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Abstract. Environmental compensation is a form of payment for pollution of nature
and the environment and the destruction of land, plants or animals. One of the challenges in
ensuring waste management in Kenya is how to measure the negative effect of industrial ac-
tivities and waste on the environment, economy, and human health. Although the amount of
compensation should be established on the basis of the environmental-economic assessment
of the appropriate environment, it should also be sufficient to implement measures aimed
at restoring, reproducing and improving this environment. Kenya has not yet developed
a clear legal framework for compensation for environmental damage even through it has
a clear and elaborate Environmental Management and Coordination Act for the protection of
the environment. Previous studies on the cost of environmental damage in Kenya have suc-
cessfully used two methodologies: emergency costs and soil, air, and water pollution. This
works examines the essence of these methods, as well as the possibility of their application
in assessing the cost of damage to the environment as a result of human economic activity.
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AHHOTamUsA. DKOJOrHYecKasi KOMIIEHcausl — 3T0 (GopMa OIuIaThl 3a 3arps3HeHue
MIPUPOJIbI U OKPYIKAIOLIEH Cpe/ibl, a TAK)KE 32 YHUUTOXKEHUE 3€MJIM, PACTEHUHN WU )KUBOTHBIX.
OnHa u3 mpobieM yrpasieHus oTxonamu B KeHun 3aKiroyaercst B OTCYTCTBHH SIUHOTO WH-
CTpPYMEHTa U3MEPEHUS] HEraTUBHOTO BJIMSHUS MPOMBILUIEHHON JESITeIbHOCTH U OTXOJIOB Ha
OKPY’KaIOIIYI0 Cpey, SKOHOMUKY M 3J0POBbE YeJIOBEeKa. XOTS pa3Mep KOMIICHCAIIUH JI0JDKeH
YCTaHABJIMBATbCA HAa OCHOBAaHMU 3KOJIOTO-3KOHOMHYECKOHN OLIEHKU OKpY’Karolle cpenbl, OH
TaKXe JOJDKEH OBITh OCTATOYHBIM Ul pealu3allid Mep, HalpaBJIEHHBIX HAa BOCCTAaHOBIIE-
HHUE, BOCIIPOU3BOJICTBO M YyJydllleHHe 3Toi cpenbl. KeHus emie He pa3paboTana 4eTKyro mpa-
BOBYIO OCHOBY JIJIsl KOMIICHCAITUH 32 SKOJOTHUYECKUH yiepO, HECMOTpS Ha HAJIM4YHE MOAPOO-
HOTO 3aKOHA 00 YNIPaBICHUH OKPY’KAIOIIEH Cpemoil W KOOpAWHANIWY [UIS 3aIIUTHI OKpPY>Karo-
el cpensl. B mpenpiqymmx ucciaeqoBaHIsIX CTOMMOCTH yIiepOa okpykaromen cpene B Ke-
HUU YCIIEUIHO MCIOJB30BAIMCH JIBE METOJOJOTHH: 3aTPaThl HAa Ype3BbIYAilHbIE CUTyallMH U
3arpsisHEHUE TI0YBBI, BO3/lyXa M BOJABL. B cTaThbe paccmarpuBaeTcs CYHIHOCTh dTHX METOJIOB,
a Taxke BO3MOKHOCTH HMX IPHMEHECHHUS TP OIICHKE CTOMMOCTH yIIepOa OKpyskaromeil cpene
B pe3yJIbTaTe X03HCTBEHHOM JeSTENbHOCTH YEI0BEKA.

KiroueBble cJI0Ba: SKOJOTMYECKUI yIepO, MPOU3BOACTBO AKCEPTUM, SKOIOTUUECKHUE
U3EPIKKHU, 3arpsA3HCHNE

Hcropusa craTtbu: noctymwia B pemakiuio 15.10.2020; npuHsaTa kK myOnmkamuu
01.11.2020.
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ronmental damages caused by land, soil and air pollution in Kenya: a review of previously used
methods / Bectauk Poccuiickoro yHuBepcutera JpyxO0bl HaponoB. Cepus: Dkoyorus u 0e3-
OIMacHOCTH Xi3HeaesTenpHocTh. 2021. T. 29. No 1. C. 112-120. http://dx.doi.org/10.22363/2313-
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Introduction

Sections 78 and 93 of Kenya’s environmental legislation provide for air
quality standards and prohibit the release of chemicals, hazardous substances and
materials or oil into the environment and liability for spills, respectively'. These
sections provide that a person convicted of a crime must pay the cost of cleaning

! Environmental Management and Coordination Act 1999.
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up the pollution, as well as any costs that may be incurred by any government
agency or the agencies in rehabilitating the environment destroyed or damaged
by the released wastes.

