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Environmental Aspects in Elaborated 
Computer Systems for the Analysis 

of Regional and Country Dvelopment 

W. Ciechanowicz, Z. Uhrynowski 
Systems Research Institute of Polish Academy of Science 

Consortium „Bioenergy for Rura! Area Development" 

In recent years the problem of transition towards ecologicaly sustainable economic 

development has gained real importance due to both resource limitations and the need of 

environmental protection. In order to salve the problem one should take into consideration 

(i) availability of technologies enabling utilization of both renewable and nonrenewable 

energy sources, leading to reduction of air pollution, (ii) availability of financial means 

required to introduce these technologies, (iii) air quality control techniques that take into 

account location of pollution sources, regional dispersion/deposition of air pollutants and 

costs of technologies for air pollution abatement. 

In the paper two of the computer systems elaborated at Sytsems Research Institute are 

presented concentrating on the environment protection aspects: KARO - Computer System 

for The Analysis of Energy Sector Expansion its Impact on Atmospheric Pollution, and 

REGION - Computer System for Complex Analysis ofRegional Development. 

I. Computer System KARO 

I.I General remarks 

In recent years the problem of transition towards ecologicaly sustainable economic 

development has gained real importance due to both resource limitations and the need of 

environmental protection. In order to salve the problem one should take into consideration 

(i) availability of technologies enabling utilization of both renewable and nonrenewable 

energy sources, leading to reduction of air pollution, (ii) availability of financial means 

required to introduce these technologies, (iii) air quality control techniques that take into 
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account location of pollution sources, regional dispersion/deposition of air pollutants and 

costs of technologies for air pollution abatement. 

The elaborated computer system KARO deals with the above aspects. Main functions of 

the system are: (i) to evaluate the consequences of selected expansion scenarios for the 

energy demand and energy supply sectors, (ii) tho verify the potentia! of national economy to 

meet the assumed expansion scenario, (iii) to suggest the optima! strategy for the location of 

new investments and technologies minimizing the negative impact of the economic expansion 

on the environment. 

The computer system KARO consists of two main parts: (i) the model of national 

economy including the energy sector, and (ii) the model of air pollutiom dispersion and 

evaluation of environmental impacts. The main functional blocks of the system are as follows: 

budget, energy demand, energy supply, new investments amd graphical presentatiom of 

results. The main goal of the system is to answer the followimg questions: (i) what should be 

the scenario of energy sector expansion that would lead to reduction of energy consumption 

as well as abatement of environmental pollution, (ii) what are the means necessary to realize 

the assumed scenario, (iii) what are the economic conditions under which those means are 

available, (iv) are the the required technologies of of energy production available (including 

renewable technologies), (v) what is the optima! location of new investments in the energy 

sector (in terms of minimization of environmental pollutiom), (vi) what is the spacial paltem 

of environmental impact (sulfur oxides concentration and total sulfur deposition) resulting 

from the considered expansion scenario. 

The finał outputs of the model for the assumed expansion scenario are: (i) predicted 

emission levels of 6 main pollutans for both existing and newly built power stations and heat 

generatig plants consdered as point sources - visualised as time functions or, regionaly 

agregated, on administrative map of Poland, (ii) annualy (seasonly) averaged spatial 

distribution patterns of polluting factors from heat and power stations under condideration 

(eventually including the low level emission from household sector and transboundary flows) 

- presented in the form of concentration/dposition maps in regional and/or country scale. 
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1-,lciśnij dowoln~ klawisz dla rozpo<::zec:.ia prac:.y systeMu 

Fig. 1.1. The title panel of the KARO computer Sytem 

1.2. Selected numerical results 

The system has been applied for analysis of economic and environmental consequences 

of selected expansion scenarios of energy demand and energy supply sectors in Poland. The 

set of the main emission sources consists of 70 major power and heating plants. The 

simulation was performed within the period 1993 -- 2030. It is assumed that potential for 

energy conservation in industry is 1 O - 20 % of conventional technology case, depending on 

the branch of industry. Moreover, it is assumed that the unit heat demand in residential 

buildings will respectively decrease within the period of simulation. 

