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Purpose, Tasks, Relevance

The purpose of the research is creating the simulation for Ecological Economics,
which allows searching optimal decisions about the modernization of Armenian

enterprises in order to transform them from the initial non-ecological state towards

the finite state of the ecologically pure manufacturing.

Main points:
1. Developing the simulation for Ecological Economics. A case study of the

Republic of Armenia.
2. Searching the Pareto optimal decisions for Ecological Sustainability

3. Designing the software for support of decision making about the

modernization of Arminian enterprises.

4. Forming the “optimal” plan of the modernization of Arminian enterprises

and other recommendations.




Methodology and tools

The developed simulation is based on methods of Agent-based modelling (ABM)

and the system dynamics (§D), which are used jointly.

Main tools are the AnyLogic and J2EE. The AnyLogic is the first simulation platform,
which brings together different methods of simulation modelling such as ABM, SD,

Discrete-Event sim., etc.

The system core is the developed Agent-based simulation (AnyLogic), which is
integrated with the suggested Genetic Algorithm (own implementation on Java) for

searching the Pareto optimal decisions and the subsystem for a visualization (Maps,

Graphs).
In addition, we applied different methods of an equilibrium computational economics,

econometrics, data clustering, designing data bases, mathematical programming and other

methods.



Related works

Main works

Costanza R., Cumberland J., Daly H., Goodland R., Norgaard R. An introduction to ecological economics.
St. Lucie Press and ISEE. 1997.

S. F. Railsback and Volker Grimm. Agent-Based and Individual-Based Modeling: A Practical
Introduction. Princeton Univ. Press 352 p,, 2011.

Bleuer, S., Brack M., Thiele L. and Zitzler. E. Multiobjective genetic programming: Reducing bloat
by using SPEA 2. In Congress on Evolutionary Computation (CES2001), 2001.

Grimm, V., E. Revilla, U. Berger, et al. 2005. Patternoriented modeling of agent-based complex
systems. lessons from ecology. Science 310: 987-991.

Smajgl, A., Brown, D.G., Valbuena, D., and Huigen, M.G.A. Empirical characterisation of agent
behaviours in socioecological systems. Environmental Modelling and Software, 26(7), 2011

State of the art

J. Forrester & Dennis L. Meadows (1961, 1972), DeAngelis D.L.&W.M. Mooij (2005), Tesfatsion,L.&K.Judd, Eds.
(2006), Jorgensen SE & Fath BD (2011), Brown, D., R. Riolo, D.T. Robinson, (2005), Melkonyan Ani (2014),
Johnston A.S.A., Hodson MLE. ., et al. (2014), Li S., Colson V., et al. (2015) and other works




Simulation for Ecological Economics
A conceptual model

Representative agents in the model:

=  Agent-enterprises — 270 selected enterprises of Armenia, which are main stationary

sources of emissions. Agent-enterprises monitor each other while forming its
decisions.

Generalized consumer — one agent, which is forming the demand for the
production of agent-enterprises

The government — one agent, which 1s forming parameter for ecological
regulation (for example, fee rates for emissions, subsidies, penalties, etc.). These
parameter are applied for all agent-enterprises simultaneously.

Possible states of agent-enterprises:

Non-ecological manufacturing — enterprise saves own sources of emissions without
changing.

Partial modernization — enterprise reduces the emissions level through a partial
modernization of emissions sources without their closing.

Ecological manufacturing — enterprise stops being source of emissions.

Closing the enterprise —enterprise 1s closed and all its sources of emissions are
destroyed.
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Simulation for Ecological Economics
The top-level model (environment for agents)
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Simulation for Ecological Economics

Calculation of equilibrium emissions fee rates

The modernization = Excess Emissions (t) = — Rates of emissions
towards the ecological Emissions(t) x Rate of
manufacturing emissions decrease(t)

+ B1 + I

decrease (by kinds of
emissions)

Ecologically regulated
profits of agent-
enterprises

Emissions fee rates (t) =
Emissions fee rates (t-1)+ The Government
Excess Emissions (t)*k