The environmental impact is expressed in a number of costs. On the one hand,
this is economic damage from a negative impact on the environment, on the other,
the cost of preventing pollution or implementing environmental protection actions.
From the point of view of rational management of production activities, it is es-
sential, firstly, to determine the optimal ratio of these two types of costs, and, sec-
ondly, to rationally take them into account when assessing the efficiency of enter-
prises. For this, it is necessary to estimate as accurately as possible the quantita-
tive damage caused by the industry to the environment. The economic assessment
of enterprises’ damage to the environment is carried out based on mathematical
modelling methods, generalized indirect estimates, specific damage (calculation
for a mono-pollutant), or direct calculation. The practice of calculating the pre-
vented environmental damage is also used to assess the negative impact.

Environmental damage can negatively affect a large number of species,
their habitats and ecosystem functions, as well as human consumption or non-
consumption values. However, in practice, ecosystems are a rather complex con-
cept, and therefore it can be significantly challenging to understand and calculate
the degree of environmental damage. The problem with calculating damage arises
in connection with environmental damage, and the benefits of resources or ser-
vices obtained as a result of remediation activities carried out as a result of da-
mage compensation require specific professional skills from the equivalence ana-
lysis team.

Methodology for calculating damage to land resources
from environmental pollution

Land valuation is carried out in different ways and is divided into zones
depending on the type of use, purpose and distance from settlements or densely
populated areas. When calculating the economic assessment of damage that can
be caused to land by economic activities, direct damage can be determined by
multiplying the area affected by economic activities by the base price of land in
the relevant region. To calculate the indirect damage, it is necessary to determine
the economic damage from a decrease in livestock productivity as a result of nar-
rowing of pastures and a decrease in the number of crops and vegetables, hay
and forage caused by shearing agricultural land area.

Deficiency-related damage. Direct damage includes areas that will be da-
maged by direct industrial impact, as well as areas covered by roads, paved areas
and other industrial facilities. The economic value of land affected by direct scar-
city is measured by the value of the lost economic opportunity that should have
been obtained if the land in question was used for another purpose (or for its pre-
vious purpose).

Pollution-related damage. In general, land pollution can be divided into
5 levels. The concept of an acceptable pollution level means that the soil’s chemi-
cal content does not exceed the safe exposure level. The five levels of land con-
tamination are: 1) unpolluted; 2) slightly polluted; 3) notably polluted; 4) serious-
ly polluted; 5) dangerously polluted.
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Estimating the cost of soil erosion. The value of the soil can be quantified
using various methods. The highest estimated cost is based on the market value of
replacing free services provided by degraded soils (for example organic additives,
fertilizers); some equate the costs of downstream rehabilitation, such as dredging
a reservoir, with external costs [1]. Others draw inferences about costs based on
the value that consumers place on non-degraded land. Finally, the quantification
of environmental services is usually realized through studies to estimate the peo-
ples’ willingness to pay for the soil’s services [2]. The objective, for each of them,
is to estimate the value that can allow comparison with market prices. Previous
studies of the cost of environmental damage in Kenya have successfully used two
methodologies: emergency costs and soil pollution [3].

Methodology for calculating damage to a land plot
using the emergy synthesis process

Emergy is the energy indirectly or directly used to generate a product or
service [4]. Since each input to the process is itself a product of energy conver-
sion, the occurrence is usually referred to as energy memory. The units refer to
a reference energy source (typically solar energy). The emergent unit is the solar
emjoule (sage). This unit indicates that emergence arises from energy flows but
is qualitatively different. In particular, emergy considers energy losses (losses of
the 2nd law) during the successful conversion of standard (solar) energy into other
forms of energy. The available energy after each transformation has properties
that qualitatively distinguish it from heat.

