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1 Introduction 

This report describes the work carried out under Task 4, Assessment of Water Valuation Methodology 
and Recommendations, under the Asian Development Bank (ADB) project entitled “TA-8851 VIE: 
Establishing the Wholesale Electricity Market – 1 Vietnam Wholesale Electricity Market (VWEM) 
(48328-001)”. 

It is based on the findings from three missions to the EVN National Load Dispatch Centre (NLDC) 
undertaken by members of the Ricardo consultancy team: 

• Mission 1, carried out by Charly F.X. Cadou, during the period 21-27 September 2016, to 
evaluate the water valuation processes used by NLDC and the SDDP water valuation 
software package.   

• Missions 2 & 3, undertaken by Dr Tom Halliburton during the periods 6-10 February and 9-11 
May 2017.  These studies build on the earlier work and extend this into a detailed assessment 
of the use made of the SDDP mid-term planning model and to some extent the eTerraCommit 
short term scheduling software. They also recommend improvements to the software and 
associated procedures and processes. 

The objectives and findings from these missions are described in detail, and conclusions and 
recommendations are presented regarding the appropriate steps needed to improve the water 
valuation software and procedures used by NLDC in preparation for the implementation of the VWEM. 

2 Objectives  

2.1 Mission 1 
The objectives of the mission were as follows: 

• Familiarisation with SDDP software package, presentation by NLDC.  

• Review the two questionnaires that were previously the subject of communications between 
NLDC and the Consultant and clarify any element as required. 

•  Review the answers provided by PSR, the developers of the SDDP software, to queries 
raised by the Consultant with respect to capabilities of current version of SDDP.  This activity 
is linked with the questionnaires.  

• Review the way in which the data for use in the SDDP modelling process is sourced and 
prepared, in order to assess whether there are any inherent problems with the processes that 
NLDC are applying in their use of SDDP. 

• Discuss the proposed Comparison run between actual outcome for a recent year and 
simulation based on actual data for that year, the associated pros and cons, and design the 
run.  

• Discuss pros and cons of alternative software packages; GE, SIEMENS and possibly 
AREVA.  Obtain the coordinates of the relevant companies’ offices in order to contact them. 

2.2 Missions 2 & 3 
The objectives of these missions were to report on the following: 

• Processes that NLDC wish to carry out using the mid-term hydro-thermal dispatch planning 
model SDDP, i.e. what uses are made of the SDDP outputs. 

• Steps currently followed in the use of SDDP. 

• Shortcomings experienced with the software. 
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• Data inputs used in these processes and any issues experienced with these inputs, e.g. 
missing or inaccurate data inputs. 

• Any system operational constraints or objectives that are not being adequately represented in 
SDDP.  This might include irrigation off-takes, water supply constraints, flood control 
requirements, thermal plant fuel supply arrangements, transmission constraints, generation 
take or pay contracts, etc. 

• Review at a high level the scheduling process for the hydro projects classified as indirect 
market participants (Strategic Multi-Purpose Hydro Plants, SMHPs). 

Following this information gathering, the Consultant would: 

• Discuss how additional features could be modelled using either the version of SDDP currently 
installed at NLDC or by the current version.  

• Consider possible changes to the mode of operation of SDDP, possibly including alternative 
strategies for its use.  Changes recommended might include details of control parameter 
settings, hydrological data set up, and the output reports generated. 

• Discuss possibilities for improving data input to SDDP, where NLDC consider this desirable. 

• Recommend steps to improve the scheduling of the SMHPs. 

• Provide individual or group tuition on specific features of SDDP and issues encountered in its 
use, as required. 
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3 Functions carried out using SDDP 

SDDP is currently used when carrying out three planning processes – year ahead, month ahead and 
week ahead.  These processes are specified by the Electricity Regulatory Authority of Vietnam 
(ERAV) as the regulator and are carried out by NLDC.  All SDDP solves are carried out using the 
deterministic solution option.  Only a single inflow outcome is considered in this type of solve, with 
consequences for the quality of results.  These are discussed in a later section of this report. 

The year ahead plan is presented in a comprehensive document prepared by NLDC for ERAV.  The 
document includes a plan for generation by month for each power project, hydro and thermal.  Plots 
of hydro reservoir levels and water values are given and plant maintenance schedules are included.  
Contract quantities for the contracts for differences held by plant owners with the single buyer are 
given.   A single inflow sequence modelled is the inflow with a 65% POE (Probability of Exceedance) 
at each site. 

A month ahead report is prepared which currently requires the use of e-TerraCommit to produce an 
hourly plan.  From this, hourly quantities for the contracts for differences (financial contracts) are 
determined for the single buyer.  Run-of-river hydro plants are understood to not enter into these 
contracts as their outputs are determined by inflows which are allocated to each hour using the e-
TerraCommit model.  Inflows are represented by selecting values from the historical data distribution 
corresponding to the current month POE, but switching to 65% POE for the next calendar month 
under some circumstances.   

A week ahead plan is an especially important process requiring the use of SDDP as the results 
directly influence the generation market and actual plant operations.  SDDP is used to calculate water 
values and target storage levels for large reservoirs.  Plants which participate in the generation 
market use these water values to determine a cap on their market prices.   The following rules are 
used to determine the inflow data to be used or the week ahead planning: 

If the average inflow of the last 7 days < 0.8 x average inflow of last 10 days  
Then Forecast inflow = 0.8 x average inflow of last 7 days 

If the average inflow of the last 7 days > 1.2 x average inflow of last 10 days  
Then Forecast inflow = 1.2 x average inflow of last 7 days 

Else Forecast Inflow = average inflow of last 7 days 

While there is some logic in these forecasting rules, there is clearly scope for improvement in the 
week ahead forecasting.  Comparison of forecasts over the last year with actual outturns would be a 
useful exercise to determine the scope for improvement. 

When preparing week ahead planning, hydro plants are placed in one of four categories, where 
regulating capacity is defined as the number of days that the plant can run at full capacity without 
inflow: 

1. Strategic Multi-Purpose Hydro Plants (SMHPs) which are large projects and projects 
downstream from large reservoirs.  These are understood to have been retained in EVN 
ownership and are scheduled directly by NLDC, using e-TerraCommit and daily updates of 
inflows.  Hourly instructions are issued.  Plants in this category include Son La (2400 MW), 
Hoa Binh (1920 MW), Ialy (720 MW) and the other projects downstream from Ialy on the Se 
San River.  (Hoa Binh and Son La provide frequency keeping generation.  Details of this 
function were not studied, including how the set points were determined, the band of 
acceptable generation, or target end of week storages related to this role.) 

2. Projects participating in the generation market with reservoir storage greater than one week, 
such as A Vuong, An Khe and Ban Ve.  These projects receive water value and reservoir 
targets.  The water value is a bid cap – the owners are free to bid lower values.  The bid cap 
is calculated as max (Water Value, average bid cap of thermal generators directly 
participating in the VCGM monthly planning). 

3. Projects with a reservoir capacity capable of regulating from 2 days up to one week.  Only 
three plants fall into this category – A Luoi (170 MW), Bac Ha (90 MW), and Song Ba Ha (220 
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MW).   The bid cap is calculated for these plants as max (maximum water value of hydro 
generators directly participating in the VCGM, average bid cap of thermal generators directly 
participating in the VCGM monthly planning).  

4. Projects with less than 2 days regulating capacity.  This category includes Ba Thuoc 2 (80 
MW), Da Dang 2 (34 MW), and Srepok 4 (80 MW).  Bid cap is zero for these plants, which is 
common practice elsewhere, as these plants will be dispatched according to a pre-planned 
schedule. 
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4 SDDP Database 

Before the commissioning of hydro power plants (HPPs), inflow data consist generally of monthly 
series.  The PB New Zealand Ltd 2009 report “Analysis And Implementation Of Water Valuation In 
Vietnam” has noticed this and recommends locating the daily data so as to use this daily data instead 
of the data disaggregated by the National Institute of Water and Atmospheric Research (NIWA) and 
reported in Appendix H (“Disaggregation of monthly flows to weekly values for selected Vietnamese 
Rivers”).  NIWA’s conclusions about the data are that the monthly flows are of reasonable quality, 
probably because in their computation from daily values, bad data have been corrected or their 
effects averaged out. Much of the more recent daily data needs considerable editing to get it to a 
reasonable standard. Until this is done results from generation system simulations will contain greater 
uncertainty than may be desirable. 

Once an HPP is operational, daily inflows are routinely transmitted by the operator to NLDC. These 
daily inflows are in fact net inflows obtained by deregulation of the reservoir since generally only 
outflow and daily change in reservoir level are available. The inflow is net inflow insofar as reservoir 
evaporation is implicitly included in the calculation. 

Every day HPP operators send the following information to NLDC: 

• Net inflow  (m3/s) 

• Reservoir water surface elevation at 0:00 hour (m). 

• Outflow  (m3/s) 

• Spill  (m3/s) 

• Energy generation (MWh) 

Also all generators and transmission operators provide a five year maintenance program whose first 
year is approved. 

Thermal generators provide the characteristics of new units as they come along together with a 
monthly maintenance schedule. 

Fuel costs are provided by Electric Power Trading Company (EPTC, Single Buyer).  Also Vietnam 
Gas Supplies set gas supply limits.     

When a new hydropower project with a reservoir is about to come online, the generator provides the 
initial data related to this site, inflows, reservoir and HPP characteristics.  NLDC assumes that this 
initial data is correct.  Any subsequent data submitted each year by the generator is checked by 
comparing it with the initial data to identify inconsistencies. 

NLDC have implemented a database system.  A schematic of this database has been presented in a 
2011 presentation titled “CIM Applied in Vietnam Power System” by Thai Tran.  The data processing 
activities are presented in the following schematics. 
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Currently, NLDC are designing a new database based on ORACLE. The database follows the IEC 
CIM (Common Information Model) standard. Once this database is operational, NLDC have stated 
they would be interested to evaluate ePSR, the PSR database-oriented platform. 
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5 Current Mode of Use of SDDP 

The following comments refer to some specific modelling parameters and data items in the SDDP 
model that could be adjusted to improve the model performance. 

5.1 Check on each run cost components 
The file “sddpcope.csv” should be reviewed after each run to check the proportion of the objective 
function contributed by each component.  Thermal operating costs should account for most of the 
objective function.  Costs due to deficit, spill and other constraint penalty terms such as minimum 
generation should be small.  If any of these terms are large, the cause should be investigated, 
remedied if possible, and the model re-run.  (Note that spill at Dai Nhim can create a large spill 
penalty.  Use of the integer option for enforcing the spill characteristic, rather than penalty function 
option, should be discussed with PSR.)  

5.2 Additional years solved  
SDDP requires a number of additional years to be solved at the end of the study period so that end 
effects do not influence the solution within the study period.  Seven additional years were being used 
in a case reviewed, but two years is likely to be ample.  If only the first week’s water value is required, 
one extra year may be adequate.  This will reduce solve times.   

