a' °S a Energy Services for a New Tomorrow

science. services. solutions.

Offshore Energ$ervices

ASA provides scientific and engineering analyses for offshore en
infrastructure devel opment proj ec
and the land beneath them contanmems energy resources. These el
resources include oil and gas, as well as renewable energy sources, suc
wind, wave, oceand tidaturrers For decades, ASA has been on the fol
delivering services and solutions for oceamevelapment projects.

Offshore Energy Services and capabilities include:
Siting analysis usSitingipolb®8 A6s Renewabl e Energy
Metocean climatology for site suitability and operations

Scour analysis around structures

Structural loading (windieyweurrents)

Cumulative effects of multiple hydrokinetic devices on waves and currents
Current velocity modeling including climatology

Wave modeling, climatology, extreme wave analysis

Tsunami, storm surge, and seeffauts

Cumulative effectswéicturesn currents and waves

Cable/sand wave interaction

Seabed scar recovery

Sediment transpiant cabland pipelineuriabperations

Biological effects of suspended sedimdeségposition

Biological characterization of affected environment

Es®ntial fish habitat (EFH) characterization

Assessment of impact to affected environment

lichthyoplankton impact studies (water use)

Behavioral and population modeling

Spill simulation of oils fiagitities and vessels

Spill riskbnsequence assessment

Waste discharge analyisisn facilities and vessels
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ASA has experience and deep understanding of
offshore environments where energy development
projects are conductedbfithoilandgas as well

as renewable resources. Regardless of the energy
resoure infrastructure, the issues impacting ocean
environments are shared. From oil rigs to wind
farms, ASA provides quantitative estimates of the
environmental effects of siting energy facilities,
energy raction, energy transmissiangd
resource transgion using sophisticated analyses
and modeling simulations of all relevant physical,
chemical and biological processes.
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Renewable Energy Siting Toolbox*"

Renewable Energy SitigolbofMi s A S A 6 sbaded asdessroentserwce
inhouse tolset that employs a set of screening methods for siting of renew
facilitiesSiting of both onshore (wind) and offshore renewable energy facilities
and current) is performed using a gpetiaihggeographic information sys@if) (
approachASAd6s t ool b oewindicesc | Tecthiréecal Challemmge (TCI)
Ecological Service Value (ERNE)TCI assesses the technical difficulty in siting th
compared to the power production potential while the ESVI ascekxps sbp/iee
values that might be impacted by various siting locations anth attétios. tools ar
available to perform the same assessments based on Principal Component
Cluster Anal ysi s met hodsant advansed an eXisti
screening methods as it albpvesititative rankings of development sites which
project technical complexityquantitative ecological valuation.

Renewable Energy Siting Toolbox Highlights:

1 Evaluates the tradeoff betwewr production poteatidithéechnical challenge to extract the power
and the ecological value of the biological resources

1 Applies to any spatially variable renewable energy source (wirstresavéislaincurrents and ocean

currents)

Applies @ wide variety of spatial scales (large scale screening, site specific evaluation)

Provides quantitative analysis approach that allows numerical ranking of potential sites

Incorporates uncertainties in inpardbfeCI/ESVI formulatiarMonte Carlomsilation strategy and

allows for in depth sensitivity studies

Provides objective methodology for alternatives analysis

Enables input of geospatial data readily available (bathymetry, NOAA ENC Mapstreand tidalve, in

current power distributiopsnseabed stdiottom geology, extreme wind and wave conditions, etc.)

1 Enables evaluatiomusé conflicts with existing fisheries (fixed and mobile gear and recreational),
aquaculture operations, leases, mineral and aggregate extraction, consematidrgresmbrtation)

1 Allows evaluation of hard and soft constraints on siting

i Enables assessmergmfironmental impacts using ASA's well developed bird, fish, and marine mammal
population and migration model systems
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The Renewabkenergy Sitingdolbox Process is Different

The first step in the Renewable Energy Siting Toolbox processapdhstsiescribes the energy resources that

are to be exploited. In ste@teas that would prohibit any renewable energy devateptetertsinedhese

typicallynclude regulated marine transport areas, preferred marine transport corridors, disposal sites, estuarine and
marine protected areas, ferry routes, airport buffers, coastal buffers, etc.

