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Abstract

Black carbon (BC) is a potent pollutant because of its effects on climate change,
ecosystems and human health. Black carbon has a particularly pronounced impact
as a climate forcer in the Arctic because of its effect on snow albedo and cloud forma-
tion. We have estimated BC emissions from diesel sources in Murmansk Region and
Murmansk City, the largest city in the world above the Arctic Circle. In this study we
developed a detailed inventory of diesel sources including on-road vehicles, off-road
transport (mining, locomotives, construction and agriculture), fishing and diesel gener-
ators. For on-road transport, we conducted several surveys to understand the vehicle
fleet and driving patterns, and, for all sources, we also relied on publicly available lo-
cal data sets and analysis. We calculated that BC emission in Murmansk Region were
0.40Gg in 2012. The mining industry is the largest source of BC emissions in the re-
gion, emitting 70 % of all BC emissions because of its large diesel consumption and
absence of emissions controls. On-road vehicles are the second largest source emit-
ting about 12 % of emissions. Old heavy duty trucks are the major source of emissions.
Emission controls on new vehicles limit total emissions from on-road transportation.
Vehicle traffic and fleet surveys show that many of the older cars on the registry are
lightly or never used. We also estimated that total BC emissions from diesel sources
in Russia were 56.7 Gg in 2010, and on-road transport contributed 55 % of diesel BC
emissions. Agricultural machinery is also a significant source Russia-wide, in part be-
cause of the lack of controls on off-road vehicles.

1 Introduction

Black carbon (BC) is a potent pollutant, with a global warming potential 680 times that
of CO, (on a 100 year basis). It also contributes to adverse impacts on human health,
ecosystems and air visibility. In particular, it is associated with respiratory and cardio-
vascular effects, as well as premature death. BC is the product of incomplete combus-
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tion, resulting in small, light-absorbing particles of 2.5 microns or less (or to state this in
another way, BC is a major component of PM, 5). Diesel and biomass combustion are
both important global sources of BC and PM, 5 emissions. Black carbon has a particu-
larly pronounced impact as a climate forcer in the Arctic because of its effect on snow
albedo and cloud formation (EPA, 2012).

This article provides a detailed inventory of BC emissions from diesel sources in
Russia’s Murmansk Region. Murmansk City is the largest city in the world above the
Arctic Circle. Russian BC emissions are poorly understood in general (Stohl, 2013);
this represents an important gap in our understanding of BC emissions and global
BC forcing because Russia is by far the largest Arctic state in terms of territory. Bond
et al. (2004 and 2013) provide an overview of global emissions of black carbon and
their forcing (Bond et al., 2004, 2013). The US Department of Agriculture estimates
BC emissions from agricultural burning in Russia (USDA, 2012). McCarty et al. (2012)
estimate the range of average annual BC emissions from cropland burning in Russia at
8.90 Gg, based on agricultural statistics. Cheng (2014) estimates the likely geographic
distribution of Russian black carbon emission sources.

Diesel is an important source of emissions globally, for example, the US EPA Re-
port to Congress on Black Carbon indicates that nearly 50 % of BC emissions in the
United States came from mobile diesel engines in 2005 (EPA, 2012). Russia has sev-
eral trends that affect its diesel consumption and emissions in the transport sector.
Diesel is growing as a transportation fuel. Road traffic has grown rapidly in Russia in
the past decade, linked to economic growth and growing demand for cars. The popu-
larity of diesel light-duty vehicles has grown: many higher class or sports utility vehicles
that perform well in snow rely on diesel. In Murmansk, we found that 12 % of light-duty
passenger vehicles used diesel, which is somewhat higher than older estimates Russia
wide. Freight transport has also been growing in Russia. At the same time, Russia has
European standards for limiting particulate emissions from on-road vehicles: currently,
new or imported vehicles must be at least Euro 4. Euro 4 vehicle regulations require
emissions that are 20—30 times lower than vehicles with no controls (e.g., Euro 0). In
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the past year, two of the largest bus companies in Murmansk Region began to upgrade
their bus fleets, retiring old Euro 0 buses and replacing them with Euro IV and Euro V
buses; our inventory base year (2012) predates this change.

