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Reservoirs as landscape transformation

Ecological footprint of freshwater reservoirs, in particular in
term of their greenhouse gas (GHG) status

from Yves Prairie




How the Project was created

» 2006 — First International Workshop (Paris, December 2006)

« 2007 — Second International Workshop (Iguassu, November 2007)

« 2008 — Scoping Paper completed by UNESCO Working Group (April 2008)
« 2008 — UNESCO/IHA Project for an initial two-year programme (April 2008)
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from Joel Goldenfum

7-8 April 2011 UNESCO/IHA Regional Workshop — Application of the GHG Measurement Guidelines Three Gorges — Yichang,China



Field campaigns were performed in wet and dry seasons
and during day and night time
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Measurements of physical and chemical parameters
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Samples of water and gas
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Gas chromatography for analysing CO, and CH,

SINTEF Technology for 3 better society 11



Kontinuerlige malinger
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aquatic research 000

Measuring Bubbles

Kongsberg Simrad EKG0 Split-beam echosounder
with 120 kHz transducer

e Similar to sonar

« Use sonar signal to estimate bubble size/volume
 Methods same as measuring fish biomass
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GHG Measurement Guidelines
for Freshwater Reservoirs

Derived from:
The UNESCO/IHA Greenhouse Gas Emissions from Freshwater Reservoirs Research Project

HYDROPOWER AND THE
ENVIRONMENT:

Managing the Carbon Balance in
Freshwater Reservoirs

IEA Hydro Technical Report

Guidelines for Quantitative Analysis of Net GHG
Emissions from Reservoirs

Volume 2 - Modeling IEA
Hydropower
Agreement:

November 2015 Annex X1l

4= o IEEE11
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Study methods and analysis

Screening tool Process-based modelling

« Evaluate the risk of net - Evaluate the expected
GHG emissions value of net emissions

1. Collect information on the watershed
a. Catchment land cover, soils, etc.
b. Pre-inundation area features
c. Reservoir WQ, hydrology, hydraulics 1.9 X ‘10‘l
d. Human activities in the catchment :
‘ 1.9851
2. Apply the watershed i 1981
information in a screening High net GHG b=
process (see Chapter 2 in this emissions ~ 1975
expected? @
document) -—
S 197t
1 B
e
" o 19651
5. Modify plans or 4. Evaluate the project in terms 3. Confirm the screening 8
management practices of GHG emissions results 96 -
» 1
Prepare EIA or similar assess-
1955+
ment reports (see Chapter 4)
Modify Prepare the required monitor- 195}
project? ing protocols for GHG and WQ
1.945 N - : "
48 49 5 51 52 53 5.4 55 56
X coordinate (m) x10°
Sources of Guidance 6. Plan and execute 7. Report net GHG assessment
i i field work ¥ 4 5
IEA/Hydro Guidelines Vol. 1 comprehensive campaigns for based on field work and
measurements and modelling models A i I )
IHA Guidelines for GHG
measurements —>| a. Create a measurement progr- —>{ a.Report data as net GHG 0-15' 0-2_ 0.25 ; 03 0.35 04
am, with links to modelling emissions Velocity magnitude (m s
IEA/Hydro Guidelines Vol. 2 L b, Use the data in models of >t b. Report model runs to supp-
(this volume) hydrodynamics and processes ort the net GHG assessment
e
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G-res tool

G-res tool Development

2 Building on previous work undertaken by the
UNESCO/IHA research project

2 Collaboration between a number of international
research institutes and organisations working
together since December 2014

2 Leading the development of the G-res tool and

responsible for one of each of the key modules are:

Yves Prairie Jukka Alm Atle Harby

UQAM [jicag o Q SINTEF

NATURAL RESOURCES
INSTITUTE FINLAND

from Vanessa Warnock
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What does the Tool do?