In the past, the emergency welding method has been used to estimate soil loss
in Kenya (the author refers to the open patch panel by [3]). Their study noted that
sharply accelerated soil loss is prevalent throughout Kenya, especially in the wes-
tern counties where high rural population concentrations, harsh climatic impacts, and
delicate soils converge. At the national level, 25 to 180 million tons of soil is lost
annually due to erosion [5]. This flow has been quantified to include other aspects
of the economic/ecological system for direct comparability, assuming that mitiga-
tion investments will be required to understand the problem’s magnitude better.

In Kenya, the emergy synthesis has been applied to economic/ecological sys-
tems at three scales, that is, starting with the vast scale and gradually localized sys-
tems. During the emergy synthesis study, [3] developed The National Assessment to
quantify land degradation’s significance to the national economy. They also created
conditions for smaller assessments for three counties in Kenya’s western region.

An unanticipated synthesis of regions, countries, and land uses (all on an an-
nual basis) has been standardized to convey summarized information about the ener-
gy base for economic and environmental conditions [6; 7] this standard with five
analytical steps [6] for details) was followed by [3] in their study:

1) compilation of transboundary flows, an internal transformation of economic
and environment and resource depletion through erosion, deforestation, and mining;

2) data collection — identifying sources of data on transboundary flows and
rates of depletion of domestic natural capital;

3) stream aggregation/index development. Composite indices have been de-
veloped [7] to capture various aspects of the interaction between environment and
economy;
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4) system diagram design — use of energy systems language to describe the re-
source base;

5) tabular valuation — a standard accounting system is applied. Each resour-
ce flow is valued in physical units modified by appropriate conversion to adjust
the energy quality.

Soil loss indices. The authors of [3] developed two new indicators precisely
to quantify the loss of soil natural capital reserves in the context of Kenya’s regional
energy base. Generally, soil loss is considered a depletion of non-renewable energy
reserves. However, grouping these streams with mined minerals and local fossil
fuels ignores the direct ecosystem services these reserves contribute. Moreover,
while the immediate economic benefits of fuel extraction or mining are clear,
the benefits of degraded topsoil are not obvious. In [3] authors assumed that some of
these flows can be prevented through more effective land administration policies.

Ecosystem
Production

RunolT

=

Erosion

iz \L_\ Qxidation

Geologic
Inputs

Simplified schematic of topsoil genesis [3]

The first new index balances costs and benefits for agriculture. Soil intensity
in agriculture (SIA) compares the yield of crops (livestock and cereals) to the pro-
duct of eroded soil:

SIA = Yo

oa

where Noa — erosion; Yag — the output of income from agriculture.

The second new index links the developing foundations of the regional sys-
tem to soil loss. The fraction of soil erosion use (FUSE) is expressed as a percent-
age of total use (U) due to erosion (Noa):

FUSE = Yoa
U
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Since erosion is an integral part of agricultural yields, the index’s minimum
is one. Large FUSE values designate high external costs to the economy whereas
the values that are close to one imply a very harmful consequence on agriculture.
The authors of [3] found out that both SIA and FUSE are independent of other
typical regional analysis indices and can be calculated for all countries for which
emergy assessments have been made for comparison purposes. Voluntary health
insurance should differ significantly within and between regions and farming sys-
tems; identifying agricultural and/or livestock activities is not relevant at the local
level. Also, to note is that SIA is the inverse of FUSE; this is not the situation on
a larger scale, where (U) is not only used in agriculture.

Methodology for calculating damage from soil pollution

The correct and practical determination of soil pollution’s degree and scale
is a rather tricky task requiring a lot of effort, money, and a relatively long time.
The damage from soil pollution is the basis for calculating the cost of cleaning
or cleaning contaminated soils. Thus, there is a methodology for calculating
the damage caused by soil contamination, which is applicable when it was impos-
sible to calculate costs in Kenya directly.

