
Project Manual

Yigang Shen



Project manual



Content

Introduction                                                              

The Topic of the project                                                  

Design Research

Design Concept

Design Process

Final Design

Conculsion

Acknowledgement

5

I cannot express enough thanks to everyone who supported me in this project.

Foremost, I would like to express my deepest and sincere gratitude to Professor 

Dr. Norbert M. Schmitz and Professor Detlef Rhein for their great and inspiring supervision 

and continous support throughout this thesis, as well as for the Master studies in general. 

My sincere thanks also go to my schoolfellows and friends, Simeon Ortmüller and Vincent 

Steinhart-Besser, for their discussions and technical support. Last but not least, I would like 

to give my family and friends the warmest thank for their  emotional  support.

Thank you!

7

9

17

31

37

49

67

Author: Yigang Shen

Designer: Yigang Shen

Proofreader:  JIaxin Xu

Picture model: Lois Huang



Introduction

The people-oriented economic development has achieved unprecedented success, such as globalization, in the 

fields of large-scale agriculture, food industry, and efficient logistics industry, etc. However, from the industrial 

revolution to the present, we continue to reclaim land and extract resources from our mother nature, putting 

more and more pressure on the ecosystem. Meanwhile, the waste boom and greenhouse gas emissions from 

human activities have not been taken into account for the health of the earth. It is probably not surprising that 

global warming has also caused unpredictable extreme weather and natural disasters in recent years. Therefore, 

sustainable production methods have been urgently put on the stage.

Here I will implement a method of regenerative agriculture. With the help of microorganisms, we can digest our 

garbage by transforming them into a good substance for mushroom cultivation. Mushrooms are very eco-friendly, 

Growing mushrooms could have an impact on carbon fixation. The mycelium can break down the garbage, making 

it good compost and in the end absorbed by the soil. For one thing, we can reuse garbage to produce food, and 

for another, we can feed these substrates to the soil for remediation.

Firstly, let us understand regenerative agriculture from micro to macro to re-recognize the benefits of circular 

economy, especially for the environment ignored by us. We need to start thinking about environment-centred 

design and giving the used waste a new sense to be recycled. To inspire the customer, we have to make people 

re-consider the cost we need to pay for every single resource we took from the environment, not just the human-

object relationship (against consumerism and for rational consumption). 

By ”Sense-making” Methodology, we can let people rethink from a longer-term perspective that garbage is not 

just garbage, but also valuable resources in the ecosystem. Through the project, we can also create an educational 

program in the school garden to simulate the recycling system of circular economy, especially in schools for our 

customer of  the next generation. The students can participate in the gardening course of regenerative agriculture. 

As positive feedback in the process, they can harvest their own food (like mushroom) to serve the campus (by 

offering some to their school canteen) or the local community to cause public impact. This kind of gardening

courses in the school can raise their awareness of future consumption and influence them to take part in the 

system of circular economy.
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Carbon Fixation

Climate 
Crisis

We don't have planet B!  Currently, we are at a critical 

moment of climate change. We can't just march and 

protest. As consumers, we have to change our behaviour. 

If human beings do not make changes to production and 

lifestyles, we will face more uncontrollable natural disasters 

and environmental problems, and even ecological 

catastrophe.

We are part of the problem, but also part of the solution. The environment is neutral, but the damage 

on it is irreversible. To save the home that we are living in, we must reduce greenhouse gas emissions 

and increase carbon sequestration. How do we make carbon sequestration a part of our lives then? This 

remains a question. 
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Instead of mining more resource, why can't we reuse the waste utilization to reduce the environmental 

damage? The carbon cycle is fundamental to a good ecosystem. However, the overproduction in human 

activities becomes the largest contributor to the greenhouse effect, causing dramatic climate changes. Thus, 

it is necessary for our civilization to reduce carbon emissions and to increase carbon solidification.   We can see 

that if the synthetic materials production such as plastics is reduced, oil extraction would possibly be reduced 

too, and more biomass waste could therefore be returned to the soil. We should take immediate action to 

maintain the balance of carbon consumption and control climate change

Facing all the current challenges, should we not have a fresh look at our consumption pattern? 

How should we produce and consume to have a healthier future? 

How can we establish a circular economy system based on the natural ecosystem?

Circular Economy
from Recycling  to Re-use

Full of garbage
on our earth ?
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The global climate crisis still remains the biggest challenge

for our development. Humans’ greedy consumption has caused 

high pressure on the environment, then the ecological cycle let 

one disaster after another hit back against humanity.  