* Calculates
reservoir

Pre-impoundment GHG

» of the

e Calculate . “—=how it
evolves th Post-impoundment GHG iions over its

lifetime (100 years)

* |t estimates, in terms of

impact is influenced by

UAS

bow much of this Net GHG

tivities in the reservoir and

its catchment.

e |f the reservoir has

to apportion the GH AIIocatlon

~“Tttempts
Lamong

these purposes

from Vanessa Warnock



Step 1: Identify areas

e Upstream of the reservoir (1)
e The area to be inundated ()
e The area downstream affected by the reservoir

®®

Pipeline, penstock
o OF tunnel to power plant
L
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Step 2: Identify land cover

Known land cover

e from global maps derived from
satellite images or aerial photographs

e from local maps

e from field survey

Unknown land cover
e modelling
e estimating




Land cover types

« Agriculture
« Bare areas
* Terrestrial wetlands
* Forest
 Grassland/Shrubland
« Peatland

« Snow and ice
« Urban areas
« Water bodies
 No data

CEDREN Centre for Environmental Design of Renewable Energy g== R\ o



Step 3: Determine the net balance of
emissions and removals of GHG in

terrestrial and aquatic systems of the
area to be inundated

Locally adapted emission factors
e from national surveys
e from field survey

Default emission factors
 based on IPCC emission factors
- adapted to fit model purpose

...0r a mixture of both!

CEDREN Centre for Environmental Design of Renewable Energy ==



Follsj@ reservoir,
Norway

e |Land-use before dam

e Emission values for
marsh, bog, running
water and grazing land
found in literature

CO, uptake from
different types of forest
also found in the
literature

- 0.14 Gg CO, pr year
+ 0.02 Gg CH, pr year

I
0 0.5 1 \kk 2 Kilometers
|




Step 4: Evaluate loading of carbon and
nutrients, released naturally or by human
activities from upstream and enterlng
area to be inundated

Locally adapted loading data
e From national surveys
e From field survey and measurements

Default loading data
Based on land cover and land use
- Global, national or local data

from Brad Sherman

Challenge
Divide loading between natural and
human impacts

CEDREN Centre for Environmental Design of Renewable Energy == - .
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Non-flooded croplands in the catchment. Gramsh, Albania




Community carbage and sewage, Gramsh, Albania

cowrw soe




Step 5: Establish baseline GHG balance in
the downstream watercourse

Locally adapted baseline data
e from national surveys
e from field survey

Default baseline data
 based on default values or literature

- adapted to fit model purpose

....or a mixture of both!

CEDREN Centre for Environmental Design of Renewable Energy
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Post-impoundment GHG Balance
Land Cover (2010) Soil Carbon Density

Population Density * Monthly temperature
* Monthly wind

* Precipitation

* Runoff

* Topography

* Soil drainage

* Trophic status

* Etc...
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Post-Flooding GHG Balance

The spread of observational data

from Yves Prairie




@ Ihaw UNESCO/IHA research project on the GHG status of freshwater reservoirs

Post-impoundment GHG Balance

Model development

Statistical approach ‘ Variables retained

Mean Slope of Catchment (°)

* Multiple regression with elastic net

lection .
>elect * % Reservoir Surface area <3m
* Validation using Bayesian Information . 3
Criterion Soil C content (kg C m™2)
* Temperature
r2=0.66 ¢ Age

-1.5
from Yves Prairie

10(Annual CH4 Flux)



@ Iha UNESCO/IHA research project on the GHG status of freshwater reservoirs

UAS GHG Balance

Where do the nutrients come from?

Source: UNEP RELEASE FROM SEDIMENT

from Jukka Alm
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@ Iaw G-RES Tool

What the G-res tool ultimately needs
_|4

cycle
e Reservoir Nutrie

* Thermocline dep
* Reservoir perimeter
* Precipitation

RESERVOIR

e Soil carbon

from Yves Prairie
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UNESCO/IHA research project on the GHG status of freshwater reservoirs

Development of the Tool

Inputs of the Screening Tool

File

Home Insert Page Layout Formulas Data Review View Developer FPowerPFivot Power Query Livelink Explorer

@ha

-

F G H | J

UNESCO/IHA GHG RESEARCH PROJECT
Greenhouse Gas Status of Freshwater Reservoirs

_.4

5 Data Input Calculations Model Results Edit Emission Factors
B

7 GHG Risk Assessment Tool - Introduction

8 If you are new to this tool, please read the guidance here: Link

The GHG Risk Assessment Tool provides an estimation of the level of net GHG emissions (CH4 and CO2) from freshwater reservoir (existing and
future) through the following equation:

10 Net reserveir emissions = [Post-flooding emissions] - [Pre-flooding emissions] - [Emissions from Unrelated Anthropogenic Sources]

The Tool has been developed as an empirical model, based on already available published informations, for application to proposed sites, or existing
freshwater reservoirs. It can be used as a screening tool as well as being able to provide assessment of the level of net GHG emissions for
1 unmonitored andfor proposed new dam sites.

