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The Water-Energy Nexus

ﬂ*ﬁ

US DOE (2006)
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Adopted from "Energy demands on Water Resources" U.S. DOE Report to Congress on the interdependency of energy and water.


UK Energy Profile

Source: DECC (2013) Other
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Presentation Notes
Most water related energy use in housing
Still, app. 1% of national energy used in the UK for UW infrastructure (i.e. providing water service to households)
US EPA: Drinking water and wastewater systems account for approximately 3-4 percent of energy use in the United States (56 billion kWh/year or $4 billion/year)





EU TRUST Project

TRansition to Urban
water Services of trust
Tomorrow

30 partners led by
IWW In Germany

2011-2015, 7/M Euros
Wide range of issues
UoE led 3 WPs
Www.trust-i.net
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One of UoE led WPs was on water demand management and the other two were related to the work presented here

http://www.trust-i.net/

UWS Metabolism
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Introduce the concept of metabolism
Oslo example from TRUST: graph shows water flows only, metabolism is about other fluxes as well (energy, etc.)


WaterMet?

Conceptual model based on water mass

conservation
Evalu_at(_es UWS metabolism by — |
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Four interlinked spatial scales (indoor (household), local (neighbourhood), sub-catchment and system) with different processes and flows represented 


UWS Components and Processes

UWS Component Description Spatial Scale in WaterMet?
System Subcatchme Local Indoor
Area nt area area area
Water supply conduits (SC) Conveyance of raw water from water resources to WTWs X

) Conveyance of potable water from WTWs to service
Trunk mains (TM) . X
reservoirs

S ) Distribution of potable water from service reservoirs
Distribution mains (DM) . ) X
among water consumption points

Combined/separate sewer Collection of sanitary sewage/ stormwater runoff and .
networks (SN) conveyance to WWTWs/receiving waters
WTWs, WWTWSs Treatment of raw water and wastewater X
. . Potable water storage prior to distributing among the
Service reservoirs (SR) X
costumers
Water resources (WR) Raw water storage

) Collection and treatment of grey water from water
Grey water recycling tank . ) X X
consumption points for water reuse

. . Collection and treatment of rainwater from impervious
Rainwater harvesting tank X X
areas for water reuse

. ) Conversion of precipitation to surface runoff based on
Rainfall-runoff modelling ] o X
hydrologic specifications

Water consumption points Indoor and outdoor water usages X X



WaterMet? Data Requirements

* Application dependant

e Data hungry:

— UWS definition (principal layout, key
components, etc.)

— Energy related
— Quality related
— Many other

* Raises substantially with increased spatial
resolution



WaterMet? Software
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Application #1.:
Oslo, Norway



Description

Two main existing sources /| WTWs (90% and 10%)
Two existing WWTWs (63% and 27%)

Population of 607K in 2011, expected to increase to 1.15M in

2041
Ageing system with leakage and other issues

‘Lumped’ WaterMet® model created and used to evaluate
different intervention strategies over 30 years (2011-2040)

assuming high population growth scenario

WaterMet® model calibrated manually using historical data
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Struggled to obtain relevant data


WaterMet? Model Calibration
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Water supply subsystem was first calibrated and validated by using the available data. The calibration parameters for water supply part include: (1) monthly coefficients of water demand profiles; (2) percentage contribution of daily temperature in daily variation of water demand profiles. The stormwater/ wastewater subsystem was subsequently calibrated for two years (2010-2011) of recorded daily wastewater inflows to the WWTWs. The relevant calibration parameters are hydrologic parameters of the Subcatchment (i.e. perviousness, imperviousness and rainfall-runoff coefficients) and the principal hydraulic features of the WWTWs and sewer networks (i.e. storage capacity). 


Water Sources

:\ - \\1
Maridals

b Treated water main - Raw water main




Intervention Strategies

Strategy#1 { « Business as usual (BAU) strategy

Strategy#z Addition of Holsfjorden Lake water source
plus WTW3 and WTW4, all from 2020

Strategy#3 1% Increase In the rate of annual pipeline
rehabilitation starting from 2015

/‘
0.5% increase in the rate of annual pipeline

Strategy#4 o4 rehabilitation plus 10% additional annual water
meter installation starting from 2015

-

Strategy#5 Large scale addition of RWH and GWR
systems
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Just an example, not an exhaustive list


Evaluation Criteria

Present value of total capital costs ( )
Present value of total O&M costs ( )
Reliability of water supply ( )

Total water leakage ( )

Total GHG emissions (energy) ( )

Total volume of annual CSOs ( )

Social acceptance of demand management schemes (

)
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Just an example, not an exhaustive list
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Legend shown insufficient capacity of various subsystems as a reason for water not delivered.