A check that the number of additional years is adequate can be carried out by adding a further 
additional year, and examining the effect on the output reports required from that study.  There should 
be only minor differences if the number of extra years is adequate.  The number of extra years 
required for end effects to be removed is highly dependent on system features.  If multi-year storage 
reservoirs exist, then a larger number of extra years are needed.  If reservoirs empty and then refill 
each year, for example at the end of a rainy season, then each year is effectively de-coupled from 
future years. The 2009 Parsons Brinckerhoff report stated that trial studies showed that two additional 
years were adequate. 

5.3 Cut elimination 
Earlier versions of SDDP provided an option to control the increase in the size of the linear programs 
solved at each time step.  This involved removing parts of the future cost function that were unlikely to 
be useful, i.e. by eliminating apparently redundant cuts.   The cut elimination option should be turned 
off for deterministic studies.  Eliminating cuts is likely to be reducing the quality of solution.  As the 
number of cuts is small for a deterministic study, the small increase in problem size as the solution 
process proceeds is not significant.  It is likely that the arbitrary cut elimination process used is 
removing cuts that would have been useful.  PSR have generally recommended caution in using this 
feature.  The current version of SDDP no longer incorporates the cut elimination process as an 
automated process for correctly eliminating redundant parts of the future cost function has been 
implemented. 

5.4 Spill Mode 
Spill from most hydro projects has been set to be “uncontrolled” in the model data base.  This means 
that the reservoir can spill only when it is full.  Physically this corresponds to a spillway which consists 
of an overflow weir.  These overflow weirs are rare, except on very small projects.  Controllable spill is 
achieved by means of a gated spillway, which is the usual arrangement.   For the 2009 SDDP 
implementation project, the only modelled project known to have an overflow weir was Da Nhim. 

“Uncontrolled” spill creates a mathematically non-convex feature so a work around is needed to 
incorporate this feature into the SDDP water value calculation.  A penalty is applied to the 
uncontrollable spill flow so that it only occurs when absolutely unavoidable – i.e. when the reservoir 
would otherwise exceed maximum storage.  When spill must occur, the water value in that reservoir 
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will be reported as a large negative value, whereas the true value is actually zero.  NLDC reports 
should zero out the water value in this case, which is likely to occur only at Da Nhim. 

Spill should be set to be “controllable” whenever this is physically the case.  

5.5 Thermal Power Station Constraints 
A set of constraints is defined to ensure that at least one unit is operating at each thermal power 
plant.  These constraints are enforced by a penalty weight.  The value of $1 million per MWh was 
applied.  As the constraint applied to a plant which was not fully commissioned at the start of the 
model run, a very large penalty term contributed to the objective function.  This may reduce the quality 
of the SDDP solution as in the example case 71% of the total study cost was accounted for by this 
penalty cost.  A penalty weighting of 1000 is recommended (entered as 1k$ in the user interface). 

A constraint is applied to the units at many of the thermal stations to ensure that at least one unit is in 
operation at all times.  NLDC have explained that this is to reduce the number of stops and starts of 
thermal units.  As is expected for large units, each stop / start cycle increases maintenance 
requirements and carries a risk of breakdown.  Applying a start-up cost may be a more effective way 
of achieving the desired reduction in unit cycling, as the current strategy does not limit the cycling of 
the remaining units at the plant.  The current constraints are likely to result in a sub-optimal solution 
as more costly units will be operating at times when less costly units are shut down, or to result in 
unnecessary spill at hydro plants during high inflow periods.  For the example deterministic study 
examined, these constraints have negligible effect, but may have an effect if stochastic studies are 
carried out, due to the wider range of hydro generation in that type of study. 

5.6 Number of Iterations 
The model is currently solved for 100 iterations.  NLDC stated that is the maximum possible for the 
version of SDDP currently used at NLDC.  Some confusion may have arisen as the consultant was 
able to solve for 1000 iterations using version 10.2.4 (Big Cut).  The sample cases supplied by NLDC 
used SDDP version 10.0.6 (Big Cut).  500 or more iterations are required for their particular problem 
to solve, with the parameters NLDC are currently using.  As the lower bound on total system cost is 
still increasing at 100 iterations, it is clear that additional iterations result in an improved solution.  
Trials with additional iterations showed that small amounts of spill were removed in the more accurate 
solution, and that spikes in water value were reduced.   

For version 14 of SDDP 1000 iterations are possible. 

5.7 Modelling of Thermal Plants 
Thermal plant costs are supplied by ERAV.  These are understood to be ERAV’s estimate of actual 
operating costs, both fuel and variable operation and maintenance (VOM).  In SDDP, fuel costs are 
set to zero, while total costs are entered in the VOM field.  This will give correct cost of generation in 
cases where a constant heat rate applies but will be an approximation in those cases where heat rate 
varies with output.  Variable heat rate data is specified for a number of plants. 

Heat rate data is specified for gas fired plants in MMBtu/MWh and for other plants in tons per MWh.  
Version 10 of SDDP requires that heat rate increase with output (i.e. decreasing efficiency) whereas 
the current version does not impose this limitation.  Heat rate data is needed in SDDP only for cases 
where the fuel is limited in rate of delivery or total amount available per week, because total costs are 
specified in the VOM field. 

5.7.1 Take or Pay Fuel Contracts 

Take or pay contracts exist for gas supplies, and possibly also for coal deliveries.  These are not 
modelled in the version of SDDP currently used at NLDC.  It is not clear how account is taken of these 
contracts at present.  Fuel supply contracts can be modelled in detail in the latest version of SDDP.  
To enable take or pay contracts to be represented correctly, it will be necessary to split out VOM and 
fuel costs in the model data.  Take or pay fuel cost is treated as being zero for dispatch purposes, as 
it is effectively paid for as a single lump sum, irrespective of its use.  Additional fuel, if available, must 
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be specified explicitly at the appropriate cost.  This enables SDDP to allocate the take or pay 
quantities throughout the year in the most efficient way, and to use additional fuel when justified.  
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6 Back Testing of SDDP 

Back testing of models is useful in that it can help identify inconsistencies in plant data and the extent 
to which the modelling process represents actual system operation.  In particular, when designing 
market systems an objective is often for the market to settle at schedules close to the global optimum.  
SDDP determines a global optimum.  The extent to which the market deviates from this, taking into 
account unplanned events, gives an indication of the extent of the loss of optimality resulting from the 
market system.  

Task 4 of the current project specifies that a back test of SDDP is to be performed whereby SDDP is 
used to simulate a past year.  NLDC have indicated that they do not wish, or are unable, to carry out 
this study.   

A back test was performed by Parsons Brinckerhoff as a part of their World Bank project “Analysis 
and Implementation of Water Valuation in Vietnam”.  Their report of August 2009 describes a back 
test done for 2008, showing that the results are reasonable and that differences in simulated and 
actual outcomes could be explained.  This back test indicated that the SDDP model is producing 
results that were reasonable. 

In preliminary discussions with NLDC about the possibility of carrying out a further back test, this was 
rejected, partly because of the lack of awareness of some members of the NLDC team with the PB 
2009 report, but also due to concerns about the validity of the comparisons that could be made given 
the way that hydro plants are dispatched in the VCGM.  The following paragraphs suggest an 
approach that could be taken, however this would depend on the availability of accurate inflow data. 

The back test could be aimed at investigating any one of the three planning tasks carried out by 
SDDP.  The year ahead plan uses a single inflow sequence for the year so will clearly deviate from 
actual results due to inflows variability.  Similarly the month ahead plan comparison would be affected 
by actual inflows differing from those modelled.  For the week ahead plan, a type of mean reversion 
inflow forecast is used, taking account of the previous 10 days’ inflows.  These flows are more likely to 
resemble actual inflows. 

A useful check on the planning process would be to compare the inflows forecast for the next week 
against actuals for a full year.  Publishing this information would assist market participants to interpret 
system planning forecasts. 

If a further back test would were to be carried out, the test would presumably be performed using 
actual data for inflows, load and plant outages.  There are at least two possible ways this test could 
be carried out:  

1. Perform a stochastic optimisation for the year and then simulate with actual inflows. 

2. Run a deterministic optimisation, using actual inflows. 

For the first option, the results of a stochastic optimisation would be being compared with an actual 
out turn that was planned using a deterministic strategy.  The stochastic plan would be more cautious 
as it does not assume perfect foresight of inflows.  This would result in the simulation carried out 
using actual inflows following a different path to what was done in reality. 

For the second option, a deterministic optimisation using actual inflows would give a better, as in 
lower cost, result than was obtained in reality.  This improvement would represent the value of perfect 
foresight.  

Actual schedules for the SMHP plants are calculated using e-Terra with the reservoir ending levels as 
specified by SDDP.  For hydro plants with less than 2 days of storage, e-Terra is used to calculate 
actual generation profiles.   For plants with large storage, reservoir ending levels targets are taken 
from SDDP while water values are used to calculate market bid caps.  This suggests that comparing 
planned and actual values for reservoir ending levels and inflows would give some insights into any 
problem areas in the dispatch planning process. 

Rather than carrying out a full back testing procedure, it is recommended that comparisons be made 
of: 

• week ahead inflow forecasts with actuals. 
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• week ahead reservoir targets from SDDP be compared with actual levels. 

Determining reasons for differences may reveal inconsistencies or missing features in the model and 
will help determine how practical the planned schedules are in reality. 
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7 Moving on to Stochastic Optimisation 

Presently, SDDP is running with deterministic inflows based on historical flows. Under the wholesale 
market, the model will run with stochastic inflows as these are specified in the market rules.  The most 
important improvement that can be made to the water valuation process at NLDC is therefore to 
replace the current deterministic optimisation with a stochastic process.  The existing software is 
capable of this change, but inflow data records will need to be updated.  The impression gained by 
the consultant regarding the expertise of NLDC staff is that they are now well placed to move on to 
the more demanding and complex stochastic optimisation. 

The discussion below will comment on the consequences of using deterministic or stochastic 
optimisation and then describe how stochastic results could be applied.  NLDC have stated that they 
are unsure as to how best to summarise for reporting purposes the results from the large amount of 
information output from the stochastic solutions of the SDDP software. 

7.1 Deterministic Optimisation Issues 
Deterministic optimisation models are sometimes used because they are much easier to solve than 
the stochastic problem, and the results are easier to interpret.  Unfortunately applying the results of a 
deterministic model can create additional risk in the operation of the power system due to the 
possibility of more extreme inflows than those modelled.  The probability of spill or shortage of water 
is increased if a deterministic strategy is followed.  An optimal solution is not obtained from this 
approach in terms of risk management or efficient system operation. 

The current use of deterministic optimisation can be considered a good initial step in setting up 
processes, gaining experience with modelling, and applying new practices to system operation.  
NLDC have been able to develop skills and understanding of the modelling system, and experience in 
the interpretation of model outputs through this interim stage.  Given that these processes appear to 
be working satisfactorily, it seems appropriate to further develop the processes used in system 
planning to make use of the more complex stochastic optimisation capabilities of SDDP.  

The current process uses inflows with the same POE at all reservoirs in for the year ahead report.  
This implies that all inflows are perfectly correlated.  (NLDC staff are aware of this issue.)   