Emissions for a previous B1 -balanced feedback
k — a small number

period
(Emissions fee rates (t-1))




Simulation for Ecological Economics
The dynamics of key characteristics

The output of j™" -agent
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Simulation for Ecological Economics
The dynamics of key characteristics
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Simulation for Ecological Economics
The dynamics of key characteristics
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Simulation for Ecological Economics
The logic of a transition fowards new states for agents-enterprises
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Optimization problem and searching the Pareto optimal decisions
The dynamics of main characteristics

Problem. The need to maximize the Integrated Index of Industrial Production summed for all agent-
enterprises and to minimize the Integrated Total Emissions, which will be accumulated for a period in
order to search the Pareto optimal decisions
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Optimization problem and searching the Pareto optimal decisions
The example of the Pareto front

The results of the multicriteria optimization with the help of the GA

The Pareto front for bi-objective optimization problem

101.0

100.8

Integrated Index of Industrial Production (%)

1441.68 1450.69 1454.4 1462.05 1488.67 1499.47 1531.65 1536.92 1537.25 1552.7 1556.46 1563.17 1572.29 1575.85 1711.34 1719.59 1725.26 1729.21 1732.2 1751.49
Integrated Volume of Total Emissions (thousand tons)

More acceptable decisions for the Ecological Economics of the RA, when the Index of
Industrial Production > 100% and the Total Emissions <1 600 th. tons for 10 years



Optimization problem and searching the Pareto optimal decisions

Scenario
values of
external
control
parameters

Forming initial population of
decisions (possible states) for
each j™ -agent

5j(t) = {1: O}
.

Loading input data for the
simulation

v

Sorting individuals in the
Pareto archive by the Pareto
ranking.

Selection of best parent
individuals from the
population with taking into
account the maximum
possible remoteness of
selected parents

\ 4

Run of simulation (AnyLogic

model) to get values of objectives -

A

Crossover

T

A 4

Estimation of obtained results
and filling archive of non-
dominated solutions

!

Forming population of
individuals

Forming offsprings

A

Forming and visualization of the
Pareto-front

Why the Genetic
Algorithm was chosen?

1. Large-scale of the
decisions space (270
agents x 10 years)

2. Multi-objective
optimization when
objectives are the
results of the
simulation

3. High effectivity for the
transitions control
because the coding of
potential decisions is
not necessary



Review of the Developed Software

The Genetic Algorithm
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Review of the Developed Software
The designed database

= 13 main tables

= = 1 Tb data
- = 1000 000 rerestarted
] [ I records for the saving
r e ] R L - states of agents-
— o v || [ e[ [y o enterprises
o e o 1 = = Geo Data
= == - - = Scenario Data
= Results of the

Optimization (the
Pareto archive)




Review of the Developed Software
The designed Java classes
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The agent simulation in Anylogic
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Review of the Developed Software
The Web Interface
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Agent-based modelling for ecological economics: A case study of the Republic of Armenia
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@ http://localhost:3020/index1.xhtml
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A scenario can be fast calculated and saved
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Graphs

G @ http://localhost:5020/index1.xhtml
@ localhost X
Back to Models

Agent-based modelling for ecological economics: A case study of the Republic of Armenia

61.280

Total Emissions (tons)

= All results can be visualized on grc¢
= Scenarios can be compared
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The visualization of agents evolution on the Maps

e & http://localhost:

& localhost X

Map of the Republic of Armenia. The Evolution of Enterpises (2016 year)
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The visualization of agents evolution on the Maps
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Review of the Developed Software
The visualization of agents evolution on the Maps

e & http://localhost ndex1.xhtml
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Map of the Republic of Armenia. The Evolution of Enterpises (2025 year)
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Review of the Developed Software