Russia has also adopted European standards for fuel quality, which is important be-
cause emissions controls will not operate properly when diesel has high sulfur content.
Russia has not introduced fuel quality standards as rapidly as its vehicle standards, so
currently, three types of diesel are available on the market in Murmansk: Euro 3, 4 and
5. In 2013, Euro 5, with a maximum sulfur content of 10 ppm, accounted for 52 % of
Russian diesel production for the domestic market while the share of Euro 4 was 18 %
and Euro 3 was 26 % (Novak, 2014).

Russia has no requirements for emission controls on off-road vehicles, so off-road
vehicles, particularly in open-pit mines in Murmansk Region, represent a major source
of black carbon emissions. While Russia has considered adopting European standards
for off-road vehicles, it has not yet done so. At the same time, as with on-road trans-
portation, we found evidence that some off-road vehicles in Russia exceed current
requirements.

Regarding rail emissions, most Murmansk rail operates on electricity. Diesel loco-
motives operate in freight depots and within industrial facilities. Diesel locomotives in
Murmansk do not appear to have controls. Likewise, we did not find evidence that
diesel generators typically have controls, and there are no regulations requiring such
controls.

We also assessed emissions from the large Murmansk fishing fleet. Despite the size
of the fleet, it does not account for a large share of emissions in Murmansk Region.
Most of the large fishing vessels registered in Murmansk rarely if ever call in to Mur-
mansk Port, based on port registries.

By design and because of sensitivities and data availability, we did not include mili-
tary consumption or consumption from commercial shipping in our analysis. The mili-
tary likely represents an important source of consumption; commercial shipping, on the
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other hand, primarily relies on heavy fuel oil, not diesel, and most of the ships quickly
leave Russian territorial waters.

The impact of regulations in reducing emissions is quite clear based on our analysis
in Murmansk. Without regulation of vehicles and fuel, emissions would be substan-
tially higher. Likewise, off-road vehicles and other sources would be significantly lower
if emission controls were obligatory. For example, EPA calculates the effect of emis-
sion regulations of off-road vehicles in the US and estimates that BC emissions will
decrease by 92 % between 2005 and 2030 as a result of emission regulations (EPA,
2012).

2 Methodology

Our approach to estimating BC emissions involved combining fuel consumption and
activity data with emission factors, which is consistent with the literature (Bond et al.,
2004; Klimont et al., 2002; EPA, 2012; EEA, 2009, 2013; Streets et al., 2004). Since
measured BC emission factors from Russian diesel sources are not available, we esti-
mated BC emissions from PM emissions and then apply a speciation ratio to estimate
BC emissions. We used similar methods to estimate organic carbon (OC) emissions.

We applied different methodologies to different fuel combustion technologies. Wher-
ever possible, we used Russian methodologies or emission factors for PM; for example,
we used both Russian and European emission factors to estimate emissions from on-
road vehicles; the Russian methodologies included emission factors for the typical vehi-
cle fleet on Russian roads (NIIAT, 2008a, b), though by international comparison, some
of the Russian cold start emission factors seemed quite low. For most other sources,
we used emission factors from the European Environment Agency (EEA, 2013). Addi-
tional detail on our methodology can be found in (Evans et al., 2012).

We collected detailed bottom up activity data from several sources, depending on the
needs of the emission calculation methodology. We collected extensive primary data
on road traffic in Murmansk (see Table 2 for details).
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Regarding off-road vehicles, we used statistical data as well as public information
from annual corporate reports and other public sources. For power generators, we
received a detailed list of the largest off-grid diesel generators in Murmansk Region,
and supplemented this with analysis comparing population centers with the power grid
and statistics on fuel use. We also relied on regional statistical data about non-transport
diesel consumption by different sectors of the economy. Regarding the fishing fleet, we
used public data from Russian ship registries and port calls. We only counted the
fraction of fishing vessel emissions corresponding to the time these vessels spent in
Russian territorial waters.

