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Optimizing Reservoir Operations for Hydropower

Production in Africa

Motivation

® Low energy production
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45 million people

800 million people

¢ Sub-optimal energy production (as low as 30% of design)
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Optimizing Reservoir Operations for Hydropower

Production in Africa

To support decision makers in making optimal
reservoir planning decisions on a seasonal

VISION . .
scale with a goal to increase amount of energy
produced.
Decision Support System with
OBJECTIVES | Optlmlza’Flon tool
« Hydrologic forecast
« Seasonal Climate forecast
DOMAIN East Africa, Gibe basin
DECISION CE)?rI\ZItDrISQtiEIneng I(:));)av’;/i(e)?l V;/(aéeerc\t/(\)/(r)sfkesn aged in
MAKERS P ’ 999
water management
DECISIONS

TARGETED

Reservoir planning




Geographic Domain
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Installed Capacity - 210MW
Max Storage - 840 Mm3
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> Gibelll (2010)
Installed Capacity - 420 MW
Max Storage - 0.15 Mm3

» Gibe Ill (2015)

Installed Capacity - 1870 MW
Max Storage - 13700 Mm3

» Gibe IV (Planned)
Installed Capacity - 1450 MW

» Gibe V (Planned)

Installed Capacity - 600 MW
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Approach — Decision Support System

A) Climate System (P)
Short Range (1-14 days)
Sub-seasonal (15-45 days)
Long Range (30-300 days)

B) Hydrology & Water C) Optimization System Actual
Resources System (Q) | (Power) reservoir
Watershed modeling including Optimal reservoir operation operations
reservoirs solutions

a

I Updates on actual I
; reservoir storage :‘




Multi-model Multi-Timescale Rainfall Forecasts

Methodology:
*Short Range — Multi-model ensemble

derived from 8 global centers combined

using quantile regression (QR)

*Sub-seasonal Range — NOAA CFS 4-

member ensemble + Madden-Julian

Oscillation
- » %l s l
-Seasonal Range — Multi-model ensemble IR vLDRIF 1
derived from NMME forecasts combined Fo |.&l _ /. ‘ /‘
i g | I A - E
with SST indicators. ( J | J/




Hydrologic Forecasts at Multi-Timescales

Methodology:
* Noah-MP - Land Surface Model, driven by NASA’s LIS

« Calibration — using satellite ET and soil moisture
* Input — Improved rainfall forecast

» Output — Hydrologic forecast

Evapotranspiration - Basin Average

Streamflow at Gibe Ill

Streamflow (m3/s)

Days (2003 - 2005)
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Optimal Reservoir Operation Solutions

Preliminary Results — Gibe |

Inflow Into Gibe | Release From Gibe |
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— Optimized for maximum power production
Optimized for actual demand
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Africa

Comparison with “Business-As-Usual”

Years Gibe | - Gibe | - Modeled | Percentage
Observed (GWh) Change in
(GWh) (Optimized for Power
(Actual Power | Maximum Production (%)
Produced) Power)

2005 788 940 _




Transition — User-friendly DSS
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Transition - Training of Stakeholders

Participants:

(1) Ethiopian Electric
Power

(2) Ethiopian
Construction Works
(3) National
Meteorological
Agency

(4) Irrigation Bureaus

- Workshop I: Satellite Remote Sensing, NCAR Visit:
_ _ Ethiopian Construction Works Corp.
Basic Data Analysis tools

» Workshop II: Climate Forecasting

 Workshop lll: Hydrologic Forecasting,
Optimization (Hydroterm)
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Next Steps

Collaborating with SERVIR to run operational components
of the forecasting system
(https://climateserv.servirglobal.net)

Final Integration of the DSS components

Trial application of DSS to operation

Sustainable DSS implementation by end-users

|12
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Gibe Il — tallest dam in Africa

Thank You
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Backup Slides
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Climate System RQ1 Hydrology System RQ2
: : e  Multi-objective Calibration
GPM IMERG » BiasCorrection of Noah-MP using GPM IMERG
Climate Forecast] & Staustical Downscaiing Satellite SM, ET and " SMAP SM
Gauged Streamflow MODIS ET

Goal of RQ2:
Calibrated
Noah-MP Model

Goal of RQ1:
Calibrated
Forecasts

Optimization System RQ3

e  Sensitivity of Streamflow
Forecast and Hydropower
to Climate Forecasts,

N Satellite ET and SM.

e  Optimization of

3

Hydropower Using
Nonlinear Programming
(NLP)
— e Value of GPM rainfall, satellite
ET and SM to streamflow
Goal of RQ3 forecast_s and hydropower
production
¢ Reliable Streamflow Forecasts 16
e e Reservoir Operating Decisions

(Release and Storage)
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Approach - Long Range or Seasonal Forecasting

NMME Seasonal Hindcasts and Forecasts

Hindcast | Ensembl | Lead times
period e size (months)

NCEP NOAA-NCEP  NCEP-CSFv2 1982-2010 0.5-9.5
GFDL1 NOAA-GFDL  GFDL-CM2.1-aer04 1982-2010 10 0.5-11.5
GFDL2 NOAA-GFDL  GFDL-CM2.5-FLOR-A0O6 1982-2010 12 0.5-11.5
GFDL3 NOAA-GFDL  GFDL-CM2.5-FLOR-BO1 1982-2010 12 0.5-11.5
NCAR NCAR-UM COLA-RSMAS-CCSM4 1982-2010 10 0.5-11.5
NASA NASA NASA-GMAO-062012 1981-2010 12 0.5-8.5
CMC1 Canadian MC CMC1-CanCM3 1981-2010 10 0.5-11.5
cMC2 Canadian MC CMC2-CanCM4 1981-2010 10 0.5-11.5

8 NMME models, 12 monthly initializations, and 0.5-8.5
month lead times during 1998-2010 are considered 117




Seasonal Forecast

Regional Summary: Correlation

i Upper Blue Nile Region Lower Omo Ghibe Region Pangani NYM Region
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Optimal Reservoir Operation Solutions

Preliminary Results — Gibe Il

Inflow Into Gibe IlI Release From Gibe IlI

ot

Storage of Gibe Il

Inflow (m3/s)

Power Production in Gibe Il
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Months Months

—— Optimized for maximum power production
Optimized for monthly demand