12 The model contains some assumptions for some reservoirs, but this can be improved if you know more information about the reservoir you are

The GHG Risk Assessment Tool is being developed as a "living document”. As further data are collected and analysed, its formulation can be revised,

13 and the level of uncertainty can be reduced.
14
15
| 16 Reset workbook | Press reset to clear all the user data from this workbook

17

18

E
20
21

H o4+ M

DISCLAIMER
The GHG Risk Assessment Tool (Beta Version) is undergoing a testing and validation process. Your collaboration is welcomed. Please send your
comments and suggestions to climate@hydropower.org using the Excel spreadsheet provided.
Thank you for your collaboration.

Start

Inputs-Setup Inputs-Climate Inputs-LandCov

Inputs-Reservoir

Inputs-UAS

Inputs-Construction

Inputs-Allocation 4l from Yves Prairie
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Development of the Tool
Inputs of the Screening Tool

m & UNESCO/IHA GHG RESEARCH PROJECT @ |h 3

e Greenhouse Gas Status of Freshwater Reservoirs

Guidance

Data Input Calculations Model Results Edit Emission Factors

Setup Inputs

Climate Land cover Reservoir Construction  Allocation

On this sheet, enter data on the land cover types in the catchment area and the reservoir area. Live Totals tCO2elyr
The data has been pre-populated based on the dataset, but these can be changed where Pre-impoundment
more accurate data is known Post-impoundment
UAS

Catchment
Catchment Area 2.non km2
FPopulation
% land [ Organic soil | Mineral sail | Organic soil | Mineral soil | L L sl
Croplan
= Calculated Or, mput
Terrestri
Faorest —
«=el from the by the
Permane
Urban A
w=e Jataset user

eatland
Mo Data I (TR

from Yves Prairie
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Development of the Tool
Visual information

fl UNESCU/IHA GHG Research Froject

< Buritis
] . .
Change in annual CO, flux in
Urucula : ’;6000 . ti me ® Current annual
530 Romao -‘("\T CO2 flu
ESOOO 1
PE) O Annual CO2 flux
52000 at selected age
x
£3000 - Integrates CO2
Pirapors o flu o life time
©2000 -
N [ cropland i ju
[] Grassland/Shrubland c s
I Forest 21000 —
Sy [ Terrestrial Wetlands
D Urban A‘,eas O L] T T T T T T T T T T
. E Bare A’;’; 1 0 10 20 30 40 50 60 70 80 90 100
umbidya A Water ies y
,;},I};// 5 Mw: W o [J Permanent Snow and Ice 1 Age

from Yves Prairie




@ .I l
international hydropower association

UNESCO/IHA research project on the GHG status of freshwater reservoirs

Development of the Tool

Summary Reports

UNESCO/IHA GHG RESEARCH PROJECT @ iha
Greenhouse Gas Status of Freshwater Reservoirs LI S

Data Input Calculations

Predicted emissions associated with the reservoir

Net predicted annual CO,;e emission AS CH4

MNet post-impoundment 13,000 tCO2e/y
MNet pre-impoundment 4 000 tCO2ely
Met unrelated anthropogenic sources 0 tCO2ely

Total net change in emissions 9,000 tCO2ely

Identified risk factors

Risk factors Risk Profile
Intake is below thermocline - risk of CH4 release

High proportion of organic soils Low risk
Risk of UAS in catchment High risk

Model Results Edit Emission Factors Guidance

Print

Net predicted 100-year total CO.e emission AS COZ

Net post-impoundment 1,300,000 tCO2e/100y
Net pre-impoundment 400,000 1C0O2e/100y
Net unrelated anthropogenic sources 0 tC0O2e/100y

