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RAMBOLL IN BRIEF

• Independent engineering and 
design consultancy and 
provider of management consultancy

• Founded 1945 in Denmark

• 13,000 experts

• Close to 300 offices in 35 countries

• Particularly strong presence in the 
Nordics, the UK, North America, 
Continental Europe, Middle East and 
Asia Pacific

• EUR 1.4 billion revenue

• Owned by Ramboll Foundation

• Services across the markets:

- Buildings

- Transport

- Planning & Urban Design

- Water

- Environment & Health 

- Energy

- Oil & Gas

- Management Consulting



GEOGRAPHICAL FOOTPRINT



MARKETS

Revenue:  
409 m€

Employees: 
3,700

Buildings Transport

Revenue: 
323 m€

Employees: 
2,900

Water

Revenue: 
80 m€

Employees: 
741

Energy

Revenue: 
117 m€

Employees: 
700

Env. & 
Health

Revenue:
154 m€

Employees: 
2,300

Oil & Gas

Revenue:
84 m€

Employees: 
800

Planning 
& Urban 
Design

Established 
1. May 2015

Approximate 
employees: 
500

Mgmt. 
Consulting

Revenue: 
76 m€

Employees: 
600



REVIEW OF THE TRANSMISSION AND GENERATION 
PLANNING CRITERIA, KINGDOM OF SAUDI ARABIA

Challenge

Review the principals of 
transmission and 
generation planning

What we do

Review current approach 
against international best 
practice and develop 
coherent policies for future 
planning 

Effect

Flagship waste-to-energy 
facility from an 
environmental and energy 
efficiency point of view

Image: Amager Ressourcecenter



Challenge

Implement performance 
metrics on the electricity 
utilities (generation, 
transmission, distribution, 
supply) for regulatory 
monitoring

What we did

Revision of the KPI metrics 
and annual audits of the 
submitted data

Effect

Consistent, transparent 
approach to generation 
and transmission planning

KPI IMPLEMENTATION AND AUDIT, KINGDOM OF SAUDI 
ARABIA
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RECENT PROJECTS

Transmission KPIs Target Set
Monitoring 

Purpose

Supporting 

Information

T1 Energy Not Supplied X

T2 System Average Interruption 

Duration Index
X

T3 System Average Interruption 

Frequency Index
X

T4 Momentary Average Interruption 

Frequency Index
X

T5 System Availability Planned X

Line Availability X

Transformer Availability X

T6      Voltage Dips X

T7      Network losses Starting 

20

17

Transmission Efficiency X

𝑆𝐴𝐼𝐷𝐼 =
Σ𝑖(𝑁𝑖 × 𝑑𝑖)

𝑁𝑇

𝑀𝐴𝐼𝐹𝐼 =
Σ𝑖(𝑀𝑖)

𝑁𝑇

𝐿𝑜𝑠𝑠𝑒𝑠 % =
𝐸𝑛𝑖𝑛 − 𝐸𝑛𝑜𝑢𝑡

𝐸𝑛𝑖𝑛
× 100

Year ENS 

2011 0.0035

2012 0.0041

2013 0.0047

2014 0.0031

2015 0.0063



TECHNIQUES USED IN UTILITIES



DRIVER: CUSTOMER GROWTH - OMAN



DRIVER: AVERAGE CUSTOMER PROFILES - UK



DRIVER: TEMPERATURE CORRECTION - OMAN



DRIVER: ELECTRICITY SECURITY OF SUPPLY



DRIVER: ASSET REPLACEMENT - UK



DRIVER: ASSET MANAGEMENT – PREDICTING FAILURES



PROCESS: CALCULATING DEMAND



PROCESS: GENERATION PLANNING (LEAST COST)



OUTPUT: DEMAND GROWTH – ABU DHABI



OUTPUT: GENERATION CONSTRUCTION – ABU DHABI



OUTPUT: FUEL CONSUMPTION - OMAN



OUTPUT: CAPITAL EXPENDITURE - AUSTRALIA



REGULATED ENTITIES AND THE REGULATOR



REGULATED ENTITIES AND THE REGULATOR

‘…a safe, reliable and efficient supply of electricity…’