The following scenarios of energy sector expansion were considered: 

Scenario 1. No technological changes are introduced in the energy system, 

Scenario Z.Major technological modernization in residential sector is applied: (i) 

building isolation technologies leading to reduction of the unit heat demand, (ii) central solar 

heating plants with seasonal storage, assisted by an electric, gas or oil driven heat pump, 

13 



·············{i • .H. ł'. Nouy ł~( !.ytor· ~~: .10 ) 
---------------hbab6. tek.---------------~ 

Fig 1.2. The assumed set (a) ofconventional and unconventional technologies for 
energy production sector 

Fig 1.3. The assumed set (b) of conventional and unconventional technologies for 
energy production sector 
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Fig. 1.4 Emission levels in the country regions predicted in a chosen time period - for one of 
the scenarios proposed 

Scenario 3. As in Scenario 2, plus energy conservation technologies in all the branches 

of industry, 

Scenario 4. As in Scenario 3, plus the following unconventional technologies: (i) 

offshore located wind generator farms, (ii) short rotation forestry culture for wood 

production, utilized next as energy carrier, (iii) chemical conversion ofwood to liquid fuels. 

In Fig 1.2 and 1.3 the sets of conventional and unconventional technologies for a 

residential sector has been shown. Similar sets of conventional and unconventional 

technologies for energy production sector have also been assumed. In the Fig. 1.4 there are 

shown emission levels predicted for one of the scenarios proposed - for particular regions of 

Poland, 

In Fig. I. 5 the initial distribution of S02concentration for the year 1993 due to 

residential sector and loca! industry emissions is presented. The impact of transboundary 

concentration inflow is shown in Fig. 1.6. Figure I. 7 presents the total S02 concentration 

map, including energy sector emissions for the initial year 1993. Location of the main point 

emission sources (power and heating plants) is indicated. Environmental impact of one of the 
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energy expansion scenario for the year 2030 is presented in Fig. 1.8. General decrease of 

concentration observed is a result of energy conservation policy and emission reduction by 

utilizing "clean" technologies (compare Fig. 7). 

Concentration SO~ (11gim3 ) 

InitW dan, 01/01/1993 Time horuon 365 d.ays 

Fig. 1. 5 Influence of !ocal industry and the residential sector 

Initiald.ate 01/0111993 Time horizon 365 d.ays 

Fig.1.6. Influence of the transboundary S02 inflow 

13 

3 

Maximum 

1-1.011 

O IO 50 
M. ~ 

3 

I~ 
1ll0 

t.Aaximum 

121.86 

O IO 50 
M. ~ 

200 
i;;;;;;J km 

200 
i;;;;;;J tm 



Concentro.tion so2 (l'!J/m 3) 

Initial dale 01/01/1993 Tmu, hońzon 365 days 

Fig. I. 7 Total year-averaged SO2 concentration map 
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Fig. 1.8. Environmental effect of energy conservation scenario about the year 2030 
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2. The Structure and Characteristics of the Computer System 
REGION 

2.1 General remarks 

The computer system REGION developed at System's Research Institute was elaborated 
as an aid for decision makers in solving the following problems: 
in the .1·cale of regions (in the sense ofvoivod5hip) or country 
I . testing assumed scenarios of sustainable region expansion development, 
2. determining conditions for the use of chosen unconventional technologies of renewable 
and unrenewable energy sources, 
as well as: 
3. supplying documentary evidence to enable possible ecoconversion of the Polish debts for 
the suitable region development, 
in the sca/e of communes: 
4. looking for the best (most profitable) variants of development strategy, having in mind the 
following aspects: 

- increasing the commune share in the generation of the Gross Domestic Product, 
- decreasing the number of unemployed, 
- decreasing the emission of destructive substances to the air, 

as well as to estimate: 
- the financial consequences of implementation of proposed expansion strategies. 

The structure of the system 

The REGION computer system consists of many cross-linked modules. The modules 
itself have the hierarchical, multiple-level structure. The first level consists of the basie 
modules: 
• selection ofan administration level. i.e. a given region (commune, county or voivodship) 
• demographic forecast for the voivodship, to which the selected region belongs 
• analysis of the activities in selected economy sectors: agriculture, industry, water 

management 
• analysis of the activities in selected branches of services: trade, transport, housing, 

municipal services, education, culture, health, sports. 
• assessment of the individual incomes, consumption and savings resulting in the demand 

for new houses in the region 
• analysis of the house building in the region, as one of the factors of the development 
• assessment of the incomes and expenditures of the communes 
• assessment of the demand for the energy carriers by the industrial and services sectors 
• assessment of the environmental pollution on the commune level 
• and the second level consists of the moduł es: 
• data input, selection, aggregation and preliminary processing, when necessary 
• calculation procedures for the selected data set 
• analysis of the output data with the selection of the best solution 
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The analysis of sustainable development consists: 
in agric11lt11re module: 

• farm restructuring 
• new farm specialization in production 
• soi! irrigation 

in industry module: 
• assessment of the financial condition of the firms active in the commune 
• level ofunemployment in the commune 

The analysis of renewable energy sources utilisation consists: 
in agriculture module: 

• biomass cultivation for energy production 
in wa/er management module: 

• installation of small hydro power plants 
in housing module: 

• installation of solar heating systems 
in energy supply module: 

• installation of wind powered electrical plants 

The analysis of environmental protection consists of: 
• atmosphere pollution from the global point of view - emission of greenhouse gases 
• atmosphere pollution from the !ocal point of view - emission of sulphur and nitrogen 

dioxides, causing acid rains. 