Step three incorporates technology constraintse ol
remaining potentially developable areas that furthe
the area under consideration. For instance, the tec
chosen to support offshore wind turbines is based
depth (i.e., monopiles in 5 to 25 m water depthi
jacket structiwein 25 to 50 m, and floating Mo
structures in deeper water) becomes increasingly
and costly the deeper the water.

Thefourthstep of the screening analysis is to incor
use conflicts and collaborations suetsuad impact
recreatiaal and commercial fishing areas, marine ma
feeding and breeding grounds and transit paths, bird migratory paths and feeding and nesting areas, etc. The results
of the analysis provide ranked sites that balance the benefits from the reneuitityl@gsiesiytifa economic,

ecological and sociological impacts.

Onekey component of the Renewable Energy Siting Toolbox screening ahatysisl@th®evelopment

Index (TDI)The TDI is the ratio of the Technical Challenge Index (T@#rt&tbduRtion Potential (PPP) of the

energy extraction facility. TCI is a measure of how difficult it is to site the device at a given location (e.g. water depth
mooring configuration, foundation, or support structure) plus the distance fratation device tlosest

electrical grid connection point. The PPP is the potentially recoverable power from a facility that can be delivered fol
consumption.

Another key component of the Toolbokdsltigacal Service Value Index (ESRHe ESVs arelative

measure of natural resource values, based on combinations of individual indices of usage by and of natural
resources of concefineundeilyingecological analysis indut@pping of habitat values, as well as

usage by birds, bats, marine ralsmsea turtles, and fisheries resources. To quantify distributions and
relative densities of specific species groups of A8Aceypplies itgildlife movement (migration and

behavior) mod&Vi{dMap based on life history information and avaskablatiobal data. The mixdel

supported and grodindhed by presence/absence, abundance, fragdespatial observational. data

Forhuman usage of natural resouisbsries utilizaticamquaculturendwildlife viewingypatial and

statistical daareincorporated into the overall ESVI.

Renewable Energy Siting Toolbox assigmsl TEBWalus and identifies areas with the highest potential and
lowest impact for developtheareas with lovaluef the two indicase the best locatiomnrssfting a renewable
energy facility. Uncertainty in the underlyangddatanulations of the indécesaluated by performing a Monte
Carlo simulation to estimatea®IESVI These results are typically presented in the form of diweweirs of
indicesn the area of inteneith the upper and lower 95% confidence.intervals
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Wind Energynalysis

ASA has project experience workingvioth energy feasibility and developmeé
projectsand is currently working on a number of projects in the US, Bah
CaribbeanASAassesses wind resources and site feasibility using the following
tools:

Wind Resource Assessment:
T ArcView GIS Software
Manages wind data and orgagéxegaphically

17 MESMOD Wind Model
A two dimensional diagnostic surface wind model predicts wind speeds and
direction utilizing topographical data and various data inputs

1  WRF 3Wind Model
Athreadimensional wind model predicts wind speeds andtdiréngioopographical data and
various data inputs

1 MATLAB Advanced Statistical Analysis
Provides computational and analytical power for the determination of wind resource statistics

Site Feasibility and Capacity:
1  WindFarm
A powerful and flexigystem for wind turbine project development for single and multiple turbine
systems. Drawing on many years of expertise gained in aerodynamics and wind turbine system
development, the program enables analysis, design, and optimization of projmessystent tu

T WindCad Model
Analyzes wind inputs, tower heights, and turbine specifications to determine predicted energy outputs
on an annual, monthly, and daily scale. Also predicts average output power

1 Cash Flow Model
Incorporates capital costraf wirbine along with energy outputs from the turbine. The model factors
in tax credits, state funding, loan specifics, interest rates, operation and maintenance, and other
financial factors to determine the payback period, average monthly saningssupagback
period, as well as the internal rate of return.
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Offshore Site Feasibility and Capacity:

f Renewable Energy Siting Tool boxE
ASAb6s t-msetihoudeasgegssment tool that employs a set of screening methods for siting of
renewable energy facilities.  Siting of both onshore (wind) and offshore renewable energy facilities
(wind, wave, and current) is performed using two methods: 1) a spatial geographic information system
(GIS) analysis approach since the underlying lddiag itie power potentially recoverable is
spatially distributed; and 2) a new approach, bhade@onf Technical Challenge and Ecological
Service Value This is a more sophisticated approach based on quantitative rankings of development
sites whitinclude project technical compledityuantitative ecological value.