7.2 Stochastic Optimisation Effects 
A stochastic optimisation will generally provide strategies that appear to be more cautious than those 
of the deterministic model.  The deterministic model will take reservoirs down to their lower storage 
limits because it has perfect foresight of the future inflows – the model knows exactly when inflows 
are going to arrive to refill the reservoir.  In reality, lower inflows are possible, so a shortfall in 
generation from one project, and possibly the entire system, is possible. 

Similarly, the deterministic model will take a reservoir to full in some instances, knowing exactly when 
inflows are going to reduce.  In reality, additional water might be received, resulting in spill. 

The deterministic model will predict less use of higher cost thermal plants than occurs in reality 
because of this foresight regarding inflows.  This could lead to a decision to de-commission higher 
cost thermal plant which is needed in reality.  The consumption of thermal station fuel will vary from 
year to year in reality, and in the stochastic model.  Hence the stochastic model can give useful 
information on the benefits of flexibility in fuel supply contracts. 

Stochastic optimisation problems are more difficult to solve because the mathematical formulation is 
more complex and computational requirements are orders of magnitude greater.  Solution times for 
SDDP for Vietnam are likely to increase from a few minutes to hours.  Improvements to version 14 of 
SDDP will help to moderate this increase, however.  The Vietnam system is difficult to solve 
compared to some other systems the consultant has studied due to its relative complexity.  Greater 
computer power will be beneficial at NLDC for stochastic modelling. 

Many experienced system planners are capable of recognising the weaknesses inherent in 
deterministic model outputs.  They can intuitively see the risks being created.  Consequently these 



Ricardo Energy & Environment  TA 8851: Establishing the Vietnam Wholesale  
Electricity Market (VWEM)   |  15

 
 

   

   

Ricardo in Confidence Ref: Ricardo/ED62088/Issue Number 2 

planners are likely to pay more limited attention to the model results than might otherwise be the case 
– a credibility gap can be set up by issuing results from the deterministic model. 

7.2.1 Stochastic Optimisation Reports 

Interpreting the results of a stochastic optimisation can be more difficult than from deterministic 
studies.  This is due to the large amount of output and the fact that studying just the mean result hides 
many details.  After calculating the water value (or future cost) function, SDDP simulates the 
operation of a number of inflow sequences using the future cost function.  The results of each of these 
simulations can be examined individually if required.  By studying a single inflow simulation, for each 
load block, in addition to the mean result, it is generally possible to determine that the solutions are 
reasonable.  For many purposes, it is adequate to present the mean results with some upper and 
lower bounds on the results over all the simulations – perhaps the mean and upper and lower 10 
percentiles.   

It is recommended that ERAV revise the procedures followed by NLDC to require use of the 
stochastic optimisation capabilities within SDDP.  This will achieve a lower risk of supply 
shortfalls and more economical system operation.  The following outlines how the existing 
reporting process could be modified. 

7.2.2 Year ahead report 

This report includes annual summaries of plant output and some additional information in graphical 
form.  When stochastic modelling is carried out, tables of data in this report could be expanded to 
show the annual mean and upper and lower values for some particular percentiles – perhaps upper 
and lower 10 percentiles.  Graphical outputs could present weekly mean and weekly upper and lower 
percentiles.  Possibly maximum and minimum values for each week could also be shown.   It is 
understood that the Ministry of Industry and Trade (MOIT) require a single value for each power 
station.  Tables and graphs of mean values could be presented for their use, with the more detailed 
results used by those interested in more detailed study.  Simply moving these detailed results to an 
appendix might enable a single report to cover the options. 

7.2.3 Month ahead report 

Applying stochastic optimisation for the monthly reporting, results could similarly be expanded to 
show mean, upper and lower percentiles and extreme values for each week.  At present, e-
TerraCommit is used to expand SDDP results to hourly detail.  SDDP now has a feature that maps 
the load block results to the corresponding hour in each week.  This feature is likely to be adequate 
for the month ahead plan, although not for detailed generation scheduling.  The month ahead plan is 
not used for real time operations planning so it does not have to be accurate in every detail.  In 
addition, the forecast inflows used will have a considerable margin of uncertainty so there is little to be 
gained by modelling the fine details of generation system operation for a month ahead. 

7.2.4 Week ahead report 

Stochastic optimisation consistent with the month ahead process could be used, but with an updated 
week ahead inflow forecast.  The stochastic optimisation could be performed in the usual way using 
the SDDP generated synthetic inflow model to create the future value function.  A simulation could 
then be performed for the week ahead, using the best possible inflow forecast.  Water values could be 
obtained from this simulation, along with reservoir end of week storage targets.  The detailed hourly 
plan for the week ahead can be calculated by e-TerraCommit, using the end of week reservoir levels 
from SDDP as target levels.   

7.2.5 Inflow forecasting 

The 65% POE inflow used for some planning purposes is referred to as a forecast.  It should be 
referred to as a “scenario” as it is not an attempt to predict future inflows.  Rather the 65% POE 
inflows are used as a means of exploring a possible future, which is a valid scenario.  Referring to this 
as a forecast is inaccurate as actual forecasts are produced only for the week ahead. 

At present inflow forecasting for the week ahead is carried out using a simple rule, which appears to 
be based on the concept that flows generally trend back towards a mean value.  This is a reasonable 
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initial step.  More accurate processes would be beneficial.  These would need to be prepared on a 
catchment by catchment basis as the rate of run-off of rainfall will vary depending on the nature of the 
landscape – forested, farmland, industrial, granite or porous rock, etc.  Some improvement is likely to 
be possible simply by fitting a simple model to the historical data for each site representing the rate at 
which inflows revert to a base flow level at various times of the year.  

The Vietnam Wholesale Electricity Market (VWEM) rules refer to stochastic optimisation.  If the rules 
require reporting derived from a particular inflow series for any reason, the strategy to be used should 
be to carry out a stochastic optimisation, then perform a separate simulation using the required inflow 
series.  SDDP enables this type of “mix and match” process to be carried out very easily. 

7.3 Strategy for Implementing Stochastic Optimisation 
The following strategy may allow stochastic optimisation to be implemented almost immediately, 
allowing NLDC to begin building up expertise in this area while simultaneously taking steps to improve 
the inflow data inputs: 

1. Implement v14 of SDDP immediately but continue with the existing planning processes. 

2. Expand the physical modelling detail in SDDP, utilising new features in v14. 

3. Begin stochastic optimisation using the 2009 inflow database information.  Inflows to the 

plants not included in the 2009 database can be set to some arbitrary value, e.g. the monthly 

or weekly mean values.  For plants in the 2009 database, the stochastic optimisation does not 

require data for the intervening years – the gap in data does not preclude its use in the 

stochastic optimisation.  

4. For reporting purposes, use either mean outputs, or if this is not acceptable to ERAV, carry 

out a simulation of a specified inflow sequence.  (Staff may need a little instruction as to how 

best to do this.)  Add appendices to reports giving upper and lower percentile data as well as 

mean values. 

5. Replace the inflow database mean value placeholders with better data as it becomes 

available, but being prepared to accept this improved data in a number of steps of 

improvement if this is necessary, for example: 

a. For plants with small storage, ignore changes in reservoir volume initially, using 

generation and spill alone to determine inflows. 

b. For plants with significant storage, calculate inflows from reservoir level change over 

the week plus generation and spill 

c. Eventually move to calculating inflows from reservoir storage changes, spillway gate 

openings and gate rating curves, headwater & tailwater levels, number of machines 

operating and total station load. 

Appendix B gives some further information about the practical steps involved in making the transition 

from deterministic to stochastic modelling. 
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8 Inflow Data  

8.1 Current Situation 
A significant effort is required to improve hydro system inflow data.  This process should begin as 
soon as possible.  The inflow data base prepared in 2009 should be updated to include the 
intervening years and must be extended to cover new plants not included in 2009.   

The data supplied by NLDC for the 2009 Parsons Brinckerhoff study is summarised in Table 1.  
During the periods when only monthly data was available, weekly data was synthesised.  A statistical 
modelling process was used that ensured that the created weekly data represented the true weekly 
data, to the extent possible.1   

Simply using the monthly average for each week in the month does not represent the true weekly 
data.  For example, the maximum and minimum inflows would clearly be less extreme when working 
with monthly average flows than when using weekly averages. 

To enable stochastic modelling to be carried out, historical inflow records are needed to enable the 
statistical parameters of the data to be determined.  These parameters needed by SDDP for each site 
include: 

• Weekly mean; 

• Weekly auto correlation, for up to 6 lags; 

• Standard deviation of the random residual component of inflows, after removing variability 

due to weekly mean patterns and auto correlation; and 

• Spatial correlation of the random residual. 

SDDP incorporates a parameter estimation process to calculate the above, which has been upgraded 
for version 14.  The longest possible records for each site should be used, as estimation errors 
decrease as record length increases.  While the parameter estimation can work with records of 
different lengths for the various sites, obtaining records for periods when data for all inflow sites is 
available is especially useful.  This enables better spatial correlations to be estimated. 

Actual weekly data is needed for proper estimation of parameters.  It is not desirable to use the 
monthly value over several weeks as this does not allow the autocorrelation (correlation of one week 
with the next at a given site) to be estimated correctly.  Also the variability of monthly average flows is 
less than that of weekly flows, so reservoir management will not take into account this higher 
variability if the monthly data only is used for each week. 

  

                                                      

1 These calculations were carried out by Dr Richard Ibbitt of the National Institute of Water and Atmosphere 
Research, in New Zealand.  Dr Ibbitt is a very experienced scientist in the area of hydrology, and had 
considerable prior experience in analysis of hydrological data in Vietnam.  Dr Ibbitt did not carry out any studies 
into the validity of the raw data, but did not raise any significant concerns during his work. 
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Table 1:   Summary of Historical Inflow Data, from 2009 Parsons Brinckerhoff Study 

Inflow Site Mean Inflow 

(m3/sec) 

Data Source Available Comments 

Daily Monthly 

Hoa Bình 1775.3 2002 - 2008 1903 - 2001  

Thac Ba 187.7 2002 - 2008 1965 – 2001  

Tuyen Quang 321.2 Jun 2006 – Jan 2009 1956-2001  

Quang Trị 9.0 2008 1977 – 2003  

Vinh Son 6.5 2002 - 2008 1965 – 1973 

1976 – 1992 

1997 – 2001 

 

Song Hinh 44.6 2002 - 2008 1958 – 1995  

Pleikrong 129.5 2008 1960 – July 2007 July-Dec 2007 48.1% of Ialy total inflow 

Ialy 140.0 2002 - 2008 1960 – 2001  

SeSan 3A 0 2008  Assume zero inflow 

A Vương 39.5 2008 1979 – 2002  

Trị An 500.2 2002 - 2008 1952 – 2001  

Da Nhim 22.2 2002 - 2008 1979 – 2005  

Dai Ninh 30.9 July 2007 – Jan 2009 1979 – 2005  

Ham Thuan 51.9 2002 - 2008 1952 – 2001  

Da Mi 7.2 2002 - 2008  Assume 13.34% of Ham Thuan 

Thac Mo 99.1 2002 - 2008 1960 – 2001  

Can Dơn 49.0 2004-2008  49.5% of Thac Mo inflow   

Srokphumieng 3.2 2008  3.23% of Thac Mo inflow   

Song Ba Ha 201.2  1978 – 2002  

Buon Kop 99.2  1960 – 2005  

 
Note: Mean flows were obtained from SDDP synthetic hydrological simulation of 200 sequences over 52 weeks 
 

Updating the 2009 database to the present should be straightforward for periods when hydro plants 
are in operation.  Records of spill, reservoir level, tail water level, generation, and number of units in 
service should enable inflows to each project to be determined provided that detailed unit 
characteristics are available.  Processes may need to be set up, if not already in place, to calculate 
the required inflows from this data.  If generation data and storage in large reservoirs is the only data 
currently available, then approximate inflows can be calculated and added to the historical record to 
enable stochastic optimisation to be carried out. 

