remains unaffected by the
drop, apart from some friction, which is

converted into heat, which is usually given

to the environment, as a loss.

MIX— g s, AKAEIEAE R EE LT
B EIFAE 7 AR 1R
T8GR, ARG, KA
REREZBARTE L MR, B
AMEIRFERAE T KM ETET,
RN B E v 2= B — 4
HhE. KPP HEER B A YT
CBIRARED, RN (AR 1
SRAFAE, BUR T 26 A . g
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Wi, 7 — SRR R F O IR, 1
H AT AR .

Now the water from the mountain could fall
directly into the turbine. However, it would
be more advisable to first collect it in a
basin, for hard times, when not enough
water comes from the mountain. A certain
drop height can then be constructed from
the basin to the turbine. And henceforward

the water reaches the turbine.

B, 1 B AYK AT DLE 7% Bk de
HLE o SR, 58 R R B Se ks
Fol R AE — AT, DS AE PN Y
390, L0 BLA R ANIE I, AT DRt
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There are several types of turbines, but we
will consider in this chapter one of them
(the Francis Turbine) that is most common
in hydropower plants. This radial turbine
works like a slingshot in which the process

runs contrariwise:

EHLE JURPRAY, (HAEAR R F, K
1A 2 R b — b IR i §e

PLD, EAEK S PR L. X R
[ K 5 HIL I AR 7 st ig — A 5
7, HiSrd AT E -

Flow velocity: it #

Fig. 15 Flow path of water, from outside to

inside, in a radial turbine (Francis Turbine)

B 15 AR L GRUKEe
B FK AR i s B A o

- In a slingshot, the stone is given a speed
by the rotation, with which it then flies into
the eye of the adversary. Within the turbine,
the water enters the vortex from the outside

at a high speed.

- B SI, ReF Rk T e
HE, “Ca T IR . SRR Ee
HLAF S K AA I e 4 N e o

- By flowing from the edge to the center and
by diverting the water direction from
horizontal to perpendicular, towards the exit
of the turbine, the water is deprived of most

of the speed (kinetic energy).

- IKFEAIA G I 8, ZKIETT A AN
KRR, AR EE AL,
MK R & TR (3

ED.

-This kinetic energy is converted in this

manner into pressure (potential energy),

XA Bl fE LR A 5 A AL DN IR T
CHBE), N BN 7 Fr .
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which is applied to the flanks of the rotor
blades. These blades are not fixed, but

rotatable around an axis.

XL AN E K, M2 A Seh
JiE#e (1) -

- And by the force generated on the blades
surfaces this potential energy reaches the
outside of the turbine, in form of a torque,

at a corresponding rotational speed.

- ERLAEM R R E AT, XA
BE DA A I8 CRAH L R 2, 3]
B IREE B AN o

- And furthermore, the torque multiplied by

rotational speed results in power. And the

BEAh, AR IR L A TR
H AT -5 25 Rl (14 K FBTLRT AR s

current generator flanged to the axle is | 7.
pleased about this.
All right? Xof g ?

Thesis 33: The power has the same roots for
electrics, wind and water flow: an intensity
(an electric current, but also a mass flow of
air or water) and a potential (electrical
voltage, difference,

height pressure

gradient, speed difference).

VOB 33: B KRR AR YR
—RER: 9L CRIR, (R
KB o BT ) AL CHELS g FEE 22
IR ).

Wasn’t that the case in electrotechnology:

power is current multiplied by voltage?

5 L AU A A2 IR TR
HL i fe AL L . ?

This is also how the hydropower plants are
built, either with more emphasis on mass

flow or more potential.

XK EIE T, BEAE
sl i, EA I HAL

A simple, concrete example shows both the
relationships between mass flow and height
difference, as well as the magnitude of the

achievable power:

— ] T BAR B R B TR R
MEMEEEZRIRRK R, L]
KL TR KA

Ten buckets of water per second (that’s 100

liters, and with the water density of one

£FP 10 K7k (BI 100 T+, /KA 25
NEFE T AT, B 100 2)7) M 10

84



S W YN R VAT

kilogram per liter just 100 kilograms) are
poured from a height of 10 meters, through
a pipe into a turbine. Multiplying the mass
flow with the drop height and with the
gravitational acceleration there appear no
less than 10 kilowatts of power at the

entrance in the turbine!

