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Modeling research 

question  

 What measures and interventions lead to a 

transition towards more resource-efficient, 

service-oriented utility provision? 
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Measures and 

interventions 

 Technologies (e.g. in house grey water 

reuse) 

 Operation modes (e.g. car sharing) 

 Policies (e.g. relaxation of water price 

control) 
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Scale 

 Temporal scale will be the shortest time 

which matters (1 quarter for contracts, or 1 

year for performance evaluation)  

 Spatial resolution/distribution will be artificial 

but calibrated to observed populations 
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Phased approach to 

development 

 Phase 1: single utility / existing cases 

 What type of contracts are adopted most 
consistently / quickly (while being resource-
efficient, viable and desirable)?  

 What particular technologies and operation 
modes do they include? 

 What kind of policy interventions are most 
effective at bring about transitions more 
quickly & at lower costs & higher benefits? 
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Questions for phase 1 

 What profile of end-users is needed? 

 How to assess arrangement options? 

 How to propose new arrangement options? 

 What affects these propositions? 

 What element or elements does 
arrangement/contract consist of? Technology or set of 
technologies, operation modes, duration, other?  

 Where will the elements of an arrangement come 
from?  

 How are they combined into an 
arrangement/contract?  

 What defines this process? 
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Initial model 

 Evolutionary system dynamics model considers 
the changes in the efficiency of house resource 
use as house owners invest in energy and/or 
water saving interventions.  

 We model the interaction between households 
and MUSCos resulting in households choosing 
between levels of ‘improvements’ in resource 
use efficiency.  

 We model the changing distribution of levels of 
household efficiency as they adopt better 
insulation and high quality, efficient appliances 
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The end-user 

 The end-user is essential for adoption of cost 
effective technologies and provides a key role in 
integrated infrastructure systems.  

 Our model attempt to reflect the attractivities of the 
different choices offered to consumers: a continuation 
of buying energy, water etc. with the freedom to 
change supplier whenever, or a contracted service 
supply, requiring a longer term commitment to a 
MUSco.  

 The view, knowledge and concerns of consumers 
need to be understood as do the business models of 
potential suppliers. 
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Costs and quality 

 Houses need an amount of energy and water 

to function. The costs reflect the amount 

used and the mark up of firms.  Costs 

depend on choices/strategies  of MUSCos. 

 The quality of MUSCos is the amount they 

reduce resource demand for a house. The 

reduction in Elec, Gas, Water adds up to the 

reduction for the house.  
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Initial model conditions 
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11 qualities of household, e.g.  
1 = very wasteful and only has a 10% 
reduction of use, 
6 is good quality in that it uses 60% 
less resources.   



Transition from one 

quality to another 

h = 0 1 2 3 4 5 6 7 8 9 10 

(1-h)/10 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 

Dh 1 2.11 3.36 4.79 6.46 8.46 10.96 14.29 19.29 29.29 inf 

2 4.36 5.79 7.46 9.46 11.96 15.29 20.29 30.29 inf 

3 6.79 8.46 10.46 12.96 16.29 21.29 31.29 inf 

4 9.46 11.46 13.96 17.29 22.29 32.29 inf 

5 12.46 14.96 18.29 23.29 33.29 Inf 

6 15.96 19.29 24.29 34.29 Inf 

7 20.29 25.29 35.29 Inf 

8 Fixed Costs 1 26.29 36.29 Inf 

9 37.29 Inf 

10 Inf 
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Table 1. The different costs incurred in improving the efficiency of houses resource use  



Reduced consumption 

Value for 
money 
0 1 2 3 4 5 6 7 8 9 10 

1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0 

1 2.11 1.68 1.60 1.61 1.69 1.83 2.04 2.41 3.25 Inf 

2 2.18 1.93 1.86 1.89 1.99 2.18 2.54 3.37 Inf 

3 2.26 2.11 2.09 2.16 2.33 2.66 3.48 Inf 

4 2.36 2.29 2.33 2.47 2.79 3.59 Inf 

5 2.49 2.49 2.61 2.91 3.70 Inf 

6 2.66 2.76 3.04 3.81 Inf 

7 2.90 3.16 3.92 Inf 

8 3.29 4.03 Inf 

9 4.14 Inf 

10 Inf 
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Table 2. The relative value of different improvements considering costs per % gain  

If we now consider that the reduced consumption is used to pay for the 
improvements then we see that the relative cost, the value for money, of each 
action is given by dividing the value in the table above by the size of the 
changing in efficiency category.      



Transition probabilities 

 The transition probability from i% to improved 

values up to 100% is: 

 T(i, i) = -H(i) * S * Y  

 S is the interaction between houses and firms 

 Y is the number of firms  

 The transition probability of going from i to a 

higher value j: 

 T(i, j) = S * H(i) * Y * EXP(-r * cost(i + 1, j))  
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Calibration 

 The model can be calibrated using current data for 
example on the level of insulation in households across 
the UK, as well as the efficiency of appliances.  

 The model can then explore the potential reduction in 
resource use as MUSCos provide resource services. 

 The characteristics will be: 
 Household – Ownership, Occupancy (noting working or non-

working)  

 House - Current state of Insulation and appliances in use, type 
of heating, appliances, possibility of Solar, water uses  

 Progressive effects (% reduction in losses or in energy 
demand) of better (thicker) insulation, and improvements 
possible in appliances.  
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After 40 years 
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Granularity - homes 

 What technical parameters (housing 

standards), economic (income, ownership 

status), population demographics (age, 

household size) may be relevant? 

 How can we model barriers and enablers of 

take-up of service-based contracts from the 

perspective of households, building on these 

parameters? 
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Granularity - firms 

 Firms can have different strategies of profit and 
of quality of their actions 
 Traditional view of business models is that of value 

creation, delivery, and capture mechanisms. 

 A business model defines the manner by which the 
business enterprise delivers value to customers, 
entices customers to pay for value, and converts 
those payments to profit. 

 It operationalizes management’s hypothesis about 
what customers want, how they want it, and how an 
enterprise can organize to best meet those needs, 
get paid for doing so, and make a profit (Teece) 
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Granularity - regulation 

 Governance and regulation play key roles in inhibiting 

or enabling service-based business models.  

 How can we implement in the model, in a parsimonious 

way, the effect of prohibitive vs. enabling governance? 

 Allowing or prohibiting service-based contracts; 

 Allowing or prohibiting medium-term duration contracts; 

 Assuming some of the risk of new business models; 

 Reducing transaction barriers of service-based agreements 

by providing standardized contracts and accreditation for 

the providers that offer them.  
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Main outstanding 

questions 

 What diversity of business models need modeling? 
Which business models compete and which are 
additive? Which business models are integrated (like 
VirginMedia or Sky)? 

 Who is supplier/MUSCo? Utility provider, utility 
generator, intermediate, technology provider, local 
government, JV involving some or all of the listed? 
Are there any others? How do we make this 
decision? 

 What policies need modeling? How will they affect 
business models?  Subsidies, taxation, etc? 

 

 