REGULATED ENTITIES AND THE REGULATOR

‘…protect the interests of existing and future consumers…’



REGULATED ENTITIES AND THE REGULATOR

• Businesses are a natural monopoly

• Regulator encourages efficiency

• Protect customers

• Complex modelling may not
produce a ‘better’ answer

• Has to be understood 
the ‘black box’ Totex



Surplus biomass

for CHP plant

Surplus straw for

CHP plant

Offshore wind farm

Large building

Residential building

Harbour, unloading

of biomass

Wastewater treatment

and biogas plant

Solar heating plant

and heat storage

Distant building

w/solar PV

Outskirt building w/heat pump, 

solar PV and wind turbine

CHP plant fuelled by gas, straw, 

wood, city waste + heat storage

District heating/cooling plant + 

cold water storage

Industry with process energy 

and surplus heat

Electricity

District heating

District cooling

Gas

INNOVATION



INNOVATION



INNOVATION



ISSUES WHEN TRAILING NEW MATHEMATICAL TECHNIQUES



ISSUES WHEN TRAILING NEW MATHEMATICAL TECHNIQUES

• Standard domestic connection in the UK is 100A 35mm2 Concentric Aluminium

Under scenario B, the households have two completely different consumption patterns. Although the 

overall amount used in a day is the same, assess to HH electricity use data shows that the peak capacity 

is now only 5.5kWh per half hour. The DNO is therefore able to build a smaller and cheaper network.



ISSUES WHEN TRAILING NEW MATHEMATICAL TECHNIQUES

• Equipment standardisation reduces costs (for the business) but also limits options

Voltage Conductors

(kV)
mm

2
/  

in2
Mat No. Insulation

Sheat

h

Protectio

n
Amps kVA Amps kVA Amps kVA Amps kVA Amps kVA Amps kVA

DC Resistance Ω/km 

(20°C)

AC Resistance at 

max insulator temp 

Ω/km

Reactance 

Ω/km

Neutral 

Resistance

Ω/km

Earth 

Resistance

Ω/km 

Source

0.4 35 Al 3 XLPE Cu 125 87 143 99 151 105 104 72 118 82 126 87 0.868 1.078 0.076 0.433 0.433 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

0.4 70 Al 3 XLPE Cu 185 128 211 146 224 155 154 106 175 121 186 129 0.443 0.558 0.074 0.320 0.320 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

0.4 95 Al 3 XLPE Cu 235 163 268 186 284 197 195 135 222 154 236 164 0.320 0.398 0.073 0.320 0.320 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

0.4 120 Al 3 XLPE Cu 255 177 291 201 309 214 212 147 241 167 256 177 0.253 0.320 0.074 0.164 0.164 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

0.4 185 Al 3 XLPE Cu 335 232 382 265 405 281 278 193 317 220 336 233 0.164 0.205 0.073 0.164 0.164 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

0.4 300 Al 3 XLPE Cu 435 301 496 344 526 365 361 250 412 285 437 303 0.100 0.126 0.073 0.164 0.164 DSS/007/031 and NPgY volt drop spreadsheet. CRATER ducted ratings

Continuous Cyclic Emergency 

Positive & Negative Sequence (Ohmic)

Waveform - 3c Al/Cu

Construction Current Rating Ducted)

Continuous Cyclic Emergency 

Current Rating (Laid Direct)



ISSUES WHEN TRAILING NEW MATHEMATICAL TECHNIQUES

• The impact on customers leads to a natural conservatism / contingent allowance

• The impacts may not be immediately evident, especially if related to emergency (ie
frequency response, spinning reserve) 



THE FUTURE



THE FUTURE

• Electric vehicle uptake and the impact on 
electricity networks 



THE FUTURE



THE FUTURE



THE FUTURE

• Smart meters



SUMMARY



SUMMARY

• There are opportunities for improving decision making within the energy utilities

• As regulated entities, there is a licence obligation to be efficient for the end user 
customer

• Data access (smart meters) in distributed networks will provide unprecedented level 
of detail

• Innovation is now encouraged by the regulator in the UK, and this innovation does 
flow overseas into other jurisdictions

• DSOs – already implemented in the Nordic regions. Accounting for more end user 
activity.



THANK YOU