The expansion goals, for the separate production and service activ1ty types, are 
determined. They are subgoals of the main expansion goal involving the sustainable region 
expansion, which include the environment protection as well as utilization of renewable 
energy sources. For the assumed subgoals of separate activities the computer system enables 
to assign the expansion consequences in the form of expansion constrains and the required 
production means. 

Function realized by separate modules can be accessed by the help of screen menus. For 
the user convenience they create multilevel hierarchical structure. Apart from the overall 
description, each module has it own description being the first position of menu. By choice 
the given menu position initiate the execution of programs, which realize the defined 
functions, or to pass menu !ower position. Fig. 2.1 illustrates the main menu of REGION 
computer system where the enlighten bar is placed on the production sectors item. The 
structure of this sector is described in the !ower screen window and the corresponding 
submenu is presented on Fig. 2.2. Selecting the agriculture sector item and pressing Enter 
gives rise to the main menu of this sector presented on Fig. 2.3. As it can be seen from this 
picture, the agriculture sector comprises two subsectors: vegetal production and anima! 
production. The fourth level system menu regarding the vegetal production is showed on Fig. 
2.4. 
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COMPUTER SYSTEl\tl 
ł"OR COl\'IPLEX ANALYSIS 

OF REGION DEVELOPMENT 
INCL UD ING PROBLEMS OF 

ENERGY, AGRICUL TURE, WA TER MANAGEMENT, 
ENVIRONMENf PROTECTION AND 

SUSTAINABLE DEVELOPMENf OF RURAL AREAS 

REGION 
SYSTEMS RESEARCH INSTITUTE 
POLISH ACADEMY OF S• ENCES 

2000 

Fig 2.1 Title panel of the REGION computer system 

SysteM's MainMenu 
SysteM description 
Region and coMMlllle se lect ion 
Module of deMography 
Production sector se lcctlon 
Seruice sector selection 
People incoMes, consunption, sauings 
Residential building 
C• Mnune budget 
House heating Managenent sector 
Energy deMand 
Energy supply 
Enu ironMent pollution 
Region deuelopeMent balance 

···················:..................................................................... ..... Com~c11ts 

Analysis of cliosei1 production sector deuelopenenf in 
1 , agriculture sector . 
2. wa ter Ma1iageMent • sector - sflla 11 
3 . dndustry sector 

trł'l'ER :execute; . FiO :update . and execute;. "ri :fo cor~riients, • ESC :end 
For brows ing nenu : t J.-+ .. HoMe End PgUp PgDn "PgUp "PgDn 

Fig. 2.2 The main menu of the REGION computer system 
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I Module description 
~gflł;u) t1.p:·e s ector -···•··· ·•· • ·· · · 
Wdter llldlldge111ent sector
Jndustry sector 
End of the 1T10dl1le 

---- - -----------·----------- Corr,rie11ts ----·····-·······-······-···-·--·--·····--- ------
1)1fAl111 of sillllllUldtion l!lodel of ągrkulture developl>!ent in & col>!l>!une is to 
ęi,til'latę . t)le cąnse.ąuences .of farm, developl>!ent dl1e to: 
f Jlrocess of &re& restrl1cturizt1tionąnd prodm;:tion speci&li.zation, 
f h•;rigątiąn of arą ble areas, 
..,Jijo111ass cuHjvat!on · for energy product ion. purposes. 1 
D~vęloplllent conseąuences wH J be es til!ltlted on the bt\S is (between otl1ers) of I 
j coeff.icient of Ctlpitt\J return (profit rt\te.) in the Ct\Se of introducing lt- th j 

im,ovątion tą ghth repfesentt\tive Jarl>!, •· · · 
.., J&bour de111t1nd t\l1d costs of p&rtkldar. types oL&ctivities for ve!!ett\l tlnd •• 