The high content of polluting elements in the soil is not always associated
with human activities and can sometimes represent a natural or litho-geochemical
anomaly. So, the study of soil pollution should be done by a highly qualified and
experienced soil scientist. The quality of work on assessing soil pollution will di-
rectly depend on the correctness of sampling, the reliability and accuracy of la-
boratory test results, the correctness of determining the contaminated site, and
the conditions for processing the results.

Methodology for calculating the baseline assessment of soil pollution

When calculating soil pollution’s ecological and economic assessment,
the economic and environmental evaluation of the corresponding territory’s soil
is multiplied by the coefficient of soil pollution for each of the pollutants.

Esp = Es(Ksp(1)Kspr(1) ... Ksp(i)Kspr(i),

where Esp — the basic environmental-economic assessment of soil pollution, Ke-
nyan shilling (KES)/ha; Es — the basic ecological and economic assessment of
the soil, KES/ha; Ksp(i) — the coefficient of soil pollution by each of the pollu-
tants; Kspr(i) — pollution factor for each of the pollutants.

Soil pollution factor is calculated in two ways:

1) calculation based on the degree of soil pollution: soil pollution factor,
Ksp(i) is equivalent to exceeding permissible level (2), exceeding threshold value (5)
and exceeding dangerous value (10);

2) calculation by precaution value:

)

N c(i
Ksp(i) =1+ e
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where Ksp(i) — coefficient of soil pollution by a pollutant or element; C(i) — the con-
tent of the pollutant or element; Cs(i) — is the warning value of a pollutant or element.
Pollution factor. Since the adverse effects of different pollutants and ele-
ments are very different, there is a requirement to use a pollution rate correction
factor, which depends on the contaminants and elements’ specific properties.

Pollution factor, Kspr(i)

Parameter Coefficient, Kspr(i)
Arsenic (As) 3
Benz-(a)-pyren
Boron (B)
Cadmium (Cd)
Chrome

Circular-structured scented hydrocarbons (CSSH)
Cobalt (Co)

Copper (Cu)
Cyanide (CN)
Dioxin/Furan (PCDD/F)
Fluorine (F)

Lead (Pb)

Mercury (HQ)
Molybdenum (Mo)
Nickel (Ni)
Petroleum products
Phenol
Polychloridebiphenols (PCBs)
Selenium (Se)
Six-valence chrome (Cr6+)
Strontium (Sr)
Vanadium (V)

Zinc (Zn)

= = = N = DW= =S WON =W =S WwNDDN =W

Calculation of the total damage to the environment from soil pollution.
After determining the area of contaminated soil, and the depth of contamination,
the total volume of contaminated soil could be determined. Besides, the volume of
contaminated soil can also be expressed in terms of weight. The total environmen-
tal damage from soil pollution is calculated as follows:

XTotal = EsprKtKh 1074,

where Xtotal — total damage from soil pollution by chemical substances, KES; Es, —
the basic ecological and economic assessment of soil pollution, KES/ha; V), — ¢
ontaminated area covered with soil, m%* K; — calculation factor depending on
the period of restoration of contaminated soil; K» — calculated coefficient depen-
ding on the depth of soil contamination; 10~ — factor for converting hectare to m?;

Ki=2.8228In(r) — 0.2318; K» = 0.00524 + 0.9634,
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where ¢ — the period of recovery of contaminated soil by years; 4 — depth of soil
contamination, hence

Xrotal = EspVp(2.8328In(t) — 0.2318)(0.0052h + 0.9634 x 107%).

Methodology for calculating damage from water pollution

The damage caused by pollution of surface waters depends on the composi-
tion, content and virulence of pollutants, both directly and indirectly entering sur-
face waters. Loss of environmental property is here defined as the damages and
denotes a decrease in the value of the environment, including groundwater, sur-
face water and sediment. Emissions of pollutants from the accident deteriorate
water quality and reduce the value of surface waters.

Lgp = Cow + Cso + Cows

where Lep — loss of environmental property (KES); Csw — cost of removing pollu-
tants from surface water (KES); Cew — cost of removing pollutants from ground-
water (KES); Cso — sludge removal cost (KES).

Since the volume of contaminated groundwater is usually not available,
the volumetric coefficient of contaminated surface water was used to estimate
this parameter, which can be easily calculated by summing the diffusion spread of
pollutants. According to [8] a 1: 1 ratio is considered moderate. Removal of envi-
ronmental pollutants can also be done by contacting appropriate environmental
remediation consulting companies.