The monthly data currently used will of necessity have been created from daily measurements.  
These original daily measurements should be obtained and used to create the weekly inflow database 
for SDDP modelling.  For example, for Trung Son the project economic evaluation report states that 
daily data was used for the analysis, for the period June 1957 to June 2007.  Some research is likely 
to be needed to locate original daily records.  Some assistance might be available from staff at the 
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Ministry of Natural Resources and Environment’s National Centre for Hydro-Meteorological 
Forecasting, located in the Hoan Kiem District of Hanoi.2 

Data quality is also a concern.  Figure 1 shows a plot of the cumulative deviation from the overall 
mean of flows into the Ialy reservoir, as supplied by NLDC for the SDDP database prepared in 2009.  
This plot shows three distinct phases for the data:  1960 to 1979, 1980 to 2001, 2001 to 2008.  The 
sudden changes in 1980 and 2002 in this type of plot generally indicate a change in the way 
measurements have been made.  Sudden changes such as this data set display are not typical of 
climatic or land use changes.  The data sources should be identified and the measurement processes 
studied to determine a correction to the historic data record.   

Data for Ialy supplied by NLDC during Charly Cadou’s mission is different from the data supplied in 
2009.  A possible source of confusion is that the SDDP inflow database has been set up to use 
incremental inflows at each site, i.e. those inflows occurring between that particular site and the next 
upstream site only, not total flow at the site.   

 

 

Figure 1:  Cumulative deviation from mean of Ialy reservoir inflows, from 2009 SDDP database. 

 

Throughout Vietnam some changes to inflows may have occurred due to land use changes, but these 
are likely to be relatively small effects, and may well be within the measurement accuracy tolerances 
of the flow measurements.  Before writing off data as unsuitable for any reason, a statistical study 
should be carried out to prove that contention.  A greater influence on the accuracy of inflow 

                                                      

2 Staff from the New Zealand’s National Institute for Water and Atmosphere worked with the Centre for Hydro-
Meteorological Research from approximately 1992 to 2002, assisting with the management and archiving of 
inflow data.  The TIDEDA hydrological data management system was used during that period. 
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measurements is more likely to be the infrequent re-gaugings of flow monitoring sites.  River flows are 
determined by measuring the height of the water surface.  This height is used with river bed cross 
section and water velocity measurements to calculate the corresponding flow.  The function relating 
river level to flow is known as a rating curve.  These curves should be updated after floods or events 
that change the shape of the river bed.   In many instances, these ratings are not re-calibrated 
sufficiently often.  Hence the flow data is only approximate, so small changes due to land use effects 
may have no observable influence on the data record. 

NLDC have stated that inflows have recently been affected by an El Nino event.  Both El Nino and La 
Nina are well known events in those regions affected by the Pacific Ocean, and so are part of the 
normal variability of weather patterns.  These events are not related to global climate change.  The 
effects of the recent El Nino event mentioned by NLDC staff highlight the need for stochastic 
optimisation and a comprehensive inflows data base. 

Using the historical data with all its imperfections in a stochastic optimisation model will give much 
better results than a deterministic optimisation using some arbitrary inflows.  Stochastic optimisation 
can be carried out without having any recent inflow data – all that is required is data for a sufficient 
period to enable the synthetic hydrological model within SDDP to be calibrated.  More data is always 
better than less, but NLDC may have to compromise on data quality in some areas.  Clearly a 
significant amount of data is available, as evidenced by the data set prepared in 2009 and the fact 
that monthly distributions of data are currently being used for the deterministic process.   

8.2 Process Improvement 
Improvements to inflow data could be made in a number of work streams. 

1. Calculate weekly flow data from data received by NLDC for operating hydro plants. 

2. Monthly data converted to weekly for some sites during the Parsons Brinckerhoff project 
could be utilised as an interim measure. 

3. The Ministry of Natural Resources and Environment should be approached to locate raw data 
for sites prior to construction of hydro projects.  In some cases flows for the site will be 
available directly from river gauging records.  For other projects the flows will have been 
calculated using a variety of techniques, such as correlation with an adjacent record, or 
scaling of flows in proportion to catchment area using a gauging station at another location.  
Design reports for the project may provide information on how this process was carried out. 

4. All flow data should be reviewed for consistency, for periods before and after commissioning.  
For example, the plot of the cumulative deviation from mean of inflows into Ialy reservoir 
(Figure 1) shows some distinct change points which generally indicate a data error.  This will 
require working with MONRE and others who have supplied data to enable the raw data to be 
reviewed. 
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9 Future software requirements 

9.1 Issues Considered 
The consultant was asked to recommend whether amended or new software is required for the 
calculation of water values.  This study does not survey all software options, and concludes that this is 
not necessary.  The questions to be answered here could be posed as: 

1 Should NLDC upgrade to the latest version of SDDP? 

2 Will the latest version of SDDP meet current and foreseeable future requirements? 

3 Do any factors motivate a search for alternative software? 

The current application of the water valuation software is examined to determine whether the software 
is satisfactorily fulfilling the needs of the processes laid down by ERAV, and whether either the 
processes themselves or their implementation could be improved. 

This study concludes that SDDP is suitable for carrying out the processes as currently required.  
Upgrading to the latest version of SDDP will allow these processes to be carried out more effectively, 
and will support the further development of planning processes.  NLDC are familiar with the use and 
interpretation of SDDP.  Switching to a different model would require an extended period of learning, 
delaying improvements to the scheduling and planning process.  In view of the above factors, there is 
no reason to consider evaluating alternative software. 

9.2 Current Situation 
SDDP is being used for three main processes (year ahead, month ahead and week ahead) as 
described earlier.  All SDDP studies are being carried out using the model in deterministic mode.  
ERAV have not expressed to the consultant any dissatisfaction with the outputs prepared by NLDC 
using SDDP.  The views expressed to the consultant, Tom Halliburton, and to Charly Cadou during 
his earlier visit, are that SDDP is suitable for their work.  However staff have described a number of 
additional features and extended software capabilities that would enable better modelling and 
facilitate the processes that they are required to carry out.  The need to represent gas take or pay 
contracts was singled out as a very important feature of the generation system that cannot be 
represented in the version of SDDP currently in use at NLDC.  Most other requests for improvements 
to SDDP represent matters of convenience, rather than substance.  These could generally be handled 
by the development of data preparation applications by NLDC staff. 

NLDC staff have shown in discussions during the consultant’s visit to Hanoi that they have developed 
considerable expertise in the use of SDDP.  On occasions NLDC staff showed that they have in-depth 
understanding of the outputs of SDDP.   

A demonstration was given showing how SDDP outputs have been successfully linked electronically 
into another major corporate system.  This indicates that NLDC has made efforts to embed SDDP 
results into other systems. 

Some relatively minor improvements to the application of SDDP to the existing processes could be 
made by NLDC.  Given the absence of any support contract or further expert review of the modelling, 
the scope for minor improvements is to be expected.  An example discussed was that of plant outage 
data.  SDDP requires weekly average values for plant availability.  NLDC data is in the form of dates 
of outages, resulting in the need for some calculations.  The NLDC data is stored in a spreadsheet, so 
it would be a simple matter to write VBA code (Excel macro) to convert this to SDDP format and 
create the necessary input data file for SDDP or to update an existing file.  This is especially 
straightforward as SDDP inputs are in a clearly readable text format and a manual gives the format for 
each field in every file.  Preparation of input data in this fashion is a normal process in many other 
utilities.  The developers of widely used commercial software cannot be expected to interface with the 
systems used by each of their customers, unless a customer wishes to support those specific 
features. 
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9.3 SDDP Versions and Features 
The version of SDDP currently implemented at NLDC dates from 2010 while the current version was 
issued in early 2016. NLDC have implemented a number of features indirectly while newer versions of 
the software package have been updated to handle directly these features.  A number of queries have 
been prepared by NLDC with respect to features they would like to see implemented in SDDP and 
these have been transmitted to PSR.  Some of the desired features have been implemented in the 
newer versions.   

Appendix 1 presents the list of NLDC questions with respect to SDDP continuing development and 
PSR responses. From a review of these questions and answers, it is to be noted that they relate to 
features that would improve the input-output of the model or the short term scheduling model but in no 
case question the ability of SDDP to perform its basic function, which is water valuation.  In this 
respect, NLDC have confirmed that they are satisfied with the software package. 

9.4 New Features in the SDDP v14 
NLDC are currently using Version 10.0.6 (Big Cut) of SDDP, whereas the most recent version is 
14.0.16.  Version 14 incorporates a large number on new features.  Key improvements in the current 
version, likely to be of particular value to NLDC include: 

• Parallel processing is available within the standard version of SDDP v14.  The standard 

version of SDDP allows for multiple processors on a single computer to be used for a 

particular solve.  For an extra cost, parallel processing across multiple computers is available.  

The stochastic algorithm used by SDDP lends itself especially well to the parallel solution.  

For a stochastic model, the use of two processors reduces the optimisation phase solve time 

by approximately 40% compared to solving with one processor.  Transpower, the grid owner 

in New Zealand, often carry out studies using 12 processors in parallel, for example. 

 

Figure 2:  Screenshot of method of selecting solution strategy (Parallel) and number of processors to be 
used. 

• The SDDP algorithm has been improved to give faster solves.  This has been done by means 
of an algorithm which identifies the cuts (or hyperplanes) in the future cost function which are 
no longer needed.  Previously, a similar objective was achieved by specifying that a cut 
should be eliminated if it is not used for a certain number of iterations.  The new process 
effectively does this in a smart way.  Each cut creates an additional constraint in the one 
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period optimisation process embedded in SDDP.  As the iterations proceed, the number of 
cuts increases, and so the solve time per iteration gradually increases.  The new approach to 
controlling the number of cuts moderates the increase in problem size and so reduces the 
solve time. 

• Up to 21 load categories per week can now be modelled, rather than the 5 available in the 
earlier version.  Solving with hourly time steps is now also an option.  This would require a 
great deal of computer power – probably the use of cloud computing.  Because the system 
model is still somewhat approximated, the hourly time step option is not recommended – 
solving with the standard load block representation and then using the recently developed 
post-processing facility to create hourly output reports will be effective. 