ąntl'ląl PfQdl1ąti9R fąf. ;represęntąt i\Je J &fl!IS, ••••·. > •-• •..... ··• .• ... • • ... •· -------··-·-··-··-··-----··-----· ______ ,......_ ··--- .. :. : .. . · ..... --------····-··· ·:..:_ 

ENl'Ell :execute , F10:update and execute , "Fi:to co111111ents , ESC:PREIJHJUS menu 
l'or browsing r~enu: t ł -> « llorie End l'gUp PgDn "PgUµ "PgDn 

Fig. 2.3 The menu of the production sectors module 

Module descripton 
l!ege t a l pruduction 
Ani111al production 
Farn develope111ent 
Farn energy de111and 
Investl!lents 
Estil!lation of far111 developement enterprises effectiveness 
Bal,rnces of agriculture activities in a coMmune 
Balances of agriculture activities in a voiuodeship 
End of the nodule 

ł10DULE ROL-Ił 
1. conuentional cultivation 
z. fąrfil restructufizdtion schedule 
3, unconventtonal cultiuatlon 
'f, l~hour def:land gf ueyeta I production 
5 . cumulirt.iUt:: datą on cultluatiootechniques deuelopene11t 

Ęfiffl ;ęxei:ute, :F10 :t1pdatc . ;111d execute, "f1:tó cor,u,u:nts / ESC; PI-IĘV IOUS 
For- browsing rienu : t J. ... ., Hor~e End PgUp l'gDn "PgUp "l'gDn 

Fig.2.4 The main menu of the agriculture module 
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Module clescription 
Labour cleMand of vegeta; productlon I - nodule PRACX 
Conventional cuJtiuatlon - nodule ROL- RO 
Farm restructurization scheclule - module AREA 
Unconventional cultivation - 111oclule ROL-R1 
Labour clenancl of vegetal procluction II - nodule RLABR 
Cur,mlatlve clata on cultivation technlques develope111ent - nodule ROL-TU 
End of the modu le ROL-R 

r--------------- Cuni:ie11ts --------------~ 
Cultivation without innovative techniques witli nox-Ml fertilization, 
assunied soil category and glven area structure used for vegetal productlon 

PROGRAM ROL1 - deternhiatlon of til'lle distributlons of 
- crops 
- bio111ass production 
for any gi-Ui f,u111. 

Input of basie data, data processing, presentationof results. 

Efł1l:.1l:execlite, 1'10:update ariel e:v.ecutc, "ł'i:to co111r~e11ts, ESC:Plll:::OlOUS r~enu 
For bro~isiny nenu: t .l • .. llo111e End PgUp l'gTui "PgUp APgDn 

Fig. 2.5 The menu of the vegetal production module 

2.2 Forecasting o/su/fur oxides transhoundary inflow 

The sulfur dioxides due to the acid rains can contribute among others to destruction of 

biomass plantation. The knowledge of the transboundary pollution flow of sulfur dioxides 

could be helpful for the control of the pollution impact on the environment, as well as for the 

biomass plantation localization. 

General problem description 

The total emission of sulfur oxides and nitro gen oxides in Poland is one of the biggest in 

Europe. High level of air pollution has a great impact on the environment (e.g. soil, forests, 

water, agriculture crops etc.) and affects people's health not only in Poland but also in 

neighboring countries due to transboundary pollution tlows. On the other hand, emissions 

from major power plants in other East European countries (East Germany, Czech Republic) 

affect significantly South-West regions of Poland. 

The simulation of sulfur oxides forecasting is realized in two stages. The first involve the 

assessment of the sulfur dioxide emission by all hydrocarbon fuel consumers for separate 
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regions of the country. Residential sector is considered as the set of voivodship-averaged, 

aggregated area sources. Also, the influence of the neighboring regions ( countries) due to 

transboundary pollution inflow is taken into consideration. 

Then these information are utilized by environmental pollution module. Model of this 

module calculates year-averaged (or season- averaged) spatial distributions ofpolluting factor 

(concentration/deposition) per unit emission, for power installations under consideration. The 

input data set consists of structural characteristics of the area (geometry, topography, 

aerodynamical roughness), meteorological data (wind field, precipitation, mixing height, 

atmospheric stability conditions). For a given expansion scenario, the matrices are multiplied 

by the respective (for each source) emission intensity and superimposed to form the resulting 

pollution field. It is presented in a form of isoline concentration/deposition maps by the 

graphical output błock . 

Fig. 2.6 Impact of a development scenario of Warsaw region on sulphur-dioxide 
concentration in Poland · 
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