3 Analysis of fuel consumption in Murmansk Region

We reviewed the official statistical data on diesel consumption in Murmansk Region,
which include annual summary data on consumption and stock changes by broad cat-
egories, and a breakdown of enterprise consumption for transport and non-transport
needs organized by economic activity. The summary data and the more detailed data
appear to have some methodological differences, and the summary data appear to
include different categories across different years, causing major swings in the total
reported fuel use. Because of these factors, we also estimated consumption by sector
using bottom up calculations where possible. Except in the case of mines, statistical
data were significantly different from our bottom-up estimates.

In Table 1 below, we provide a consolidated estimate of diesel use in Murmansk
Region in 2012.

The Supplement provides more details: Table S1 provides additional details on our
bottom-up fuel calculation for on-road transport; Table S9 highlights these calculations
for mines, and Tables S16 and S17 estimate fuel use for fishing and diesel generators,
respectively.
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4 On-road transport in Murmansk
4.1 Activity data

On-road transportation is one of the largest sources of black carbon emissions in the
region; it also appears to be the largest diesel source in Russia as a whole. We con-
ducted detailed surveys and data collection related to the vehicle fleet, traffic and ve-
hicle use in assessing on-road transport emissions. Russia does not have detailed,
published data on road traffic by vehicle type and class, and most Russian transporta-
tion experts believe that vehicle registries include some vehicles that are not used or
used only lightly. As a result, we used multiple sources to study on-road transport in
Murmansk and the region. Table 2 highlights our surveys and data sources.

Murmansk City had 16400 diesel vehicles registered in 2012, while in Murmansk
Region, there are 45600 diesel vehicles registered. The registry showed that 45 % of
all cars and other light duty vehicles (LDVs), 62 % of trucks and 75 % of buses are likely
Euro 0, based on their age. Passenger cars in general are much newer and cleaner
than buses or trucks. Based on parking lot surveys of 2235 cars, we found that on
average, 12 % of the passenger cars in Murmansk run on diesel, which is higher than
the Russian average. The average age of diesel cars in Murmansk City is 5.6 years.

We relied on several data sources to assess average annual mileage for passenger
cars; NIIAT provided estimates for average annual mileage of other vehicle types. We
used our video survey data to estimate average annual daily traffic (AADT), and then
multiplied this by the kilometers of road by road category to estimate vehicle-kilometers
traveled (VKT) in the city. We used these calculated metrics along with our other data
in estimating emissions in the NIIAT methodology for large cities. In COPERT, we com-
pared VKT to average kilometers traveled by different vehicle classes to estimate the
total fleet appearing on the roads. We also adjusted the regional registry using the ratio
between registered and observed vehicles obtained in Murmansk City. We estimated
there were 14500 diesel cars, 2600 LDVs, 3900 trucks and 260 buses used in the
region.
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4.2 Emissions estimates

We used several methodologies to estimate emissions in the city and the region. We
reviewed several Russian methodologies, including two prepared by the Scientific Re-
search Institute for Automobile Transport (NIIAT, 2008a, b), as well as the European
Environmental Agency methodology, COPERT (Emisia, 2011). The NIIAT methodolo-
gies use Russian-specific emission factors for PM, 5 based on the average fleet of
vehicles of each ecological class on Russian roads. At the same time, the Russian
methodologies have much lower emission factors for cold starts in small vehicles than
other international methodologies. While some Russian drivers warm their cars be-
fore they begin driving, which reduces emissions from cold starts, without survey data
measuring cold start emissions more precisely, we decided it would be more consistent
with inventories elsewhere to use European emission factors for cold starts, particularly
given the cold Russian climate. Thus, we used COPERT with Russian emission factors
for the hot operation stage to reflect the Russian vehicle fleet. Figure 1 summarizes our
emission estimates by vehicle type using COPERT with Russian emission factors.

As a cross-check, we also calculated emissions with the Russian methodologies.
We used the NIIAT methodology for large cities. We also used the NIIAT universal
methodology, which factors in low usage of registered vehicles in Russia in its formulas.

