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Former socialist and current capitalist societal relationships with nature (Görg, 

2011) culminate into a profound socio-ecological crisis (O'Neill et al., 2018):

The transgression of planetary & regional ecological boundaries alongside 

the unequal & insufficient fulfilment of societal needs

How can we achieve a good life for all while staying within planetary boundaries?

Identifying viable pathways to determine which and how much resources can 

be used through which economic, technological, and societal practices to 

sustainably satisfy societal needs
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1. Interdisciplinary methods of sustainability and environmental systems research:
Transformation & Sustainability

1. Decoupling of fulfillment of societal needs from 
increasing production of material goods (sufficient & 
effective)

2. Decoupling of sufficient material production from 
increasing ecological, social and economic impacts 
(efficient)

Need for double decoupling to achieve a good life for 
all within planetary and regional boundaries

Time1950

Resource Use

Ecological Impacts

Degree of Fulfillment of 
Societal Needs

Today

Production of
Commodities/Goods

Societal-Ecological 
Transformation 

Planetary 
Boundaries

2050
(Zeug et al., 2023b)

Long-term and global fulfillment of societal needs and 
well-being as an end (social sustainability)

Long-term stability of our environment as a basis of 
reproduction within planetary boundaries (ecological 
sustainability)

Technologies and economic structures as efficient, 
effective and just provisioning systems enabling the 
fulfillment of societal needs within planetary boundaries 
(economic sustainability)
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1. Interdisciplinary methods of sustainability and environmental systems research:
Holistic and Integrated Life Cycle Sustainability Assessment

(Zeug et al., 2020) (Zeug et al., 2021) (Zeug et al., 2022) (Zeug et al., 2023a)
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(Heyer & Zeug, 2024) (Bringezu, 2022)

1. Interdisciplinary methods of sustainability and environmental systems research: 
Environmental systems research

Resources
Sustainable resource potential per capita

Resource specific Group goal
Overall 

goal

G
lo

ba
l

Biotic
Agriculture

0.16 ha / p.p. 
cultivated area

2 t / p.p. 
primary 
biomass

5 t / p.p. 
raw 

material 
consumpt
ion (RMC)

Forestry
1.3 m³ / p.p. raw 

wood

Abiotic

Fossil energy 
sources

Exit

10 t / p.p. 
total primary 

extraction 
(TMC)

Metallic minerals

Minimization
Construction 

minerals
Industrial 
minerals

Climate
GHG in 

atmosphere
1 t CO2e / p.p.

R
eg

io
na

l

Biotic
Fishing Fishing quotas

Agriculture & 
Forestry

Local soil conditions & yields, water availability, 
biodiversity, cultivation methods

Abiotic Minerals/Metals Local ecological acceptability

Planetary& Regional 
Ecological Boundaries

?
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2. Introduction to Democratic Economic Planning, Cybernetics & Holistic Accounting

 Neurath (1919): incommensurability, a common denominator is ‘pseudorational’, needed: calculation in-kind; Trade-offs between 
incommensurable goals (Vettese and Pendergrass (2022) require multi-criteria decision-making (Planning for Entropy (2022))

 However, we need both disaggregation and aggregation: Aggregation is required to reduce complexity in planning, budgeting and 

accounting precisely because it enables commensurability between myriad different factors

 Goal: a differentiated, multidimensional and yet complexity-reducing, system of parameters; a coherent, holistic and transparent 

system of parameters and method of accounting enabling a system of tokens (Dapprich, 2022b)

 Cybernetics as science of control of complex systems: emergent properties in line with democratically defined goals (Devine, 1988; 

Pitt, 2022) by parameters & rules of interaction between autonomous subsystems, iterative coordination, feedback loops

 Cybernetic democratic economy planning (CDEP): primarily democratic parametric control of the framework, within which local units 

plan and act as autonomously as possible, with a view to both macro plans and their local, specific conditions (Heyer, 2025)

 Through multilevel, iterative coordination process: convergence of macro and micro plans and reconciliation of relatively autonomous 

micro activity (Laibman, 2001; Dapprich, 2022a)