• Hourly results can now be obtained from SDDP.  This is achieved by specifying a mapping 
from load blocks to hours as input data, and then running a post processing utility, available 
from PSR at no extra cost.  A spreadsheet utility with VBA coding was supplied in 2009 as a 
part of the Parsons Brinckerhoff contract.  This utility reads hourly loads for each hour of a 
previous year, for each of the three regions in Vietnam, and outputs load block data suitable 
for pasting directly into SDDP.  (It could easily be modified to write the SDDP demand data 
files directly.)  This utility has been modified to produce the hours to load block mapping that 
SDDP requires in a format that enables it to be pasted directly into the SDDP user interface.  
The spreadsheet utility has been designed so that load block allocations are determined by 
the total Vietnam load, not by the load in any one area.  This ensures that peak loadings are 
correctly represented. 

• Fuel contracts for thermal stations can now be modelled in detail.  This will enable 
representation of the take or pay contracts that apply to a number of gas fired plants.  SDDP 
allows multiple fuel types and multiple fuel contracts to be specified for each thermal plant.   A 
particular contract can supply a number of thermal plants.  For take or pay contracts, the 
renewal date and amount can be specified, along with the amount of fuel remaining in the 
current year’s contract.  The amount that can be carried over to the following year can be 
specified. 

An example fuel contract is shown in Figure 3.  Nine thermal plants can draw gas from the 
contract labelled “NCS-ToP”.  The plant Ve Dan can use NCS gas, but for this example it has 
been decided that it will not have access to this particular contract.  The duration of the 
contract is one year, from 1 January 2009 to 31 December 2009, and it can be renewed for 
two additional years.  The maximum rate that gas can be delivered is 32916 GJ per hour.  
200000 TJ (or “kGJ”) of gas per year is on a take or pay basis, i.e. it is paid for whether it is 
used or not, so is treated by SDDP as having a zero variable cost.  An additional amount of 
gas can be taken, up to a total of 287560 TJ per year.  The additional amount of 87560 GJ is 
priced at $3.2/GJ.  Up to 20000 TJ of the take or pay gas can be held over for the following 
year. 

The consumed amount data item refers to the amount of fuel used to date so that the model 
knows how much of the take or pay quantity remains when beginning a study part way 
through the contract period. 

Time series data can also be specified for some of these items to represent prices which 
change over time, for example. 
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Figure 3:  Screenshot of typical take or pay fuel contract specification in SDDP 

• Fuel storage can be modelled, representing coal stockpiling or gas storage, for example.  This 
feature could be used to represent the fuel supply to a coal fired plant which receives a 
delivery of coal each week, whether it is operating or not.  If shut down for maintenance, for 
example, the coal would be stored for later use. 

Figure 4 shows how a two million ton coal stockpile could be set up to supply the Pha Lai 1 
plant.  The stockpile is initially at 20% full level, coal can be added at the rate of 1000 tons per 
hour, and can be withdrawn for burning at Pha Lai 1 at the maximum rate of 250 tons per 
hour. SDDP will manage the stockpile optimally, in a way similar to the way that it would 
manage a hydro lake. 

• Thermal plant heat rate curves can be concave, i.e. efficiency can increase with output over 
part of the range of generation. 

• Random variations in load are possible.  If this option is selected, the random variations are 
assumed to be normally distributed according to the user specification. 
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Figure 4:  Screenshot of typical coal stockpile specification 

 

• A new feature is the ability to specify minimum desired energy storage limits for groups of 
reservoirs.  These constraints are specified in energy terms, rather than physical volumes, as 
the model is free to spread the reserve energy amongst the specified reservoir in any way it 
chooses.  This provides extra flexibility if only one reservoir is experiencing low inflows, or if 
releases of water are needed for some specific purposes from one of the reservoirs.  Two 
levels of limits are possible, with differing penalty costs applied to violations. 

Table 2 shows a summary of the dimensions of the modelling that can be undertaken in version 14 of 
SDDP.  
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Table 2:  Selected maximum dimensions for SDDP v14 

Feature Maximum 

Series for forward simulation 500 

Openings for backward recursion 200 

Order of the autoregressive model for inflows 6 

Stages 1040 

Years 86 

Stages per year 52 

Blocks 21 

Benders cuts 10000 

Systems 150 

Interconnections 500 

Hydro plants 400 

Reservoirs 400 

Thermal plants 1200 

Segments in the cost function of thermal 
plants 

3 

Fuels 500 

Thermal minimum generation constraints 1200 

Maintenance structure 2548000 

Hydro modification structure 68800 

Thermal modification structure 206400 

Thermal plants with temperature variation 600 

Thermal plants with spinning reserve 1200 

Hydro plants with spinning reserve 400 

Contracts 40 

Generation constraints 300 

 

9.5 Recommended Water Valuation Software Upgrade 
SDDP is capable of solving the required problem.  That is, it can solve a problem which is: 

• Stochastic 

• Multi reservoir 

• Includes both hydro and thermal plant 

• Transmission constrained 

• With a wide range of constraints 

An alternative water valuation software package to SDDP has recently been leased by ERAV and 
was made available to NLDC in August 2016. The package is PLEXOS developed by Energy 
Exemplar.  NLDC are currently building the database to run PLEXOS and once this database is 
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completed, intend to run SDDP and PLEXOS side by side to compare their results.  The leased 
version of PLEXOS includes both a long term module and a short term module that will need to be 
evaluated also.  The short term module for SDDP (known as NCP) has not been purchased by NLDC.  
Other vendors, GE and SIEMENS have also visited NLDC to present their products.   

The additional modelling features described previously will enable SDDP to represent all of the 
system features that have been mentioned in discussions with NLDC staff.  Most of the issues 
outstanding relate to convenience of data entry and reporting.  These can be handled in other ways. 

Some automated interfacing of SDDP with corporate systems has been implemented, and the 
straightforward text input / output used by SDDP facilitates this process. 

NLDC staff have developed considerable expertise in the use and interpretation of SDDP, having had 
this software implemented for some 8 years.  A considerable learning curve would be involved in the 
implementation of any new system, whereas version 14 of SDDP can be implemented immediately. 

Therefore the consultant considers that NLDC should upgrade to version 14 of SDDP as soon 
as possible. 

A single basic licence of SDDP will include two “dongles” to enable two users in NLDC’s offices to run 
the software simultaneously.   

It is also recommended that ERAV liaise closely with NLDC in reviewing and validating the water 
valuation calculations being performed by NLDC and to propose alternative scenarios for study, 
based on their own research.  For this purpose, ERAV should use the “User Interface” of SDDP to 
view the results of runs carried out by NLDC remotely, and work closely with NLDC staff as required 
to review SDDP runs in NLDC’s offices and develop specific scenarios that they wish to see tested.  

We note that under the VWEM, independent audits of the software and calculations being performed 
by NLDC will be required to check that they are compliant with the market rules.  Ultimately, it is 
envisaged that independent experts who are familiar with the modelling and tools used by NLDC in its 
capacity as the System and Market Operator (SMO) would check whether the SMO has set this up in 
a rules-compliant way.  They would then report to ERAV on the findings and make recommendations 
on how to ensure that all modelling is rules compliant.   

9.6 SDDP Pricing and Licensing 
We have made enquiries of PSR in Brazil, the suppliers of SDDP, to confirm the pricing and licensing 
arrangements for the software.  A written quotation from PSR is provided in Appendix D.   

[Redacted] 

9.7 SDDP Training 
Training by PSR is not included in the cost of the licences, but is offered as a separate service.   

[Redacted] 

It is recommended that training should be obtained by NLDC from PSR, and that ERAV should be 
given access to this training as well, to ensure that they have a full understanding of the way the 
software is to be applied by NLDC in carrying out water valuation calculations.  

9.8 SDDP Product Support 
[Redacted] 

 

  



Ricardo Energy & Environment  TA 8851: Establishing the Vietnam Wholesale  
Electricity Market (VWEM)   |  28

 
 

   

   

Ricardo in Confidence Ref: Ricardo/ED62088/Issue Number 2 

10 Hourly Scheduling 

Task 4 of this project requires a review of the effectiveness of the scheduling of the SMHPs.  This has 
been in part covered by review of the use of SDDP and the inflow data inputs to that model.  The 
hourly scheduling process also especially relates to the SMHP scheduling. 

Hourly schedules are prepared on a number of time scales: year, month, and week ahead.  The year 
and month ahead schedules are not intended for physical implementation, so the indicative results 
available from SDDP v14 through the load block-to-hours mapping feature will be suitable. 

The first day of the week ahead schedule is intended to be implemented by the indirect market 
participants, including the SMHPs.  This schedule is calculated using e-TerraCommit.  Direct market 
participant schedules are determined by the market clearing system, from the bids placed by these 
projects.  Because e-TerraCommit solves for the entire system, the direct market participants are 
treated by the model as though following a global optimal schedule.  In reality it is unlikely that this will 
be the case, for a range of technical and commercial reasons.  This situation limits the degree to 
which the SMHP schedules can be considered optimal. 

The Consultant’s experience with models similar to e-TerraCommit has been unfavourable, with the 
model failing to reliably converge.  However, NLDC staff have clearly stated that they have confidence 
regarding the quality of outputs from e-TerraCommit.  Given the extensive experience of NLDC with 
this software it seems reasonable to accept that in the case of the Vietnam system, the model is 
satisfactory. 

Further factors favour supporting the continued use of e-TerraCommit: 

1. NLDC staff have several years of experience in the use of the model. 

2. The database is established. 

3. Schedules for indirect participants are not intended to be implemented in practice, and so a 
more approximate solution is acceptable for these plants – only the schedules for the indirect 
market participants will be used in practice. 

4. In the future, as the further stages of the market are implemented, NLDC’s role in scheduling 
the indirect participants will be reduced. 

 

Given that scheduling roles for e-TerraCommit beyond the first week can now be carried out by 
SDDP, and that the outputs actually implemented are limited to the indirect market participants, there 
seems little motivation to expend a great effort in replacing a model that is considered to be 
satisfactory by NLDC. 

To assess the effectiveness of the schedules produced by e-TerraCommit, it would be necessary to 
back test the planned schedule with the actual outcomes.  This back testing would also enable fine 
tuning of the data used.  For example, no flow delay information is currently specified for chains of 
hydro stations.  A back test is likely to show that some delay needs to be modelled to obtain the 
correct water balance for river systems such as the Se San as the projects on this river span a 
considerable distance. 
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11 Conclusions and Recommendations 

1. SDDP is an appropriate modelling system for the functions intended.  It is capable of 

providing a valid solution to a stochastic, multi-reservoir, transmission constrained, hydro-

thermal optimal scheduling problem.  Given that the latest version of SDDP can represent all 

required system features and NLDC staff have developed expertise in the use of SDDP, there 

seems little reason to consider alternative software.  Implementing an alternative would come 

with attendant risks and would delay the upgrading of a variety of processes while staff gain 

skills in the use of the alternative software. 