Kb fE s, 8 EE AR EE L.
e I B i 5 IR v AT B A n
JERASRe, fEmEEHLIIAN H AL &
BIADTF 10 TRLAIZhAR L X
THHIIK T

Up to the electricity for the user, the 10
kilowatts are reduced by the efficiencies of
the turbine, the gearbox, the generator and
the transformer, but only to 8.5 kilo-watts.
In comparison, the largest wind turbine in
the world, “Cypress”, produces 0.265
kilowatts per square meter at maximum
power. For the 8.5 kilowatts, as with the 100
liters of water that fall into the turbine per
second from a height of 10 meters, a part of
the rotor area of 32 m2 would be required.
On the other hand, the comparison with the
best solar cells, with 200 watts per m2,

results in an area of 850 m2, which means

around 30x30 meters!

P HENIE, X 10 TRATHE
BRECHL ECAE . K LRI R 4%
ITh A%, (2 HIAE 8.5 T . #
(o P S % 5 N ) S WA B )
“TRM R, FER KT RNEETJT
K74 0265 TTL. N TIEH 8.5 T
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KB TR 55—, S5
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b, FAA 850 P 7K, X Mk
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Hydropower plants are of different types:

IKTT R B AT AN TR 2

Run-of-river power plants are generally
built in flowing waters, with a barrage at a
weir, with the mass flow being the same at
inflow and outflow. The potential due to a
drop height is usually low, up to 15 meters,

so the power is determined by the mass

T AL R F, i — S AE A Bl 11 7K R
H, PEIEZE] b1 B, A
MM EREMA. BT &%
JERTE @ E AR, 2 HA 15K,
FrATh R R SR E e, ek
INRLERAT b5 K R o
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flow, as in the hydroelectric power plant

above Niagara Falls.

Water basin: i35k
Powerplant: & ZJ#
Current Lines: F3 2k
Transformer: 2% & 2%
Generator: & HLAL
Turbine: JWFEHL
Water Drain: HE7/KE&
Water Conduit: T 7K

Fig. 16 Storage power plant (Source: Siiwag

Energie)

16 ErRerul (FERKIE: Siiwag
Energie)

Storage power plants get the water from
basins (reservoirs or ponds). Between the
basin, at a certain depth that provides a
pressure potential, and the turbine, a
diagonal water pipe with a defined head is
built. So, this is a combination between the
pressure potential at the inflow point and
the speed potential in the line. Hydro-power
plants with head heights of 25 to 400 meters
cover base and medium loads of the
required electrical energy and use Francis
turbines in particular, as described above.
At higher drop heights, the water potential
increases accordingly, as does the pressure
on the turbine blades. That’s why in these
cases not only Francis turbines, these

reverse slingshots, but also Pelton turbines
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are used when it gets hard - these are
“spoons” on a wreath into which the water
falls from above. This often covers peak

loads.

The hydropower plant with the largest drop
height in the world, 1,150 meters, is located
in Naturns, South Tyrol. The plant has a

power output of 180 megawatts

HH B ERNKESE, 2T/
% RN W) Naturns, & Z4H 1150
K, ZHHKEEN 180MW,

Pumped storage plants prove a clever
management of the electrical energy: They
consist of two water basins at different
heights, between which a down-up-pipe-
system is built. When the near or wider area
needs energy, the water flows from the full
upper basin via turbines into the rather
empty lower basin, thus driving the power
generators and covering the peak loads. And
so, at some point the water level in the upper
pool is low and high in the lower pool. But
at that time, mostly everyone, people like
factories, enjoys their night’s rest. From
there, the water is pumped up from the
lower to the upper basin, with the help of
electricity from the grid, which almost no
one needs at the time. And that’s how it

goes day and night.
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The world’s largest hydropower plant
“Three Gorges”, with a reservoir length of

663 kilometers, built in China (completed in

A E A R K B GG <« =K i
uh”, KEK 663 AH, @FhE
(2008 FE58T), FEHHIEN
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2008), has a rated power output of 22,500
megawatts. The second largest plant, also in
China, planned for 16,000 megawatts, will
be completed in 2021. A total of a quarter of
the world’s hydropower capacity is installed
in China. Brazil and Paraguay have jointly
built a hydropower plant with 14,000
megawatts on the Rio Parand, currently the

third largest in the world.