Table 3 presents a summary of total vehicle emissions in the city using each of the
methodologies Additional details on the emissions are available in Table S5.

The results in Table 3 clearly show that one should be very careful in using registry
data for emission estimates. The difference between estimated emissions from the
observed fleet is 4.7 times smaller than the potential emissions from the fleet of all
registered vehicles, as the Russian vehicle registries likely contain many vehicles not
actually in use.

We also calculated total road transport emissions in Murmansk Region using the NI-
IAT universal methodology (NIIAT, 2008b). This methodology is simpler and designed
for use with limited vehicle activity data; estimating emissions at the regional level pro-
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vides a snapshot of the relative weight of different black carbon emission sources in
the region. At the same time, we recognize that this is an approximate estimate and
may, for example, underestimate emissions from cold starts and overestimate driving
by older, Euro 0 vehicles. We found total road transport emissions in the region to be
98.9t PM, 5 and 53.7t of BC (Table S6).

5 Off-road transport
5.1 Mines

The mining industry is an economic backbone in Murmansk Region. It accounts for
about 40 % of the region’s industrial output. The region produces 100 % of Russian
apatite, nepheline and brazilite, 45 % of nickel and 11 % of iron ore.

The mining industry is by far the largest industrial consumer of diesel in Murmansk
Region. According to official statistical data, mining companies in the region consumed
139000t of diesel in 2012. The largest mines in Murmansk Region are Apatite Joint
Stock Company, Kovdorskiy GOK, Olenegorskiy GOK and Kolskaya GMK (Table S9).

Most of the companies operate open-pit mines; large, haul trucks and mining equip-
ment are the major diesel consumers. The Belarusian automaker BELAZ supplies the
majority of the largest trucks, i.e., those with a payload capacity over 100t. Most BELAZ
trucks are equipped with Cummins and MTU engines. Table S10 shows the technical
characteristics of BELAZ trucks. Recently, mining enterprises have been purchasing
more foreign-made trucks, and mines have been gradually replacing the older BELAZ
models with Caterpillar and Komatsu trucks. Nevertheless, BELAZ trucks still constitute
70 % of the Russian mining fleet (Petrovich et al., 2013).

Mining operations continue nonstop and on average each truck operates well over
6300 h per year (Mining Magazine, 2007). There is no official data on the number of
mining trucks in Murmansk Region. Using information from individual mines, we esti-
mated that there are no less than 250 mining trucks. In addition to dump trucks, mines
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operate a wide range of machinery, including excavators, bulldozers, loaders, drilling
equipment and other machinery. On average, excavators and bulldozers operate 7270
and 6660 h per year, respectively. The mines also use supplementary, smaller on-road
trucks with payloads from 13 to 45t.

Statistical data in the region indicate that mining companies consumed 1390131 of
diesel fuel in 2012. We also cross-checked this data through bottom-up estimates of
fuel use in the largest mines. The results of cross-checking showed that the statistical
data and bottom-up calculations match closely (with a difference of less than 1 %).

Russia does not have emission regulations for off-road vehicles but often uses
foreign-made, off-road vehicles and equipment. Thus, we have used both US EPA and
European Environment Agency information about emission requirements for off-road
vehicles. Table S7 shows PM emission requirements in the US and Europe.

The extent of controls is one of the important uncertainties regarding emission es-
timates from the mining sector. Since there are no emission control requirements, the
mining vehicles may not meet even Tier 1 requirements. Based on information from
Cummins, 88 % of the large, Cummins-powered, BELAZ mining trucks have no con-
trols on their engine exhaust and the remaining 12 % meet EPA Tier 1 requirements
(Mueller, 2014). A smaller population of Caterpillar and Komatsu trucks meets Tier 1
or Tier 2 requirements (Table S11).

The PM, 5 emission factor for off-road, industrial mobile sources and machinery with-
out emission controls is 3.551 gkg'1 fuel and the emission factor for equipment with
some controls is 0.967 g kg’1 fuel (EEA, 2013).