Extreme weather and natural disasters have occurred much 

more frequently in recent years. The secondary effects of these 

disasters are beginning to emerge, causing huge economic losses 

in human society.

Agriculture is a basic method to satisfy 

people’s needs for satiety, even though it 

can cause unprecedented pressure on the 

natural environment. Human beings are 

making more garbage by wasting food while 

at the same time, they have to cultivate 

more farmland for production and occupy 

more primitive natural areas. The increasing 

ecological pressure will  bring about an 

i m b a l a n ce  d u e  to  t h e  s e l f - re g u l at i o n 

mechanism of the ecosystem, which will 

affect the existence of human beings, animals 

and plants.

The Future of Agriculture

Agriculture, as a fundamental industry of mankind, can affect our environment 

greatly. From the way of planting to the food culture on the dining table, we can 

say that there is a very close connection between out consumption habits and 

the direction of agriculture. Environment-centred thinking can help to change 

our consumption patterns and production methods for our planet.

Nowadays, new agricultural production modes are developing rapidly. To 

reduce carbon emissions, many people encourage local agriculture, such as 

"slow food" consumption patterns. In cities, urban agriculture has also emerged. 

For example, vertical agriculture and soilless cultivation, supported by high 

technologies, have no need anymore to rely on the natural environment. 

Community-supported agriculture is also bringing more fun to the city, helping 

people experience the preciousness of food through their own efforts.
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Agriculture 
could be
the key point

photo from flaticon.com

Forest fires registered in October 2018 in the Amazon, 
Brazil. Credit: © Daniel Beltrá / Greenpeace

Deforestation for Farming and Agriculture in 
Chaco Province, Argentina Credit: © Martin Katz / 
Greenpeace

Food waste                                                 ©Shutterstock

A rancher walks on the cracked remains of a 
parched lake bed on a ranch along San Simeon 
Creek in the Santa Lucia Mountain foothills of 
Cambria, California that are brown from drought 
on Oct. 1, 2014. Credit: Al Seib/Los Angeles Times 
via Getty Images
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Regenerative agriculture is a new theme based on ecological agriculture and sustainability. People can use 

the method of material recycling to create a relatively closed-loop recycling system. And through microbial 

degradation, part of human waste (mainly ecological waste) is converted into a part of agricultural production：

so-called compost.

In fact, regenerative agriculture has been in our lives for a long time. For example, people feed earthworms with 

kitchen waste to produce compost tea and earthworm manure, which can nourish the soil and improve soil 

fertility. But we haven't gone deep enough in this area. If we can decompose the wastes we took from nature, with 

the help of the microorganisms at the bottom of the food chain in the ecosystem, animals and plants, then we 

can reuse resources. This method can get us a double advantage in the waste disposal and food production.

Under the current trend of new agriculture, traditional planting has broken the original framework, new solutions 

such as soilless cultivation and vertical farms allow technology to support the development of diversified 

urban agriculture. For example, Hydroponic farming can be combined with earthworm tea to reduce the use of 

synthetic fertilizers.

Besides, the local community can produce and sell their food to fulfil their needs. It is a way to support the 

sustainable development movement of slow food. By applying regenerative agriculture to management-

intensive urban agriculture, we can probably create an innovative model with more environmental responsibility 

and social significance.

Regenerative 
agriculture

As shown in the picture above, we can see that the food produced from the farm feeds us. Food 

consumption inevitably led to waste production. However, part of the wastes can go back to the farm 

and be converted into compost to grow new food, which reduces the additional fertilizer in the food 

growing process.

Regenerative agriculture is based on the method of ecological agriculture, but it‘s also one of the 

recycling methods. On the one hand, waste can be effectively converted into compost and reused; 

on the other hand, thanks to this process, carbon can be absorbed and returned to the soil, helping to 

reduce chemical fertilizers extracted and made from petroleum.
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Future 
Food?
Mushroom!
Mushroom is not an expensive crop and easy to grow. Mushroom growers can expect a good harvest within 

two months by providing them suitable nutrients, stable temperature and humidity in a specific cultivation 

room. Time, resources and labour are relatively low needed. Mushrooms have not only got a lot of trace 

elements, especially those that are beneficial to the human nervous system, but also good for improving our 

immune system. Moreover, mushrooms can provide many synthetic raw materials for medical use. There is 

no doubt that if we were going to cultivate crops on Mars, mushrooms would be the first choice.

Mushrooms are mainly composed of mycelium underground. This ancient biological

Foto from mushroomcouncil.com form in nature has constructed the network of the earth's underground 

world. The mycelium can communicate with the roots of the trees in the forest, and the trees will

transfer a large amount of sugar and nutrients collected by photosynthesis to them.