22,500MW . 55 K% H) A
HE, TR RN 16,000MW, K
12021 FEEEAN. A EESLE Y
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The largest hydropower nation in Europe is
Norway with 1500 hydropower plants
(2019) that secure 93.5% of the country’s

electrical energy.

MR B R K R 2 R, A
1500 JE 7K HL 3 (2019 45D, 4R3F T 1%
[ 93.5%H H T REYR .

Water provides about 17% of the world’s
electrical energy. Hydropower plants, on
the other hand, have held first place in
electricity generation from renewable
energies for many years. In 2015, almost
70% of the world’s clean electricity was
generated from water, ahead of wind power
at 15.5%. Photovoltaics managed just 5%.
However, the economic, technical and
ecological developments in the world are
leading to tendencies that sometimes seem
unexpected: In the period 2015-2019, the
share of wind power in world electricity has
steadily increased and reached almost 21%.
has moved in the same

Photovoltaics

direction during this period, doubling to
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more than 10% in 2019. The participation
of hydropower, on the other hand, shows a
considerable decline from 70% to about

58%. Who doesn’t like the water?

The investment costs are very high and
would only make such a system profitable
if these costs were covered by electricity
sales. But if the state is behind it for
ecological reasons, like China, the situation

is quite different. 3.15

BBRAAR T i, RA XL R
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RGA AR AHZ, TR E S
TSI KRR SR,
I, TS TE AN

However, there is also a need for discussion
and analysis about ecological reasons:
Hydropower plants are atmosphere-friendly
because the energy they produce does not
cause carbon dioxide emissions, but they
are not necessarily nature-friendly. Large
basins are a huge intervention in the
groundwater balance. As a result, the rivers
are out of balance, flora and fauna are
impaired. For the construction of dams,

entire human places are often relocated.
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Hydropower plants are also at risk of

disasters, and have always been:

7K R A T 3 o U, 1T HL—
Hantk:

In China, near Nanking, in 516 the largest
dam of the time (the dam was 48 meters
high and 4500 meters long, the basin had
6700 km2) was destroyed by flooding, there
were 10,000 dead people. Admittedly, this
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dam was not intended for power generation,

but for flooding enemy armies.

The dam wall of the largest dam and equal
drinking water reservoir of the Romans,
built in the time of Nero (54-68 AD), not far

from Rome, collapsed in 1305.

EY G2 ek (AJG 54-68 F1E
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In France, near Frejus, a dam was built in
1954, creating a reservoir for water supply
and irrigation. It broke in 1959 as a result of

a tidal wave. 432 people were killed.

FEVLE R ER AR T, 1954 i
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In California, 3 dams broke as a result of an

earthquake in 1971.

1971 4, MFFEJEEM A 3 KR
PRI Hb 2 T A 2

The Bangiao Dam in China, built in the late
1950s, had a capacity of nearly 50 million
cubic meters of water. As a result of a
typhoon, there was a huge flood, which
could not be stopped by the lock gates. The
rupture of the Banqgiao Dam cascaded the
rupture of another 62 dams. The water
waves were several meters high and flowed
into the lowlands at almost 50 km/h.
Numerous villages were flooded so quickly
that there was no time left for the evacuation
of people and animals remained. Over a
million people were trapped by the water
for days, unreachable for any disaster relief.
At least 26,000 people died as a result of the

immediate tidal waves, while another
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145,000 died of starvation and epidemics
[6].

Thesis 34: For a total power output
considered, a number of micro-hydropower
plants can be more ecologically compatible,
less dangerous and more cost-effective than
a single, large hydropower plant with a
large dam, with a large reservoir and with a

large head of fall.

WA 34: X TAHREI S DA,
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Recently, micro hydropower plants have
been developed for river sites with low
hydropower potential [7]. The small mobile
power plants work without accumulating
water. Only a water drop height of at least
2.5 meters is necessary, with a water width
of five meters and a flow speed of over 5
km/h. For this purpose, new horizontal
waterwheel variants are being developed.
The micro-hydropower plants can also be
set up as a fleet, which opens up promising

paths!
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