Optimization experiments

=) ] @ http://localhost:5020/index] xhtml
e localhost X

Integrated Index of Industrial Production (%)
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The results of the multicriteria optimization with the help of the GA
The Pareto front for bi-objective optimization problem
M Opt. Scenario Ne1
100.7
100.6 | 100.6 1907
99.7 99.8
Any local decision on the
Pareto front can be chosen to
analyze and save a Scenario
1379.52 1398.85 1400.54 1421.76 1429.5 1429.78 1445.53 1458.67 1482.54 1496.17 1501.3 1505.21 1666.77 1679.95 1685.7 1686.86 1692.92 1700.86 1711.67 1720.52
Integrated Volume of Total Emissions (thousand tons)
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Optimization experiments
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Optimization experiments
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Some Results of the Simulation

= The “optimal” plan of the modernization of Armenian enterprises is suggested. The plan allows to reduce
the Total Emission more than 25 % for 10 years under saving a positive dynamics of the industrial

production (IIP>100%).

Integrated Total Emissions (thousand tons) Integrated Index of Industrial Production (%)
110
108
Scenario 3. Pareto-optimal _ 182
Modernization 102
100
I 5
. .. 96
Scenario 1. Fast modernization 94
92
. . 90
Scenario 0. Without a

Scenario 0. Without Scenario 1. Fast Scenario 3. Pareto-
a Modernization modernization optimal
0 500 1000 1500 2000 Modernization

Modernization




Some Results of the Simulation

Scenario 1. Fast Modernization




Some Results of the Simulation

Non-ecological enterprises by 2025 (186 from 270 agents)
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: g -8 AL € QUL 4 BNRUT b 49U
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UGUr0YP M/UUNURPLLS  AGARAK B/M PLANT FULhYN PARLIAMENT UUFSNRLN KG9 U VLU L-UL S8y SAMVEL-ARTEM
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Some Results of the Simulation

Partially ecological enterprises by 2025 (41 from 270 agents)
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Some Results of the Simulation

Pure ecologically enterprises by 2025 (31 from 270 agents)

Agent name (arm)
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Some Results of the Simulation

* Recommendation only

Closed* enterprises by 2025 (12 from 270 agents)

Agent name (arm)
ULTSUruyr

b NAUVENROULYU L DG U
%U.2

TN arn re.dvhv® +N1L%F
ULFULLULSPSNroulruy
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Ereduv 2Nhr

anuUYy
ynroveunrdruu
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~|Agent name (en)

~|States
TOWER FARM PIG
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GRAND CANDY
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AS WATER
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Corsan Corviam
STRUCTURAL ARAGATSOTN

PURE IRON PLANT

Parex-gas



The Model Validation

1. The developed simulation was validated with the help of historical data. The
forecast error is based on the following estimation (by Ordinary Least Squares):

2 2

[ 11P,(0) = 1IP}(2)
IIP(?)

J (1) L

E.(t)-E (1)
E}(1)

j=1 t=to -T

IA
x|

J(?)
€{l, 2, ...,J(t)} -index of agent-enterprises

y (1)

- Total Emissions, [IP () =

Vf(t) - Index of Industrial
V.(t-1) production

=

J(t) [ S;()
Ej(t) = E( E luj,sj (t)Kj,sj (7)

Sj=1

(E.(t), E' (t)), ([[Pj (1), IIP].'(t)), - Simulq!ed and actual values of the TE and the IIP
/ / appropriately.

x=12% for 7=10 (from 2005 to 2015)

2. More than 100 experiments were completed for forming the Pareto front. All
fronts are sustainable. The dispersion not more than 5 %.
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Conclusions

1. For the first, a novel agent-based simulation for Ecological Economics
for the Republic of Armenia is developed. The features of the model are
taking info account the government regulation systems through the
emissions fee rates, subsidies, and penalties as well as the individual
evolutions of agents-enterprises towards the ecological manufacturing.

2. The modified genetic algorithm GA was suggested for searching the
Pareto optimal decisions in the formulated bi-objective optimization
problem The GA is based on the well-known SPEA2 with using a binary
transition matrix of agents as the set of decision variables.

3. The original soffiware was developed for the effective decision-making
about the modernization Armenian enterprises. The system is based on
different technologies such as Anylogic, Java, Google Maps,
Databases, etc.