Total net change in emissions 900,000 t{CO2e/100y

Warnings and notes

User has input own land use emission factors
User has not entered existing water area in pre-flooding case

from Yves Prairie
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Development of the Tool

Detailed information on calculation parameters and model results

Idealized bathymetry

[wertical enageration X530 Basic reservoir informations Catchment caracteristics
Country Canada Catchment Area 284555 km?
Latitude 5218 0D Catchment perimeter T789.6 km
Longitude -76.05 0D Mean annual runoff TO3 mm

Elevation 275 masl Catchment slope 033 I
Climate Eiareal I

Hudroelzctric power tupe Rezeruair Population density 0.0 plkm®
Soil C content [Surface)] 12.4 kg Cim®
Reservair Area B48.8 km® I Soil C content [Battom) 0.0 kg Cim®
Fezervair volumes 6.9 km? MNP (Mt primary praduction] 0.36 kgimur
Reservoir perimeter 523.5 km Catchment phosphons loading to the 402,67 kalmur
Mean depth Ti1m Population phosphorus laading to the ¢ 0,00 kalmyr
Manimum depth 28.0 m Catchment organic carbon loading 52.6 kalm®ur

Land cover 3£ in 2010

Impoundment r'ear 2005 I Croplands 6.1 ¥
Dazth (=) . ! Eiare Areas 6.1 ¥
Derived reservoir informations Ternestial Wetlands 0.2 =
Forest 48.7 =
Littoral area G3T.45 km® Grassland!Shrubland £9.59 ¥
i Littoral area 16 I Permanent Snow andloe 5.0
Seasonal change in CH, and COzﬂux — gq-Bathumetric shape 153 Urban Areas 0.2
SOl-Shareline development indes: 5.5 ‘water Bodies 7T
o e Mising pattern Dimictic Peatland MA
2 . @ Thermocline 26.3 m |
% Dunamic ratio 2.23236894 Data From Literature Tremblay et al 2008
50 10 .
1 Anrual mean temperature -23 C I
8 o ® Anrual mean wind 4.2 mis Aage when zampled 2 ur
w w Mean annual precipitation 535 mm I Mean Temperature when sampled -0.52 'C
% e ® WRT-%ater residence time 0.3 year Average wind when sampled 417 mis
g = &® Eutrophication level Mesatraphic Total average precipitation when samp TE5.8 mm e
1o “ Phozpharus concentration 28.7 maill I 2 %
0 x \wfastewater treatement - Please sel Annual diffusive CH, flus 100.3 g C0eqimhr e
% . . . Biubbling CH, Fue: 28.1 gCDzeqn'm:fyl - &
Month Sail carbon content under impounds 20.4 kg Clm I Tatal CH,flus 423 g CDzeqn'mzn'yr . -, ]
Anrual CO; Fus 18384 gCO.eqim ur
Hydropower informations %‘
Turbine intake under thermacline 7 [YESIMNO) I
Energy production G600 Gwhnlur

Current emiszions in WP (CHd + CC 1927956 Mg COyeqlur

from Yves Prairie
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Development of the Tool

UNESCO/IHA research project on the GHG status of freshwater reservoirs

Integrated User Guidance and Help

File Home | Insert | Page L:| Formu | Data |

| Develo |
)

UNESCO/IHA GHG RESEARCH PROJECT
Greenhouse Gas Status of Freshwater Reservoi

Data Input Calculations Model Results Edi

Climate Land cover Reservoir UAS Construction  Allc

On this sheet, enter data on the land cover types in the catchment area and the reservoir area.
The data has been pre-populated based on the dataset, but these can be changed where more
accurate data is known

Catchment
[Catchment rea [ 2000 Jkm2
| Popuilation | |

Organic sail | Mineral scil | Organic soil | Mineral soil
(4] (4l () (4]
Croplands E1 Lo Low
Eiare Areas E1
Terrestrial Wetlands 0z
Forest 48,7
Grassland!Shrubland 255
Permanent Snowlloe 5.0
Urban Areas 0z
‘water Bodies L
Peatlands
Mo Data 0.5

# land cover PastIntensity| Current Intensity

Reservoir

Organic soil | Mineralsail | Organic sail | Mineral soil
4] (A ) <)
Croplands X L Low Low
Bare Areas

% land cover PastIntensity | Current Intensity

H o4k M

Inputs-Reservoir Inputs-UAS

Ready & = (]

-.-'ErlLi'u'EIir'uI-| v B -0

(OB - cuserseizs303\Dest © ~ & | 2 Land cover

A~ »

{:_'5 I Suggested Sites ~ E> Carbon Management - H...

