MEGE
Hydropower Assignment 2

GROUP WORK

1. INTRODUCTION

The work will include a written report, with explanations, figures, tables and the design
calculations, where the options are justified and the solutions described and a set of drawings

(adaptations), where the design works shall be defined.

It is required that the students develop the preliminary design of some hydraulic structures
components, such as the hydraulic circuit and powerhouse of a hydroelectric scheme. The

main tasks are:

e Hydropower solutions - Optimization study of the design discharge of the

turbine/generator units;
e Hydraulic circuit design;
e Turbine selection/definition;
o Verification of the powerhouse and tailrace lay-out;
e Simplified transient analysis;
e Hybrid Pumped Hydropower storage (HPHS) solutions — Sensitivity analyses;

e Advantages of Hybrid Pumped Hydropower storage (HPHS) solutions.

2. HYDROPOWER SCHEMES
2.1. OPTIMIZATION OF FLOW DESIGN - simplified model

Considering the storage capacity of the dam (volume of the reservoir), determine the flow

design knowing that:
e The global cost of the project (excluding high tension lines) varies linearly between:
2200 € /kW installed, to 1 MW
e
1500 € /kW installed, to 20 MW
e consider that the average sale energy value to the national grid is 0,08 € /kW.

e the average monthly inflow uses from Assignment 1 applying a reduction factor (to

separate hydropower volume from the other water uses such as irrigation, drinking,



flood control, landscape protection, leisure, or tourist purposes)) or use what is

presented in the Appendix.

e for Francis turbines the operation can be between 110% and 40% of the design flow
(and e.g. for Pelton between 110% e 12%).

e discount rate — 10%.

o life of the project (considered conditioned by the mechanical equipment) - 20 years
although it can have a total lifespan of 100 years.

The net head and the head losses must be defined as a function of the design flow.
The power can be calculated as P(kW) = 8 Q Hu; Hu — net head, for n = 0,82.

Annual operating expenses - 10% of yearly revenue.

2. 2 HYDRAULIC CIRCUIT and TRANSIENTS

It is provided a design for the profile and hydraulic circuit (to be adapted):

* Calculate the head losses and the net head of the hydropower solution;

* Select an anchor support and calculate the forces considering a surge overpressure of ~
40% of Ho.

» Powerhouse and tailrace: define turbine(s)’ characteristics, and verify/adapt the general

layout for preliminary design of the powerhouse.

» Develop transient analysis based on a transient model prepared for this. Present a simplified
analysis of the need for eventual protection devices.

2. 3 PUMPED HYDROPOWER STORAGE (PHS) solutions

Hybrid energy solutions: Define the reverse flow conditions in the reverse mode of a pumping
system towards a Pumped Storage Hydropower scheme. Develop sensitivity analyses to
different power installed of hybrid energy solutions based on available renewable sources
(using the HPSH model prepared for this).

2. 4 MONOGRAPHY

Present the main advantages of Hydropower systems and Pumped Hydro Storage towards

Hybrid energy solutions.
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Appendix

Example of data from Assignment 1

CHARACTERISTICS OF THE MONTHLY AVERAGE FLOWS (*)

Month Monthly average flow

Q (m?3/s)
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V average of the reservoir =5 hm? or more

(*) Values for hydropower without ecologic, reserved flows and other water uses
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F:

F — discount factor
n — n. of years of exploitation

a — discount rate