We estimated that PM, 5 emissions in the mining industry in Murmansk Region are
450.5t per year. The speciation BC/PM ratio is 0.62. Total BC and OC emissions in
the mining industry in Murmansk Region estimated to be 279.3 and 83.8t per year,
respectively.
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5.2 Locomotives

Diesel locomotives are only in limited use in Murmansk Region because all the main
railroads are electrified. According to data from the Murmansk statistical office, diesel
locomotives at the Murmansk branch of Russian Railways consumed 212001 of diesel
in 2012 (GKS, 2012).

Diesel locomotives in Russia do not have any emission controls. Some of the lo-
comotives in Murmansk Region are more than 30years old. Since we have limited
information on the activity of the small line haul and switch locomotives, the only way
to estimate BC emissions is to use the fuel consumption method.

The emission factor for PM, 5 of switch locomotives is 1.44 grams per kilogram of
fuel. The speciation ratio for BC/PM, 5 for locomotives is 0.73. Thus, locomotives in
Murmansk Region emitted 30.5t of PM, 5, including 22.3t of BC and 4.5t of OC.

5.3 Construction and road management

This sector includes building construction and road management. According to official
statistics, the building construction industry used 3205t and road management compa-
nies used 865t of diesel fuel for off-road vehicles, machinery and equipment in 2012.

Building construction is stagnant in Murmansk Region. The region’s population is
declining and the formerly powerful construction industry is deteriorating. The vast ma-
jority of equipment in the construction industry is very old. There are over 1800 pieces
of equipment and more than 50 % of equipment and machinery need replacement (see
Table S12 for details). We assume that 90 % of equipment has no emission controls
and 10 % has some controls.

We used EMEP-EEA emission factors (EEA, 2013) for off-road vehicles in the
construction industry, e.g. 4.038gPM, 5 kg'1 fuel for vehicles without controls and
0.967gkg‘1 fuel for equipment with some controls. Hence, off-road building construc-
tion vehicles in Murmansk Region emitted 12.7t of PM, 5, 9.8t BC and 2.0t OC.

3267

Jaded uoissnosiq

Jaded uoissnosiq

| Jaded uoissnosiq |

Jaded uoissnosiq

ACPD
15, 3257-3284, 2015

Black carbon
emissions from
Russian diesel

sources

M. Evans et al.

Title Page
Abstract Introduction
Conclusions References

Tables Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

©)
do


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/15/3257/2015/acpd-15-3257-2015-print.pdf
http://www.atmos-chem-phys-discuss.net/15/3257/2015/acpd-15-3257-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

The road management sector includes minor road reconstruction and snow removal.
Murmansk City is located on the shore of the Barents Sea and the level of precipitation
is quite high. On average, there is snow on the ground 180-200 days per year. The
snow removal fleet was significantly updated recently with Russian-made, multifunc-
tional vehicles and off-road vehicles, including new tractors and graders, do not have
any emission controls.

Similarly to construction, we have to exclude on-road vehicles from the emission
calculations. The emission factor for off-road machinery without emission controls in
this sector is 3.551 gPM, g kg‘1 fuel (EEA, 2013). Off-road vehicles in this sector in
Murmansk Region emitted 2.8t of PM, 5, 2.2t BC and 0.4t OC.

Total emissions from off-road vehicles and equipment in building construction and
road management sector were 15.6t of PM, 5, 12.0t BC and 2.4t OC.

5.4 Agriculture

Over 90 % of Murmansk Region lies above the Arctic Circle and agriculture is not well
developed. The agricultural machinery in the region is Russian-made with a small frac-
tion of foreign-made equipment; 62 % of agricultural machinery is older than 10 years.

According to regional statistics agricultural enterprises in Murmansk Region con-
sumed 13441 of diesel in 2012. The emission factor for agricultural equipment without
emission controls is 3.755 g PM, g kg™ fuel assuming no controls (EEA, 2013). We thus
estimated total PM emissions at 5.1t PM, 5. Using EPA speciation ratio (EPA, 2012),
emissions from agricultural equipment in Murmansk region in 2012 estimated to be
3.9t of BC and 0.8t of OC.

