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Previous situation

Until version 4.02, the standard GAINS model (online interfaces and corresponding emission
calculation views in the database) calculated emissions from the transport sectors using emission
factors that assume compliance to the respective emission standards. Several studies have shown
that a certain fraction of the vehicle stock typically violates these standards and has much higher
emissions due to malfunctioning exhaust cleaning resulting from lack of maintenance or deliberate
tampering. This relatively small share of vehicles can contribute a significant share of total emissions
of PM3.s, NOx, VOCs and CO from the respective sector.

For several years, emissions from high emitters have been calculated in GAINS for the gridded
emissions that are provided to the atmospheric community (ECLIPSE scenarios etc) using a detailed
formulation relying on estimates of the affected share of vehicles (by region) and the relative
increase of the emission factor (by sector, fuel and technology). Additional emissions e’ were
calculated for each region, vehicle type (sector), fuel, and control standard (technology) as

elisfpty = xtotisfy * CSisfty * sh; - EFisfpt 'facsftp (1)

With

i... source region

s... source sector, s € {TRA_...}

f €{GSL,MD, ...}... activity category (fuel type)

p...pollutant, p € {PM, NO,, VOC}

t... technology (Euro standards)

y...year

e... Emissions

EF ... standard emission factor

cs... control strategy = share of activity controlled by technology t
sh... Share of noncompliant (high emitting) vehicles in this region
xtot... activity level (total number of vehicles in i using fuel f)

fac... increase factor of emission factor for noncompliant vehicles



All input parameters were collected globally. Since this formulation requires combining additional
information on the most detailed emission calculation level (region, sector, activity, technology,
pollutant) and thereby altering the basic equation for calculating emissions, it has not been
integrated in the standard GAINS online emission calculations so far, neither in the optimization. This
means that 1) the online results were inconsistent with the gridded emissions if the latter include
high emitters, and that 2) it was impossible to include a measure ‘inspection and maintenance’ in the
optimization.

Reformulation in v4.03

In GAINS v4.03, the high emitter calculation has been reformulated to approximate the earlier,
detailed offline calculation as described in Eq (1). The new calculation relies on introducing additional
activity categories in the transport sectors: the number of non-compliant vehicles using different
types of fuels. Since diesel and gasoline are the most important contributors to traffic sector
emissions, two activity categories have been introduced: GSL_NV_HE and MD_NV _HE.

GSL_NV_HE and MD_NV_HE are new elements of the activity pathway containing the numbers of
non-compliant vehicles which are calculated by applying shares by region and year to the total
number of vehicles using a given fuel, as used in the previous formulation and therefore available in
the database (sh; in Eq. 1). Note that GSL_NV_HE and MD_NV _HE are independent of the control
technology and represent the total number of non-compliant vehicles using the respective fuel:

x(i,s,f = GSL_NV_HE,y) = sh; - xtot(i,s,f = GSL_NV,y) (2)

In contrast to the previous offline formulation, which calculated additional emissions on a sector-
fuel-technology basis, the new formulation now estimates the additional emissions for the whole
fleet, taking into account the technology mix present. In a baseline case, with no specific measures
taken to eliminate high emitters, we calculate additional emissions from this sector-fuel combination
as no-control (NOC, with respect to vehicle inspection) emissions:

enew(l,s, f,0,y) = EF(i,s, f,p,t = NOC) - x(i,s, f,y) (3)

with parameters as before, f € {MD_NV_HE,GSL_NV_HE} therefore x are only the high emitter
(non-compliant) vehicles as in (2), and t is now not in the space of Euro standards but only refers to
the ‘control’ of high emitters through inspection and maintenance. Attributing the emissions to
number of vehicles rather than the fuel use in this case — which is the only case where the number of
vehicles is directly related to emissions in GAINS —is grounded in the way the emission factor is
derived. EF is defined the way that the calculated emissions approximate the sum of those
calculated in the earlier formulation (e’ in Eq. 1) with full technological details,
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where t’ are the standard GAINS emission control technologies in the transport sectors (Euro

standards) as used in Eq 1. Note that strictly speaking, f is different on both sides of the equation
because the earlier formulation (right side, Eq 1) uses fuel consumption rather than number of
vehicles as a driver, but both are proportional in GAINS so the categories can be used



interchangeably. Since the emission factor is not time dependent, Eq. (3) cannot be achieved exactly
for all scenario years but is approximated through a linear regression, using Eq (4) in which EF is a
regression parameter:

2 e'(i,s, f,p,t,y) =EF(i,s, f,p,t =NOC) - x(i,s, f,y) + &, (5)
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This regression is run at the time when an emission vector is initialized. Since the left side depends
on the control strategy applied, it requires a benchmark scenario which is used in the regression.
Typically, this should be the most up to date global baseline scenario available. This regression
scenario id has therefore been added as a new global parameter in the emission vector and is unique

for that emission vector.

In addition to the no-control situation, a technology “vehicle inspection and maintenance”, VEH_IM,
has been introduced, which is supposed to represent the best possible state that such vehicles can
be brought to if the malfunctioning components are replaced in a workshop checkup. In a first
approximation, and consistent with the classic GAINS assumptions, the emission factor for
technology VEH_IM may be set to zero, and hence vehicle inspection and maintenance would
reduce total emissions back to those calculated without any high emitter addition. An alternative
approach may assume that even with inspection and maintenance, the malfunctioning vehicle
cannot be brought in full compliance with the standards, and a nonzero emission increase remains.
The share of vehicles that are sent to inspection & maintenance is set through the control strategy.
Costs for the technology have been specified so it can be used in cost optimization.
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