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At the time it was determined that specific standards for process equipment with respect to
diffuse VOC emissions did not exist; although, a few general guidance documents such as the
German TA-Luft & VDI-3479/3790 and the British ETBPP documents existed.

The study made a number of general recommendations regarding emission targets, control
requirements, emissions monitoring and reporting and non-compliance actions. It was further
recommended that the IMPEL set up an EU-wide information exchange programme on the
licensing and enforcement practice in relation to diffuse VOC emissions. Such a programme
could include a bench marking on subjects like estimation methods and measures.

It was also suggested that supporting activities may be considered by the authorities, such as:

e organizing an information and training programme in regions where the subject is
relatively new (targeting both companies and licensing & enforcing bodies),

o establishing national guidelines,

e performing an eco-audits of the industrial plants,

 establishing a helpdesk to assist both companies and licensing and enforcing bodies .

While the study examined the merits of DIAL and other measurement technologies, it did not
present any specific recommendations on a preferred method.

3.8 United Kingdom

There have been three mobile DIAL systems in the UK. Spectrasyne, a private company formed
by a management buyout from British Petroleum operates the only commercially available DIAL
system in the UK. Much of their work is described throughout this report.

For many years (beginning in 1995) Shell Research operated a one-third share of an infrared
DIAL system along with SESL (Siemens Environmental Systems Ltd.) and BG (Walmsley and
O’Connor, 1998; Richardson and Phillips, 2001). That system was built by SESL and NPL (the
UK National Physics Laboratory) using technology developed by NPL. It could measure
concentrations well below 1 ppm at ranges up to 1 km. Shell used the system to measure the
emissions of methane, ethane, and heavier alkanes from a range of their petroleum industry sites;
both as a research tool and in locations where DIAL is preferred by the regulators (e.g. at oil
refineries and the harbour in Gothenburg, Sweden). However, it is understood that Shell, along
with SESL, have since discontinued their involvement in this technology due to the limited

market and regulatory demand.

Some of the work and noteworthy findings published by Shell regarding DIAL and its
application at petroleum facilities are as follows:

e Walmsley and O’Connor (1998) recommended that future tests with more comprehensive
sets of anemometry (e.g., SODAR) be conducted to define the errors incurred by the use
of relatively limited wind data sets.

e The National Physical Laboratory (NPL), the European oil company’s organization for
environment, health, and safety (CONCAWE), and Shell, all performed studies of
emissions from storage tanks using the DIAL technique (Richardson and Phillips, 2001;
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3.9

CONCAWE, 1995). One of the major conclusions from that work was that the API
models for estimating annual VOC emissions from storage tanks are appropriate for tanks _

in first class condition, but do not allow for the increased emissions from tanks in poor
condition. According to Richards and Phillips (2001), it was rather like assuming
emissions from private cars could be based on the assumption that they were all brand
new and running to specification. The few worst tanks account for a major proportion of
the emissions. On a broader scale, Richards and Phillips also note that improved
estimation and the discovery of overlooked sources can result in upward revision of the
emission estimates, and they go on to state that this is both awkward to explain to the
public at large, and hides the real improvements that will normally have taken place.

Shell’s study of floating roof storage tanks also showed that the emission flux varied with

the position of the roof in the tank. This behavior was also noted by CONCAWE (1995). .

The greatest flux occurred when the tank was full and the roof was high relative to the
walls of the tank. When the tank was half full, a recirculation air pattern formed within
the tank that tended to keep the hydrocarbon escape rate down. O'Conner et al (1998)
concluded that the model being used to predict fugitive emission flux from tank farms
might underestimate the- actual amount escaping. In another project conducted by Shell,
the DIAL system was used to monitor the emissions from numerous tank facilities
located at a port. The DIAL was able to image the emissions from these facilities and
provided overall flux estimates. The study identified a small number of tanks that were
responsible for a majority of the emissions.

Richardson and Phillips (2001) report, based on their experiences in locating and
quantifying emission sources at' petrochemical plants, that conventional open-path
measurement techniques give large coverage at a more modest cost than DIAL, and are
more readily shipped around the world. They suggest using upwind/dowind monitoring
combined with dispersion modeling to back-calculate the source strength. However, they
go on to point out that the difficulty with such methods for source location and emission
rate estimation is in measuring or modeling the vertical extent of the plume, especially
for process plants where there may be a large heat input leading to complicated heat
island effects, and especially under low wind conditions. The actual accuracy of the
emission estimate will depend on a variety of factors including the reliability of the
dispersion modelling, the quality of the measurements performed, the detection limits
achieved, the representativeness of the compiled data, meteorological conditions,
background noise and interferences. Accordingly, the true accuracy is never really
known unless appropriate confirmation measurements are performed which may be
difficult and costly to do on large, complex sources.