6 Fishing

Fishing is an important part of Murmansk’s economy. The fishing industry in Murmansk
Region provides 16 % of Russia’s total fish catch. Fishing companies in Murmansk Re-
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gion operate mainly in nearby international waters (62 % of the catch). Only a quarter
of the catch occurs in Russian 12 mile territorial waters (Committee for the Fishery
Complex of Murmansk Region, 2013).

The fishing fleet in Murmansk Region consists of 226 sea vessels (2012) or 76 % of
all civilian vessels in the Russian Arctic. The average age of the vessels is 26 years
old. (See Tables S13-S14 for details).

In addition to large and medium ocean-going vessels, there are around 100 small
vessels for off-shore fishing. All this fish catch from these small vessels was brought
into ports in Murmansk Region.

It is very difficult to estimate the fuel consumption in the fishing industry. The official
statistics shows that fishing companies consumed 68 2891 of diesel in 2012. However,
there are several challenges with this data. First, Russian fishing vessels buy and con-
sume the majority of their fuel outside of Russia and Russian territorial waters. Second,
companies may have an incentive to overreport fuel consumption, possibly to increase
their reported costs. As a result, we provide a bottom up estimate of fuel consumption
in the Russian waters for fishing.

We calculated fuel use and BC emissions in Murmansk based on the port calls for
large and medium fishing vessels and, for small vessels, our estimates draw on the
reported number of small fishing boats and local expert judgment on their operations.

Large and medium fishing vessels called into the Murmansk Fishing Port 1713 times
in 2012, according to the Russian Information System on State Port Control (Murmansk
Fishing Port, 2014).

The Murmansk Fishing Port is located 22 nautical miles from the open sea and we
analyzed emissions from the port to the edge of the Russian territorial waters (a further
12 miles out to sea). We assume that it takes 7 h to get from the port to the edge of the
territorial waters.

We obtained information about diesel engine capacity from the Russian Maritime
Register of Shipping (The Russian Maritime Register of Shipping, 2014). Using the
information about the installed power capacity, engine load and time travelled, we ap-
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plied an emission factor of 0.359kWh‘1 (Corbett, 2010) to calculate BC emissions
within Russian territorial waters from fishing vessels. We assumed that all fishing ves-
sels use diesel. (According to the EEA emissions inventory guidebook, only 3.8 % of
fishing vessels use both diesel and bunker fuel oil). We estimate that these large and
medium fishing vessels emitted 4.3t of BC and 0.9t of OC in 2012.

In addition, there are about 100 small fishing ships. Detailed registries and other
data about installed engine capacity and hours of operation are not available, so in
consultation with local fishing and marine experts, we assumed that the average engine
capacity is 50 kW, engine load is 60 %, the boats sail 800 h per year. The total BC
emissions by small fishing boats were 840kg per year. Total BC emissions from all
types of fishing vessels in Murmansk Region territorial waters were 5117 kg.

We also prepared bottom-up estimates of fuel use, based on information about rated
engine power, hours of operation and specific fuel consumption (g fuel kWh'1). The
specific fuel consumption is 203 g diesel KWh™' (EEA, 2013). The fuel consumption by
large and medium ships during their travel within Russian territorial waters is 2481 t per
year. The fuel consumption by small boats is 487tyear'1.

7 Diesel generators

We found several types of diesel generators and heaters in Murmansk Region. The
largest category in terms of fuel use and emissions is generators and heaters that small
market shops and service providers operate in settled areas. The next largest category
includes off-grid generators that operate for a large portion of the year, typically up to
12h a day.

We found the least data for the very small generators and heaters used in commerce
and services — the government does not appear to regulate or keep statistics on these
small generators. The data quality regarding diesel generators is very low and the
uncertainty is very high. In total, government statistics show that non-transport diesel
use from these sectors was 7100t in 2012. We also verified the existence of such
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generators by looking at the number of dealers selling diesel generators in Murmansk.
With an emission factor for diesel generators of 4.0g PM kg'1 fuel use and a BC/PM
ratio of 0.74 for this category, we assumed that such small generators and heaters
emitted 21.0t of BC and 4.2t OC in 2012.