Unit "
%
Description

User should input the land cover for the reservoir
area. The available categories are consistent with
the the category desciptions sets out in the IPCC
Guidelines. The user should baseline mapping for
the proposed project. In the case of an existing
reservoir, if land cover mapping is not available at
the time of the inundation, the user can refer to the
buffer method in order to determine an estimate of
the land cover.

The land cover should be specified as percentages
and the user should check the land cover totals
100%. Additional information on some categories Is
presented below:

1] Notes
cover
This includes both arable and pastoral
Cropland farmings
Bare Land that does not have any
A vegetation, for example rocky
reas
landscapes
This should include any type of
Forest permanent forsest, including
managed and unmanaged forests W

H100% ~

from Yves Prairie
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SUMMARY FOR POLICY MAKERS

The Benefits, Risks and Trade-Offs
of Low-Carbon Technologies
for Electricity Production



.
COMCENTRATED WINDPOWER HYDFD POWER COAL, COAL, MATURAL (ZAS, NATURAL GAS, GLOBAL EMERGY MIX
SO LARPOWER WiITH CO&* WITHOUT CCa* WITH CCa WITHOUT GCE* 2040

Bl il s | = o

GHG emissions e . O, :
(per Kinfh) 5% 5% 295 095 e

10094

Hurman health 3 3 = e y 3 e i
Tper ki) 10% 5% 5% 10% Ba% 51% 100%
O 9 & (s ® -
Ecosystem health canlls # g 2 =
(per Kivh) 24%% 23% 4% 10% e 119% 10024
o ; ; y { ; .
L . i ¢ ® ] N
Land use S e R . o
[per Kh) 27% 69%% 2% o894 82% 1% 1% 100%%

11455

The & wim nmental impacts of produsing the matsriak requird by differsrt snemy teshnologiss @ included in the belw lifs cyzls meuks. Materisl mquimments am identified hem a=an indisation of meo urcs uss. The highsr matsnial mquirsments repressnta managsabls shars of giobal produstion,

To mest the warid's slatrizity neads in 2050 a5 par the Ints mational Ensrgy Agenoy's Elus hap Seenario’ - woukmquim one yearof surmsnt giabal imn produation and twn years of sappsr podustion

O

Material . . 3 : .
requirernents 5 5 3 g 5l
(per Kitvh) 228% 58%% 47454 31895 1688%6 D2%4 T3 S8 100%6

25 SE4Allis an initiative launched by the UN Secretary General gathering suppoert by a wide range of partners to reach three complementary chijectives
by 2030: universal access to modern energy services, doubling the share of renewables in the global energy mix, and doubling the global rate of
improvement of energy efficiency. www.sustainablesnergyforall.org

CEDREN Centre for Environmental Design of Renewable Energy

THE BENEFITS, RISKS, AND TRADE-OFFS OF LOW-CARBON TECHNOLOGIES FOR ELECTRICITY PRODUCTION

GREEN ENERGY CHOICES:
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Hydropower: 70 g CO2/kWh (Hertwich et al 2014)

World total In Hertwich % of world
2013 tot
Number of reservoirs |10 0000 for 110 1,1 %
hydro
Reservoir area 330 000 km? 60 031 km? 18,2 %
Average reservoir area 536 km?
Hydropower capacity |949 GW 82,96 GW 8,7 %
Hydropower 3551 TWh/y 364,7 TWh/year 10,3 %
generation

SINTEF Technology for a better society



Videre arbeid

« Teste og verifisere
G-RES Tool

« IEA, IHA arbeidsgrupper « Publisere
« IPCC, banker og finansiering
« Utbyggere og konsulenter
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