Environmental friendly food
 can Promote the carbon 

fixation

Photo by Beau und Alan Daniels from National Geographic vol.233 No.6 

Foto from mushroomcouncil.com

The exchange of substances promotes

the storage and activation of carbon

and other elements in the soil, and

other organisms can also rely on it to

obtain additional nutrients.

In general, when mycelium returns to 

the soil, it does not only nourish our 

farmland but also benefit the natural 

ecological environment.

Photo by   Dmytro Ostapenko in shutterstock.com
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Foto from DELICIOUS MUSHROOMS.com

If we have a vision about the future food. the environmental cost behind it can be a very critical point 

of view. Thanks to the rising awareness of environmental responsibility, vegan culture is becoming 

more and more popular in past years, making mushrooms a popular food. Their scent is even a 

natural additive for making vegan meat. Mushroom cultivation is no longer just for food in the future. 

Besides, mycelium is also a new type of material that is now attracting attention. Mycelium can be 

used as a building material, packaging material or  stable ecological adhesive.

Combined with the regenerative agriculture we talked about before, next, I am going to show how to 

use garbage to cultivate mushrooms. We can use waste with lignin, such as leaves, straw, wood chips, 

coffee grounds and even cardboard boxes, to make mushroom culture substrates. Based on the 

theoretical principles of circular agriculture, mycelium can digest our garbage and produce food.

Rethinking about 
Mushroom Cultivation
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The experiment
Mushroom cultivation with waste

Experiment start time: 01.12.2020

I  co l l e c te d  c a rd b o a rd  b oxe s  ( s o a ke d  a n d 

shredded), sawdust, straw and coffee grounds for 

making substrate.

I mixed all the materials in a plastic box according 

to the allocated proportions.

After 90 minutes of high-temperature sterilization in a pressure

cooker, they ended up being put into a ventilated culture bag. 

Then I infused the Spawn.

Packed it up and recorded the date.

In the defined environment (20-25 °C), the mycelium in the 

substance has colonized all the nutrients within one month. I cut 

open the bag to expose the base（on 16.1.2021）. And let him 

store it in an incubation box with a stable climate (15-22 °C, >75% 

humidity). On 16.2.2021, the pink oyster mushrooms came out in 

three days.

The experiment ended on 20.2 2021 and the mushrooms were 

eaten.

1.

2.

3.

4.

5.

25



Social 
Design
From micro to macro

The above is the experiment I did at home, and I successfully grew edible pink oyster 

mushrooms. This kind of regenerative agriculture only requires very simple operations and 

can be completed at home or in the community. Of course, we need certain equipment 

to provide a growing environment for mushrooms to implement this sustainable circular 

economy model.

Returning from the world of mycelium, we must think about the current 

problems. From the social perspective, How can regenerative agriculture 

contribute to our future society?

Photo from pixabay.com 27



Sense Making for Social Impact

Establish/Raise the Awareness 

The original economic model dominated by consumerism is in fact very short-sighted. Under the 

industrial cycle where interests are the priority, businesses mostly only pay attention to their target 

groups and the profit cycle and ignore the environment which we all depend on. Resources are taken 

from nature and also discarded to nature. We have not returned the waste to the ecosystem correctly, 

whereas we have been asking for new resources from the environment. This production method 

increases ecological pressure and threatens the earth's ecological balance and species diversity to a 

certain extent. Humans have to bear the negative consequences of many environmental crises. For 

example, non-degradable plastic particles are polluting the ocean and entering our bodies through 

fish.

At the moment, many sustainable and recyclable new materials are unveiling.

But how can manufacturers drive themselves to start investing in the development of the circular economy

and attach importance to sustainability? We need to make consumers aware of their consuming behaviour, to

help them develop a sustainable consumption consciousness! Use sense-making to encourage consumers to

participate in the circular chain and become converters. In  psychology,,  participants  can establish 

new behaviours once they are given a specific new context. Under the effect of constant positive feedback, new 

cognition and new consciousness are formed. A good example of this is that garbage is not just waste, it can 

also be food for other organisms and somehow produce food for human beings.
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Answer to the Future
Design 
Concept



The closed system for the school garden with regenerative  farmingEducation!
Impact our next generation!
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This school garden will put garbage-recycled mushroom cultivation and earthworm composting

as a routine experiment in practice, using ecological methods to recycle ecological waste (such as

kitchen waste, etc.), to cultivate food. In this garden, teachers will combine theoretical courses

and practice to train students how to sort garbage, make compost or mycelium, and successfully 

cultivate safe food. Students who harvest the fruits after the course can take them to the school 

canteen to be cooked as lunch. The process from planting to eating is also a positive connection to 

make the students understand the hard-won process of food.