Regarding off-grid generators, it is important to note that the majority of Murmansk
Region’s urban and rural energy consumers receive their power from the Kola Power
Grid. Several dozen settlements in the region lack access to centralized electricity sup-
ply, due to their remote locations; instead they rely on diesel generators (Minin, 2012).
The largest villages without centralized electricity supply receive diesel subsidies. Ta-
ble S17 shows the capacity of these subsidized diesel generators and their annual
fuel consumption. In total, according to the Development Strategy for Energy Savings
in Murmansk Region, there were 80 settlements without centralized electricity supply
in 2009. About 150 village diesel generators with a total capacity of 3.8 MW provided
electricity to these settlements (Government of Murmansk Region, 2009). We used
information about fuel consumption and power capacity of generators with subsidized
fuel and proportionally calculated the possible total fuel consumption by this category
of generators. Using bottom-up calculations, we estimated that off-grid generators con-
sume 1700t of diesel per year. We further estimate that off-grid generators in Mur-
mansk Region emitted 5.2t of BC and 1.0t of OC in 2012.

The total BC emissions from diesel generators in the region estimated to be 26.3t
and OC emissions were 5.31.

8 Uncertainty analysis

Uncertainties exist in emission factors, activity data and emission controls; we used
multiple approaches to estimate and reduce uncertainties of the BC emissions inven-
tory. This could help us validate the inventory estimates, choose appropriate method-
ological approaches and improve the accuracy of the results (IPCC, 2006). This could
also help peer reviewers understand the reliability of our inventory estimates. We used
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five methods to assess and minimize uncertainties (EEA, 2013; IPCC, 2006, 2000),
including:

— multiple approaches to collecting and validating activity data;

literature and other documented data for cross-checks;

cross-checks of bottom-up activity data and fuel allocation;

error propagation; and

expert judgment.

We derived aggregate uncertainties of the emissions inventory based on the error
propagation method. We combined uncertainties of emission factor and activity data
by source category, and then combined uncertainties by source category to estimate
overall uncertainty of the inventory (IPCC, 2006). For emission factors, we use uncer-
tainties and confidence intervals reported by previous studies (e.g. emission factors
from EPA, EEA, Russian methodologies and journal articles). Uncertainties in activity
data are primarily assessed based on expert judgment.

For major sources of BC emissions, we also used cross-checks to assess sectoral
uncertainties. For on-road emissions, we checked our results against multiple method-
ologies, and there is 19 % difference between estimated emissions from COPERT with
NIIAT emission factors and COPERT with COPERT emission factors.

The largest uncertainty in mining lies in assumptions on emission controls and fuel
use (Table S19 and S20). Uncertainty in emissions from mining vehicles appears to be
the greatest. Uncertainty about Tier distribution could significantly change the results of
our emissions calculation given the significant fuel consumption in the mining industry.

9 Simple estimate of Russian diesel emissions

According to IEA data, Russia consumed 23.3 milliont of diesel in 2010 (IEA, 2012).
On-road transport accounted for 12.7 milliont of diesel, while agriculture and forestry
3272
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consumed an additional 2.8 milliont and industry 2.6 milliont of diesel. All other sectors
combined consumed an additional 2.9 milliont of fuel.

Since on-road transport is the largest consumer of diesel we conducted a more de-
tailed analysis of BC emissions by on-road vehicles. We simply applied fuel-based
emission factors to all other sectors.

According to the Federal State Statistics Service of the Russian Federation, there
were 5181200 diesel vehicles in Russia in 2010. NIIAT conducted bottom-up calcula-
tions of fuel consumption by on-road vehicles in Russia and estimated it at 17.3 mil-
liont per year. Table S20 shows fuels consumption by different types of vehicles and
Table S21 shows diesel fleet distribution by ecological class. We used these estimates
to calculate BC emissions from on-road transport; for all other sectors we used IEA
data.