2. SDDP should be updated to obtain the greater functionality and improved performance 

available.  Version 10 is currently being used by NLDC but should be updated to the current 

version, 14.0.16.  Particular features of benefit in Vietnam include: 

a. Faster calculation through parallel processing 

b. Algorithm improvements resulting in shorter solve times 

c. Up to 21 load blocks, or hourly time steps 

d. Output reports giving results on an hourly basis 

e. Generalised fuel contract modelling, including take or pay contracts 

f. Fuel storage modelling (e.g. coal stockpiling) 

g. A wider range of  thermal plant characteristics 

h. Option to specify random variations in load. 

i. Overall hydro system security constraints feature provided 

j. Increased problem size limits 

The upgrade will include the first year of support from PSR.  It is recommended that NLDC 
purchase a continuous maintenance contract with PSR that will ensure they receive regular 
software updates and modelling support.   

3. A high power, multi-processor computer should be made available for stochastic optimisation 

solves of SDDP.  A computer with 12 processors would not be excessive.  Fast internal data 

transfer and disc storage access within the machine will be especially beneficial with parallel 

solves. 

4. Some minor tuning of SDDP parameters is recommended.  These adjustments will improve 

the speed and accuracy of solution. 

5. Back testing of SDDP does not seem to be an especially important activity at present given 

the absence of a suitable historical inflow database and the sub-optimal mode in which SDDP 

is currently being used. 

6. Planning process specifications issued by ERAV should be revised to require the use of 

stochastic optimisation for all processes.  The deterministic modelling currently carried out 

can be expected to result in unnecessary system operation risks being created and will result 

in unnecessarily uneconomic system operation.  Deterministic optimisation should be 

considered a temporary interim step only to enable planning systems to be developed and 

capabilities to be built up.  NLDC now has the capability to implement stochastic optimisation 

with very little delay once Version 14 of SDDP is installed on a high power computer.  

7. Specific planning functions could be modified to accommodate stochastic solution: 

a. For the year ahead plan, the mean result of a stochastic study could be presented, 

along with upper and lower 10 percentile values, i.e. three sets of tables of values, 

instead of the present one set.  Extreme maximum and minimum values might also 

be useful.  MOIT requirements might be best met by issuing then the mean results 

only. 

b. Month ahead planning could be done using stochastic optimisation with the indicative 

hourly results obtained from SDDP using the hourly results mapping function. 



Ricardo Energy & Environment  TA 8851: Establishing the Vietnam Wholesale  
Electricity Market (VWEM)   |  30

 
 

   

   

Ricardo in Confidence Ref: Ricardo/ED62088/Issue Number 2 

c. For the week ahead plan, water values and reservoir targets could be obtained from 

an SDDP simulation of the next week using the best inflow forecasting method 

available. 

If required the solution approach may be to solve a stochastic optimisation followed by the 
simulation of some particular inflow scenario, using the stochastic water value function. 

8. Hourly schedules for week and month ahead can now be carried out using SDDP v14 using 

the load blocks-to-hours mapping function.   

9. For the week ahead role, NLDC have clearly expressed confidence in e-TerraCommit.  Given 

this confidence, and that only the schedules for indirect market participants are implemented, 

coupled with the fact that that NLDC’s participation in this role is likely to be reduced at some 

future time, it is appropriate for the existing software to continue in service.  Back testing is 

recommended to check and fine tune the data in the model.  

10. An essential improvement to the scheduling process will result from the use of weekly inflow 

data, rather than the monthly data currently used.  Upgrading inflow data could be carried out 

as three separate processes: 

a. Calculate weekly data values for operating hydro plants.  This is a straightforward 

process as NLDC receive sufficient data from the operating projects. 

b. Work with the Ministry of Natural Resources and Environment to obtain weekly flow 

data for periods prior to construction of hydro plants. 

c. Working with MONRE and the hydro plant staff, review all inflow data to identify and 

rectify inconsistencies.  For example the plot of cumulative deviation from mean for 

Ialy shows a number of unexpected change points that are likely to indicate 

measurement inconsistencies. 

11. Improved forecasting of week ahead inflows should be investigated.  This is likely to require 
separately calibrating a model for each catchment to take account of the geography of each. 

12. It is recommended that ERAV work closely with NLDC staff to enable them to cross-check 
and propose adjustments to the simulations carried out by NLDC (potentially including the 
development of additional scenarios for consideration).  The Consultant has investigated the 
possible use of the “User Interface” for SDDP by ERAV, as this would give access to the 
results of SDDP simulations that have been executed by NLDC, enabling these to be 
examined in detail.  In dialogue with ERAV, it has been agreed that this approach combined 
with the close working of ERAV and NLDC staff in reviewing SDDP runs in NLDC’s offices, 
will enable ERAV to fulfil their obligations satisfactorily.  We note that in the VWEM, ERAV 
could decide to commission periodic audits of NLDC’s calculation from external bodies, 
consultants etc., as an alternative to undertaking this work itself.   

13. [Redacted]  We therefore recommend that NLDC should be the custodian of one copy of the 
basic licence, which facilitates two users to work on the software.   

14. NLDC should obtain training from PSR in the use of version 14 of SDDP, and it would be 
desirable for ERAV to join in this training, which should to be delivered in Hanoi by PSR 
specialists in SDDP.  In the interim, the possibility of receiving training via Skype should be 
explored. 

15. NLDC should purchase ongoing support for SDDP once the one year period of free 
Maintenance and Support has expired.  This will ensure that they are kept up to date with 
revisions to the software and have access to continuous support services. 
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A Appendix A: Questionnaire on SDDP, Water 
Valuation Software package for NLDC, Vietnam 

1. NLDC: Take or pay gas contracts cannot be modelled easily but in the absence of model code to 
handle this constraint it can be handled indirectly.  

PSR: SDDP can model Take-or-Pay (ToP) fuel contracts explicitly. 

2. NLDC: On occasions hydro plants may be required to generate at least a specified quantity of 
energy over a week. Some thermal power plants have take or pay quantities for their energy 
outputs. SDDP does not provide these features directly, but a strategy for modelling them has 
been devised. 

PSR: That information is not correct: SDDP allows the definition of generation constraints to force 
a minimum production of hydro and thermal plants. SDDP also allows the definition of fuel 
contracts with Take or Pay clauses. 

3. NLDC: Take or Pay contracts for the electrical power output from thermal plants can be modelled 
relatively easily already, but a direct means of doing this would simplify modelling.  

PSR: This can be defined quite straightforwardly via generation constraints. 

4. NLDC: SDDP currently allows only five data points to be used for the interpolation of reservoir 
storage as a function of head, whereas a larger number would be a desirable feature.  

PSR: Indeed SDDP has this limit of five data points, but from our experience, having more points 
would not bring much benefit to the modelling, considering the level of detail being represented in 
the mid and long term simulations. In other words, this five-point limit could be increased, but PSR 
really believe that it would not bring important improvement to the optimisation given all other 
uncertainties present in the data and the level of detailing being considered. 

5. NLDC: In the current NLDC version of SDDP, the 5 points are used for several “objects” 
description, not only volume-head but also duration curves.  They also believe that for all these 
objects defined by 5 points, they can be defined by up to 21 points in the current version of 
SDDP. This appears the single most important feature they would like to see in an update of the 
software.  So what is exactly the situation on this 5 vs 21 points feature?  Is it correct that the 
number of points is increased and if so to what objects does it apply? 

PSR: The number of blocks used in the representation of the Load Duration Curve (LDC) and the 
number of points used to approximate some continuous functions related to the hydro plants (like 
the storage vs head) into piece-wise linear ones are two things different, but, as a mere 
coincidence, both were capped into a maximum of five "levels" in the SDDP version that the 
NLDC has. In the current version of SDDP, the hydro functions are still limited to five points (= 4 
linear segments) for their piece-wise linear approximation since the experience shows that the 
approximation of such continuous functions into piece-wise linear ones with up to 4 linear 
segments (=5 points) is good enough, although this could be increased if needed. However, the 
maximum number of blocks in the LDC approximation (which is a discrete approximation of the 
load, not a piece-wise approximation as the hydro functions) has been increased from 5 to 21 in 
the current version of SDDP. This is a major improvement in the representation of the demand vs 
supply balance, since, for a case in weekly basis, you could have, for example, each of the 7 day 
of the week represented in 3 parts (=21 blocks).  

6. NLDC: An important limitation is the low resolution when modelling small reservoirs and 
reservoirs with very low levels, i.e. with only hours or a few days of water remaining in storage.  
As the hydro water values will be used to set hydro offer caps in the VWEM, it has been 
suggested that a simple work-around would be to allow the hydro offer price caps to be set to the 
market price cap, hence the accuracy of water valuations for small hydro is not so critical.  NLDC 
doesn’t know whether this issue is addressed in the latest versions of SDDP. 

PSR: The user can define a hydro plant in SDDP as having regulation capacity or as a run-of-the-
river plant. Anyway, the small reservoirs are somehow similar to renewables plants (wind, solar 
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etc.) in the sense that they should be dispatched based on the water that inflows that arrives to 
them, being their water value less important (otherwise, the chance of spilling becomes high for 
those small plants). But if more detail is needed in the modelling of the operation of small HPPs, it 
is possible to use PSR detailed short term model NCP – combined with SDDP – in order to have 
a better resolution for the day-ahead, week-ahead or month-ahead dispatch. 

7. Support for specifying reservoir level as input already exists in NLDC version of SDDP for initial 

levels.  For floods and minimum conditions, current input is in volume units and NLDC would like 

to see reservoir level instead. 

PSR: It is possible indeed to define the initial storage of the plants in terms of elevation (meters 

above mean sea level) – the user has to provide a storage vs head elevation table.  This feature is 

not currently implemented for floods and minimum conditions, but could be easily incorporated 

in SDDP in a future release. 

8. NLDC: Increase the detail modelling of load i.e. support load input granularity of 1hour or 30 
minutes and let the software automatically convert to Load Duration Curve. Currently the hourly 
load data has to be converted externally from the model into a LDC.  

PSR: The current version has an option to represent the load in hourly basis in the simulation 
(instead of the LDC representation), which increases the resolution even further; but at a cost of 
increased computational time. 

9. NLDC:  SDDP uses volume vs production factor (MW/m3/s).  NLDC would like to use head (m) 

instead of volume to define the relationship with production factor. 

PSR: That is already implemented in the current version of SDDP:  the user can specify the head 
vs storage table and SDDP will calculate the production factor for the simulation as a function of 
the difference between the reservoir and tailwater levels. 

10. NLDC: More flexible support in modelling combined cycle turbine (CCGT).  Many configurations 
of CCGTs need to be modelled (e.g. combinations for a 3GT/1ST configuration – so need more 
flexibility to be able to put these parameters in.  Also need to be able to stop individual GT units.  
SDDP can model primary and secondary fuels, which is a strong point.   