The food waste produced in the canteen can then be returned to the daily planting in the school

garden through the composting process. Students drive this material cycle through courses, and

then rethink the relationship between food and garbage in the gardening process.

Why did we choose to grow mushrooms on campus? As I have already mentioned, 

participating in activities can help to build our new cognition. If we start with education for 

the next generation of consumers, there will be far-reaching impact in the future. We build 

new scenes from the method of Sense-making and let students participate in the process of 

circular agriculture in the gardening course. 

They can learn that rubbish is not rubbish, but also can be our foods' food. In the ecological 

environment, resources will be decomposed and reorganized, being reused in different ways 

to produce our food.

In addition, our students can share their own experiences with their families, and even bring

back home the mushrooms they have cultivated. This will also lead to an impact on their 

parents as well as the community to inspire more and more people.

Design Strategy 



The educational Program for school garden with 
regenerative Agriculture

Based on the existing European Union of Secondary Education Institutions, this 

project can connect major high schools, build school gardens and train gardening 

teachers. The project aims to help the next generation of consumers to form 

the awareness of circular economy and get more experience on the process of 

circular economy in courses. Students are encouraged to go out of the classroom 

to participate in recycling to understand the process of crop growth, letting them 

acquire some knowledge and understand the potential value of garbage with 

environment-centred thinking.

We will start from the German city Kiel and organize an official educational 

cooperation organization to provide opportunities to upgrade the campus 

garden for regenerative agriculture course. Some related courses have already 

been designed and organized for two institutions, namely the Future School 

in Schlewig-Holstein State and the Network of School Experimental Center in 

Schlewig-Holstein State.

35

This project is going to be implemented in a middle school, Ricarda-Huch School Kiel, as a local 

demonstration case. We will build a school garden with regenerative agriculture in the centre of the school 

based on the design strategy map above. In the first half of this project, we will focus on the construction of 

the campus garden. Then we will continue to build an effective contact network to support the operation 

mode, and make this platform local, open and connected.



Design
Process

Design for Future
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The school is located in the city centre, right next to Christian University in Kiel. Most of the nearby 

communities include the families of the students. The school is an open design, and the neighbourhood 

l pass always through the school as a convenient trail between two blocks. It is also a good place for daily 

walks. This school covers students from kindergarten to high school. As participants, they can communicate 

and influence each other across grades.

The design of the school garden takes the local condition and environmental factors into accounts, such as 

road planning, building relationships and sunshine conditions. We will take advantage of the local situation 

here and carry out design work according to local conditions. For example, considering that mushroom 

cultivation should be carried out in a warm place but without sunlight, we will design a mushroom 

cultivation room near the school gymnasium. Taken the unstable, humid, and cold winter weather in Kiel 

into consideration, we designed a greenhouse to provide plants with a warm and comfortable climate.

We can also use vertical farms with artificial LED lights and soilless cultivation technology to increase the 

cultivation area and yields. Plus, students can learn about advanced urban agricultural technology and 

make consumer aware concerning environmental issues. 

First of all, the garden is designed for education-use. The transparency of architectural vision is very suitable 

for students to observe together and learn from each other. Also, the architectural layout of the school 

and the surrounding environment mentioned above have been taken into consideration strongly at the 

very first beginning of design.  We highly recommend the garden to become a meeting point for students' 

after-school activities as well as an open platform for community residents to know about regenerative 

agriculture. This school garden is not only a mini-farm for cultivating food but also a classroom. It can 

become a regional symbol of a community and a good place to hold a weekend market as well.

Photo from Google Earth

Local Design

That we consider two regenerative agriculture

methods (mushroom cultivation and earthworm

composting), and is planning to combine them with 

each other, which is conducive to the growth of 

plants, students can surely acquire differently 

knowledge from these two processes. 

Compost plays an important role in the school 

Garden.  After harvesting, mushrooms mycelium 

blocks can be mixed into the cultivation soil, and 

the earthworm tea can become compost to nourish 

soil less vegetables by rushing water.  Besides, 

considering the surrounding environment, we put the 

mushroom cultivation room in the shadow and placed 

the greenhouse in the centre of the open space, 

which is also conducive to absorb 

sunlight.

Form follows function
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Sketch of Inspirations

The arrangement of the building structure 

is mainly based on two different compost 

production methods, from the interior 

design and room strategy to the exterior 

design.