We calculated PM emissions by using NIIAT fuel-based emissions factors (NIIAT,
2008) and applied the BC/PM speciation ratio (EPA, 2012) to determine BC emissions.
Table 4 shows the results of the BC emissions calculations from on-road diesel vehicles
in Russia in 2012.

We estimated total BC emissions from on-road diesel vehicles in Russia in 2010 at
311171, and total OC emissions at 4588t. The vast majority of BC emissions (68 %)
came from Euro 0 trucks.

We cross-checked this result with the EEA methodology using bulk emissions factors
(EEA, 2013). The total BC emissions are 34 2261t (the difference is 9 %). These results
are similar to those presented in the EPA Report to Congress on Black Carbon (EPA,
2012). According to EPA estimates, BC emissions from transport (including aircrafts
and marine shipping) in Russia were 32 Gg in 2000.

BC emissions from diesel sources in agriculture and forestry were 81801, industrial
emissions were 5610t (including 2536t from mining) and while emissions from other
sectors combined were 11 8181t. We estimated total BC emissions in Russia from diesel
combustion in 2010 at 56 726t (56.7 GQ).
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10 Conclusions

We conducted a detailed, bottom-up assessment of emissions from diesel combustion
in Murmansk Region, based on surveys of vehicles, traffic and data collection regarding
other significant sources (see Table 5).

We also conducted an initial estimate of Russian emissions form diesel combus-
tion. In both Murmansk and Russia, on-road transportation is a large source of BC
emissions. Within this category, Euro 0 trucks make up the vast majority of emissions.
This reflects the fact that Russia now has requirements for emission controls on new
vehicles, resulting in comparatively low emissions for cars and most new trucks and
buses. We also found that many registered vehicles, particularly older vehicles, are
driven infrequently based on parking lot and traffic video surveys, which is consistent
with the literature. Surprisingly, we found that regional statistic on fuel use for on-road
transportation indicate significantly lower consumption than our bottom-up estimates
of fuel use in this category. In Murmansk Region, the largest category of emissions is
off-road vehicles, in particular mining. In Russia as a whole, agriculture represents the
second largest diesel BC source. In both these cases, the high emissions are linked
to the absence of control technologies and the lack of emission standards for off-road
vehicles. Off-road vehicles represent an important opportunity for reducing emissions,
for example, with emission standards for new vehicles and engines.

The Supplement related to this article is available online at
doi:10.5194/acpd-15-3257-2015-supplement.
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Table 2. Main data sources on vehicle fleet and activity.

Type of data

Description

Notes

Vehicle fleet

Basic registry information
on each vehicle regis-
tered in Murmansk Re-
gion from Avtostat

We categorized the vehicles by make, model and
age, and then assessed diesel use and ecological
class based on manufacturer data of the models.

Passenger cars in use

Parking lot surveys at
several locations through-
out central and suburban
Murmansk City

The surveys provided data on the vehicle models
actually in use. We assessed the models for age and
ecological class as we did with the Avtostat data.

Passenger cars in use
and odometer read-
ings

Database of vehicle in-
spection station on MSTU
campus

This provided additional data on vehicles on the
roads as well as their age and odometer readings
(average km travelled per year).

Traffic intensity

Video surveys

MSTU conducted video surveys to count total traf-
fic by vehicle type (cars, light-duty vehicles, buses
and trucks) on different road categories in both cen-
tral and suburban Murmansk City. Surveys covered
different hours of the day.

Road categories and
length

Municipal data on road
categories and lengths

We used this data to help select road segments for
the video surveys and to correlate the video survey
data with the rest of the city roads by category.

Road speed and grade

GPS logger data

We used specialized GPS data loggers to track road
speed by road type at different times of day. The log-
gers also provided data on road grade. In addition,
we used data from the Yandex traffic service to as-
sess road speed.

The Supplement provides additional details on several of these data sets.
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Figure 2. BC emissions in Murmansk City by ecological class and vehicle type.
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