United States

Most of the work in the US with LIDAR has been done for, or by, the US Department of
Defense. However, Active Imaging Solutions of ITT Industries Space Systems Division has
developed a commercial airborne DIAL system for detection and measurement of fugitive
emissions at oil and gas facilities (Brake, 2005). This system provides 2-dimension concentration
profiles of the emissions from a facility when looking down on the facility from an aerial
position, but does not provide quantification of emission rates. Demonstrations have been
conducted on tank batteries and a gathering pipeline segment being repaired with gas release
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rates as low as 0.6 m® per minute being readily detected. It is claimed that the system can survey
up to 1600 km of pipeline per day and can operate day or night.

Additionally, US EPA (2006) recently developed a protocol for characterizing gaseous emissions
from non-point pollutant sources. The protocol is specific to the use of open-path, Path-
Integrated Optical Remote Sensing (PI-ORS) systems in multiple beam configurations to directly
identify “hot spots” and measure emission fluxes. PI-ORS systems include scanning open-path
FTIR, UV-DOAS, TDLAS, and PI-DIAL, The choice of PI-ORS system to be used for the
collection of measurement data (and subsequent calculation of PIC) is left to the discretion of the
user. Basic user knowledge of a PI-ORS system and the ability to obtain quality path-integrated
concentration (PIC) data is assumed.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations of this study are presented in the following subsections:

4.1  Conclusions

The DIAL technology is unique in its ability to rapidly develop near real-time two- and three-
dimensional mapping of the atmospheric emissions plume from point, line and complex area or
volume sources. Subject to proper quality control/quality assurance (QA/QC) measures, suitable
meteorological conditions and downwind access, DIAL can provide quite accurate quantification
of emission rates and provide coarse screening for hidden sources and emission hot spots.
Moreover, it is an invaluable research tool for developing an improved understanding of fugitive
and other complex emission sources, and of the atmospheric dispersion of these emissions.

Its significant cost is the primary reason DIAL has not seen widespread use as a frequent
monitoring technology for use at industrial facilities. Even in Sweden where refineries are
required to conduct regular DIAL surveys, these surveys are only conducted for typically a two
week period once every two to three years. Still, as the technology gains increasing acceptance
and demand, costs are likely to decrease making it a more practicable choice.

The validity of taking snapshot emission measurement results from a DIAL survey and
extrapolating them to determine annual emissions is a potential issue that requires careful
consideration of the characteristics of the sources being considered and the operating conditions
at the time. However, there are really no low-cost approaches that can be used to accurately
quantify total VOC emissions from a single facility or process area except for point sources with
continuous emission monitoring systems in place. Traditional inventory estimation methods
remain the most practical means of developing emission estimates for regional or national issues.
Although, the current literature indicates that these inventory methods may often introduce a
significant negative bias due to inadequate consideration of the deteriorated performance of
emission sources and controls with time. Furthermore, indications are that the unaccounted for
emissions from such effects are not normally distributed. Rather, they are characterized by more
of a skewed distribution where only a few sources in each category are contributing most of the
unaccounted emissions at a facility, and only a few facilities are contributing most of the
unaccounted for emissions by the industry.

A quantitative measurement approach is really the only option for developing an accurate
assessment of an individual facility’s total VOC emissions, identifying the primary sources of
these emissions and potential emission reduction opportunities (e.g., to address local air emission
issues). DIAL is one of various measurement options that could be considered, each having its
own advantages and disadvantages. The best option should be determined on a case-by-case
basis giving consideration to the accuracy of the emission estimates needed to facilitate sound
decisions in the final environmental analysis to be performed. The uncertainty contributions of
all elements of the analysis should be considered, not just those of the emission estimates, and a
practicable approach taken in managing these uncertainties.
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4.2 Recommendations

Clear guidelines should be established that set out specific accuracy targets for the various
emission reporting requirements imposed on industry. These targets should be science-based
values that consider potential local, regional and national environmental decision-making needs,
and reflect a practicable approach to managing the uncertainty in the final environmental
analyses to be preformed using the emissions data. These targets may be different for different
pollutants. Alternatively, approved technologies or estimation methods should be identified,
which, when applied in accordance with good practice, may be deemed to comply with such
objectives. At a minimum, current VOC inventorying methods, guidelines and emission factors
should be reviewed to identify opportunities for improvements.
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