PSR: SDDP does have the explicit representation of CCGTs and the user can explicitly define 
which configuration is active (which will be the most efficient configuration available at each 
stage). For even further detail in the operation of CCGTs, the short term model NCP is 
recommended.  

NLDC expects SDDP to choose automatically the active configuration because the short term 
model they are using does it. 

11. NLDC: Improve the input/output data file for easier in transferring data with other software. 
Support csv/xml. 

PSR: All SDDP outputs are CSVs, which makes it extremely easy to integrate with other tools for 
report generation. Most input data can be exported from the SDDP interface into CSVs. And the 
time-variable data of SDDP are defined in Excel-like grids, which allow Copy & Paste operations, 
which is very friendly to handle. 

12. NLDC are designing a new database based on ORACLE.  Can integration be provided with this 
type of database? The database follows the IEC CIM (Common Information Model) standard. 
Does SDDP support this standard? 

PSR:  For further integration with other tools, PSR have a data-base oriented platform (called 
ePSR) to handle both model and data. If wanted, PSR can provide more information about ePSR, 
which is used by System Operators users of PSR tools.  

If NLDC uses SDDP and NCP integrated in PSR ePSR platform, an Oracle integration is possible 
and the operations can be performed via webservices – Some System Operators who are PSR 
clients and that are using PSR tools in that way 
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 ePSR currently does not follow IEC CIM standard, but the integration of PSR format with other 
(with necessary conversion) is straightforward via webservices since PSR provide the XSDs 
(schema) for the integration. PSR also forwarded some information about ePSR and the 
possibilities of integration. PSR staff is also available to give NLDC more information about ePSR 
if needed.    

13. NLDC: Support outage data as from …. to… For example, when units are out for 3 days, one has 
to calculate reduced energy, but should be able to specify the outage period as a date range.   

PSR: Currently, plants’ maintenance can be defined in terms of MW, % of capacity of number of 
units, either as reduction or as available amounts, but not as a range of days. In PSR detailed 
short-term model NCP one can specify maintenance schedules for a range of dates. 

14. NLDC: Improve the log/report for user to understand what is going on with the error/result.  

PSR: The log/report is constantly being improved, hence the latest version of SDDP should show 
much improvement on reporting than the version the NLDC is using. Furthermore, PSR are proud 
of their technical support, which highly evaluated by their users. PSR staff is always available to 
help users in overcoming any problem they face – and sometimes the identification is not 
straightforward by just looking at logs and reports. SDDP is currently used by several 
Independent System Operators (ISOs) around the world and they use this software package very 
productively, while counting on PSR help and support whenever needed. If NLDC get in contact 
with any of those ISOs to know about they experience with SDDP and the technical support 
provide by PSR, the feedback will be very positive. 

15. NLDC: Improve the graphic user interface.  Just general upgrading/user-friendliness.  

PSR: SDDP’s GUI has improved a lot in terms of user-friendliness from the version that the NLDC 
has been using until the latest release. However, to make it even more friendly, PSR are open to 
hear suggestions from their users, since the focus is to assure that users have a good experience 
using PSR software.  

16. NLDC: Shorten the calculation time.  The software in a Windows environment, running on a Core 
i7, 8GB RAM.  [Should check with PSR, but there is a server edition of the product being used by 
PSR – a multiple core approach.  This could potentially reduce execution time from ~1 hr. to e.g. 
10-15 mins]. 

PSR: Yes, the latest version of SDDP allows the use of parallel processing to involve all cores of 
the computer in the computations, which significantly reduces the execution time. 

17. One of the desirable features NLDC would like to see is a software package that not only does 

water valuation but also does short term operation. Do PSR have any future plan with respect to 

integration of this type? 

PSR: Yes, PSR ISO's clients use SDDP and NCP integrated: SDDP runs for the mid and long 
term planning and NCP runs for the short-term planning (usually for the day-ahead and week-
ahead planning, in hourly or half-hourly granularity), reading the Future Cost Function (i.e. the 
water values) produced by SDDP for the end of the short-term horizon. 

18. NLDC would also like to know if PSR use any particular techniques for simulating bid-based 

markets elsewhere. 

PSR: We do have some algorithms for simulating bid-based markets, but it would be good if 
NLDC could give us more information about their needs for that (market details, simulation 
horizon, granularity etc.). 

NLDC: For the bid-based market NLDC do not use SDDP because they look at it for the short-
term. They use Market Clearing from AREVA.   They look at ½ hour for a week. 

PSR: The short-term tool NCP does calculate the operation planning for horizons ranging from a 
couple of hour to one month in granularity of 1 hour, 30 minutes or 15 minutes. 
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PSR would need more information about the Market Clearing rules to be applied, but in general 
terms, hydro and thermal bids could be represented in NCP by considering all plants as if they 
were thermal plants with defined prices and quantities and the short-term model will optimise the 
clearing to meet the demand with least cost and in granularity of 1 hour, 30 minutes or 15 minutes 
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B Appendix B: Transitioning to Stochastic 
Optimisation 

B.1 Objective 
It has been recommended that SDDP modelling should move on to the stochastic option as soon as 
possible.  The transition can be done even if stochastic data is not available for all required inflow 
data items.  This strategy would be most effective if stochastic data were applied to the larger projects 
first. 

The following discussion describes a trial carried out to show that this is possible, and to demonstrate 
the significantly different results that will be obtained by moving from deterministic to stochastic 
modelling. 

B.2 SDDP Inflow Modelling 
Progressing from deterministic application of the SDDP model to a full stochastic model will be an 
important step forward in the planning and analysis of the Vietnam power system.  The SDDP model 
is flexible in that it is generally able to work in stochastic mode with whatever inflow data is available.  
This data may be incomplete, with gaps in the record at particular sites, and data covering different 
time periods for the various sites.  The 2009 Parsons-Brinckerhoff implementation studies 
successfully used data with these features.   

SDDP is able to work around these data issues in part because it builds a synthetic stochastic 
hydrological model.  The synthetic model takes account of a number of essential features of hydro 
system inflows, including seasonal variations in flows.  Correlations in time are represented, these 
being the influence one week’s inflows have on the following weeks’ inflows.  Spatial correlations are 
modelled.  These correlations represent how the inflows at different sites are related.  For example, 
the flows at sites which are located close to one another are likely to be highly correlated.  

While data for various sites can be utilised even if it covers different time periods for each site, the 
spatial correlation calculation requires flows for the same periods.  Hence it is desirable for the inflow 
record to be as complete and continuous as possible.  A longer record enables better estimates to be 
made of the various parameters. 

For this demonstration, any data from the 2009 Parsons-Brinckerhoff project that can be applied has 
been used, with other sites using data from a 2017 case provided by NLDC.  Not all the 2009 data 
can be used as in some cases new hydro plants have been built.  For example, the Son Las project 
was not modelled in 2009, so it has been necessary to use the deterministic data has been used for 
both Hoa Binh and Son La.  Table 3 shows the sites for which stochastic inflows were used, and the 
periods for which data was available. 
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Table 3:  Flow data used for stochastic demonstration 

 No inflow Stochastic? Deterministic? Data used 

SON_LA   X   

HOA_BINH   X   

THAC_BA   X   

TUYEN_QUANG  X  1956-2001, 2007-2008 

BAN_VE   X   

CUA_DAT   X   

QUANG_TRI  X  1977-2003, 2007 

VINH_SON X     

SONG_HINH  X  1958-1995, 2002-2008 

PLEIKRONG  X  1960--2008 

IALY  X  1960-2008 

A_VUONG  X  1979-2002, 2007-2008 

BUON_KUOP   X   

BUON_TUA_SRAH   X   

SONG_CON   X   

BINH_DIEN   X   

KRONG_HNANG   X   

TRI_AN  X  1956-2008 

DA_NHIM  X  2002-2008 

HAM_THUAN  X  1956-2008 

THAC_MO  X  1960-2008 

DAI_NINH  X  1979-2005,2007 

SONG_TRANH_2   X   

HUONG_DIEN   X   

DONG_NAI_3   X   

KANAK   X   

SE_SAN_3   X   

SE_SAN_4   X   

DakRtih B1   X   

DakRtih B2   X   

SONG_CON_2B   X   

DAK_MI_4A   X   

SREPOK_3   X   

CAN_DON  X  1960-2008 

SROK  X  1960-2008 

A_LUOI   X   

SONG_BA_HA   X   

BAN_CHAT   X   

HUA_NA   X   

NAM_CHIEN_1   X   

SONG_BUNG_4   X   

DA_MI  X  2002-2008 

BAC_HA   X   

XEKAMAN_3   X   

KHE_BO   X   

AN_KHE   X   

DONG_NAI_4   X   

VINH_SON_B   X   

DAM_BRI   X   

DAK_DRINH   X   

SREPOK_4   X   

LAI_CHAU   X   

DONG_NAI_2   X   

HUOI_QUANG   X   
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B.3 SDDP Solution Process 
Minimal changes were made to the generation system data supplied by NLDC for their 2017 
deterministic case.   

The synthetic hydrological model building process was successful - no numerical issues were 
encountered in the data analysis.    

The stochastic trial was carried out using 100 forward sequences, and 15 backward opening for the 
optimisation phase.  100 iterations were carried out, which is the maximum possible with these 
settings, due to the limitation on the number of cuts (hyper-planes) in the future cost functions.  A 
smaller number of forward sequences allowing more iterations might work better.  Review of some  
hydro reservoir constraints should be carried, as discussed below.  

B.4 Stochastic Model Results 
Results shown in Table 4 show that stochastic modelling gives significantly different results to those 
from the deterministic model using 65% POE inflows.  The deterministic results are outside even the 
lower 10 percentile range of those from the stochastic model.   Figure 5 shows the distribution of total 
annual generation at Quang Tri. 

 

Table 4:  Comparison of Deterministic & Stochastic 
Generation Results for Quang Tri Hydro (GWh) 

    Stochastic  Deterministic 

    10 percentiles   

Month Average Lower Upper 65% POE 

1 10.6 2.1 20.9 5.7 

2 15.2 10.3 21.0 10.3 

3 31.7 23.2 37.8 15.1 

4 34.0 18.9 40.2 21.9 

5 32.1 22.6 42.6 31.8 

6 25.1 18.1 35.8 25.4 

7 23.8 21.6 33.1 22.1 

8 20.7 12.2 31.3 12.3 

9 7.0 0.6 27.0 0.6 

10 18.1 0.0 44.6 0.0 

11 9.1 0.0 22.3 0.0 

12 8.8 0.0 28.6 0.0 

Total 236.2 207.03 260.45 145.2 
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Figure 5:  Quang Tri annual generation from stochastic model, from 100 simulations. 

 

B.5 Constraint Issues 
Constraints on the maximum and minimum storage volumes required proved to be problematic, 
resulting in large amounts of spill.  A penalty factor of $1 per Hm3 is applied to spill.  Components of 
the solution are shown in Table 5, as percentages of the total operating cost.  Despite the spill penalty 
factor being small, the total contribution to the objective function is very large, as shown in Table 5.  
To ensure the required minimum storage with low inflows, spill occurs for many of the higher inflow 
outcomes. 