1 HYDROMAP
Generates current and water level pred
for any coastal waters around the Av&l4.
hydrodynamic model is used calculate
currents in the arafaa proposed\dgopment
site © providehydrodynamimformatiorfor
subsequent analyseiidcast/forecast currg--=
simulations are used dstimate potentig ...
impacts fronpile installation aredectrical |-z
cableor pipelinburial :

1 SSFATE
is an integrated system congbina
Geographic Information System (GIS) with a computational model that predicts the transport,
dispersion, and settling of suspended sediments released to the water column as a wesult of dredging
cable / pipeline buojaérations.

1 SSDOSE
calcudtes exposures of various aquatic organisms to sediment plumes resultingfrbaridtedging
operations. SSDOSE uses the output from SSFATE that includes concentration of suspended
sedimentand bottom deposites a function of space and timestnate the duration and
concentration that affect various types of aquatice .organisms

ASAalso provides otlaeralysiservices tooth the offshore and onshore wind energyinudiuditng:

Environmental Assessments
Coastal Engineering

Field Monitag

Phases | & Il Site Assessments
Natural Resource Impact Modeling
Wetland Services

Ecological Modeling and Evaluation
Permitting and Regulatory Compliance
Market Analysis

Financial Analysis and Pro Formas
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maps, stormwasdructure inventories, and basemaps for use in wind resouyealityyatydrodynamic, or
ecological modeling.

ASAis dedicated to providing innovative engineering and management services to create successful, environmentally
sensitive, sustainable projects and cost effective regulatory compliance soiatiansg funivpteblclients
throughout the world

Renewabl&nergyServices

ASAprovides scientific and engineering analyses for all aspects of rene
projects both onshore and offshore around the world. At ASA we beli
promise and potahof diverse and efficient energy systems coupled with
intelligent technologies and alternative energy sources will provide our
with secure, optimized, and reliable power-systienisiproving the environm
impact of emgyproduction and consumption.

Areas of expertise include conceptual design, prospecting and siting stu
assessment, technical and economic feasibility evaluations, power
estimates, environmental impact assessments, and peistattice) ass

A S AResewabl&nergyServices include:

Energy Resource Assessment

Renewable Energy Feasibility

Siting analysis using ABSA0s Renewabl e Energy Siti
Economic Analysis

Planning, Permitting, & Design

Ecological Impact Assessment

WindEnergy Analysis

Solar PV & Thermal Analyses

Wave & Tidal Energy Analyses

Waste to Energy Analysis

Geothermal Analysis

Ocean Energy Analysis

Meteorological Modeling & Data Assessment
Visualizations

Met Data Acquisition

Meteorolgical Modeling

Due Diligee

Owner 6s Engineer
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Renewable Energy Development

ASA provides expamvironmentdhta collection and analysis of wind, solar, geothermal,irsfiodnveiafior
therenewablenergy sector. Our services offer clients a thorough understarelingroéshand opportunities

available for renewable energy and sustainable development while maximizing the use and minimizing the negative
impact to natural environments. ASA applies a suitetnfikuGt8nechnology and data aggregation techniques

as well as other core proprietary computer tools that enable successful and cost effective energy and environmental
resource assessments in support of development projects.




A S AEdiesgyBervices include:
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EnergyServices

ASA provideguantitative estimatafs the environmental ¢ffeaf siting energy facilities, energy
extraction, energy transmission, resource transportation, and energy infrastructure projects using
sophisticated analyses and modeling capatititideting relevant physical, chemical, and biological
processesThese energy activities include offshore and coastal oil and LNG terminals,

onshore and offshore pipelines and cables, fossil ahdsedtigawer plants, fa
based utiligcale and offshore renewable energy development, and oil an
spills anceteases.

Energy Resource Assessment

Energysiting &easibilitjnalysis

Thermal & Chemical Discharges

Entrainment & Impingement

Subsea Pipeline & Cable Burial

Ecological Impact Assessment Services and Mitigation
Chanegl & Berth Dredging

Wave, Current, and Wind Resources

Inundation & Flooding Analysis

Oil & Chemical Spill Modeling and Response Systems