4. The Pareto optimal decisions about the modernization of Arminian
enterprises were obtained with the help of developed system. The
modernization plan allows to reduce the Total Emission more than 25%

for 10 years under saving a positive dynamics of the industrial production
(11IP > 100%).



Appendix
The example of initial datasets for an agent-enterprise

Year 2007 2008 2009 2010 2011 2012 2013 2014
Region(activity address) [ annr U 8N hubp U 81 h b U 8N hubp U8 h b U8 hubp U 8 b U 8N hubp
Area(activity address) ULk UBArh ULLrk vere ULLrk vere UBArh UBArh

Community(activity address)

UGUruy/usare

UGU.rUY/UBLI R

UGUruy/usare

UGU.rUY /UG R

UYUruy/usare

UGU.rULY/UBLI R

UGUruY/Utare

UGU.rUY /UL R

Address(activity address)

U b swow pyu 67

U b swwn pyu 67

U b swom pyu 67

U b sunpyu 67

U b swom pyu 67

U o swn pyu 67

U b swom pyu 67

0. Bm sy m g & 7

ULGUruyr o/

UG UruYk

ULYUruyk o/

UG UruYk a1

ULGUruyk o/

UG UruYk

ULGUruyk o/

UG UrUYk 0/

Organization A X 3
YNURPLULS YNURPLLS YNURPLULS YNURPLLS YNURPLUS YUNURPLLS YNURPLUS YNURPLLS
Type ORL [N ORL ORL ORL ORL ORL ORL
v 604053.07090700000 604053.07090700000 604053.07090700000 604053.07090700000 604053.07090700000 604053.07090700000 604053.07090700000 604053.07090700000
Y (coord.)
4302721.22142000000] 4302721.22142000000| 4302721.22142000000] 4302721.22142000000f 4302721.22142000000f 4302721.22142000000] 4302721.22142000000] 4302721.22142000000
Total
(KAN+O+PHQ+R+S+T)
ton 19.715 18.486 54.9086 110.91612 117.07186 152.33833 165.973998 176.004005
total dust
M)
ton 19.261 18.486 54.87 110.902 117.057 152319 165.953 175.983
organic dust, ton 0 0 0 0 0 0 0 0
inorganic dust, ton 19.261 18.486 54.87 110.902 117.057 152319 165.953 175.983
toal heavy metals. Ton 0 0 0 0 0 0 0 0
sulfur dioxide (SO2),
ton 0.262 0 0.0183 0.00056 0.00059 0.00074 0.000838 0.000815
carbon momoxide, ton 0.098 0 0 0 0 0 0 0
nitrogen oxides (NOx)
ton 0 0 0.012 0.01065 0.0112 0.0146 0.0159 0.0159
carbonates
(without volatile organic
compounds), ton 0 0 0 0 0 0 0 0
volatile organic compounds
(VOC), ton 0 0 0 0 0 0 0 0
other, ton 0.094 0 0.0083 0.00291 0.00307 0.00399 0.00426 0.00429
N_authorization 03-1362 03-1362 03-1362 102 102 102 000117
activity code 07.29.1 07.29.1 07.29.1 07.29.1 07.29.1 07.29.1 07.29.1 07.29.1

Activity Metal ore mining Metal ore mining Metal ore mining Metal ore mining Metal ore mining Metal ore mining Metal ore mining Metal ore mining
Region(legal address) U8 hybp U BN h b U8 h b U SN h b U8 hibe U SN h b U 81 h b U 81 h b
Area(legal address) UtLre Utre UtLre UtAre Utre Utre Utre Utre

Community(legal address)

UG Uruy/usare

UG ULy /Usare

UGUruy/usare

UG UrLY/Usare

UG Uruy/usare

UG ULy /Utare

ULGUruy/usare

UG ULy /UtaLre

Address(legal address)

U.hwswwpub7

U.bwswwpub 7

U.hwswwpub7

U.bwswwpub 7

U.hwswwpub7

U.bwswwpub 7

U.hwswwpub7

0 o Lo 5 0 g 5 7




Thank you very much!

Any Questions?