For the deterministic models solved by NLDC, it is noted that the minimum storage constraints are 
often violated and some are likely to be infeasible.  It is likely that some of these constraints could be 
replaced in the model by the actual objective, such as meeting an irrigation requirement.   The model 
would then store sufficient water to meet that requirement.  Where the minimum storage constraint 
really is essential, the constraint may need to be applied for a number of prior periods, gradually 
increasing over time to assist convergence. 

If minimum storage values are entered to provide enhanced security of supply, this can be better 
applied as overall system security constraints, which are now available in SDDP v14, rather than 
constraints on individual reservoirs. 
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Table 5:  Percentage of total operating cost for 
various terms 

Item Percentage 

Deficit 0.00 

Spill 19.6 

Minimum storage 8.15 

Minimum total flow 3.65 

Irrigation 0.61 

 

 

Figure 6:  Quang Tri reservoir storage trajectories for 100 stochastic model 
simulations 

 

B.6 Conclusions 
1. The transition to stochastic modelling can be made by incrementally replacing deterministic 

inflow data with stochastic data. 

2. Further stochastic inflow data should be prepared, particularly for the large hydro plants. 

3. Further trials and database development are needed to improve the solution process and to 

enable more efficient system operation. 
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C Appendix C: Inflow Data Quality 

C.1 Objective 
One of the tasks listed in the evaluation of SDDP, the model adopted by NLDC for water valuation is a 
review of the way in which the data for use in the SDDP modelling process is sourced and prepared, 
to assess whether there are any inherent problems with the processes that NLDC are applying in their 
use of SDDP.  The following presents the situation with respect to data and recommendations for 
possible improvement in data quality.  The reporting focuses principally on site inflows and HPP 
production factors. 

C.2 Site Inflows 
One consideration in assessing the quality of data is to insure the consistency of inflow series, one of 
the main inputs to the model.  To that effect, NLDC provided the Consultant with monthly historical 
inflow series encompassing a period of record of 30 years or more.  NLDC also provided the date at 
which plant operation started.  It is therefore possible to split a time period into two sub-series; the 
period before plant operation and the period after the plant started operating.  In most series, there is 
also a period when inflows are missing, generally corresponding to the power plant construction 
period, but not always. 

Table 1 presents the period of record for the time series available. 

Table 1: HPP Inflow Record 

No. HPP 

First 

Year 

of 

Record 

Last 

Year of 

Record 

Record 

Length 

(Year) 

Missing 

Years 

Years 

of 

Record 

Start 

HPP 

Oper. 

Unreg. 

Regime 

(Year) 

Reg. 

Regime 

(Year) 

1 áàLưới 1977 2015 39 6 33 2012 29 4 

2 áàVươ g 1979 2015 37 6 31 2008 23 8 

3 B àThướcà  1957 2015 59 5 54 2013 51 3 

4 BắcàH  1961 2015 55 10 45 2012 41 4 

5 Bả àCh t 1961 2015 55 0 55 2013 52 3 

6 Bả àVẽ 1961 2015 55 9 46 2010 40 6 

7 Bì hàĐiề  1973 2015 43 6 37 2009 30 7 

8 Buôn Kuop 1977 2015 39 7 32 2009 25 7 

9 Buôn TuaSrah 1978 2015 38 6 32 2009 25 7 

10 CửaàĐạt 1972 2015 44 3 41 2010 35 6 

11 ĐaàNhi  1934 2014 78 4 78 1964 27 51 

12 ĐạiàNi h 1979 2015 37 3 34 2008 26 8 

13 ĐakàMià á 1977 2015 39 6 33 2012 29 4 

14 ĐakàRi h 1977 2011 35 4 31 ? ? ? 

15 ĐakàRtih 1979 2015 37 6 31 2011 26 5 

16 Đa àBri 1979 2015 37 7 30 2014 28 2 

17 Đồ gàNaià  1978 2015 38 7 31 2014 29 2 

18 Đồ gàNaià  1979 2015 37 5 32 2011 27 5 

19 H àThuậ  1952 2015 64 0 64 2001 49 15 

20 Hòa Bình 1903 2015 113 0 113 ? ? ? 

21 HủaàNa 1959 2015 57 7 50 2013 47 3 

22 Hươ gàĐiề  1978 2015 38 7 31 2010 25 6 
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No. HPP 

First 

Year 

of 

Record 

Last 

Year of 

Record 

Record 

Length 

(Year) 

Missing 

Years 

Years 

of 

Record 

Start 

HPP 

Oper. 

Unreg. 

Regime 

(Year) 

Reg. 

Regime 

(Year) 

23 Ialy 1960 2015 56 9 47 2000 31 16 

24 Kanak 1968 2015 48 9 39 2013 36 3 

25 KheàBố 1961 2015 55 8 47 2013 44 3 

26 KrongH'nang 1978 2015 38 3 35 2010 29 6 

27 Lai Châu 1902 2015 114 4 110 2015 109 1 

28 Nậ àChiế à  1963 2015 53 8 45 2014 43 2 

29 Nậ àPh g 1970 2015 46 6 40 2009 33 7 

30 Pleikrong 1960 2015 56 2 54 2009 47 7 

31 Quả gàTrị 1977 2015 39 6 33 2007 24 9 

32 Sơ àLa 1902 2015 114 2 112 2010 106 6 

33 Sô gàBaàHạ 1978 2015 38 8 30 2009 23 7 

34 Sông Bung 4 1977 2015 39 9 30 2014 28 2 

35 Sông Bung 4A 1977 2015 39 5 34 2013 31 3 

36 Sông Hinh 1958 2015 58 6 52 2000 36 16 

37 Sông Tranh 2 1977 2015 39 2 37 2011 32 5 

38 Srepok 3 1977 2015 39 8 31 2011 26 5 

39 Thác Bà 1965 2015 51 0 51 1971 6 45 

40 Th càMơ 1980 2015 36 4 32 1995 11 21 

41 Thái An 1960 2015 56 8 48 2011 43 5 

42 Trịàá  1952 2015 64 0 64 1988 36 28 

43 Tuyên Quang 1956 2015 60 7 53 2008 45 8 

44 Vĩ hàSơ àá 1965 2015 49 4 45 1994 23 22 

45 Xekaman 3 1960 2015 56 1 55 2013 52 3 

 

A total of 45 inflow series are available. The discrimination between the before start-of-operation sub-
series and the after start-of-operation sub-series is important because: 

• Unless a HPP is a run-of-river plant without any associated storage, the earlier sub-series is 

not affected by regulation at the site itself, whilst the series will require a deregulation 

procedure to estimate inflows.  It should be noted that although in Table 1 the series is 

considered unregulated, this is true of the influence of the site itself but this does not consider 

possible regulation by one or more upstream HPP sites built before the site of interest.  A 

map, an equivalent schematic diagram of HPP sites or the geographic coordinates of their 

location would be necessary to assess the existence of upstream regulation.  

• The computation of inflows is totally different for both sub-series: 

o In the case of inflow without an operating HPP, generally a gauging station has been 

installed at the site or elsewhere on the same water course or a neighbouring water 

course.  If the station is located away from the site itself, then an interpolation scheme 

has been devised to transfer the flow data from the measuring point to the site of 

interest.  In the case where the flow is affected by upstream storage, deregulation of 

upstream storage is effected first then transfer of flow to the site proper.  

o When the HPP is operational, outflow is estimated from operating data, applying the 

power equation that relates power generation to inflow, net head and plant efficiency, 

solving the equation for flow.  If the flow is affected by storage then the inflow is 
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estimated by the routing equation that relates inflow, outflow and storage change 

during the routing period, here one month. 

Flow series, especially monthly series, can be analysed for consistency through techniques such as 
cross-correlation but owing to the natural site to site variability, these generally allow to spot outliers 
while methods such as double mass curve analysis can identify inconstant series.  These methods 
require a map of the network or the coordinates of individual stations to select stations that are to be 
analysed together.  Such coordinates have not been available to-date.  However, when 
inconsistencies are identified, the reason for the inconsistency is not obvious and needs to be 
analysed.  It could be due to a change of datum at a hydrometric station for example, a water 
abstraction that takes place, such as irrigation, or a change in inflow measurement or estimation.  
When the inflow calculation method changes from flow observation at a gauging station to inflow 
calculated from HPP generation and change in storage, at least in theory a non-homogeneous record 
should show up because the presence of a reservoir modifies net evaporation. 

In the Consultant’s view, inflow accuracy for the Vietnam HPP sites, in common with other river 
systems in remote locations, with high flood flows, unstable river channel profiles etc., may not 
exceed +/-20%.  In the best of cases, flow accuracy at a well maintained and operated hydrometric 
station is of the order of 5%.  Estimating flows either by interpolation from a gauging station to a site 
of interest or estimating inflow from generation data and reservoir storage cannot achieve this level of 
accuracy especially for older HPPs whose turbine efficiency has deteriorated in time if they are 
passing abrasive sediments.  The best accuracy that could then be achieved is likely to be of the 
order of 10% and requires at the individual plant level an analysis of the factors that enter into the 
calculation of flow, namely efficiency and head, considering that the measurement of power 
generation is accurate. 

The important consideration is the accuracy of inflows needed to operate the SDDP model, especially 
in a stochastic mode as recommended by the authors of SDDP.  In this mode, the historical inflow 
series is analysed for its statistical properties, i.e. higher order moments, autocorrelation coefficient(s) 
and possibly cross-correlation coefficients between neighbouring stations. Then once the statistical 
parameters have been estimated, synthetic series are generated having the structure of the historical 
series and a random component added to each term of the series. This method is forgiving to mild 
inconsistencies that may appear in the data.  

In order to improve on current levels of accuracy, the corresponding analysis needs to be carried out 
on a site by site basis.  This is a relatively complex task. 

C.3 Production Factors 
NLDC also provided to the Consultant a dataset of HPP and reservoir parameters including among 
others, installed capacity, maximum turbine discharge, production factors and reservoir elevation-
storage relationship.  A production factor represents the discharge in m3/s required to generate one 
MW.  In sites where the reservoir is subject to significant drawdown, the elevation-storage relationship 
is defined by 5 points and 5 production factors are presented each corresponding to an elevation-
storage point.   

Head losses, the difference between gross and net head, vary from plant to plant and generally 
represent one to five percent of gross head which could be another source of inaccuracy in the 
computation of flows from generation data.  However, it is possible to reduce the magnitude of the 
error if block loading is considered to define tailwater level, in which case the water level would be the 
sum of the tailwater level that corresponds to this loading plus the head losses associated with the 
loading.  If this correction is not already considered by NLDC, it should be looked at.    
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Another point to consider is, provided a turbine hill chart is available for a specific HPP, and if not 
already accounted for by NLDC, to vary the efficiency of the turbine with head and block loading in 
calculating a production factor point rather than use an average efficiency value.  This should also 
improve the accuracy of calculated flows. 
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D Appendix D: SDDP Licence Proposal from PSR 

Please see separate PDF file for a copy of PSR’s Licence Proposal dated 9th November 2017. 
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