Total GHG Emissions (Energy)

oz Plot Series for Urban Water System [i_léj
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Total GHG Emissions (Energy)

[
H (22 o] (=]
o o o o

annual GHG emission per capita (kg CO2-eq)
N
o
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W Catchmentand sewer system
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Trade-offs

Capital O&M N
cost Cost Reliability Leakage
Millio  “illion MCM/
Euro/yea %
n Euro year
Strategy #1
ey 0 55 94 24
(business as usual)
Strategy #2
(additional WTW) AL &5 — e
Strategy #3
(1% additional annual 265 58 97 19
rehabilitation)
Strategy #4 (0.5% additional
| rehabilitation & 10%
aanu_a rehabilitation o 64 58 98 21
additional annual water meter
installation)
Strategy #5
rafedy 278 67 99 19

(RWH and GWR systems)

GHG
emissions

kTons/
year

95

99

95

93

89

CSO
volume

MCM/
year

35

35

35

33

24

Public
acceptance
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Helps quantify trade-offs between different strategies and metrics (go through each strategy and criteria value to demonstrate this).
RWH/GWR – GHG could be different if different energy intensities were assumes
TOTEX vs CAPEX and OPEX (UK vs developing countries)

All single scenario values only, could add other.


Application #2:
Reggio Emilia,
Italy
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In the last ten years four drought events occurred the Emilia Romagna Region (2003, 2007, 2011, 2012); 
Since the 2001 the population increased from 142239 to ~170000 inhabitants. An inversion of the trend has been recently observed; 
The UWS is fed from well fields (“Quercioli”, “S. Ilario” and “Case Corti”) by means of a single pipe that connects in series water sources and water tanks (“Gorizia”, “Reggio Est”); 

Conceptual model built in WM2

L12 new trunk main (strategy 2)




Reggio Emilia

e Two Intervention strategies considered:
— Business as usual

— New pipeline, located in the northern part of
the system which connects an existing water
source (R4, via SR2) to the city centre

« Under the following scenarios:
— Low population increase
— Medium population increase
— High population increase
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By connecting SR2 to Reggio Emilia in strategy 2, it is assumed that the water main L12 supplies 25% of the total demand of Reggio Emilia. 


Results: S

trategy 1

Total Water Demand

Fractional Water Demand Delivered
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As it can be seen, both energy and GHG emissions increase over the planning horizon according to increasing water demand. It should also be noted that the fluctuations of these indicators for extreme population growth (minimum and maximum) compared to the average values are up to around 5% of the average values during the later years of the planning horizon.

Similar for strategy 2 (not shown)


Difference In Strategies 1 and 2

Variation in the Total Energy Variation in the Total GHG Emission
—g % Y I% 7.50
% 0.6 - :‘l’: § § 7.00
:‘é - Elx 1IO 1I5 2‘0 2‘5 3‘0 E o 0 :5 1I0 ll5 ZIO 2‘5 3‘0
= year year
Year Total Energy GHG Total
Used emissions operational
(KWh) (Ton CO2-eq) cost (€)
1 30,180 6.3 1,512
10 346,598 72.8 17,369
20 649,582 136.4 32,552
30 1,002,976 210.6 50,261
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The results show that strategy 2 weakly outperforms strategy 1 in terms of energy and GHG emissions as the overall hydraulic configuration is energetically (hydraulic losses) more favourable for strategy 2 (hydraulic losses and flow distribution). This is so despite the fact that implementing strategy 2 entails a more powerful pumping station in R4.

Moreover, strategy 2 may be more preferred as it provides an additional water source for the Reggio Emilia sub-catchment (SC1). This issue needs to be further investigated by a comprehensive risk analysis between these two strategies to reveal the effects of redundant capacity provided to the Reggio Emilia sub-catchment.



Summary

WaterMet? model/tool developed based on the
UWS metabolism principles

The applications demonstrate how the
metabolism-based concept combined with
Integrated modelling can be used to assist
planning future UWS at the strategic level by

identifying complex trade-off under different
scenarios



Ongoing/Future Work

* Further validation and demonstration:
— Two towns In the Galapagos Islands
— Kerman City, Iran
— Girona, Spain
* Further development:
— Additional energy fluxes

— Expansion to W-E-Food nexus
— Other
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Thank you!
Questions?

z.kapelan@exeter.ac.uk
www.people.ex.ac.uk/zkapelan
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