Methodology for calculating damage from air pollution

The damage caused to the environment by toxic substances released into the
ambient air is calculated using the formula below. The amount of waste is also
taken into account here:

XTotal = TerMKlKZa

where Xtotal — damage to the environment from emissions of toxic substances into
the atmosphere (thousand KES/year); 7. — damage from 1 (one) standard ton of pol-
lutant emissions into the atmosphere, KES/standard ton (measured by the amount of
compensation to be paid for air pollution); o — index of the relative hazard of air
pollution in the pollution zone (depends on local characteristics); /' — is a correction
factor reflecting the air solubility of a mixture of substances emitted into the ambi-
ent air; M — is the recalculated annual amount of toxic waste emitted to the atmo-
sphere from the waste source, standard tons/year; K1, K> — coefficients reflecting
the source of waste and the height of waste discharge respectively.

Conclusion

The system for assessing the impact of production activities on the envi-
ronment should be aimed at solving the problem of the transition of mining enter-
prises to modern technologies for the extraction and processing of mineral raw
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materials that ensure a minimum negative impact on the environment. These tasks
cannot be solved without a quantitative monetary assessment of enterprises’ da-
mage to the environment. The performance indicators of companies should be ad-
justed, taking into account environmental factors. When making investment deci-
sions, it is necessary to assess the negative impact on the environment and calcu-
late the prevented damage when implementing ecological investments.

Thus, when the factor of negative impact on the environment is included in
the assessment of enterprises’ actions, it is necessary to consider the decrease in
payments for the negative impact, which is carried out by the method of genera-
lized indirect assessments. The method of specific damage allows to assess the pre-
vented damage, and the method of direct calculation — to include factors of nega-
tive impact in the analysis of business profitability.

References

[1]  Starett D. Shadow pricing in economics. Ecosystems. 2000;3:16-20.

[2] Alfsen KH, De Franco MA, Glomsred S, Johnsen T. The cost of soil erosion in Nica-
ragua. Ecological Economics. 1996;16(2):129-145.

[3] Cohen MJ, Brown MT, Shepherd KD. Estimating the environmental costs of soil ero-
sion at multiple scales in Kenya using emergy synthesis. Agriculture, Ecosystems &
Environment. 2006;114(2—4):249-269.

[4] Odum HT, Brandt-Williams SL, Nilsson PO. Folio 1. Introduction and global budget.
Handbook of Emergy Evaluation: A Compendium of Data for Emergy Computation Is-
sued in a Series of Folios. Gainesville: Center for Environmental Policy, University of
Florida; 2000.

[5] Barber RG. The magnitude and sources of soil erosion in some humid and semi-arid
parts of Kenya and the significance of soil loss tolerance values in soil conservation in
Kenya. Soil and Water Conservation in Kenya: Proceedings of the Second National
Workshop. Nairobi: Institute for Development Studies; 1983.

[6] Doherty SJ, Odum HT, Nilsson PO. Emergy evaluation of forest production and indus-
tries in Sweden. Uppsala: Institutionen for Bioenergi; 2002.

[7] Ulgiati S, Bastianoni S, Odum HT. Emergy use, environmental loading and sustainabi-
lity an emergy analysis of Italy. Ecological Modelling. 1994;73(3—4):215-268.

[8] Lanoie P, Tavenas S. Costs and benefits of preventing workplace accidents: the case of
participatory ergonomics. Safety Science. 1996;24(3):181-196.

Bio note:

Martin Mamboleo, PhD student, Department of Applied Ecology, Institute of Environmental
Engineering, Peoples’ Friendship University of Russia (RUDN University). E-mail: mam-
boleomartin@gmail.com

Cgenenusn 06 aBTope:
Mamboneo Mapmun, aciupanT, kadeapa NpUKIATHON 3Kojaoruu, MHCTUTYT sKkosoruu, Poc-
CHICKUI yHHBEPCHUTET JIpy>k0bI HaponoB. E-mail: mamboleomartin@gmail.com

120 ENVIRONMENTAL ECONOMICS