 Local subsystems must be enabled by an information system to assess the consequences for the overall system (e.g., societal, 

ecological), as far as possible themselves and record required I/O
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 The following concept is an intermediate approach for a societal-ecological transformation, 

not the vanishing point of a communist utopia

 DPE aims to enable a good life for all within planetary boundaries & to take care as we 

would like to

 Democratic macro plans specify general priorities, development direction, investments, 

unconditional universal basic income (UBI) & services (UBS) and planetary boundaries; 

proportions and parameters for sectors and regions are broken down

 Planetary and social boundaries, budgets, proportions and allocation of the economy are 

result of ongoing conscious social deliberation an scientific analysis

 Accounting by Tokens: non-circulating units of account that reflect information about holistic 

costs, scarcity and utility of products & services (Heyer & Zeug, 2024)

 Tokens are stored and transferred via virtual accounts, Organizational budgets can not be 

accumulated or transferred to private budgets

Economy

Societal
needs

Level of 
central 

planning & 
control

Level of
holistic 
overall 

account-
ing

Planetary 
Boundaries

Level Decentral 
Parametric 

Allocation & 
(Re-)Production

3. General Implications & Scales of CDEP
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4. Framework of CDEP & Holistic Accounting
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To
ke

n 
B

ud
ge

ts

Token Category
Economy 
Wide per 

year
Per Capita per Year =

Universal 
Basic Income 

(UBI)
+ Reserves (R) +

Universal 
Basic Ser-

vices (UBS)
+

Non-
Institutionaliz
ed Care (NIC)

+
Productive

consumption 
(PC)

Raw Material 
Consumption (RMC) 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒 𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 =

𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒
𝑁𝑁𝑝𝑝𝑝𝑝

= 5 𝑡𝑡 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑃𝑃𝑃𝑃

Green House Gas 
Emissions (GHG) 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒 𝐺𝐺𝐺𝐺𝐺𝐺𝑝𝑝𝑝𝑝𝑝𝑝 =

𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒
𝑁𝑁𝑝𝑝𝑝𝑝

= 1 𝐶𝐶𝐶𝐶2𝑒𝑒 = 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒𝑃𝑃𝑃𝑃

Working time (WT) 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒 𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒
𝑁𝑁𝑝𝑝𝑝𝑝

= 2350 ℎ = 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅 + 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑈𝑈𝑈𝑈𝑈𝑈 + 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒𝑃𝑃𝑃𝑃

Material, 
Energy & 
Goods Flows

Budget & 
Information 
Flows (Signal of 
Relevance)

Adaption

𝑤𝑤𝑤𝑤
𝑔𝑔𝑔𝑔𝑔

Consumption-
system

Production-
systems

HILCSA
𝑟𝑟𝑟𝑟𝑟𝑟

Incentivization

Products 𝑝𝑝

Amounts 𝐴𝐴𝑝𝑝
Economy wide 
(ew) impacts

Product 
specific 
impacts

𝑟𝑟𝑟𝑟𝑟𝑟𝑒𝑒𝑒𝑒 = �𝑟𝑟𝑟𝑟𝑟𝑟𝑃𝑃𝐴𝐴𝑝𝑝 𝑟𝑟𝑟𝑟𝑟𝑟𝑃𝑃

𝑔𝑔𝑔𝑔𝑔𝑒𝑒𝑒𝑒 = �𝑔𝑔𝑔𝑔𝑔𝑃𝑃𝐴𝐴𝑝𝑝 𝑔𝑔𝑔𝑔𝑔𝑃𝑃

𝑤𝑤𝑤𝑤𝑒𝑒𝑒𝑒 = �𝑤𝑤𝑤𝑤𝑃𝑃𝐴𝐴𝑝𝑝 𝑤𝑤𝑤𝑤𝑃𝑃

Economy Wide
Product Price

Single Product 
Price

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑟𝑟𝑟𝑟𝑟𝑟𝑃𝑃𝐴𝐴𝑝𝑝
𝑅𝑅𝑅𝑅𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒

𝑃𝑃𝑝𝑝𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑟𝑟𝑟𝑟𝑟𝑟𝑃𝑃
𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝐺𝐺𝐺𝐺𝐺𝐺 =
𝑔𝑔𝑔𝑔𝑔𝑃𝑃𝐴𝐴𝑝𝑝
𝐺𝐺𝐺𝐺𝐺𝐺𝑒𝑒𝑒𝑒𝑒𝑒

𝑃𝑃𝑝𝑝
𝑔𝑔𝑔𝑔𝑔 =

𝑔𝑔𝑔𝑔𝑔𝑃𝑃
𝐺𝐺𝐺𝐺𝐺𝐺𝑝𝑝𝑝𝑝𝑝𝑝

𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒𝑊𝑊𝑊𝑊 =
𝑤𝑤𝑤𝑤𝑃𝑃𝐴𝐴𝑝𝑝
𝑊𝑊𝑊𝑊𝑒𝑒𝑒𝑒𝑒𝑒

𝑃𝑃𝑝𝑝𝑊𝑊𝑊𝑊 =
𝑤𝑤𝑤𝑤𝑃𝑃
𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝

Comparison
(sustainability if 𝑥𝑥𝑒𝑒𝑒𝑒𝑎𝑎 = 𝑋𝑋𝑒𝑒𝑒𝑒𝑒𝑒)

4.1. Level of central planning & control

Reproduction
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𝑠𝑠1 𝑠𝑠2 … 𝑠𝑠3

𝑠𝑠1 𝑎𝑎1,1 𝑎𝑎1,2 … 𝑎𝑎1,𝑛𝑛

𝑠𝑠2 𝑎𝑎2,1 𝑎𝑎2,2 … 𝑎𝑎2,𝑛𝑛

… … … …

𝑠𝑠3 𝑎𝑎𝑛𝑛,1 𝑎𝑎𝑛𝑛,2 … 𝑎𝑎𝑛𝑛,𝑛𝑛

𝐹𝐹 𝐹𝐹1 𝐹𝐹1 … 𝐹𝐹𝑛𝑛

𝐵𝐵 𝐵𝐵1 𝐵𝐵2 … 𝐵𝐵𝑛𝑛

𝐶𝐶 𝐶𝐶1 𝐶𝐶2 … 𝐶𝐶𝑛𝑛

Production 
sectors

Production sectors

Resource 
inputs

Regional, global and 
sustainable aavailability of 
fossil (F), biogenic (B) and 

socio-economic (C) 
resources

(Re-)Production system with 
sectoral resource use, 

intermediate interlinkages 
and specific technology 

paths 

Sectoral economic 
modelling with I/O 

Consumption Outputs

Consumption sectors 
Universal Basic 
Income (UBI), 
Reserves (R),

Universal Basic Ser-
vices (UBS),

Non-Institutionalized 
Care (NIC), 
Productive 

consumption (PC)

𝑈𝑈𝑈𝑈𝑈𝑈 𝑅𝑅 𝑈𝑈𝑈𝑈𝑈𝑈 𝑁𝑁𝑁𝑁𝑁𝑁 𝑃𝑃𝑃𝑃

𝑈𝑈𝑈𝑈𝑈𝑈1 𝑅𝑅1 𝑈𝑈𝑈𝑈𝑈𝑈1 𝑁𝑁𝑁𝑁𝑁𝑁1 𝑃𝑃𝑃𝑃1

𝑈𝑈𝑈𝑈𝑈𝑈2 𝑅𝑅2 𝑈𝑈𝑈𝑈𝑈𝑈2 𝑁𝑁𝑁𝑁𝑁𝑁2 𝑃𝑃𝑃𝑃2

… … … … …

𝑈𝑈𝑈𝑈𝑈𝑈n 𝑅𝑅n 𝑈𝑈𝑈𝑈𝑈𝑈n 𝑁𝑁𝑁𝑁𝑁𝑁n 𝑃𝑃𝑃𝑃n

Intermediate 
demand

Technologies & 
Value Chains 

with LCA

𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑅𝑅𝑅𝑅1 𝑅𝑅𝑅𝑅𝑅𝑅1 … 𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛

𝐺𝐺𝐺𝐺𝐺𝐺 𝐺𝐺𝐺𝐺𝐺𝐺1 𝐺𝐺𝐺𝐺𝐺𝐺2 … 𝐺𝐺𝐺𝐺𝐺𝐺𝑛𝑛

𝑊𝑊𝑊𝑊 𝑊𝑊𝑊𝑊1 𝑊𝑊𝑊𝑊2 … 𝑊𝑊𝑊𝑊𝑛𝑛

Raw Material Consumption 
(RMC), Green House Gas 
Emissions (GHG), Working 

Time (WT)

Lead 
Indicators

4.2. Level of overall 
holistic accounting

 All information on inputs and outputs, 
stocks, performance, etc. is recorded using 
LCA data sets and integrated into the 
databases of the network

 Via databases and networks: regional and 
supra-regional, transparent, horizontal 
material exchange platforms for 
(intermediate) products
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Budget

𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝑔𝑔𝑔𝑔𝑔𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

𝑤𝑤𝑤𝑤𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵

Expanded
Reproduction

& Innovation (INIEX)

Budget

𝑟𝑟𝑟𝑟𝑟𝑟𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑔𝑔𝑔𝑔𝑔𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

Budget

𝑟𝑟𝑟𝑟𝑟𝑟𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑔𝑔𝑔𝑔𝑔𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

Budget 
Productive 

Consumption

𝑅𝑅𝑅𝑅𝑅𝑅𝑃𝑃𝑃𝑃

𝐺𝐺𝐺𝐺𝐺𝐺𝑃𝑃𝑃𝑃

𝑊𝑊𝑊𝑊𝑃𝑃𝑃𝑃

 Solidary competition with shared know how and coordination

 Automatic adaption of production to changing framework 
conditions (consumption budgets)

Bakery

Single Product 
Price Product Efforts (LCA Data)

𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑅𝑅𝑅𝑅𝑅𝑅 =
𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑅𝑅𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝

𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵+𝑟𝑟𝑟𝑟𝑟𝑟𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹+𝑟𝑟𝑟𝑟𝑟𝑟𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐺𝐺𝐺𝐺𝐺𝐺 =
𝑔𝑔𝑔𝑔𝑔𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝐺𝐺𝐺𝐺𝐺𝐺𝑝𝑝𝑝𝑝𝑝𝑝

𝑔𝑔𝑔𝑔𝑔𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =
𝑔𝑔𝑔𝑔𝑔𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵+𝑔𝑔𝑔𝑔𝑔𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹+𝑔𝑔𝑔𝑔𝑔𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑊𝑊𝑊𝑊 =
𝑤𝑤𝑤𝑤𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵
𝑊𝑊𝑊𝑊𝑝𝑝𝑝𝑝𝑝𝑝

𝑤𝑤𝑤𝑤𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =
𝑤𝑤𝑤𝑤𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵+𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹+𝑤𝑤𝑤𝑤𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹

Consumption

 Operational expenditures (OPEX) as means of production and pre-products can be 
acquired by receiving tokens and passing them on (simple reproduction)

 Investment expenditures for expanded means of production and innovation (INIEX) are 
gained via productive consumption budgets from a flat-rate budget and budget under 
institutional control (Rochowicz, 2024)

Farm

…

…

Factory

…

4.3. Level of Decentral Parametric Allocation
& (Re-)Production

 On micro level token budgets are transferred through accounts of economic 
agents: G-T-G Good-Token-Good

 If companies produce effective and more efficient (price decreases) more goods 
are consumed, more tokens get passed there, signal of societal relevance
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Source: Yvonne Weiß - Fotolia.com
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5. Conclusions
 Cybernetic, ecological and democratic planned economy aims to solve questions about what, why and how we want to produce and 

care by societal deliberation, but based on algorithmically and technically advanced methods and information processing

 Our approach shows the need and potential for interdisciplinary model development

 Further and detailed design and simulation calculations of cybernetic planning mechanism, holistic accounting method, 
parameters/indicators, token system, agent-based-modelling, (…) will be subject of upcoming articles

Invitation to collaborate:

 What is missing in our CDEP model: the political system & societal relations, a transformation strategy, a lot of details, …

 If you like what you see lets have a discussion and build a comprehensive framework, this here is only one module

Thanks!
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