The system was also designed for/with a 

series of transportation tools, compost 

making kits and planting blocks. In order to 

collect materials easily around the campus, a 

trolley for transporting is specially designed 

to carry recyclable garbage or the harvested 

food.

The design of the pavilion needs to make

the whole building agile and full of vitality,

meanwhile, suitable for adequate ventilation. 

The pavilion was designed like a gallery, considering 

the flow of crowds. Thus there are glass houses on 

both sides of the pavilion, which can show indoor 

activities and courses directly. It is designed on 

the basis of the weather conditions in Kiel, like 

sunlight intensity and rainfall degree, and there is a 

sloping roof that facilitates rainwater collection. The 

collected grey water is used to irrigate plants, which 

is very environmentally friendly.



The white pavilion is for shelter from wind 

and rain and becomes a gathering public 

place. It leads peoples to the canteen as 

the main passage between two long row 

Houses as well. There are two different 

greenhouses under the pavilion, serving 

mushroom cult ivat ion (orange)  and 

plants (l ight blue),  plus a semi-open 

workshop and a recycling station. The two 

greenhouses are relatively staggered, so 

those community residents can quickly 

identify them. Also, due to the height 

difference between the pavilion and the 

greenhouse, the classrooms should be 

sufficiently ventilated.

Wavy roof + two glass house

with color overlay

=matter transmutation

The pavilion is the first project of the CIRCO Regeneration Agricultural 

School Garden. Here, the school simulates a micro-community to run the 

recycling system of regenerative agriculture. 

Architectural Design
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Mushroom cultivation actually needs to include a ventilated culture box and a pressure cooker for 

sterilization. Considering that the lignin-rich materials needed for mushroom cultivation,  school waste 

paper scraps, cardboard boxes or coffee grounds produced in the office are all good materials for 

cultivating mushrooms. Students can collect them to grow the edible fungi. Besides, to grow mycelium 

efficiently and colonize the substrate, humidity and temperature are very important.

 Therefore, the cultivation room needs to set up a mycelium cultivator, and keep the stable temperature 

with the help of an air conditioner. Furthermore, students can also collect natural substrates such as tree 

stumps and fallen leaves to cultivate epiphytic edible fungi in the cultural cultivation area.

8                                7           6            5     4                                 3                                     2                                                   1

Fungus Cultivation
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Based on the regenerative agricultural cycle mechanism mentioned in the design concept, we also 

linked the school garden with the school Canteen. The food waste produced from the canteen is a good 

source of composting materials. The digested earthworm tea and worm faeces are usually eliminated 

from the process when earthworms decompose food waste. Earthworm tea can be made into organic 

liquid fertilizer to provide nutrients for hydroponic cultivation. Vermicompost can be mixed into the soil 

to bring more nutrients to the soil. In a climate-controlled greenhouse with a stable temperature, organic 

nutrients can accelerate the growth of vegetables more effectively. Basically, It can fulfill the basic need  

in vegetable of the school canteen.

Earthworm Composting
+
Biological Planting
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Final
Design

That's  our  Future!
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“Pavilion”

The School Garden with regenerative agriculture 

at  Ricarda-Huch School Kiel
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Aerial View  of  "Pavillion"
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Course Hall unter the Pavillion



Muschroom Cultivation

Recycling Station Teaching about operation of the mixer

Spawn infusion Muschroom Cultivation room



Earthworm Composting

Rest waste collection Learning compost

Earthworm ompost cabinet Compost back to soil



Mini Markt  forward  the nearby community



Night view  of green house
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Basic Shop Drawing
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Architectural Model
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Conclusion

71

For me, this project is  a new starting point of my career. It can show my 

ability to a certain extent and put the technology that I have learned in 

the past three years into practice. The cycle from research to design is 

unprecedentedly tight. Not to mention that it was actually my first try in 

cross-border design. But thankfully, I have gained more knowledge from 

and beyond my original profession. 

This project is mainly a system design to help people rethink from the 

micro level to the macro level. Through regenerative agriculture, people 

would be able to reconsider the motivation of consumption and their 

responsibilities for the environment. We cannot ignore our environment 

for our consumption and production, it is important to look at resources 

from a sustainable perspective. Of course, all design ideas need to be 

put into the commercial practice, which normally wants to maximize the 

consumption volume for short-term interests. How can we use the social 

top-down conscious change to promote the circular economy, this is the 

problem we need to solve in the next decade.

Last but not least, I am very happy to have achieved fruitful results in this 

project, even though the process was very tortuous and the project cycle 

was really tight. In my thesis, it is mentioned that environment-centred 

design will be the main topic for designers in the future. And I truly 

believe that human beings can improve the environment through their 

own innovations.
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